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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.
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REGERPER SR 1S 43 by - %) R (12
SO ARG B A (73 ). AL LA R Tk
BE 20% . J5iM 15% . BEIERE 1.2% . JBRREH 0.2% . P&
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RIR E 43 80(<0.01, ES=0.83). TG(/<0.05, ES=0.82)Fl
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A g 30, $Rm AR R BRAA 5 e A ot
i, Lee’s FRECAVARE A 705k, I HhaiART GsEETL,

F2 XREFIHARARD RMASENER (« +9)

. TG T-CHO LDL-C HDL-C
28 3 n/ 2 IR E/g Lee’s 584 4RI E 4 4U% r r r r
/(mmol-L™") /(mmol-L™) /(mmol-L™) /(mmol-L™)
x4 18,28 6 462.57425.58 3.20+0.06 12.70+3.39 0.91620.034 2.488+0.158  0.895+0.031 2.223+0.180
JE 2R 6 563.97+33.817 3.30£0.06"”  26.30+5.39” 1.387+0.231" 2.371+0.230  2.168+0.109% 2.078+0.401
48 s 09 ES 18 0.86 0.64 0.83 0.82 0.28 0.99 0.23
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£S=0.87), B UL A& 5 20 i FEl S8 7E R FE 1 I s 240 e ] Fel
BAETEIREE M, REVEHR (£<0.01, ES=0.71), iX
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/(mmol-L™" /(mmol-L™") /(mmol-L™") /(mmol-L™")

A 6  566.22+60.56 3.12+0.04 23.68+4.23 1.147+0.281 2.655+0371  0.871+0.157 2.392+0.200
B 8 680.50+87.70?  3.27+0.13% 30.61+7.32 1.849+0.397 2.771£0.565  1.598+0.230% 2.336+0.221
c 8 661.97+58.587  3.23+0.12" 26.20+2.84 1.192+0.161 2.554+0.691  2.159+0.426” 2.374+0.327
D 8 566.59+41.15%  3.04+0.07"% 8.28+1.147Y9  0.73320.126Y9  2.496+0.670  0.331+0.2497Y  2.972+0.080"%
E 8 572.01£33.42%9  3.1120.07YY 1431119999 0.973+0.106”77  2.739+0.578  0.696+0.182" 2.393+0.354Y
F 8 55531452199 3.13+0.07P97  12.70+1.82"99%  0.870+0.099Y°  2.452+0.423  0.339+0.1922Y”  2.606+0.242%

5 A @, 1)P<0.05, 2)P<0.01;
8)P<0.01; k5 E 214k, 9)P<0.05

*6 ZHTHE

5 B 4id, 3)P<0.05, 4)P<0.01; 5 C 44k, 5)P<0.05, 6)P<0.01; 5 D k4, 7)P<0.05,

FE KRR 5> FOMAS LLASHY ES &

- e WwIEE 4 (TG) c(T-CHO) ¢(LDL-C) ¢(HDL-C)
A ARy Lees R /% /(mmol-L™) /(mmol-L™) /(mmol-LY) /(mmol-L™y
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 0.16 037 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 021 0.14 0.46 0.45 0.27 0.69 0.33
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2 K BRI P L 2 ) i A IR AR L . 32 3
FAS C YIRS . 18 B4 20 I O e AR A i A 4
Ji H5 B 1 £ (P<0.01, ES>0.80), JIi 17 40 Mo B 42 AT
(£<0.01, ES>0.50), RS FFE: (D 41: £<0.01,

ES=0.50; E 41: P<0.01, ES=0.40; F 4. P=0.05,

£S=0.26), X422 7 HAT WG4, 2R 3 F
12 27 SRR 4/ INIE A BUPN FOE i 7 240 SR A, ke
HHAREMMRIDIRGL, E 41, F 405 D 4. E
ZH ARG W 40 AR /N (P<0.01, ES=0.51)ELAT & 5¢
AR F AL e L AR b i e i 20 i g e e b

(7<0.01, ES=0.39), R/ (1%0.05, ES=0.33),
b2 B A B E SR X, S e R A R
S EGRE T RE RRZ s, HCOhRiE0z5),
E 415 F AL F A R 0 AR i i 17 240 i
/D (P<0.01, ES=0.46), RIH4NME E AR K (P<0.01,
ES=0.57), RIEIE/ERE (2<0.05, ES=0.33), XLb: G
HA BEGIFE X, fonhinE RELS s RE
P ERR D7 A AR, s L4 0 4t A i ) 4
5T R R RELE ),

®71 EHRSARREHALEEEESREETNER (x £9)

