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Abstract  
Immune system protects animals from the attack of pathogens, which is crucial to their survival and fitness. Small 
mammals in the temperate area are confronted with unpredictable food shortage frequently due to the fluctuation 
of food resources seasonally. Our previous research has shown that stochastic food deprivation (FD) increases T 
cell-mediated immunity in Kunming mice. In the present study, we tested the hypothesis that stochastic food 
deprivation would also increase T cell-mediated immunity in the striped field mouse. Nine female striped field 
mouse were randomly divided into the Fed (n = 5) and FD (n = 4) groups, in which the latter were subjected to 
stochastic FD regime. Contrary to our expectation, stochastic food deprivation had no significant effect on 
phytohaemagglutinin (PHA) response indicative of T cell-mediated immunity in striped field mouse compared 
with the fed controls. Moreover, body mass, body fat mass, wet thymus and spleen mass, white blood cells and 
blood glucose levels did not differ between the Fed and FD groups. Taken together, the striped field mouse could 
maintain stable cellular immunity in face of unpredictable food shortage.  
Keywords: Apodemus agrarius, phytohaemagglutinin response, stochastic food deprivation 
1. Introduction 
Immune function, which protects animals from the attack of pathogens, is an important factor to determine their 
survival and fitness (Sheldon & Verhulst, 1996; Owens & Wilson, 1999). Food resources fluctuate seasonally and 
hence unpredictable food shortage is common to small mammals in the temperate area (Nelson & Demas, 1996; 
Martin et al., 2008). Food shortage has great impact on animals’ immunity (Calder & Kew, 2002; Kaminogawa & 
Nanno, 2004; Schaible et al., 2007). 
Some researchers found that acute food deprivation had suppressive effect on immune function. For instance, two-
day food deprivation inhibited T-cell immune response (Lord et al., 1998) and increased susceptibility to endotoxic 
shock in mice (Faggioni et al., 2000). Delayed type hypersensitivity (DTH) indicative of T-cell immune response 
were also suppressed in starved rats or mice in contrast with the fed animals (Nohr et al., 1985; Nakamura et al., 
2001, 2004). Similarly, DTH was decreased after 7-day intermittent starvation in mice (Kohno et al., 2011). Our 
previous research has shown that T-cell mediated immunity was suppressed after 3-day food deprivation in wild 
Mongolian gerbils (Meriones unguiculatus) (Xu & Wang, 2010; Xu & Wang, 2015). However, other researchers 
obtained disparate findings. Two or three days of food deprivation increased the resistance to the intracellular 
pathogen Listeria monocytogenes in mice (Wing & Young, 1980). Moreover, the phagocytic activity of 
macrophages (Kubo et al., 1982) and blood monocyte bactericidal activity (Wing et al., 1983) in mice increased 
after a short-term of starvation. In addition, the skin wound healing indicative of innate immunity was accelerated 
after repeatedly short-term starvation in mice (Hayati et al., 2011). We have found that stochastic food deprivation 
could increase cellular immunity in Kunming mice (Xu et al., 2014). Therefore, more researches are needed to 
clarify these different results in more species. 
Phytohaemagglutinin (PHA) response involves a subcutaneous injection of PHA that induces local T-cell 
stimulation and proliferation resulting in swelling (Smits et al., 1999). It has been used to assessed mammalian T 
cell immunity (Webb et al., 2003; Bellocq et al., 2006). Moreover, immune organs including thymus are indirect 
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immunological indices (Savino & Dardenne, 2000; Calder & Kew, 2002; Smith & Hunt, 2004). Total white blood 
cells (WBC) are also used to evaluated the overall health (Calder & Kew, 2002). Adipose tissues are no longer 
considered as simply passive energy depots, but have been recently regarded as important endocrine and immune 
organs (Ahima & Flie, 2000; Trayhurn, 2005; Fantuzzi, 2005; Schäffler et al., 2007).  
Striped field mice (Apodemus agrarius) live widely in China (Zhang & Wang, 1998). Grassland, farmland, old 
cultivated field and hillsides are their primary habitats (Ma, 1986). Researches have been carried out on the 
population dynamics (Zhu & Qin, 1991), physiological and behavioral traits (Liu et al., 2006; Yan et al., 2010) in 
striped field mice. However, we still don’t know how immune function responds to unpredictable food shortage 
in striped field mice. Based on our previous findings that stochastic food deprivation enhanced T cell-mediated 
immune response in Kunming mice (Xu et al., 2014), we expected that stochastic food deprivation would also 
increase T cell-mediated immune response in striped field mice.  
2. Materials and Methods 
2.1 Animals and experimental design 
All animal procedures were licensed under the Institutional Animal Care and Use Committee of Qufu Normal 
University. Striped field mice were wild captured in Juye town of Shandong province (E116°5′N35°24′) during 
