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neuropsychiatric diseases represented by stress behavior. However, 
most of the current OFT boxes are designed for rodents, because of 
the large differences between tree shrews and rodents in their living 
habits, which is not suitable for evaluating the activity of the tree 
shrews. Moreover, the activity characteristics of the tree shrews are 
mainly jumping, while the OFT box of the existing rodents is selected 
to evaluate their activity, the data of the vertical plane will be not 
true enough. Recently, most of the locomotor evaluation has been 
conducted in the home-cages of tree shrew. Although the problem of 
authenticity can be solved, the background is too complex, which can 
cause the problem of poor tracking and data loss. Considering that 
the equipment of the tree shrews’ open field experiment equipment 
is lacking. In this study, we designed a locomotor detection system. 
By it we did the OFT twice, and assessed the accuracy and stability 
of the data of the tree shrews’ behavior experiment. Then we further 
investigated the alteration of the activities in the tree shrews induced 
by light-stress for 2 weeks through this system. 

Materials and Methods
Experimental animals

Since the female tree shrews have menstruation, we only used 
male tree shrews in the present experiments to avoid the interference 
of it. Moreover, we wanted to observe the effect of stress on male 
tree shrews’ behavior by self-control (before and after stress) and 
to investigate the stability of our new OFT instrument. Thus, in 
the experiments, 15 male adulthood (aged 1-2 years, and weighted 
120-160 g) Chinese tree shrews were selected. The tree shrews were 
provided by the Kunming Institute of Zoology, Chinese Academy of 
Sciences, and the tree shrews were raised at the Animal Core Facility 
of Nanjing Medical University.

All animals were given ad libitum access to food and water and 
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Introduction
In recent years, the role of stress-induced neuroendocrine 

system changes in the pathogenesis has attracted much attention. 
Stress caused by abominable and demanding conditions can cause 
different biological responses according to different stress conditions. 
It is generally believed that transient and moderate stress can trigger 
adaptive responses, such as a ‘fight or flight response’, and promote 
adaptation and resilience to stress. Conversely, chronic or excessive 
stress can lead to cognitive and affective dysfunction, and can easily 
lead to mental disorders [1,2,3]. There are many ways to establish 
animal stress models depending on the purpose of the study. Among 
the many methods for creating models, the closest method to human 
stress is the animal stress modeling method [4]. The tree shrews belong 
to the sister of primates [5]. Its shape is small, and the whole body is 
fluffy similar to the squirrel. It was found that the tree shrews had 
timid and docile characters. They are very sensitive to psychological 
stress. Stress from bondage can lead to the increased cortisol in tree 
shrews. The stress depressed tree shrew model showed that there was 
a continuous increase in cortisol level of subordinate tree shrews, 
which could lead to atrophy of hippocampal CA3 neurons. This 
phenomenon is consistent with the atrophy of the hippocampus in 
patients [6]. Another important index in the evaluation of the stress 
model inactivity is the open field test. Open Field Test (OFT), which 
is also called an open box experiment, is widely used in the study of 
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Abstract

It has a great significance to establish a high repetitive and special system to 
evaluate locomotion for tree shrew animal models, especially neuropsychiatric 
models. Thus, we designed a special open field test appliance for tree shrews 
by using a polymer PMMA board (plexiglass). The locomotion of naïve tree 
shrews was detected twice in it. By using Any-maze Software tracing the motion 
trajectory, we found that the motion trajectory and the distance were very similar 
in both tests. It demonstrated that the appliance designed for tree shrews had 
extremely high reliability and stability. Then we used this system to evaluate the 
activity of the stressed tree shrews, and observed the reduced activity of the 
tree shrews after 2-week light-stress. Consistent with this, the ACTH level in the 
urine of the stressed tree shrews was enhanced. Taken together, the light stress 
could lead to a significant reduction of locomotion which could be investigated 
by our open field experiment system. Furthermore, the data from our special 
open field experiment system is stable and accurate for testing the locomotion 
behavior of tree shrews. 