205 n/ A Jig o 4m LA Jig o7 28 e, AL 4% /um KPR
A 6 7.87+1.84 252.42+41.78 1.09+0.76
B 8 2.2240.77 366.20+58.07%) 2.56+0.50”
C 8 3.91+1.102% 306.74+41.449 2.20+0.79%
D 8 13.47+2.72999 222.10+43.22999 1.42+0.5499
E 8 13.80+2.49299 178.83+£27.19999% 1.53+0.7399
F 8 11.4242.05290910 219.36+31.7199910 1.82+0.617Y7

5 Ak, 1)P<0.05, 2)P<0.01; 5 B 4lk#, 4)P<0.01; 5 C 4k, 6)P<0.01; 5 D Zirks, 7) P<0.05, 8) P<0.01;

5 E41rk#, 10) P<0.01

*8 EEREHEARRABARMIFER
RIEIFS LRI ES 1B
wR Mt B el A A/um KEES
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

2.5 IEEhTAEREK R R ARRERALELR A MHLBREE F RS20

WELFE 9 IR 10 5. B4l C 415 A 4lIb%:.
FRLk R R TR B SE B 4 rT i I ERR I 21 TNF- o
1 IL-10 /KFELL S TNF- o 5 IL-10 FOEHE—4 4
(P<0.01, ES>0.80), &7~ MM F A HENR I 20 208 14

RAEREFFEAFAE . NERER RECH I ERTER 8 G,
C RN ALY R 7 ML E e T A 4
(P<0.01, ES>0.50), 156 8 J& 1E W I ek Lo A ik
KEAIEARIT L e E R AR, Baisd S C 4
HLER s 454 TNF=- o ZKF-HT TNF- o 5 1L-10 HAEY
REAIS, 1M IL-10 ZKFIITHE (£<0.01, ES>0.80), X4k

SHEAREGIEEL, $R 3 Fizsh )i 2B
S N JRE A B I I Ity 2 21 12 4R — e 4% 400 it PR - °F
fif, EZH. FA15 DA #: E 4R F 41 TNF- o 7K
() P<0.01, ES>0.80) . TNF- o 5 IL-10 A1 (2%<0.01,
ES>0.80)¥=F D 4H, 1fii E 4 1L-10 /KF(2<0.05,
ES=0.53)lt T D 4, F 4 IL-10 /KF(2<0.01, ES=0.60)
mT DA, e R HA B EGFE L, RoRTRsE
iz IR A IR B P U B I 2 2018 5 Bt 2R 20 i PR 7
REMVERLT B2z s), E 4 F 4. F 4
TNF- o 7K3F(P50.05, ES=0.35)F1 IL-10 /K3F(P<0.01,
ES=0.82)f T E 41, 1fij TNF- a5 IL-10 FL{E(£<0.05,
ES=049)#AI%, XeEFHABESIFE XL, R
e o i RIS ) FEGE I R IL-10 KPR EBGE L
KRR 7 U R — e R A R Tl R
G TR RRE ),
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®9 EHTHRESEARBIHERHOKIERBET (x £5)

28 %) nl A p(TNF-a)/(ng-L™) p(IL-10)/ (ng'L™) p(TNF-0)/p(IL-10)
A 6 374.49+37.67 520.14+23.51 0.73+0.09
B 8 1105.46+42.30% 671.79+£37.68% 1.65+0.09%
C 8 879.36+28.39° 567.98+20.87% 1.55£0.06
D 8 443 .35+£34.71999 665.71£31.24%9 0.67£0.07°
E 8 616.40+£26.4399%%) 630.22425.212997 0.98+0.0629%
F 8 643.99+45.92299 715.65+34.572 00910 0.90+0.0829999

5 Ak, 2)P<0.01; 5 B4k, 3)P<0.05, 4P <0.01; 5 C 4k, 6)P<0.01; 5 D Ziks, 7)P<0.05, 8)P<0.01;

5 E 205645, 9)P<0.05, 10)P <0.01

F10 EHTESEKFIEIALN L HARRE F LRRY ES &

28 51 p(TNFjla)/ p(IL- 1_?)/ p(TNF-a)/
(ng'L7) (ngL™) p(IL-10)
A-B 0.99 0.92 0.98
A-C 0.99 0.73 0.98
A-D 0.69 0.94 035
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

2.6 I=ENXTARREKER PEASRRZE LN B R AEAR 1 A2
W 11 Mg 12805, B4, C 415 A 4%
FrEE s N TR SR (B 41) rT i AR A 2H 22 CD32 FHYE

