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Abstract: In order to probe into the effects of accumulated exercise on the chronic inflammation of visceral adipose 

tissue of obese rats and the affecting mechanism, the authors randomly divided 8-week old male SD rats, which were 

obesity induced with high fat diet and model established, into a high fat diet control group (B), an ordinary diet control 

group (C), a continuous exercise group (D), a medium intensity accumulated exercise group (E) , and a high intensity 

accumulated exercise group (F), each of which contains 8 rats, fed the rats in the exercise groups with ordinary diet, and 

set a normal body mass ordinary diet control group (A), which contains 6 rats. The exercise groups carried out 8-week 

treadmill training (0°, 5 d/w). Group D’s running speeds were 20 m/min (week 1-4) and 25 m/min (week 5-8), 60 
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min/times, 1 times/d. Group E’s running speeds were the same as group D’s, 12 min/times, 5 times/d, interval 60 min; 

Group F’s running speeds were 40 m/min (week 1-4) and 42 m/min (week 5-8), 6 min/times, 5 times/d, interval 60 min. 

All the exercise groups had the same total running distance. The authors measured body fat percentage, blood fat, adi-

pose tissue inflammation index and macrophages M1 and M2 phenotypes at obesity model establishment and 48 h after 

the last training. Results: 1) the obese rats showed a blood fat disorder, the polarization of macrophages M1 and M2 

phenotypes in visceral adipose tissue was unbalanced and showed a chronic inflammation condition; 2) in 8 weeks of 

exercise intervention, all the 3 plans can control weight, reduce fat, improve blood fat disorder and the unbalance of 

polarization of macrophages in visceral fat, and relieve the chronic inflammation condition; 3) the effects of weight 

control and fat reduction on the obese rats from strong to weak were as follows: continuous exercise, high intensity ac-

cumulated exercise, medium intensity accumulated exercise; 4) the effects of regulation on the polarization of macro-

phages in visceral adipose tissue of the obese rats from strong to weak were as follows: medium intensity accumulated 

exercise, continuous exercise, high intensity accumulated exercise. The results indicate that regular accumulated exer-

cise can effectively reduce an obese body’s fat, improve blood fat metabolism, reduce the level of chronic inflammation 

of adipose tissue, its mechanism may be related to regulating the polarization of macrophages in visceral adipose tissue. 

Accumulated exercise is conducive to breaking the sedentary lifestyle, and its combination with continuous exercise 

may have a more comprehensive effect on health intervention. 

Key words: sports medicine obesity accumulated exercise polarization of macrophage rat 
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  n/  /(m·min-1) /min  /min
D 8 20 50 1  
E 8 20 10 5 60 1~4  
F 8 40  5 5 60 
D 8 25 50 1  
E 8 25 10 5 60 5~8  
F 8 42  6 5 60        

’ ’

·

x

’



 
138 

 

’

’

x

 n/  /g Lee’s  /%
TG 

/(mmol·L-1) 
T-CHO 

/(mmol·L-1) 
LDL-C 

/(mmol·L-1) 
HDL-C 

/(mmol·L-1) 

 6 462.57±25.58 3.20±0.06 12.70±3.39 0.916±0.034 2.488±0.158 0.895±0.031 2.223±0.180 

 6 563.97±33.812) 3.30±0.061) 26.30±5.392) 1.387±0.2311) 2.371±0.230 2.168±0.1092) 2.078±0.401 

ES  0.86 0.64 0.83 0.82 0.28 0.99 0.23 

1)P<0.05 2)P<0.01 

x

 n/  �(TNF-�)/(ng·L-1) �(IL-10)/ (ng·L-1) �(TNF-�)/�(IL-10) 
 6 215.21±16.50 122.00±8.38 1.78±0.21 
 6  772.56±20.402)  386.78±23.342)  2.00±0.141) 

0.99 0.99 0.52 
1)P<0.05 2)P<0.01 

x

 n/  CD32/(OD·um-2) CD206/(OD·um-2) M1/M2 
 6 45.29±5.04 71.99±10.82 0.64±0.08 
 6  67.13±8.501) 31.02±5.591)  2.23±0.451) 

