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Abstract

There is a growing need for a better understanding of sex differences in animal models of 

psychiatric disorders. The elevated plus-maze (EPM) test and large open field (LOF) test are 

widely used to study anxiety-like behavior in rodents. Our studies explored sex differences in 

anxiety and activity parameters in the LOF and EPM and determined whether these parameters 

correlate within and between tests. Drug naïve adult male and female Wistar rats (n = 47/sex) were 

used for the studies, and the rats were tested for 5 min in the EPM and 10 min in the LOF. The 

females spent more time on the open arms of the EPM and made more open arms entries than the 

males. The females also spent more time in the center zone of the LOF and made more center zone 

entries. The females traveled a greater distance in the LOF and EPM. There was a moderate 

positive correlation between time on the open arms of the EPM and time in the center zone of the 

LOF. There was also a moderate positive correlation between open arms entries in the EPM and 

center zone entries in the LOF. A hierarchical cluster analysis revealed one cluster with LOF 

parameters, one cluster with EPM parameters, and one cluster with parameters related to the 

avoidance of open spaces. In conclusion, these findings indicate that female rats display less 

anxiety-like behavior in the EPM and LOF. Furthermore, there are sex differences for almost all 

behavioral parameters in these anxiety tests.
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1. Introduction

Anxiety disorders are the most common mental illness in the US (Kessler et al., 1994). It has 

been estimated that about 40 million adults in the US suffer from an anxiety disorder 

(Kessler et al., 1994). Clinical studies show that women have a higher prevalence of anxiety 

and fear-related disorders than men (Maeng and Milad, 2015). Women are more likely to 

suffer from a generalized anxiety disorder, panic disorder, agoraphobia, specific phobia, and 

post-traumatic stress disorder (Goodwin et al., 2005; McLean et al., 2011). Even though 

anxiety disorders are more common in women, most animal studies have been conducted 

with males. Furthermore, anti-anxiety drugs have been mainly evaluated in male rats. New 

findings indicate that there are dramatic differences between the male and female brain 

(Cahill, 2006; Lenroot and Giedd, 2010), and sexually dimorphic brain areas play a role in 

psychiatric disorders (Asami et al., 2009; Liu et al., 2020; Turano et al., 2018).

The elevated plus maze (EPM) test and the large open field (LOF) test are some of the most 

widely used tests to investigate anxiety-like behavior in rats (Hogg, 1996; Prut and Belzung, 

2003). The benzodiazepines chlordiazepoxide and diazepam decrease anxiety-like behavior 

in the EPM (Pellow et al., 1985). In contrast, exposure to stressors increases anxiety-like 

behavior in the EPM (Korte and De Boer, 2003). Stressors have a complex effect on open-

field behavior, with physical stressors decreasing activity and emotional stressors increasing 

activity (Meerlo et al., 1996; Pijlman et al., 2003). The benzodiazepine chlordiazepoxide 

increases activity in the LOF test and time in the center zone of the LOF (Gentsch et al., 

1987).

Most prior studies have been conducted with male rats, and it is not well known if there are 

sex differences in anxiety parameters in the EPM and the LOF (Beery and Zucker, 2011; 

Shansky, 2019). Many older studies that were conducted in the 1970s evaluated locomotor 

activity in the LOF and counted fecal boli (Blizard et al., 1975; Gray and Lalljee, 1974; 

Harrington, 1972). However, entries into the center zone of the LOF or time in the center 

zone were often not determined. Furthermore, conflicting findings have been reported 

regarding sex differences in anxiety-like behavior in the EPM and the LOF (Blizard et al., 

1975; Dichter et al., 1996; Elliott et al., 2004; Genn et al., 2003; Gray and Lalljee, 1974; 

Harrington, 1972; Johnston, Amanda L and File, Sandra E, 1991; Mansouri et al., 2019; 