April 10th to May 20th in 2014. Then they were carried to the animal feeding room of Qufu Normal University. 
Striped field mice were housed individually in plastic cages (30cm×15cm×20cm) with sawdust as bedding under 
a constant photoperiod of 12L:12D (12h:12h light-dark cycle) and temperature of 23±2℃. Standard rat pellets 
chow (Animal Breeding Center in Jining Medical College, Jining, China) and water were provided ad libitum. 
After body mass stabilized, 11 female mice were randomly divided into the fed ad libitum (Fed) group (n=5) and 
stochastic food deprivation (FD) group (n=6). Day 0 and day n represented initial day and n days of treatment, 
respectively. The time of food deprivation was on day 1, 2, 5, 8, 10, 13, 16, 18, 21. The experimental time lasted 
for 22 days in the present study. One striped field mouse in the FD group died on day 4 and another one in the Fed 
group died on day 16. The data of these two mice were not included in the subsequent statistical analysis. 
2.2 Cellular Immunity Assays 
PHA response indicative of cellular immune response was assessed as described previously (Bellocq et al., 2006; 
Xu & Wang, 2010). Specifically, striped field mice in the Fed and FD groups on day 19 were caught, then we 
measured their footpad thickness of the left hind foot with a micrometer (Digimatic Indicator ID-C Mitutoyo 
Absolute cod. 547-301, Japan) to ± 0.01 mm. Immediately thereafter, mice in the Fed and FD groups were injected 
subcutaneously 0.1 mg of PHA (PHA-P, Sigma L-8754) dissolved in 0.03 mL of sterile saline (pH7.4）in the 
middle of the footpad. After 6 h, 12h, 24 h, 48 h and 72 h injection, we measured footpad thickness. The PHA 
response (i.e., cellular immunity) was calculated as the difference between pre- and post- injection measurements 
divided by initial footpad thickness (PHA response = (post PHA – pre PHA) / pre PHA). Six measures of footpad 
thickness were taken to obtain the value of each animal (Xu & Wang, 2010).  
2.3 Body Composition 
Body composition was examined as described previously (Xu & Wang, 2010). In brief, the visceral organs, 
including heart, thymus, lungs, liver, spleen, kidneys, adrenal glands, gonads (ovaries and uterus) and the digestive 
organs with contents (i.e., stomach, small intestine, caecum and colon) were dissected and weighed (± 1mg). The 
stomach, small intestine, caecum and colon were rinsed with saline to eliminate all the gut contents, before being 
weighed. Moreover, subcutaneous fat, retroperitoneal fat and mesenteric fat were also dissected carefully and 
weighted. All the three parts of fat mass was regarded as total body fat mass. Subcutaneous fat content, 
retroperitoneal fat content, mesenteric fat content and total body fat content were calculated as their respective fat 
mass divided by final body mass.  
2.4 White Blood Cells Assays  
At the end of the experiment, after collecting trunk blood, 20 µL whole blood was diluted immediately in 0.38 mL 
solution containing 1.5% glacial acetic acid, 1% crystal violet (Sigma) and the leukocytes were counted in an 
improved Neubauer chamber using microscope. The total number of WBC was determined by counting all 
leucocytes in the four corner large-squares of the Neubauer chamber, and multiplying the raw data by 5×107 to 
obtain the final values (109cells/L) (Yang, 2004). 
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2.5 Blood Glucose Assays 
Blood glucose levels were measured with FreeStyle Mini Blood Meter (Abbott Diabetes Care Inc. Alameda, USA) 
according to the manufacture’s instructions. The range tested of blood glucose was 1.1-27.8mmol/L. The within-
lot and -vial precision are <5.6% and <4.1%, respectively 
3. Statistical Analysis 
Data were analyzed using SPSS 13.0 software (SPSS Inc., Chicago, IL, USA). Prior to all statistical analyses, data 
were examined for normality and homogeneity of variance, using Kolmogorov–Smirnov and Levene tests, 
respectively. The differences of body mass between the Fed and FD groups were analyzed by independent-samples 
t-test. Group differences in wet organ mass with body mass as the covariate were analyzed by General Linear 
Model multivariate analysis followed by Bonferroni post hoc tests. Group differences in other parameters (body 
compositions, PHA response, WBC, blood glucose levels concentrations) were analyzed by independent-samples 
t-test. Pearson correlation analysis was performed to determine the correlations of PHA response with blood 
glucose and body fat mass in the Fed and FD groups. Results were expressed as mean ± SE, and P<0.05 was 
considered to be statistically significant.  
4. Results 
4.1 Body Mass 
On day 8 (t = -2.668, df = 7, P = 0.032), day 9 (t = -2.925, df = 7, P = 0.022), day 10 (t = -2.617, df = 7, P = 0.035), 
day 11 (t = -3.822, df = 7, P = 0.007), day 14 (t = -2.401, df = 7, P = 0.047), day 15 (t = -2.401, df = 7, P = 0.047), 
day 18 (t =-2.991, df =7, P = 0.020), the percent of body mass of initial day decreased in the FD group compared 
to the Fed group (Figure 1). There was no significant difference of the percent of body mass on initial day between 
the two groups on other days (Figure 1). 
 