FIRFI M1 5 M2 HAETHE (2<0.01, ES>0.80), $2/RE
W2 B A R AR AS RS s B R RO TR
R 8 JAC 4hm, H M1 5 M2 HEDET A 4
(P<0.01, ES=0.66), &7~ 8 J&IEH IEEMELL 2 IE
JE I R B WA B A A R A s B4 2H S C 2 TR
HIs g CD32 FITERIAF M1 5 M2 LU TR, 1
CD206 FATEFIATHES (P<0.01, ES>0.80), X4b%RH
A EMWGFE L, Bon 3 Fhig g7 ST s e
KEA NIRRT HZE VR M1 KA 2 M2 3%
B, A IFHAHPRES. EA. FHS D AE: E4
) CD32 BHEZIA(2<0.01, ES=0.47)F1 M1 5 M2 H(H
(P<0.05, ES=0.40)lx T D 4H; F 4HAY CD206 FHIEZFRIA
(P=0.05,ES=0.37)F1 M1 5 M2 HAE(P=0.05, ES=0.26)
W& T D 4 ek B R ESI R L, foRg
IEE BRI AL R ERR S R EH, rhoi B RS i
U, FrEiis sk 2z . E M F 8. F 4H CD32 FHYE
FIK(P<0.01, ES=0.46)F1 M1 5 M2 LL{E(/<0.01,
ES=0.61)fm T E 4, i CD206 FHM:#35(P<0.01, ES=0.87)
BAK, XS HAREGIAE N, SRR R
iz Bl 20 T B P BURE 7 2H 2 5 s 4 A £ 2 A 1 A
FHsR T B BEis gl .

=11 ESHTREZEKRRASHLEL CD32 1 CD206 FAIEFIEMMEER (x +9)

28 7 n/ 2 CD32/(0OD-um™) CD206/(OD-um™) MI1/M2
A 6 41.99+5.67 48.41+4 .81 0.88+0.16
B 8 68.58+6.25% 24.06+6.71% 3.11+1.05?
C 8 68.02+5.65% 40.04+6.297 1.75+0.352%
D 8 48.15+5.09999 61.62+7.45999 0.79+0.12%9
E 8 43.70+3.17997 64.79+8 85299 0.69+0.112997
F 8 47.90:£4.749999 56.76+4.14299°) 0.85+0.10Y91

5 AZAMER, 2) P<0.01; b5 BLER, 4)P<001; 5 C k4, 6)P<0.01; 5 DZks, 7)P<0.05; 5 E MMk, 9)P<0.05,

10) P <0.01
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F 12 THTHEZEKXRIELHEL CD32 Fn
CD206 PA4 3% ELE A ES 1B

1% CD32/(OD-um?) CD206/(OD-um?) MI1/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

3 itie

ES J&—Fi b 3 ELO A A 1994 AETF LT T
Mgk, 245 CAI 2000 25 SCEEEH] ES
EIEF TR GE T hT, FROBEE | e AW
SRl B DO P A B = R 2 S A SR
TEESCHRRINHE ] P (EA ES (H, FER%ZIEHRT P
(HARFA R V2 B2 FE , 25— P
HATfESs ZARBER S A BAE G- 25 57, el
0 PEAEES -, RINHER] ES {8, DI A i R
IR
3.1 BEBEKRAEBIKRITEM

SRR Lo, NERER ARG S it 22, i e
=L, MRS HZ e, Rk, (et
1) M1 SRR E AR ZMHT R ) M2 AL
b, EWEARRA AR A X5 2 BT — 2 1,
UESENE R UATAAE NIRRT 2H 2L PP S RE RS
3.2 IBEENIT KRR 5 FAMLAS B £ 010

JeRibtIEAR Y, Hrskia 3] A R O B AR
I, BEEARNR AR ZETLIRAS . AWFIEEs Rk sk
SRz st BA AR 0N " 128 34 2H ] LA
FIZE SRR, FRekia Sl AP BRI 20 F LA 14 52
WO B, H S HRUCA i B R AU S A i i R
iz g, AFscie s, SRR AR I gk, His
Bl it i SARER PR A FS S R, AR A R ATL
IR LR B SAE R 32, T SRR I JE 2
PRI A ST 25 5 S Y e ik B SRS Bkt
W RIE 5O Lee’s F8E0M0 WAL T b
Fzgl, WL SR T ek, H R s

SXHARR & B AR HER S TRSEE g, SRR
FEAE—E 25 W1 Ando SE"WFIC LI, Wik MR 176
SESE IR S A E R AL, 2 HA
5 min 38 2 (]G 30 min) K 8] )52 55 3 AER B IR
R, A S s R I, TR WHE Sl (i
7K, 30 min/IK, [AIBG 4 h, 3K/, 5 A/, HESE 8 JH)
FEVH D 2 N B RN A AR RS | S 1 N B RS 17 R S5 AS
RN 7 G SRIE S AT A . X LERIFIE 4 R 1) 25 53
ATRES T IR E . BaRE | 2 s RpEta
IR R A5 ARG G, SR ZExTissh b SizshfE
R 2 Y AR S LR A A 1 5 i) o 7 2 — 25 R 4
G WIABFFEHRERT K BT 24 h Y RE R A Zh A W
W, U EAE Sh A R Y BE R A KO, TR
B i BH ik 22 AR AR R SR
3.3 iEEhXF KRR P A A A LE 4RI M A I R B B2 T