Sakhaie et al., 2020; Scholl et al., 2019; Steenbergen et al., 1991; Winther et al., 2018; Yang 

et al., 2019). There is a lot of variability between animals in the LOF and EPM, and sex 

differences in anxiety-like behavior are often nonexistent or small. Because most studies 

used relatively small numbers of animals, these studies might not have had the statistical 

power to conclude that there are sex differences in the LOF and EPM test. In addition, it is 

not well known which behavioral parameters correlate within the LOF and EPM test, and 

which parameters correlate between these tests. In a recent study, the correlation between 

behavioral tests was investigated in adolescent heterogeneous stock rats (NMcwi: HS)(Wang 

et al., 2018). However, the Wistar strain is one of the most widely used strains (Johnson, 

2012), and therefore it is also important to investigate the correlation between behavioral 

tests in Wistar rats. Furthermore, it is not well known if the EPM and LOF measure similar 

aspects of anxiety-like behavior (Ramos et al., 2008). The goal of these studies was to 

determine sex differences in anxiety-like behavior in the EPM and LOF and determine if 
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behavioral parameters in the EPM correlate with those in the LOF. A hierarchical clustering 

method was used to determine which behaviors in each test and across the tests showed 

similarities. Hierarchical clustering is a method that can be used to group similar behaviors 

into clusters (Fraley and Raftery, 1998). The behavioral parameters within each cluster are 

more similar to each other than to behavioral parameters in the other clusters. The present 

studies indicate that under baseline conditions (no stress or drug treatments), there are large 

sex differences in virtually all behavioral parameters in adult Wistar rats in the EPM and 

LOF, with the females displaying less anxiety-like behavior than the males. Both the 

correlational analysis and the hierarchical clustering analysis indicated that the EPM and 

LOF measure similar aspects of anxiety-like behavior in adult Wistar rats.

2. Material and Methods

2.1. Animals

Wistar rats (males 200–225 g, females 175–200 g, Charles River, Raleigh, NC) were housed 

socially in a climate-controlled vivarium on a reversed 12 h light-dark cycle (light off at 7 

AM). Food and water were available ad libitum. All animal procedures were performed in 

accordance with the University of Florida Institutional Animal Care and Use Committee as 

well as the National Institutes of Health guidelines.

2.2. Experimental design

Upon arrival in the vivarium, the rats (males n=47, females n=47) were left undisturbed for 

one week. They were then gently handled on three consecutive days. The rats were tested in 

the EPM for 5 min, and the following day they were tested in the LOF for 10 min.

2.3. Elevated plus maze test

The elevated plus-maze test is used to assess anxiety-like behavior and was conducted as 

described previously (Bruijnzeel et al., 2019; Qi et al., 2016; Rylkova et al., 2009). The test 

apparatus consisted of four black polypropylene arms (Coulbourn Instruments, Whitehall, 

PA). The two “open” arms had 0.5 cm ledges, and the two “closed” arms had 30 cm walls. 

The open arms were placed opposite of each other. The arms were 10 cm wide, 50 cm long, 

and were placed on 55 cm tall acrylic legs. Testing occurred in a quiet, dimly lit (75 lux) 

room. At the beginning of each test, the rats were placed in the center of the apparatus facing 

an open arm. The rats were allowed to explore the apparatus for 5 min, and their behavior 

was recorded with a camera mounted above the maze. The EPM was divided into five zones 

(two open arms, two closed arms, and a center zone). Behavior was analyzed automatically 

(center-point detection) using EthoVision XT 11.5 software (Noldus Information 

Technology, Leesburg, VA). The following behavioral parameters were automatically 

determined: duration and entries into the open arms, closed arms, and center zone, and total 

distance traveled. The percentage of open arm entries (open arm entries/total arm entries) 

and percentage of time on the open arms (time on open arms/total time on the arms) were 

calculated. EPM heatmaps were produced with the EthoVision heatmap generator. The 

apparatus was cleaned with a Nolvasan solution between rats.
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2.4. Large open field test

The LOF test is used to assess locomotor activity and anxiety-like behavior (Liebsch et al., 