 
Figure 1. Changes of the percent of body mass on initial day in field mice during stochastic food deprivation. 

Values are means ± SE. Note: ■=Fed group, □= FD group. An asterisk (*) indicates statistical differences at P＜
0.05, and the symbol of “☆”indicates the day of food deprivation 

 
4.2 Body Composition 
Stochastic food deprivation significantly increased stomach wet mass in striped field mice in contrast with the fed 
controls (Table 2), whereas there were no differences of body composition and other wet organ masses between 
the Fed and FD groups (Table 1, 2).  
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Table 1. Effect of stochastic food deprivation on body composition in striped field mice. 
Parameters Fed group FD group Statistical summary 
Sample size 4 5 F1,7 P 
Final body mass (g) 19.8±2.5 20.2±2.3  0.016  0.902  
Wet carcass mass (g) 15.8±2.5 14.0±2.2  0.286  0.609  
Subcutaneus fat (g) 0.467±0.223 0.128±0.199 1.286  0.294  
Subcutaneus fat content (%) 2.30±0.9 0.80±0.08 1.737  0.229  
Retroperitoneal fat (g) 0.038±0.025 0.019±0.022 0.344  0.576  
Retroperitoneal fat content (%) 0.20±0.01 0.10±0.009 0.160  0.701  
Mesenteric fat (g) 0.279±0.096 0.153±0.086 0.946  0.363  
Mesenteric fat content (%) 1.60±0.4 1.00±0.4 0.920  0.369  
Total body fat (g) 0.785±0.327 0.301±0.293 1.216  0.307  
Total body fat content (%) 4.10±0.13 1.90±0.11 1.615  0.244  

Values are means ± SE. Values for a specific parameter that share different superscripts are significantly different 
at P<0.05, determined by independent-samples t-test. 
 
Table 2. Effect of stochastic food deprivation on wet organ mass in striped field mice. 

Parameters Fed group FD group Statistical summary 
Sample size 4 5 F1,6 P 
BAT (g) 0.249±0.080 0.102±0.072 1.853  0.222  
Brain (g) 0.407±0.015 0.380±0.014 1.790  0.229  
Heart (g) 0.139±0.007 0.135±0.006 0.235  0.645  
Lungs (g) 0.176±0.027 0.178±0.024 0.005  0.947  
Thymus (g) 0.006±0.002 0.005±0.001 0.229  0.649  
Liver (g) 0.919±0.077 0.800±0.069 1.339  0.291  
Spleen (g) 0.029±0.005 0.032±0.005 0.175  0.690  
Kidneys (g) 0.290±0.005 0.263±0.015 1.515  0.264  
Adrenal glands (g) 0.007±0.000 0.006±0.000 3.283  0.120  
Gonads 0.049±0.010 0.019±0.009 5.150  0.064  
Stomach with contents (g) 0.882±0.153 0.457±0.137 4.279  0.084  
Stomach (g) 0.177±0.014 0.227±0.013 7.013  0.038  
Small intestine with contents (g) 1.040±0.194 0.846±0.173 0.559  0.483  
Small intestine (g) 0.367±0.036 0.443±0.032 2.380  0.174  
Small intestine length (cm) 31.578±1.629 30.837±1.457 0.115  0.746  
Caecum with contents (g) 0.541±0.104 0.667±0.093 0.812  0.402  
Caecum (g) 0.171±0.028 0.195±0.025 0.409  0.546  
Caecum length (cm) 5.581±0.813 5.537±0.727 0.036  0.856  
Colon with contents (g) 0.320±0.061 0.296±0.054 0.086  0.779  
Colon (g) 0.146±0.019 0.119±0.017 1.138  0.327  
Colon length (cm) 9.861±0.439 8.612±0.393 4.488  0.078  
Total digestive tract (g) 0.685±0.054 0.757±0.048 0.991  0.358  
Total digestive tract length (cm) 47.020±2.523 44.824±2.256 0.421  0.541  

Values are means ± SE. Values for a specific parameter that share different superscripts are significantly different 
at P<0.05, determined by General Linear Model multivariate analysis followed by Bonferroni post hoc tests with 
body mass as the covariate ns, not significant. 
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4.3 White Blood Cells  
Stochastic food deprivation had no significant effect on WBC in striped field mice (t=-1.703, df=7, P=0.132) 
(Figure 2). 

