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ABSTRACT 

Tupaia belangeri is a typical experimental animal model. Eighteen T. belangeri were used as experimental objects. A short-term step-by-step cooling 

experiment was designed. Body mass, food intake, basal metabolic rate (BMR) and blood glucose (Glu) were measured every two days. The results 

showed that decrease temperature gradient increased body mass, food intake, RMR and Glu of T. belangeri significantly. All of the results showed that 

increasing food intake, body mass and BMR were the adaptive strategies for T. belangeri to face lower temperature stress. Moreover, Glu showed a 

higher level with body mass gain, which played an active role in thermogenesis. 
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1. INTRODUCTION 

Energy metabolism strategies of small rodents determine the 

species distribution and richness of the ecosystem, as well as the 

reproduction success rate and survival adaptability of 

animals(Przybylska et al., 2019). The balance between energy 

acquisition and consumption is the key to life survival and 

reproduction, which depends on the balance between food intake 

and energy distribution of digestion, thermogenesis, growth, 

reproduction and other activities (Ohrnberger et al., 2020). Energy 

distribution pattern determines the energy budget and 

physiological adaptation mechanism of animals, which is the key 

to understand the survival adaptation pattern and evolutionary 

pathway of animals (Mazza et al., 2020). Temperature is an 

important ecological factor affecting the survival, reproduction 

and distribution of wild animals (Guillen et al., 2019). 

Temperature can affect the energy flow in the body by affecting 

the biochemical reaction in the body (Logan, 1982). Low 

temperature environment is one of the most important stress 

factors for the survival of wild animals (Wen et al., 2020). 

Regulating body weight and metabolic heat production is the main 

physiological regulation mechanism for animals to cope with low 

temperature stress (Song and Wang, 2002). The change of blood 

glucose reflects the process of heat production and the energy state 

of organism, and it has a positive energy supply effect on the cold 

resistance of animals under low temperature stress (Cordeira and 

Monahan, 2019). 

Tupaia belangeri is a typical small Oriental mammal, and is 

the northernmost species of Tupaia (Tsukiyama-Kohara and 

Kohara, 2014). Because of its close relationship with primates, it 

can be used as a good animal model for human disease research in 

biomedicine (Wang et al., 2016). Previous studies in our group 

showed that T. belangeri increased body mass and thermogenesis 

under cold acclimation, temperature and photoperiod played key 

roles in body mass regulating in T. belangeri (Zhang et al., 2017). 

Moreover, T. belangeri also induced WAT browning and 

increased its thermogenesis during cold acclimation (Zhu et al., 

2017). In this study, we designed a short-term step-by-step cooling 

experiment to observe the changes of body weight and blood 

glucose of tree shrews in low temperature environment, so as to 

supplement some physiological values for tree shrews as medical 

model animals. 

 

2. MATERIALS AND METHODS 
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2.1 Samples 

Tupaia belangeri was captured in November 2020 in 

Pingshan Town, Luquan County, Kunming City, Yunnan 

Province, at an altitude of 1679 M. Kunming is located in the 

northern part of the central Yunnan Plateau, belonging to the north 

subtropical plateau climate, with an annual average temperature of 

15.6 ℃; the average temperature in the hottest month (July) is 

22.6 ℃; the average temperature in the coldest month (January) is 

9.8 ℃. 

 

In order to eliminate the influence of body weight and gender 

on the experimental results, 18 healthy adult male tree shrews with 

similar body weight were selected, and there was no significant 

difference in body weight. The animals were randomly divided 

into three groups, 6 in each group. 0 day group (direct 

determination of blood glucose value), control group (25 ℃ room 

temperature feeding for 10 days), cold acclimation group (cooling 

5 ℃ daily for 10 days from the second day), as shown in the figure 

below. At the same time, body weight, food intake and RMR were 

measured every two days, and fasting blood glucose was measured 

at the end of the experiment. All animal procedures were 

compliant with the Animal Care and Use Committee of the School 

of Life Science, Yunnan Normal University. This study was 

approved by the Committee (13-0901-011). 

2.2 Measurement of body mass and food intake 

Daily 11:00-13:00, regular and quantitative feeding, next day 

11:00-13:00 weighing and careful collection of residual food, put 

in 65 ℃  vacuum oven drying to constant weight, weighing 

(accurate to 0.01 g) (Zou et al., 1991). 

2.3 Measurement of basal metabolic rate (BMR) 

Metabolic system (FMS; cable instruments, Las Vegas, NV) 

was used to measure the metabolic rate, and the oxygen 

consumption and carbon dioxide production (VO2 / VCO2) were 

measured by the circulation respiration method as the metabolic 

rate index (Zhu et al., 2010). Before the formal determination, the 

animals were allowed to adapt to a set of data for 30-60min and 

15min in a single cylindrical glass breathing chamber (30cm high 

and 9cm in diameter). The average values of O2 consumption and 

CO2 production of each sequence were calculated for statistical 

analysis. Using expedata-p data analysis software (cable systems, 

Las Vegas, NV, USA), the oxygen consumption value was 

calculated from the original metabolic data, and the BMR was 

finally converted to mlO2/g·H. 