1998). The test was conducted for 10 min in a dimly lit room (75 lux), as described 

previously (Bruijnzeel et al., 2016; Qi et al., 2016; Tan et al., 2019). The LOF apparatus 

consisted of a large arena measuring 120 × 120 × 60 cm (L × W × H). The arena was made 

of black high-density polyethylene panels that were fastened together and placed on a plastic 

bottom plate (Faulkner Plastics, Miami, FL). The rats’ behavior was recorded with a camera 

mounted above the arena and analyzed with EthoVision XT 11.5 software (Noldus 

Information Technology, Leesburg, VA). The LOF was divided into three zones: an outside 

zone (20 cm wide), a middle zone (20 cm wide), and a center zone (40 × 40 cm; L × W). 

The following behaviors were analyzed: total distance traveled, distance traveled in each 

zone (outside, middle, and center), number of entries into each zone, and latency to enter the 

middle and center zone. LOF heatmaps were produced with the EthoVision heatmap 

generator. The LOF was cleaned with a Nolvasan solution between rats.

2.5. COLORcation

The LOF heatmaps were produced with the COLORcation tool (Dagan et al., 2016). 

COLORcation is a MATLAB based analysis tool that reads individual EthoVision tracking 

files and then assembles a database of the experiment. COLORcation matches the rat’s 

coordinates to a corresponding spatial bin and calculates the total time spent in each bin. The 

average time spent in each bin is used to generate the COLORcation heatmap.

2.6. Data Analysis

Behavioral parameters in the EPM and the LOF were analyzed with a one-way ANOVA 

with sex as a between-subjects factor. Pearson’s correlation coefficients (r) were calculated 

to determine the correlation within and between tests. P values (two-sided t-test) and Holm-

adjusted p values (−log10) were calculated to determine if the correlation coefficients were 

significant. A distance matrix of the behaviors was computed with Euclidian distance 

between correlation coefficients as the distance measure. Ward’s method was used for the 

hierarchical clustering analysis (Ward Jr, 1963). The data were analyzed with GraphPad 

Prism version 8.4.3, IBM SPSS Statistics version 27, and R version 3.6.3. The R packages 

corrplot, dplyr, ggplot2, lazyeval, pheatmap, factoextra, and dendextend were used to 

analyze and visualize the data (Galili, 2015; Kassambara and Mundt, 2017; Kolde, 2012; 

Mirzasoleiman et al., 2015; Ward Jr, 1963; Wei and Simko, 2017; Wickham, 2016; 

Wickham et al., 2015).

3. Results

3.1. Elevated Plus Maze Test

There were sex differences in all behavioral parameters (except center duration) in the EPM 

test (Figures 1–3). The females made more open arm entries (F1,92 = 31.16, p < 0.0001), 

had a higher percentage of open arm entries (F1,92 = 6.36, p < 0.05), spent more time on the 

open arms (F1,92 = 20.86, p < 0.0001), spent a greater percentage of time on the open arms 

(F1,92 = 22.18, p < 0.0001), and made more closed arm entries (F1,92 = 15.88, p < 0.0001). 
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Furthermore, the females traveled a greater distance on the EPM (F1,92 = 83.15, p < 

0.0001). Females made more entries into the center of the EPM (F1,92 = 24.92, p < 0.0001), 

but there was no sex difference in the amount of time spent in the center area (F1,92 = 0.45, 

n.s.). The males spent more time in the closed arms compared to the females (F1,92 = 21.42, 

p < 0.0001). Effect sizes (Cohen’s d), means, and standard deviations (SD) for behavioral 

parameters in the EPM are reported in Table S1.

3.2. Open Field Test

There were sex differences for all behavioral parameters in the LOF test (Figure 2–4). The 

females made more entries into the outside zone (F1,92 = 53.25, p<0.0001), middle zone 

(F1,92 = 49.62, p<0.0001), and center zone (F1,92 = 26.95, p<0.0001), and spent more time 

in the middle (F1,92 = 61.71, p<0.0001) and center zone (F1,92 = 22.84, p<0.0001). The 

males spent more time in the outside zone (F1,92 = 54.78, p<0.0001). The females had a 

shorter latency to enter the middle zone (F1,92 = 13.47, p<0.0001) and center zone (F1,92 = 

31.44, p<0.0001). The females traveled a greater distance than the males in the LOF (F1,92 

= 62.18, p<0.0001). Cohen’s d effect sizes, means, and the standard deviations (SDs) are 

reported in Table S1.

