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Abstract — We study the effect of exercise on improvement of glycometabolism disorder, insulin secretion and function of diabetic 
mice. We divide the mice into three groups: i) diabetic mice without exercise, ii) diabetic mice with exercise, and iii) normal mice 
with exercise. 12-week running exercise of low and moderate intensity is conducted for the exercise groups. Our results show that 
blood glucose concentrations increased significantly and serum insulin concentrations decreased clearly for diabetic mice. While 
after the same period of 12-week for the group of diabetic mice with exercise, blood glucose concentrations significantly decreased 
and blood insulin concentrations significantly increased. There is no obvious difference in blood glucose, serum insulin of normal 
mice groups with exercise and without exercise. Experimental result indicates that exercise can improve glycometabolism disorder 
and relieve insulin resistance for diabetic mice by increasing insulin secretion. 
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I. INTRODUCTION 

Diabetes is a series of metabolic disorder syndrome in 
sugar, protein, fat, water and electrolytes and other aspects 
caused by pancreas islet hypofunction, insulin resistance and 
other symptoms resulted from the effects of genetic factors, 
immune disorders, microbial infections, toxins, free radical 
toxins and mental factors and other various pathogenic 
factors on organism. Comprehensive treatment method of 
modern medicine includes 5 aspects, namely diet therapy, 
exercise therapy, drug therapy, diabetes education and blood 
glucose monitoring. Among them, as one of the most basic 
measures in the prevention and treatment of diabetes, 
exercise therapy has been paid more and more attention by 
the majority of medical workers engaged in prevention and 
treatment of diabetes. However, effect mechanism of 
exercise therapy on diabetes has not been clarified fully. 
Thus, exercise intervention and metabolic response of 
diabetes have gradually become hot research topic in medical 
filed. In this research, changes of fasting blood glucose, 
glucose tolerance, fasting insulin and impacts of endurance 
exercise for noninsulin dependent diabetic mice have been 
observed by inducing diabetic mice model established, which 
is aimed at discussion in impact of endurance exercise on 
glycometabolism and improvement mechanism of insulin 
resistant. 

II. MATERIAL AND METHOD 

A. Experimental Material 

(1) Animal: 40 male Sprague-Dawley mice (weights of 
1208-150g) are divided into 4 groups (10 mice in each 
group) including a group of normal contrast without 
exercise, a group of normal contrast with exercise, a group of 
diabetes model with exercise and a group of diabetes model 
without exercise. 

(2) Preparation method of diabetes model: streptozotocin 
(product of Sigma Company dissolved in 0. lmol/L citrate 

buffer solution with PH4. 2) is injected into abdominal cavity 
of mice in 30mg/kg. Blood glucose and urine glucose are 
measured in the fourth day and urine glucose is in +++-
++++in 3 consecutive days and mice with blood glucose 
above 16. 7mmo1/ L are intended to be diabetic mice. 
Isometric citrate buffer solution is injected into abdominal 
cavity of mice in normal contrast group. 

(3) Exercise training method: treadmill is selected and 
used; speed 15m/min, gradient o5  (equivalent to 
50%VO2max), time of each training is 60min with 5 times in 
each week and duration is 12 weeks. 

(4) Sample collection: after 24h of completion of the last 
running training, all experimental mice are in overnight 
fasting and blood is collected from caudal vein; mice was 
killed with anaesthesia by injecting 3% pentobarbital sodium 
in abdominal cavities and then quadriceps femoris in 
bilateral hindquarters and livers are separated rapidly to be 
frozen with liquid nitrogen for standby application. 

B. Experimental Method 

Establishment and grouping of diabetes model: after 
adaptive feeding for a week and increasing treadmill exercise 
with initial strength of 15 m/min, all mice fast for 12~16h 
(water allowed), blood is collected from caudal vein after 
weighing to measure fasting blood glucose. 10 mice are 
taken as normal contrast group (N) and 1% citrate buffer 
solution is injected into their abdominal cavities according to 
60mg/kg; commensurate streptozotocin (STZ) is injected 
rapidly into abdominal cavities of other mice and use 1% 
citrate buffer solution to prepare STZ and injection is 
finished within 30min, and blood is collected from caudal 
vein after 48h at the same time in 3 consecutive days to 
measure fasting blood glucose. If blood glucose is not less 
than 16.67mmol/L then model is established successfully. 
During this time, 4 mice died, 6 mice were rejected and 20 
mice successfully modeled (diabetes group) were randomly 
divided into experimental group of diabetes with exercise 
(DS, 10 mice) and diabetes contrast group (D, 10 mice). 
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Mice training: Bedford treadmill training method is 
amended a little with strength as 25 m/min and 30 min/d, and 
training once a day for 6 days in a week except Sunday until 
7 weeks are lasted. Training is conducted from 16:30 to 
18:00pm without gradient. During time of training, weight is 
measured once a week and diet change and mental state are 
observed, and all mice drink water and take food freely as 
shown in Table 1. 