 
Figure 2. Effect of stochastic food deprivation on white blood cells in striped field mice. Values are means ± SE. 

WBC did not differ between the Fed and FD groups. The solid column represents the Fed group and white 
column stands for the FD group 

 
4.4 Cellular Immune Response 
There was on significant difference of PHA response between the Fed and FD groups after 6h (t=1.150, df=7, 
P=0.288), 12h (t=0.314, df=7, P=0.763), 24h (t=-0.957, df=7, P=0.370), 48h (t=0.238, df=7, P=0.819), 72h (t=-
0.183, df=7, P=0.860) of PHA postimmunization (Figure 3). Total body fat mass was not correlated with PHA 
response after 6h (r=0.255, P=0.508), 12h (r=-0.094, P=0.810), 24h (r=-0.202, P=0.603), 48h (r=-0.279, P=0.467), 
72h (r=0.066, P=0.865) of PHA injection in the Fed and FD groups. 
 

 
Figure 3. Effect of stochastic food deprivation on PHA response in striped field mice. Values are means ± SE. 

The solid column represents the Fed group and white column stands for the FD group 
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4.5 Blood Glucose 
Blood glucose level did not differ between the FD and Fed groups (t=-0.898, df=7, P=0.399) (Figure 4). It was not 
correlated with PHA response after 6h (r=0.072, P=0.853), 12h (r=-0.097, P=0.805), 24h (r=-0.200, P=0.605), 
48h (r=-0.322, P=0.398), 72h (r=-0.232, P=0.547) of PHA injection in the Fed and FD groups. However, blood 
glucose level was positively correlated with total body fat mass (r=0.916, P=0.001). 

 
Figure 4. Effect of stochastic food deprivation on blood glucose level in mice. Values are means ± SE. Blood 

glucose level was not different between the Fed and FD groups 
 
5. Discussion 
Contrary to our prediction, T cell-mediated immunity was not influenced by stochastic FD in striped field mice. 
Immune organs and WBC were also not affected by stochastic FD.  
Adipose tissues are important energy reserves which provide energy for many physiological processes such as 
immune responses (Trayhurn, 2005; Steiner & Romanovsky, 2007). Maintaining and mounting immune responses 
are costly in term of energy (Demas et al., 1997; Moret & Schmid-Hempel, 2000). Generally, animals with low 
energy reserves would choose to allocate less energy to immune defense than animals with higher reserves 
(Houston et al., 2007). In the present study, there was no significant differences of the masses of subcutaneus fat, 
retroperitoneal fat, mesenteric fat and total body fat between the Fed and FD striped mice. Additionally, total body 
fat was not correlated with PHA response. These results disagreed with our previous finding in which stochastic 
FD increased T cell-mediated immunity in Kunming mice (Xu et al., 2014). The differences of species used and 
the experimental regime might account for the discrepancies. 
Glucose as a metabolic fuel is required for normal survival and function of lymphocytes, and its metabolism plays 
an important role in T-cell activation and proliferation (Maciver et al., 2008; Xu & Wang, 2011). Consequently, 
glucose uptake and glycolysis increase during an immune response (Matarese & Cava, 2004). In the present study, 
blood glucose level in the FD striped field mice was similar with that of the fed controls, which indicated that the 
FD striped field mice were not short of metabolic fuels. Taken together, glucose provided important energy for 
costly biological processes including T cell-mediated immune response (Sheldon et al., 1996; Moret et al., 2000).  
In summary, stochastic food deprivation had no effect on cellular immunity, immune organs (i.e., thymus and 
spleen) and white blood cells in the FD striped field mice. The reasons might be due to the insignificant changes 
of body fat mass and blood glucose during stochastic FD treatment. Small sample size and the unknown ages of 
the striped field mice might also account for our results. Further research is needed to investigate whether other 
immunological parameters such as humoral and innate immunity would be affected by stochastic FD in this species. 
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