3.3. Correlation between behavioral parameters in the large open field and elevated plus-
maze test

To provide insight into within and between test correlations, a correlation heatmap of the 

behavioral parameters is shown in Figure 5 (Pearson’s correlation coefficients and p-values 

are shown in Table 1 and S2). Separate heatmaps for the males and the females are shown in 

Figures S1A and B, and a heatmap with correlations (r) and Holm-adjusted p-values(−log 

10) is shown in Figure S2. Selected scatterplots show the relationship between behavioral 

parameters (Figure 6). The heatmap shows a very strong correlation between behavioral 

parameters within the LOF and within the EPM. There was also a moderate cross-test 

correlation. A detailed hierarchical clustering dendrogram is shown in which similar 

behavioral parameters are placed in three clusters (Figure 7). Most EPM behavioral 

parameters are in cluster 1 (purple), most LOF behavioral parameters in cluster 2 (orange), 

and a third cluster contains a combination of EPM and LOF parameters (green). A 

tanglegram with a male and a female dendrogram is shown in Figure S3. The tanglegram 

shows that some clusters are the same for the males and the females. Baker’s Gamma 

correlation coefficient was calculated to determine how similar the male and female 

dendrograms were. The correlation coefficient was very high (value = 0.77), which indicates 

that the male and female dendrograms are similar.

4. Discussion

The main goal of this study was to determine if there are sex differences in behavioral 

parameters in the EPM and the LOF. In both tests, the females displayed less anxiety-like 

behavior than males. Sex differences were observed for all behavioral parameters in the LOF 

and EPM, except for center duration in the EPM. The present study also showed that there 

was a strong correlation between behavioral parameters in the LOF test and between 

behavioral parameters in the EPM test. Furthermore, there was a modest cross-test 
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correlation. The hierarchical cluster analysis indicated that there is a greater similarity in 

behavioral parameters within tests than between tests. Overall, these findings indicate that 

females are less anxious than males in the LOF and EPM test, and there are significant sex 

differences for almost all behavioral parameters in these anxiety tests.

In the present study, we conducted a thorough evaluation of sex differences in adult Wistar 

rats in the EPM test. We found that female rats were less anxious than male rats. The 

females spent more time on the open arms, spent a greater percentage of time on the open 

arms, made more open arms entries, and had a higher percentage of open arm entries in the 

EPM. The present finding is in line with studies that reported less anxiety-like behavior in 

female rats in the EPM (Domonkos et al., 2017; Imhof et al., 1993; Johnston, Amanda L and 

File, Sandra E, 1991; Ramos et al., 2002; Scholl et al., 2019). However, it should be noted 

that many studies did not find sex differences in behavioral parameters in the EPM in drug-

naïve adult rats (Albrechet-Souza et al., 2020; Dichter et al., 1996; Elliott et al., 2004; Pohl 

et al., 2007; Renard et al., 2005; Soares-Cunha et al., 2018; Yang et al., 2019). Based on the 

current studies, it cannot be concluded that the strain of the rat plays a role in the expression 

of sex differences in the EPM. We conducted our studies with Wistar rats and found that 

female rats are less anxious in the EPM than male rats. This is in line with studies that 

reported that female Wistar rats, Sprague Dawley rats, Lister Hooded rats, and Lewis rats, 

display less anxiety-like behavior than males in the EPM (Domonkos et al., 2017; Imhof et 

al., 1993; Johnston, A. L. and File, S. E., 1991; Ramos et al., 2002; Scholl et al., 2019). In 

contrast, other studies with Wistar rats, Sprague Dawley rats, Long Evans rats, N:NIH rats, 

and Lister Hooded rats found no sex differences in the EPM (Dichter et al., 1996; Doremus-

Fitzwater et al., 2009; Genn et al., 2003; Pavlova et al., 2020; Pohl et al., 2007; Sakhaie et 

al., 2020; Steenbergen et al., 1991; Winther et al., 2018). This suggests that there is no clear 

relationship between the strain of the rats and the expression of sex differences in the EPM. 