TNF- o & S0E S Y Jdish o™, TL-10 A] #pifil
TNF- o - T8 Z 0™, TNF- o« 5 1L-10 HefE AT
VE R Al 5 9 RE SN 3 55 1) T LA™, ARBFIE KB, 8
JAR R 77 G2 1803 Bl 1 AT AT P BL A E i 17 2 21
TNF- o /K, THE IL-10 KF, fff TNF-o 5 IL-10
FAE R, ULBHIE sh gl BN IERR 17 20 20t 9 S Rk
B, MHFEHE h4LFE kY Kawanishi®™' |
Liva™ W45 R — 50, M B SR, 255 05
LR ER N ERR 7 ZH 2T AR AR 5 1 R T ek 4
R, R ERE SR N BRUS s AR shi T ek
SN REBLAAR I NIRRT 2R AEAR DL, RE MR A
5 BB SR, FrEhg sh AT s R BB iRz,
3.4 iEEhx KRR PAEAS AL 4R B I ZH A AR 1k B9 #2110

PIIERRIHZHZU P EEANH M1 AR M2 RAL 4
PR IA 2 NE AR M S RE 1 4 & IR, ARBIFSE ik H
CD32 F1CD206 1 EL WA AR M1 F7 A1 M2 FARbRic™,
SEA IR TS TNF- o A1 TL-10 7K°F . HE Jead)
R RSy, DLEREAMEAL A% 0, 0T 3 Fhig o)
J5 ZEXT AT U PN FUE g 7 2 U0 5 11 5 i) B T
REALTHI

Lim S5™& B, IR AT LR B 4ni h M2 2R
] M1 RAVEEAL, A H M1 R m) M2 RA
fRit, AT REARAR I A2 RAEARD o SR AT 6B T UESE
Fige 4 BRIEKZsh(Ihd, 5 AT REEAG db/db
/INERUB SRR D7 B 4 i M1 R S M2 KB, [
NG T AL A 5E K F . Kawanishi Z5°%F C57BL/6 /MR
PEATER IR ML IR 16 J8 35 1145:(12-20 m/min, 60 min/d)
KR BZEe W E SRR D AR 42 TNF-
a ik, WHIIEMIAHL B VR, 75k B VR
M1 FH ) M2 54, LRI 25 5 S AR h i R4k
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BT HRCR—2, MABFITEIESE 2 A E] 55 HE Y
BB B AT IRIRCR , ERCR I MEEZE R,
Hhoi B SRR B A 1E W A AR A R A AT i 4
U SAERIVEIIL TR B RBs g, Xl ag S
56 2 SEARIZ 2l 4 /N A TR 177 240 L AR R 40 D e A
Ko WAL, MRWTHLR AR ZHL) TNF- o 3K F i
ZUP Ry ERRAHAE™, 1o R ANE SRR TNF- o 1)
VERSF T s e R 5), T M1 R A E AR a4
PERGRRIRE AR, oy bR i fe it T AEIE.

{EAERCRENLA SRR G BV E IR, $522
walifR, meE RRiEdhikz, 5 RRs )
22 L0 24 T A E N 7 2 408 A S A AR Y e i A A 22
5oz sl R A I REFNRE RNAE, [T
ORI &5, A TS S SR e LA ) S AL
AE, PIELRG NIRRT R SRS . 78
KM GBIz s T I i, Bz shiA S i B,
WAL, A TS 2 Mizsh X, iR 2R
IBHRSREEAR . FRZE RN, X oA B A I R B
1, AT RE IR S A A 1 P S 1 e ) Dt
Wo HAMTEUESE, ssifPiRIFHIER AR 5
iz Sl R A A B RO e (EARI IR AE 2
(1] 17 2 e AR FL SR AR AR, PP [ ) sl 2 Al e 22
AR AR SN G2 2 8] A fie A B IR BB TIC™

oz

4 HEETNEIN

A YRR 2kiE s B RS o (— R i 2
1 o] B3 1 V5 A N S 3 1 X w1 - A S T s 1
NEWIHLUR R AT, FEARNNERR LS M2 PE A
AL AT 6. 55 238 N PR AL AR PN g 1 4L 28 5 4 i
M1 FAIF M2 KA AR A5G, Fo, s
BRI, FRshz shisc s, HucohmimE 2z
Bl FESGE NIERR I B W40 A A e iy e, hom g
SRS SRR A

RPBS A BN . GIRIT . A5 %
M O B E B RN A R RS SR,
ARE) SREEHE SRR FIARRCR X T TAEEA
PRIES 2T AR I AHE, T A R A T A A (BT DB, U
FH BBUE shi i X T8 1 SR shAnRiatiz sh Al
S T REXH g R T AR B 4T
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