Keywords: Tree shrews; Open field test; Stress; Motion trajectory



Austin J Vet Sci & Anim Husb 7(2): id1071 (2020)  - Page - 02

Wang J and Gao J Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

were housed under a 12-h light/dark cycle (house light on from 8:00 
am to 8:00 pm). According to local standards in Yunnan province, the 
working illumination of tree shrews’ rooms are set to 150-300 lux, and 
that of the area to 50-100 lux. All animal experiments were performed 
following the recommendations of the Experimental Animal Ethics 
Committee at Nanjing Medical University.

Methods
Preparation of special OFT box for tree shrews: The open-field 

experimental process and equipment for rodents have been accurately 
designed, but those for tree shrews are lacked. At present, most of 
researchers use tree shrews’ breeding cages or open field experiment 
boxes for rodent rats to do tree shrews’ behavior test. The biological 
behavior between rats and tree shrews is very different, and the 
obtained data is inconsistent with the living habits of tree shrews to 
a certain extent. The repeatability and stability of the data of multiple 
experiments are low. Therefore, to set up a suitable behavioral 
experiment box for tree shrews has become the focus of this research.

According to the relevant literature [7,8] and combining with 
the characteristics of tree shrews, we designed the special OFT box 
for tree shrews (Figure 1A). The special material is a kind of polymer 
PMMA polymethyl methacrylate sheet (plexiglass). The size of the 
box is 50cm×50cm×80cm (length×width×height). Considering 
the tree shrews’ habits from the instinctive behavior in the wild 
environment, the beam is designed at a height of 40cm which is 
made of the frosted material to prevent slippage and make it easier 
for tree shrews to move autonomously in the direction of the ground. 
Moreover, the frosted material is easy to be cleaned and has a high 
degree of safety. The open-field box is composed of a clear plexiglass 
top, detachable fencers, a recessed white bottom plate and a frosted 
clear plexiglass rod running through the box. Moreover, in the 
rodents, we use a central area to evaluate the anxiety-like behavior 
in the open field test, while the alteration in jumping was used in tree 
shrews [9]. In the present experiments, the open-field box is divided 
into three parts from top to bottom: upper part, middle part, and the 
lower part (Figure 1B). In the behavior test, both the total distance 
and the changed activity of the tree shrews in the middle or upper 
part would be investigated.

Open field test: A camera was set in front of the transparent 
plexiglass front baffle on the front of the box to monitor the activity 
of the tree shrews. Before the experiment, the door of the sleeping 
box was opened. After the tree shrews entered the box through the 
round hole, the door of the sleeping box was closed quickly and video 
recording was started. The movement parameters of the tree shrews 
in the horizontal and vertical directions, the average movement speed 
and the number of jumps were recorded respectively during the 
experiment. At the end of the experiment, the door of the sleeping 
box was opened. After the tree shrews entered the sleeping box 
through the round hole, the door was closed quickly. After removing 
the sleeping box, we successively removed the top cover with the air 
hole, front baffle on the front, frosted glass rod through the box and 
detachable silicone non-slip pad, and then washed and dried with 
water. After wiping the residual urine and feces in the tank with 
flat paper, spray 75% alcohol to eliminate the residual odor of the 
experimental tree shrews. The whole operation process eliminates the 
need to grab the tree shrews and eliminates the artificial stress caused 

by grasping the tree shrews. Therefore, the most basic activity and 
emotional state of the tree shrews can be objectively evaluated.

Selection of Detection Software for Tree shrews’ OFT System: 
The Any-maze Animal Behavior Video Analysis System (ST-60000, 
Sterling, USA) is a scientific analysis software that provides an 
advanced grayscale recognition algorithm that adjusts the threshold 
when the animal’s color contrasts with the background color. It’s easy 
to lock the target and accurately track the trajectory of the animal’s 
movement with powerful analytical statistics function. We used this 
system to record the animal’s original activity video, the activity track, 
and get the real-time changes in animal activity patterns (diet, sleep, 
move, chase, social, etc.) and the animal trajectory data.