It is interesting to note that in humans, anxiety disorders are more common in females than 

males, but in the present studies, the female rats displayed less anxiety-like behavior. One 

possible explanation for this discrepancy is that our rats were not exposed to stressors prior 

to testing. Exposure to stressors plays an important role in the development of anxiety 

disorders, and studies with rodents show that males and females are differently affected by 

stressors (Dalla et al., 2010; Gué et al., 2004; Nugent et al., 2011).

Conflicting findings have been reported regarding sex differences in LOF tests. Many 

studies have shown that females are more active in the LOF than males, and they often, but 

not always, produce fewer fecal boli (Blizard et al., 1975; Gray and Lalljee, 1974; 

Harrington, 1972). This is often interpreted as less anxiety-like behavior or emotionality in 

females compared to males. More recent studies have compared time in the center and 

center entries between males and females in the LOF test. One study reported that female 

Wistar rats made more entries into the center zone of a LOF than males (Pavlova et al., 

2020). However, in another study with Wistar rats, there was no sex difference in LOF center 

zone entries and duration (Sakhaie et al., 2020). Studies with Sprague-Dawley, Wistar-Kyoto 

rats, and Lewis rats reported that females spent more time in the center zone of the LOF than 

males (Burke et al., 2016; Domonkos et al., 2017). Several studies with Sprague Dawley rats 

showed that there are no sex differences in time spent in the center zone of the LOF (Scholl 

et al., 2019; Yang et al., 2019). It has also been reported that there is no sex difference in the 
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amount of time spent in the outer zone (avoidance of center zone) of the LOF in Sprague 

Dawley Rats (Winther et al., 2018). Furthermore, there is no sex difference in center zone 

crossings in Sprague Dawley rats (Mansouri et al., 2019). It is interesting to note that we 

found robust and highly significant sex differences for all behavioral parameters in the LOF, 

while most studies found only differences in locomotor activity. There are several possible 

explanations for this discrepancy. The expression of sex differences in the LOF might be 

dependent on the strain of the rats and lighting condition. A study with Lewis rats showed 

that females spent more time in the LOF center zone than males under dim light conditions, 

but no sex difference was observed under bright light conditions (Ramos et al., 2002). We 

conducted the LOF under dim light conditions and found sex differences in anxiety-like 

behaviors. Most studies that reported no sex differences in time spent in the center zone of 

the LOF were conducted with Sprague Dawley rats, while our study was conducted with 

Wistar rats. Therefore, it is possible that sex differences in the LOF test are expressed 

somewhat more clearly in Wistar rats than in Sprague-Dawley rats. Another major difference 

between our study and the other studies is that we had more animals per group. In our study, 

we had 47 animals per group, while most other studies had 5–10 animals per group. The 

large group size leads to very high statistical power. An advantage of high statistical power 

is that the risk for type 2 errors (a false null hypothesis is not rejected) is very low. There is a 

large variability between animals in the LOF and EPM. For example, based on our data, we 

estimated that 17 animals per group are needed to compare sex differences in time spent in 

the center of the LOF (Difference in means: 9.6 s, common SD: 9.7 s) with 80% percent 

power. In contrast, only 7 animals are needed to compare sex differences in total locomotor 

activity in the LOF (Difference in means: 2188.7 cm, common SD: 1362.5 cm). It should be 

noted that these estimates are based on our very large group sizes. Large group sizes lead to 

small standard errors, and therefore we might underestimate the number of animals per 

group that is needed to detect sex differences (Whitley and Ball, 2002). Overall, it might be 

possible that some prior studies failed to conclude that there are sex differences in LOF 

parameters because of the relatively small group sizes. On a similar note, in the EPM, there 

is considerable variability between the animals. Because most EPM tests have been 

conducted with small groups of animals, they may also have been underpowered to detect 

sex differences.