Table 1. Mice adaptability and normal training strength and time schedule 

 

Adaptability training 
in the first week 

Normal training for 
weeks

Strength 
(m/min) 

Time 
(min) 

Strength 
(m/min) 

Time 
(min)

Monday 15 15 25 30 

Tuesday 18 20 25 30 

Wednesday 19 23 25 30 

Thursday 22 26 25 30 

Friday 24 28 25 30 

Sunday 26 31 25 30 
Experimental reagent streptozotocin (product of Sigma 

Company), biological active carbon, pentobarbital sodium, 
trichloroacetic acid, 95% alcohol, absolute ethyl alcohol, 
acetone, anthrone, sulfuric acid, glucose, citric acid, sodium 
citrate, hydrochloric acid, Tris , EDTA-2Na, glycosylated 
serum protein kit (purchased from Nanjing Jiancheng 
Biological Science and Technology Co., Ltd. ), insulin 
radioimmunoassay kit (purchased from Weifang 3V 
Biological Engineering Group Co., Ltd.). 

Index test and data processing: all mice are fed normally 
in cage. Exercise training is conducted for experimental 
group of diabetes with exercise in 42 consecutive days and 
on the day of the end of the last exercise, all mice are 
weighed with electronic scales and blood is collected from 
caudal vein to measure blood glucose. Then heads are 
removed and blood is collected to measure insulin and 
glycosylated serum protein (GSP). 

III. PRINCIPAL COMPONENT REGRESSION 

ANALYSIS BASED ON SPSS 13.0 

Experimental data is processed by using SPSS 13.0 and 
one-way analysis of variance is used for difference 
comparison between groups with result expressed with  
( x s ). Stepwise regression is conducted with dependent 
variable Y and all independent variables X to selected out P  
independent variables with statistical significance and 
diagnose the multi-collinearity of each independent variable. 
Use P  independent variables for principle component 
analysis to acquire principal components matrix and 
cumulative variance percentage of each principal component. 
Calculate standardized dependent variable and P
standardized independent variables to acquire P  principle 
component values: 

 ( ) / YY Y Y S    (1) 

 ( ) / , ( 1, , )
ii i i XX X X S i p      (2) 

 1 1 2 2 ,( 1, , )i i i ip pC a X a X a X i p         (3) 

Y   is standardized dependent variable and Y is dependent 
variable with Y as mean value of dependent variable, YS as 
standardized deviation of dependent variable, iX   as the i th 
standardized independent variable, iX as the i th independent 

variable, iX as mean value of the  i th independent variable, 

iXS  as standardized deviation of the i th independent 

variable, iC  as the i th  principle component and ija  as 
coefficient of principal component matrix (matrix consists of 

iC  and iX  ). 
Standardized principle component regression equation is 

started from the principle components with cumulative 
variance percentage more than 85% and then principle 
components are added gradually to obtain m standardized 
principle component regression equations. 

  , 1, , , 1, ,j i iy B C j m p i K p         (4) 

jy  is estimated value of j  th standardized principle 

component regression equation and iB  is the i th  
standardized partial regression coefficient in standardized 
principle component regression equations. Calculate 
residuals of m  standardized principle component regression 
equations and take the absolute value of residual to select out 
“the optimum” standardized principle component regression 
equation with reference of mean value of minor residual 
absolute value and larger cumulative variance percentage. 

 ,( 1, , )j jE Y y j m      (5) 

 , ( 1, , )j jAE E j m    (6) 

jE is residual of j  th standardized principle component 

regression equation and jAE is residual absolute value of jE . 
Substitute them into “the optimum” standardized principle 
component regression equation to obtain standardized linear 
regression equation after processing: 

 ,( 1, , )j i iy b X i p      (7) 

jy  is estimated value of standardized linear regression 
equation equivalent to that of its corresponding standardized 
principle component regression equation. b is the i th  
standardized partial regression coefficient of standardized 
linear regression equation. Convert standardized linear 
regression equation into general linear regression equation 
and standardized partial regression coefficient into the partial 
regression coefficient and constant calculation form is shown 
as follows: 
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 0 i ib Y b X   (9) 

ib  is the i th  partial regression coefficient of general 
linear regression equation with YYL  as squares sum of mean 

deviation of Y , i iX XL as that of iX  and 0b  as constant of 
general linear regression equation. 

IV. EXPERIMENTAL ANALYSIS 

Mice blood glucose comparison before and after 
modeling and the end of experiment is shown in Table 2. 