Stress experimental process: Fifteen naïve tree shrews were 
tested in the Open Field Test (OFT) at the end of the first week and 
the end of the second week. The Any-maze software was used to track 
the locomotion. Then, the house light being on was prolonged by 4 
hours. That is the house lights on from 8:00 am to 12:00 pm. After 
2 weeks of treatment, the tree shrews’ locomotion was detected by 
OFT again. What’s more, the concentration of Adrenocorticotropic 
Hormone (ACTH) in the urine of tree shrews before and after stress 
was detected by enzyme-linked immunosorbent assay.

Enzyme-linked immunosorbent assay: Urine was collected in the 
morning before and after stress. The concentration of corticotrophin 
in urine before and after stress was measured by Enzyme-Linked 
Immunosorbent Assay (ELISA). It was measured using an ELISA kit 
commercially available according to the manufacturer’s instructions 
(ACTH, ml001895, mlbio, China).

Statistical methods
Statistical analysis was performed by using SPSS 19.0 software, 

and statistical mapping was performed by using Origin Pro 8.5 
software. The data were presented as means ± SEM. The differences 
between the two groups were compared via a two-tailed Student’s 
t-test. P<0.05 was considered statistically significant.

Results
Tree shrews’ special OFT box can stably detect tree 
shrews’ activity

After putting the tree shrews into the special OFT box, the Any-
maze software was used for tracking and identification immediately. 
By tracking the trajectory map, we observed that the tree shrews 
moved freely in the special OFT box. Each of them ran and jumped 
freely in line with the basics of the tree shrews’ living habits (Figure 
2A). Through the comparison of the initial and re-measurement 
trajectories, the activity patterns of the same tree shrews are similar 
in the dedicated squatting box, indicating that the tree shrews’ special 
OFT box is relatively stable in detecting tree shrews’ activity (Figure 
2A).

The distance and average speed in the open field test 
experiment have extremely high reliability

The Intra-group Correlation Coefficient (ICC) analysis was 
carried out for the initial distance and the mean speed of the tree 
shrews in the open field test experiment. The reliability was evaluated 
by the ICC parameters. The results showed that the activity distance’s 
ICC is 0.951 (p<0.001) and the average speed’s ICC is 0.962 (p<0.05) 
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between the first test and the second test. It suggested that the 
distance and the averaged speed reliability in the open field test 
experiment were extremely high. Moreover, after paired t-test on the 
above parameters, it was found that the data of the two measurements 
were stable and there was no significant difference (Figure 2 B&C, A: 
p=0.591; B: p=0.685, n=11).

Stress significantly reduced the activity of the tree shrews
To investigate the applicability and generality of our open field 

test experiment system, the activity of tree shrews in pre-stress 
(Baseline) and 2 weeks after stress (Stress week 2) in the OFT 
experiment were observed. As shown in Figure 3, the activity of tree 
shrews was significantly reduced after light stress for 2 weeks (Figure 
3A). Comparing the distance of each tree shrew with its baseline, it 
was found that the tree shrews’ activity distance was significantly 

decreased after 2 weeks of stress (Figure 3B, p<0.01, n=15). Moreover, 
we not only observed the alteration of horizontal movement, but also 
investigated the numbers of jumping in these tree shrews. Among 
these tree shrews, the numbers of jumping for 12 tree shrews showed 
the significant decrement (Figure 3C, p<0.05, n=12) while 3 in 15 tree 
shrews showed the increased jumping (data not shown). All these 
suggested that 2-week staying up late contributed to the change of 
the activities in the tree shrews and this has a lot to do with individual 
differences in tree shrews. Furthermore, to further validate the stress-
induced stress behavior tree shrew model, we also collected tree 
shrew morning urine before and after the stress. We found that the 
ACTH concentration in the urine of the tree shrews was significantly 
increased after 2 weeks of stress (Figure 4, p<0.001, n=15). All these 
data suggesting that our OFT system was stable and sensitive to 

Figure 1: Special OFT box for tree shrews.
A: The side view of an open field box.
B: The front view of the open field box and the distribution pattern of the OFT box.