In the present studies, we found that the females are less anxious in the LOF and EPM test, 

but the direction of the sex differences might depend on the anxiety test. Female rats also 

display less anxiety-like behavior in the light-dark transition test (Ramos et al., 2002). 

However, female rats display more anxiety-like behavior in the social interaction test and the 

Vogel conflict test (Genn et al., 2003; Johnston, Amanda L and File, Sandra E, 1991; Stack 

et al., 2010). Furthermore, female rats display more anxiety-like behavior in the fear-

potentiated startle (FPS) paradigm (de Jongh et al., 2005), and it has been reported that light 

enhances the startle response in female, but not in male rats (Walker et al., 2003). In 

contrast, it has been reported that there are no sex differences in anxiety-like behavior in rats 

in the marble burying test (Burke et al., 2016; Zanni et al., 2020). These findings indicate 

that there are robust sex differences in behavioral parameters in most anxiety tests, but the 

direction of the effect depends on the anxiety test. An overview of sex differences in 
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anxiety-like behavior in the EPM, LOF, marble burying test, and light-dark transition test is 

provided in Table S3.

The time on the open arms of the EPM and time in the center of the LOF are widely used 

parameters to determine the effects of environmental manipulations and drugs on anxiety-

like behavior. In the present study, we found that there is a moderate correlation between the 

time on the open arms of the EPM and time in the center of the LOF (r = 0.512). 

Furthermore, there was a moderate correlation between the number of open arm entries in 

the EPM and the number of entries into the middle zone of the LOF (r = 0.473). There was a 

moderate negative correlation between time spent on the open arms of the EPM and time in 

the outer zone of the LOF (r = −0.557). These findings suggest that the EPM and the LOF 

measure similar components of anxiety-like behavior in rats. There was a high level of 

correlation between activity measures on the LOF and EPM. The highest correlation was 

between the total distance traveled in the LOF and EPM (r = 0.654). There was also a 

moderate correlation between other activity parameters such as total distance traveled in the 

EPM and entries into the outer (r = 0.584) and middle zone (r = 0.574) in the LOF. Thus, 

indicating a moderate to a high correlation between anxiety and activity parameters in the 

LOF and EPM.

In the present study, we also determined within-test correlations. The findings show a very 

strong correlation between entries into the outer zone and middle zone (r = 0.975) and 

between entries into the center zone and middle zone (r = 0.896) of the LOF. There was also 

a strong correlation between the total distance traveled and entries into the middle zone (r = 

0.826) of the LOF. In the EPM, entries in the center zone was strongly correlated with 

entries in the open arms (r = 0.812) and closed arms (r = 0.878). Furthermore, there was a 

strong correlation between the total distance traveled and the number of entries in the open 

arms (r = 0.725). There was a moderate correlation between the total distance traveled on the 

EPM and the open arm duration (r = 0.675). Interestingly, in the LOF, there was also a 

correlation between the total distance traveled and center zone duration (r = 0.521) and 

center zone entries (r = 0.594). These findings suggest that animals with a high level of 

activity in the EPM and LOF also spent more time in the exposed areas (open arms of EPM 

and center zone of LOF) and make more entries into the exposed areas. In our study, we 

found a high correlation within tests and a moderate correlation between tests. This is in line 

with a previous study that investigated the correlation within and between five behavioral 

tests in adolescent heterogeneous stock rats (NMcwi: HS)(Wang et al., 2018). Furthermore, 

as in our study, they found that total distance traveled had the highest correlation between 

tests (Wang et al., 2018).