0.84 0.92 0.93 
1)P<0.01 
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’

’

’

x

 n/  /g Lee’s  /% c(TG) 
/(mmol·L-1) 

c(T-CHO) 
/(mmol·L-1)

c(LDL-C) 
/(mmol·L-1) 

c(HDL-C) 
/(mmol·L-1) 

A 6 566.22±60.56 3.12±0.04 23.68±4.23 1.147±0.281 2.655±0.371 0.871±0.157 2.392±0.200 

B 8 680.50±87.702) 3.27±0.132) 30.61±7.32 1.849±0.397 2.771±0.565 1.598±0.2302) 2.336±0.221 

C 8 661.97±58.582) 3.23±0.121) 26.20±2.84 1.192±0.161 2.554±0.691 2.159±0.4262) 2.374±0.327 

D 8 566.59±41.154)6) 3.04±0.074)6) 8.28±1.142)4)6) 0.733±0.1264)6) 2.496±0.670 0.331±0.2492)4) 2.972±0.0802)4)6)

E 8 572.01±33.424)6) 3.11±0.074)5) 14.31±1.191)3)5)8) 0.973±0.1063)7) 2.739±0.578 0.696±0.1824) 2.393±0.3548) 

F 8 555.31±45.214)6) 3.13±0.074)5)7) 12.70±1.821)4)6)8) 0.870±0.0994)5) 2.452±0.423 0.339±0.1922)4)9) 2.606±0.2423)8) 

A 1)P<0.05 2)P<0.01 B 3)P<0.05 4)P<0.01 C 5) P<0.05 6)P<0.01 D 7)P<0.05  
8)P<0.01 E 9)P<0.05 

 /g Lee’s  
/% 

c(TG) 
/(mmol·L-1) 

c(T-CHO) 
/(mmol·L-1) 

c(LDL-C) 
/(mmol·L-1) 

c(HDL-C) 
/(mmol·L-1) 

A-B 0.60 0.62 0.50 0.71 0.12 0.88 0.13 
A-C 0.63 0.52 0.33 0.10 0.09 0.90 0.03 
A-D 0.00 0.57 0.93 0.69 0.15 0.79 0.89 
A-E 0.06 0.09 0.83 0.38 0.09 0.46 0.00 
A-F 0.10 0.09 0.86 0.55 0.25 0.84 0.43 
B-C 0.12 0.16 0.37 0.74 0.17 0.63 0.07 
B-D 0.64 0.74 0.91 0.88 0.22 0.94 0.89 
B-E 0.63 0.61 0.84 0.83 0.03 0.91 0.10 
B-F 0.67 0.56 0.86 0.86 0.30 0.95 0.50 
C-D 0.72 0.70 0.97 0.85 0.04 0.93 0.78 
C-E 0.69 0.52 0.94 0.63 0.14 0.91 0.03 
C-F 0.71 0.45 0.94 0.77 0.09 0.94 0.37 
D-E 0.07 0.45 0.93 0.72 0.19 0.64 0.75 
D-F 0.13 0.54 0.82 0.52 0.04 0.02 0.71 
E-F 0.21 0.14 0.46 0.45 0.27 0.69 0.33 
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x

 n/   /um  

A 6 7.87±1.84 252.42±41.78 1.09±0.76 

B 8 2.22±0.772)4) 366.20±58.072) 2.56±0.502) 

C 8 3.91±1.102)4) 306.74±41.441)4) 2.20±0.792) 

D 8 13.47±2.722)4)6) 222.10±43.222)4)6) 1.42±0.544)6) 

E 8 13.80±2.492)4)6) 178.83±27.192)4)6)8) 1.53±0.734)6) 

F 8 11.42±2.052)4)6)8)10) 219.36±31.712)4)6)10) 1.82±0.612)4)7) 