Figure 2: Partial trajectories of initial and remeasured OFT in tree 
shrews.
A: Representative images of trajectories from 3 tree shrews are illustrated: 
Test 1: Trajectories of initial OFT; Test 2: Trajectories of re-measured OFT).
B and C: Quantitation of the activities of the tree shrews from 2 tests by our 
OFT system showed the data were stable. Data are presented as the means 
± SEM.

Figure 3: After two weeks of stress, the activities of tree shrews were 
significantly decreased.
A: The representative trajectories of tree shrews after 2-week stress are 
illustrated.
B: The distance of tree shrews was reduced after 2-week light stress.
C: The effects of light stress on the numbers of jumping of tree shrews.
Data are presented as the means ± SEM. *P<0.05 and **P<0.01 compared 
with baseline.
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investigate the alteration of the activities of the tree shrews.

Discussion
Physiological and behavioral responses to acute stress can 

be adaptive, but exposure to chronic stress, especially chronic 
psychosocial stress, can have negative consequences and increase 
susceptibility to chronic diseases [10].

Stress refers to the internal reaction of the body to the environment 
and is caused by the loss and damage of the body caused by the outside 
world. Classification according to the results of stress may have 
pathological stress and physiological stress. In recent years, the role 
of stress-induced neuroendocrine system changes has attracted much 
attention. The most important pathological change is the excessive 
drive of the Hypothalamic-Pituitary-Adrenal (HPA) axis [11]. The 
core driver of the HPA axis activation response is the Corticotropin-
Releasing Hormone (CRH) located in the Paraventricular Nucleus 
(PVN) site [12]. In human patients, there is a significant increase 
in neuronal apoptosis in the norepinephrine-blue-spot system and 
the amine-based system, with the norepinephrine-blue-spot system 
being the most severely damaged [13]. By placing the animals in a 
mild stress-stimulated environment, after several weeks of action 
(typically 2-3 weeks), animals exhibit clinically common symptoms 
in depressed patients [14]. OFT is a classic method for evaluating the 
motor function and stress behavior in experimental animals and is 
widely used in the basic research of neuroscience. In the open field 
test experiment of tree shrews, the horizontal movement in the 
ground direction reflects the locomotor activity, and the vertical 
ground movement including climbing and jumping reflects the 
curiosity of the tree shrews to the fresh environment. The number 
of fecal particles reflects the degree of tension of the tree shrews; the 
number of crossings reflects the anxiety state of the tree shrews, and 
the stress state can lead to a certain decrease in value. Therefore, the 
reliability of OFT and the stability of its repeated test parameters are 
very important [15,16]. It is also important to establish a behavioral 
experimental system with high reproducibility and suitable for tree 
shrews’ habits. Degree refers to the degree of consistency of multiple 
measurement results, which reflects the stability and reliability of a 
measurement method or a tool. The test-retest reliability is a kind 
of reliability, which reflects the measurement method or a tool 
that consistently measures the consistency of two measurements at 

Figure 4: 2-week light stress enhanced the urine ACTH concentration 
in tree shrews.
After 2-week light stress, the concentration of ACTH in the urine of tree 
shrews at the morning was significantly increased. (***P<0.001 compared with 
baseline. Data were normalized to the baseline).

different times. The commonly used statistical evaluation parameter 
for the test-retest reliability is the ICC parameter. The ICC parameter, 
the intra-group correlation coefficient, was first proposed by Bartko 
in 1966 for evaluating the reliability of continuous or grade variables 
[17,18]. If the ICC is greater than 0.75, the credibility is good. If it 
is between 0.5 and 0.75, the credibility is generally acceptable and 
when it is less than 0.5, the credibility is poor. The results of ICC for 
tree shrews tested in the special OFT box suggested that the common 
parameters of the active distance and the average speed had extremely 
high reliability, confirming that the tree shrews’ specific OFT system 
has a good test-retest reliability. The system is stable. Meanwhile, 
there was no signal loss when we used Any-maze software to track 
tree shrews in the special OFT box. The trajectory of the tree shrews 
in the OFT box was well captured.