It is interesting to note that in the present studies, we found that the female rats displayed 

less anxiety-like behavior and were more active. In the EPM, the females made more open 

arm entries than the males, but they also made more closed arm entries. However, overall the 

females had a higher percentage of open arm entries and a higher percentage time on the 

open arms. On a similar note, in the LOF, the females made more entries into the center zone 

and had a shorter latency to enter the center zone than the male rats. Overall, these findings 

led us to conclude that females are less anxious than males. However, because the females 

travel a greater distance in the EPM and the LOF, it cannot be ruled out that the females’ 
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higher level of activity contributes somewhat to the sex difference in anxiety-like behavior in 

adult Wistar rats.

The hierarchical clustering analysis was conducted to determine which behaviors are most 

similar to each other. The behavioral parameters were divided into three clusters. The first 

cluster solely consisted of EPM behavioral parameters, the second cluster only contained 

LOF behavioral parameters, and the third cluster contained a combination of LOF and EPM 

behavioral parameters. This indicates that EPM parameters are somewhat similar (cluster 1) 

and that LOF parameters are somewhat similar (cluster 2). The third cluster contained 

behavioral parameters that were related to the avoidance of open spaces (latencies to enter 

the middle and center zone of the LOF, and time in the outer zone of the LOF and closed 

arms of the EPM). A close look at the dendrogram indicates that entries into the middle zone 

and outer zone of the LOF were very similar and that these two behaviors were closely 

related to time in the middle zone of the LOF and entries into the center zone of the LOF. 

Entries into the open arms of the EPM and total distance traveled on the EPM entries were 

also very similar. Interestingly, time in the closed arms of the EPM was most similar to the 

time in the outside zone of the LOF. This underscores that these two parameters measure a 

similar type of behavior. Overall, these findings indicate that behaviors from the same test 

are mostly organized in the same cluster. Furthermore, behaviors that are related to the 

exploration of open spaces are similar, and behaviors that are related to the avoidance of 

open spaces are similar.

The tanglegram showed that there is a strong overlap in hierarchical clustering in the males 

and the females. For both the males and females, the total distance traveled on the EPM was 

similar to closed arm entries and center entries in the EPM. The only parameter that was 

very different between the males and the females was center duration in the EPM. In the 

males, this parameter was similar to parameters that were related to activity in the EPM 

(open and closed arm entries, center entries, and total distance traveled). In the females, this 

parameter was similar to the time in the outer zone of the LOF and latencies to enter the 

middle and center zone in the LOF, and duration in the closed arms in the EPM. This 

indicates that in the males, EPM center duration was closely related to EPM exploration 

parameters, and in the females, it was closely related to the avoidance of open spaces. 

Therefore, this analysis indicates that one specific behavioral parameter might be similar to 

different behavioral parameters in the males (exploration of the EPM) and females 

(avoidance of open spaces in EPM and LOF).

Overall, the present findings indicate that the female rats are less anxious than males in the 

EPM and LOF. There is also a strong correlation between behavioral parameters within the 

anxiety tests. Furthermore, there is some correlation between behaviors in the LOF and 

EPM. In general, rats that tend to avoid the open arms of the EPM also avoid the center of 

the LOF. Our findings suggest that the EPM and LOF investigate similar aspects of anxiety-

like behavior. This work on sex differences in anxiety tests has important implications for 

drug development. The Wistar strain is widely used to test novel anxiolytics, and so far, 

mostly males have been used to evaluate the effects of drugs. The work presented here 

underscores that it is critical to test new psychotropic drugs in male and female Wistar rats.
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Figure 1. Decreased anxiety-like behavior in female rats compared to male rats in the elevated 
plus-maze test.
The figure shows open arm entries (A), closed arm entries (B), center entries (C), percentage 

open arm entries (D), open arm duration (E), closed arm duration (F), center duration (G), 

percentage open arm duration (H), and total distance traveled (I). The females were more 

active and displayed less anxiety-like behavior. N=47/group. *p<0.05, *** p<0.001, **** 

p<0.0001. Data are expressed as means ± SEM.
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Figure 2. Automated tracking in the large open field and the elevated plus-maze test.
Representative figures of one male (A) and one female (B) rat in the EPM, and one male (C) 

and one female (D) rat in the LOF. The figures were generated with the EthoVision video 

tracking system. A–D, N=1.