2.4 Measurement of fasting blood glucose (Glu) 

After fasting for 12 hours, the blood was collected from the 

hind limb vein of the animals in the awake state. The serum 

glucose content was determined by hitachi-7600 automatic blood 

biochemical analyzer and blood glucose test paper for three times, 

and the average value was the Glu value of the animals (Sprenger 

et al., 2019). 

2.5 Statistical analysis 

The data were analyzed by SPSS 22.0 software. All data are 

in accordance with normal distribution. One way ANOVA was 

used to analyze body weight, food intake, RMR and Glu of each 

group. Pearson correlation analysis was used to analyze body 

weight and Glu. Results it was expressed as mean ± SD, in which 

* P < 0.05 was significant difference and * * P < 0.01 was 

extremely significant difference. 

3. RESULTS 

3.1 Body mass and food intake 

The effect of step-by-step cooling on body weight and food 

intake of tree shrews was extremely significant (F = 9.119, P < 

0.01, Fig. 1) and 15.005, P < 0.01, Fig. 2). Stepwise cooling 

significantly increased the body weight and food intake of tree 

shrews. 

 

Figure 1 Effects of graded cooling on weight changes 

of Tupaia belangeri (*P<0.05, **P<0.01, compared with 

control group) 

 

Figure 2 Effects of graded cooling on food intake of 

Tupaia belangeri(*P<0.05, **P<0.01, compared with 

control group) 
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3.2 BMR and Glu 

The effect of step-by-step cooling on BMR and Glu of tree 

shrews was extremely significant (F = 86.268, P < 0.01, Fig. 3) 

and 6.617, P < 0.01, Fig. 4). Stepwise cooling significantly 

increased BMR and Glu of tree shrews, and there was a positive 

correlation between Glu and body weight (r = 0.432, P < 0.01, Fig. 

5). 

 
Figure 3 Effects of graded cooling on BMR of Tupaia belangeri(*P<0.05, 

**P<0.01, compared with control group). 

 

 

 

 

 

 

 
Figure 4 Effects of graded cooling on GLU of Tupaia belangeri(*P<0.05, 

**P<0.01, compared with control group) 

 
Figure 5 Correlation analyses between weight and GLU of Tupaia belangeri 

 

4. DISSCUSSION 

Organisms will change their own physiological 

characteristics to cope with the changes of the external 

environment in order to maintain the dynamic balance of energy 

(Wang, 2013). Temperature is an important factor affecting 

mammalian energy budget (Wang et al., 2008). In the face of low 

temperature stress, or use the body fat storage to make up for 

energy consumption (Ren et al., 2020), or increase the body fat 

storage for a rainy day (Li et al., 2014), or reduce the body weight 

to reduce the absolute demand for energy (Song and Wang, 2001). 

In the process of gradual cooling, the body weight and food intake 

increased significantly, indicating that the tree shrew mainly 

through active acquisition and storage of energy to resist the cold, 

weight gain can reduce the overall heat conduction of individuals, 

and enhance the tolerance to low temperature (Wang et al., 1996). 

At the same time, during the period of low temperature 

acclimation, tree shrews also increased basal metabolic rate to 

resist low temperature stress.  

Mammals in alpine regions have higher basal metabolic rate, 

indicating that higher BMR is an adaptive strategy to low 

temperature environment (Camp et al., 2018). Glucose is the 

primary energy needed by the body for survival, and its sources 

mainly include food digestion and absorption, glycogen 

transformation and gluconeogenesis, which are converted into 

energy to resist severe cold (Shao et al., 2002). Therefore, high or 

low blood glucose can reflect the increase or decrease of cold 

resistance (Shao et al., 1998). The study found that there was no 

significant difference in blood glucose between the control group 

and the 0-day group, while the experimental group increased 

significantly, and tended to be positively correlated with body 

weight, which was consistent with the study of rats (Yang et al., 

2016). 

5. CONCLUSION 

In conclusion, Chinese and Burmese tree shrews adopt the 

mode of increasing energy intake, storing energy and increasing 

body weight to cope with low temperature stress, and increase 

basal metabolic rate to respond to the extension of low 
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temperature duration. The increase of blood glucose level is 

positively correlated with body weight, which is also the 

embodiment of cold resistance ability of Chinese and Burmese 

tree shrews. It can be predicted that the species in alpine region 

have stronger survival adaptability.   
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