As our data showed, the open field test experiment which is 
carried out by our special OFT box for tree shrews, restored the basic 
activities of the tree shrews to a large extent and the data from our OFT 
system is stable. Moreover, the moving distance and average speed 
have extremely high reliability in selecting the evaluation parameters. 
Besides, the results of the tree shrews’ urine test showed that ACTH 
was significantly increased after two weeks of light-stress. Consistent 
with this, after 2 weeks of stress, the activity of tree shrews by our OFT 
system changed significantly, that is, the distance of tree shrews was 
significantly reduced after stress. Taken together, our OFT system can 
investigate the change of activity of tree shrews after stress.

Conclusion
The tree shrews’ specific OFT system that we designed can help us 

to get the stable and reliable data. Moreover, it is sensitive to test the 
effect of light-stress on the activities and anxiety of tree shrews, which 
is consistent with the increased ACTH level after 2-week staying up 
late.

Acknowledgments
This work was financially supported by grants from the National 

Natural Science Foundation of China (81973308 and 81673416) 
and the Key R&D Program of Jiangsu Province (BE2016761 and 
2017CX010) to JG, and the grants from the National Natural Science 
Foundation of China (81801314) and the Natural Science Foundation 
of the Jiangsu Higher Education Institutions of China (18KJB180016) 
to WJ.

The authors thank all members of each department. The authors 
thank Mr. Natan for his review of the overall language of the 
manuscript.

References
1.	 Lupien SJ, McEwen BS, Gunnar MR, Heim C. Effects of stress throughout 

the lifespan on the brain, behaviour and cognition. Nat Rev Neurosci. 2009; 
10: 434-445. 

2.	 Numa C, Nagai H, Taniguchi M, Nagai M, Shinohara R, Furuyashiki T. Social 
defeat stress-specific increase in c-Fos expression in the extended amygdala 
in mice: Involvement of dopamine D1 receptor in the medial prefrontal cortex. 
Sci Rep. 2019; 9: 16670.

3.	 Popoli M, Yan Z, McEwen BS, Sanacora G. The stressed synapse: the impact 
of stress and glucocorticoids on glutamate transmission. Nat Rev Neurosci. 
2011; 13: 22-37.

4.	 Mccarty RJP. Optimizing laboratory animal stress paradigms: The H-H* 

https://pubmed.ncbi.nlm.nih.gov/19401723/
https://pubmed.ncbi.nlm.nih.gov/19401723/
https://pubmed.ncbi.nlm.nih.gov/19401723/
https://www.nature.com/articles/s41598-019-52997-7
https://www.nature.com/articles/s41598-019-52997-7
https://www.nature.com/articles/s41598-019-52997-7
https://www.nature.com/articles/s41598-019-52997-7
https://pubmed.ncbi.nlm.nih.gov/22127301/
https://pubmed.ncbi.nlm.nih.gov/22127301/
https://pubmed.ncbi.nlm.nih.gov/22127301/
https://www.sciencedirect.com/science/article/abs/pii/S0306453016307880


Austin J Vet Sci & Anim Husb 7(2): id1071 (2020)  - Page - 05

Wang J and Gao J Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

experimental design. 2017; 75: 5-14. 

5.	 Fan Y, Yu DD, Yao YG. Tree shrew database (TreeshrewDB): a genomic 
knowledge base for the Chinese tree shrew. Scientific Reports. 2014; 4.

6.	 Magarinos AM, McEwen BS, Flugge G, Fuchs E. Chronic psychosocial stress 
causes apical dendritic atrophy of hippocampal CA3 pyramidal neurons in 
subordinate tree shrews. Journal of Neuroscience. 1996; 16: 3534-3540.

7.	 Wang J, Xu XL, Ding ZY, Mao RR, Zhou QX, Lu LB, et al. Basal physiological 
parameters in domesticated tree shrews (Tupaia belangeri chinensis). 
Dongwuxue Yanjiu. 2013; 34: E69-74.

8.	 Wang J, Zhou QX, Tian M, Yang YX, Xu L. Tree shrew models: a chronic 
social defeat model of depression and a one-trial captive conditioning model 
of learning and memory. Dongwuxue Yanjiu. 2011; 32: 24-30.