Knight et al. Page 15

Pharmacol Biochem Behav. Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. Sex differences in exploratory behavior in the large open field test and the elevated 
plus-maze test.
The figures show that the males (A) spent less time in the open arms of the EPM and more 

time in the closed arms of the EPM compared to the females (B). The males (C, E) spent 

less time in the middle/center zone than the females (D, F) in the LOF. Figs. 3A–D were 

generated with EthoVision software, and 3E and F were generated with COLORcation 

software. All track data were obtained with the EthoVision system. Warmer colors indicate 

more time in spent in a specific area. A and B, N=12/group; C–F, N=47/group.
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Figure 4. Decreased anxiety-like behavior in female rats compared to male rats in the large open 
field test.
The figure shows entries into the outer (A), middle (B), and center (C) zone, latency to enter 

the middle (D) and center zone (E), duration in the outside (F), middle (G), and center zone 

(H), and total distance traveled. The females were more active and displayed less anxiety-

like behavior. N=47/group. **** p<0.0001. Data are expressed as means ± SEM.
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Figure 5: Correlation heatmap of behavioral parameters in the large open field and elevated 
plus-maze test.
The heatmap shows the three clusters. One cluster contains LOF parameters, one cluster 

contains EPM parameters, and one cluster contains a mixture of LOF and EPM parameters. 

N=47/group. The degree of correlation is indicated by the intensity of the colors (red is 

indicative of a positive correlation and blue of a negative correlation). The Pearson 

correlation values are shown in the heatmap. N=47/group.
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Figure 6. Relationship between behavioral parameters in the large open field test and the 
elevated plus-maze test.
The linear regression analysis shows the relationship between various behavioral parameters 

in the LOF and EPM. Relationship between total distance in the LOF and EPM (A), entries 

into the center zone of the EPM and the open arms of the EPM (B), time in the center zone 

of the LOF and open arms of the EPM (C), and entries into the middle zone of the EPM and 

open arms of the EPM (D). N=47/group.
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Figure 7. Detailed hierarchical clustering dendrogram of behavioral parameters in the large 
open field test and the elevated plus-maze test.
The length of the vertical lines reflects the similarity between the groups (short lines are 

indicative of greater similarity). N=47/group.
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Table 1.

Parameters with highest correlation in the large open field and elevated plus maze test.

Test Correlation P-value

Large open field (LOF)

LOF.Middle.Freq. - LOF.Outer.Freq. 0.975 1.49E-61

LOF.Center.Freq. - LOF.Middle.Freq. 0.896 3.40E-34

LOF.Middle.Duration - LOF.Middle.Freq. 0.896 3.35E-34

LOF.Middle.Duration - LOF.Outer.Freq. 0.88 1.85E-31

LOF.Tot.Distance - LOF.Middle.Freq. 0.826 1.14E-24

Elevated plus maze (EPM)

EPM.Closed.Freq. - EPM.Center.Freq. 0.878 3.88E-31

EPM.Center.Freq. - EPM.Open.Freq. 0.812 2.89E-23

EPM.Tot.Distance - EPM.Center.Freq. 0.79 2.82E-21

EPM.Tot.Distance - EPM.Open.Freq. 0.725 1.45E-16

EPM.Open.Duration - EPM.Open.Freq. 0.713 7.47E-16

LOF and EPM

LOF.Tot.Distance - EPM.Tot.Distance 0.654 8.70E-13

LOF.Middle.Duration - EPM.Tot.Distance 0.595 2.58E-10

LOF.Tot.Distance - EPM.Center.Freq. 0.594 2.88E-10

LOF.Outer.Freq. - EPM.Tot.Distance 0.584 6.51E-10

LOF.Middle.Freq. - EPM.Tot.Distance 0.574 1.47E-09

Abbreviations: LOF, large open field; EPM, elevated plus maze; Freq., frequency; Tot, total.
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