Table 2. Mice blood glucose change 

Group Quantity 
(mice) 

Before 
modeling 

A week 
after 

modeling 

At the end 
of 

experiment
N 10 4.35±0.16 4.47±0.24 5.03±0.36 

D 10 4.35±0.16 19.15±3.56 17.12±3.21

DS 10 4.35±0.16 19.15±3.56 14.53±3.32
Mice blood glucose in diabetes group is measured in 3 

consecutive times after 2 days of injecting STZ according to 
60mg/kg and compared with that of normal contrast group 
with result showing that the former increased significantly by 
exceeding 16.67mmol/L, which indicated successful 
modeling. After treadmill training in 25m/min for 7 
consecutive weeks, experimental group of diabetes with 
exercise is compared with diabetes contrast group with 
results showing blood glucose decreased obviously, which 
indicated that exercise has the effect to reduce blood glucose 
level of diabetic. Impact of exercise on glucose tolerance of 
diabetic mice in cinnamomum type is shown in Table 3. 

Table 3. Oral glucose tolerance comparison of mice in each group 

Group Quantity 
(mice) 0min 30min 60min 120min 

N 10 5.27±0.36 7.48±0.64 9.84±0.35 5.81±0.84 

D 10 16.35±3.24 24.35±3.87 28.76±4.29 17.59±3.12

DS 10 11.53±2.48 16.18±3.24 18.24±3.75 12.39±4.85

There are obvious differences among blood glucose peak 
of mice in each group at the different time after 120min, but 
all peak concentrations are reached after 60min. Among 
them, diabetes group, group of diabetes with exercise and 
normal contrast group are compared then blood glucose at 
each time increased significantly with great difference; group 
of diabetes with exercise is compared with diabetes group 
then all the blood glucose values are lower obviously. 

Polydipsia, polyphagia, polyuria and weight reduction” 
which are called “three increases and one reduction” 
symptoms are typical external symbols of diabetes. Result of 
this experiment showed that after successful modeling, mice 
in diabetes group have above symptoms with poor mental 
state obviously as shown in Figure 1 and 2; after successful 
modeling, weights of mice in diabetes contrast group only 
increase by average 1.84g each week, of which weights 
hardly gain and weekly urine volume is obviously more than 
that in other two groups compared with that of mice in 

normal contrast group which increase by 7.57g each week 
and their grubs consumed. In relatively speaking, weights of 
mice in experimental group of diabetic with exercise increase 
obviously from the third week and increase in a speed of 
5.93g each week, which indicated that exercise can relieve 
diabetic symptoms of “three increases and one reduction”. 

Before the 
modeling

Modeling a 
week later

 

Figure 1. Mice weights changes in experimental process 

 

Figure 2. Mice weights comparison at the end of experiment 

V. CONCLUSIONS 

Mei Yu et al reported that effectiveness produced by 7-
week treadmill training conducted for mice is similar to that 
produced by 16-week aerobic training. Exercise training can 
promote many kinds of metabolic adaptation, in which some 
mechanisms may improve insulin sensitivity and strengthen 
glucose distribution utilization to decrease blood glucose that 
is favorable for the treatment and rehabilitation of diabetes 
especially 2-type diabetes, which is in accordance with 
results of this experiment. However, after treadmill training 
in 25m/min is conducted for mice in experimental group of 
diabetes with exercise in 7 consecutive weeks, blood glucose 
level decreased compared with that of diabetes contrast 
group, which indicated that exercise is favorable for 
decreasing blood glucose level of diabetes but is still not 
ideal compared with normal contrast group. It indicated that 
effect of a single exercise on reduction of blood glucose level 
of diabetes is still limited. 

After 7 weeks of aerobic exercise training is conducted 
for mice, their glycosylated serum protein levels also 
significantly decreased. GSP is the keto-amine structure 
formed in non-enzymtic glyction caused by blood glucose, 
albumin and other protein molecules N-terminal amino in 
blood and its half-life is longer with about 21d. Thus, 
measurement of GSP can effectively reflect average blood 
glucose level in patients within 1~2 weeks without impact of 
blood glucose concentration at that time. In this research, it is 
found that ongoing aerobic exercise can effectively decrease 
blood glucose level, non-enzymtic glyction of blood glucose 
and other blood proteins and promote more normal 
glycometabolism and its use. 

Diabetic patients have typical symptoms of “three 
increase and one reduction”, namely polydipsia, polyphagia, 
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polyuria and sustained weight reduction. After a week of 
STZ injection, food intake, water intake and urine volume of 
mice increased obviously with slow movement, indifferent 
response and poor mental state. After ongoing aerobic 
exercise training, above symptoms of mice in experimental 
group of diabetes with exercise are relieved, which indicated 
that appropriate aerobic exercise can improve the “three 
increase and one reduction” symptoms caused by diabetes. 

In conclusion, appropriate exercise can reduce levels of 
blood glucose and glycosylated serum protein and enhance 
insulin secretion and the sensitivity, but a single exercise can 
not completely solve all the problems. In addition, such 
profound mechanisms need to be further researched, 
including that exercise can enhance transfer, expression, the 
effect of mitogen activated protein kinase which has 
important impact on cell signal transduction and activity of 
enzymes related to glycometabolism. 
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