9.	 Wang J, Chai AP, Zhou QX, Lv LB, Wang LP, Xu LX, Xu L. Chronic 
Clomipramine Treatment Reverses Core Symptom of Depression in 
Subordinate Tree Shrews. Plos One. 2013; 8.

10.	Hollis F, Isgor C, Kabbaj M. The consequences of adolescent chronic 
unpredictable stress exposure on brain and behavior. Neuroscience. 2013; 
24: 232-241.

11.	Porsolt RD. Animal model of depression. J Biomedicine. 1979; 30: 139-140.

12.	Abas MJBR. Therapy. Handbook of affective disorders. ES Paykel, editors. 
In: Churchill Livingstone, Edinburgh (1992). 2nd edition. 1995; 33: 235-236.

13.	Gonzalez MM, Aston-Jones G. Light deprivation damages monoamine 
neurons and produces a depressive behavioral phenotype in rats. Proc Natl 
Acad Sci USA. 2008; 105; 4898-4903.

14.	Willner PJP. Validity, reliability and utility of the chronic mild stress model of 
depression: a 10-year review and evaluation. 1997; 134: 319-329.

15.	Prut L, Belzung CJEJoP. The open field as a paradigm to measure the effects 
of drugs on anxiety-like behaviors: a review. 2003; 463: 3-33.

16.	Ramos AJTiPS. Animal models of anxiety: do I need multiple tests?. 2008; 
29: 493-498.

17.	Berk RAJAJoMD. Generalizability of behavioral observations: a clarification 
of interobserver agreement and inter observer reliability. 1979; 83: 460-472.

18.	Watkins MW, Pacheco MJJoBE. Interobserver Agreement in Behavioral 
Research: Importance and Calculation. 2000; 10: 205-212.

https://www.sciencedirect.com/science/article/abs/pii/S0306453016307880
https://www.nature.com/articles/srep07145
https://www.nature.com/articles/srep07145
https://pubmed.ncbi.nlm.nih.gov/8627386/
https://pubmed.ncbi.nlm.nih.gov/8627386/
https://pubmed.ncbi.nlm.nih.gov/8627386/
https://pubmed.ncbi.nlm.nih.gov/23572369/
https://pubmed.ncbi.nlm.nih.gov/23572369/
https://pubmed.ncbi.nlm.nih.gov/23572369/
https://pubmed.ncbi.nlm.nih.gov/21341381/
https://pubmed.ncbi.nlm.nih.gov/21341381/
https://pubmed.ncbi.nlm.nih.gov/21341381/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0080980
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0080980
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0080980
https://pubmed.ncbi.nlm.nih.gov/23000538/
https://pubmed.ncbi.nlm.nih.gov/23000538/
https://pubmed.ncbi.nlm.nih.gov/23000538/
https://pubmed.ncbi.nlm.nih.gov/573643/
https://pubmed.ncbi.nlm.nih.gov/18347342/
https://pubmed.ncbi.nlm.nih.gov/18347342/
https://pubmed.ncbi.nlm.nih.gov/18347342/
https://pubmed.ncbi.nlm.nih.gov/9452163/
https://pubmed.ncbi.nlm.nih.gov/9452163/
https://pubmed.ncbi.nlm.nih.gov/12600700/
https://pubmed.ncbi.nlm.nih.gov/12600700/
https://pubmed.ncbi.nlm.nih.gov/18755516/
https://pubmed.ncbi.nlm.nih.gov/18755516/
https://pubmed.ncbi.nlm.nih.gov/426006/
https://pubmed.ncbi.nlm.nih.gov/426006/
https://psycnet.apa.org/record/2001-05840-002
https://psycnet.apa.org/record/2001-05840-002

	Title
	Abstract
	Abbreviations
	Introduction
	Materials and Methods
	Experimental animals
	Methods
	Statistical methods

	Results
	The distance and average speed in the open field test experiment have extremely high reliability
	Stress significantly reduced the activity of the tree shrews

	Discussion
	Conclusion
	Acknowledgments
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4