A 1)P<0.05 2)P<0.01 B 4)P <0.01 C 6)P <0.01 D 7) P<0.05 8) P <0.01  
E 10) P<0.01 

  /um 
A-B 0.89 0.75 0.75 
A-C 0.79 0.55 0.58 
A-D 0.77 0.34 0.24 
A-E 0.80 0.72 0.28 
A-F 0.67 0.41 0.47 
B-C 0.66 0.51 0.26 
B-D 0.94 0.82 0.74 
B-E 0.95 0.90 0.64 
B-F 0.95 0.84 0.55 
C-D 0.92 0.71 0.50 
C-E 0.93 0.88 0.40 
C-F 0.92 0.76 0.26 
D-E 0.06 0.51 0.09 
D-F 0.39 0.04 0.33 
E-F 0.46 0.57 0.21 
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x

 n/  �(TNF-�)/(ng·L-1) �(IL-10)/ (ng·L-1) �(TNF-�)/�(IL-10) 

A 6 374.49±37.67 520.14±23.51 0.73±0.09 

B 8 1105.46±42.302) 671.79±37.682) 1.65±0.092) 

C 8 879.36±28.392)4) 567.98±20.872)4) 1.55±0.062)3) 

D 8 443.35±34.712)4)6) 665.71±31.242)6) 0.67±0.074)6) 

E 8 616.40±26.432)4)6)8) 630.22±25.212)4)6)7) 0.98±0.062)4)6)8) 

F 8 643.99±45.922)4)6)8) 715.65±34.572)4)6)8)10) 0.90±0.082)4)6)8)9) 

A 2)P <0.01 B 3)P<0.05 4)P <0.01 C 6) P <0.01 D 7)P <0.05 8)P <0.01  
E 9)P <0.05 10)P <0.01 

 
�(TNF-�)/ 

(ng·L-1) 
�(IL-10)/ 
(ng·L-1) 

�(TNF-�)/ 
�(IL-10) 

A-B 0.99 0.92 0.98 

A-C 0.99 0.73 0.98 

A-D 0.69 0.94 0.35 

A-E 0.97 0.91 0.85 

A-F 0.95 0.96 0.71 

B-C 0.95 0.86 0.55 

B-D 0.99 0.09 0.99 

B-E 0.99 0.54 0.97 

B-F 0.98 0.52 0.98 

C-D 0.99 0.88 0.99 

C-E 0.98 0.80 0.98 

C-F 0.95 0.93 0.98 

D-E 0.94 0.53 0.92 

D-F 0.93 0.60 0.84 

E-F 0.35 0.82 0.49 

x

 n/  CD32/(OD·um-2) CD206/(OD·um-2) M1/M2 

A 6 41.99±5.67 48.41±4.81 0.88±0.16 

B 8 68.58±6.252) 24.06±6.712) 3.11±1.052) 

C 8 68.02±5.652) 40.04±6.292)4) 1.75±0.352)4) 

D 8 48.15±5.092)4)6) 61.62±7.452)4)6) 0.79±0.124)6) 

E 8 43.70±3.174)6)7) 64.79±8.852)4)6) 0.69±0.112)4)6)7) 

F 8 47.90±4.742)4)6)9) 56.76±4.142)4)6)9) 0.85±0.104)6)10) 

A 2) P<0.01 B 4) P <0.01 C 6) P <0.01 D 7) P <0.05 E 9) P <0.05  
10) P <0.01 
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 CD32/(OD·um-2) CD206/(OD·um-2) M1/M2
A-B 0.91 0.90 0.83 
A-C 0.92 0.60 0.85 
A-D 0.50 0.73 0.30 
A-E 0.18 0.50 0.57 
A-F 0.49 0.68 0.11 
B-C 0.05 0.78 0.66 
B-D 0.87 0.94 0.84 
B-E 0.93 0.93 0.85 
B-F 0.88 0.95 0.83 
C-D 0.88 0.84 0.88 
C-E 0.94 0.85 0.90 
C-F 0.89 0.84 0.87 
D-E 0.47 0.19 0.40 
D-F 0.03 0.37 0.26 
E-F 0.46 0.87 0.61 

’
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