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5 E. LK 4 B4t db/do R ARERS B 4L 4R B K B S0 1R KR 69 ¥, IR
i St K AE A ALE . K db/db N RARR F F A R A 16 ARAALL A A8 5 69 2 B4 (WC. DC)
Feiz ZH4A(WE, DE), D R#AT4 AEHER 1 h, BB S5 dayinizs), K40 SIBRWERN 5 5
g B 4L R K R b 8 3R o e i (SVCs), R X 4 B K4l SVCs F4/80'CD11b'CDIl1c’ #=
F4/80°CD11b" CDllc E*4aft; RT-PCR #&m) K sAR Xk A B £k, £ R 2+ db/db D RAEKE .
WEAEH A2 . =M E(FBG). SVCs 4% . SVCs ¥ F4/80°CD11b" E v sm sk A 38 o4 .
F4/80°CD11b"CD11c" E % fm fL 4k 2 & HL & 4439 2. E I35 (P < 0.05) ; IS5 B TNF-a.. IL-6,iNOS
F4/80.CD11c mRNA &A% & F (P < 0.05); IL-10, CD206 ., Argl mRNA &A% % T %(P < 0.05),
4 Bi#HAIN %R ERZ db/dd D FARFE(P<0.05); MERB A EARE £5%,; FBG. SVCs # %,
SVCs ¥ F4/80'CD11b" E "% 4m it & A LB 44, F4/80'CDI11b" E*£af ¥ CDI1lc' B4 i 5
BREBHHREFTHEP<0.05), WEIBH TNF-a, IL-6, iNOS, F4/80, CDllc mRNA &iA %%
TFH(P<0.05); IL-10, CD206. Argl mRNA &k 2 ZH 5 (P < 0.05), 4 Bkl G5 AR DR
BRARKTAKREEZF, RHA: 1) db/db R HERSE M1 AT KB mpadgin, XER
FAE KRR D; 2)4 Bk 4 A AR db/db > R 25 h Er e iiiZ 8, Ak M1 A E v 4
B, RE M2 R ESmL AR, BRI AR K EK-T

X B R EBHAmE; 2 BB RR; EESR; R KuE; HRg; DR
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Effects of 4-week swimming training on fat tissue inflammation mediated by
macrophages in db/db mice
HE Qiang" *, JILiu" 2
(1.Key Laboratory of Adolescent Health Assessment and Exercise Intervention, Ministry of Education, Shanghai 200241, China;
2.College of Physical Education and Health, East China Normal University, Shanghai 200241, China)

Abstract: The authors observed the effects of 4-week swimming training on visceral fat tissue chronic inflammation
mediated by macrophages in db/db mice, and probed into the working mechanism of exercise-induced
anti-inflammation. The authors randomly divided 16 db/db mice and 16 wild littermate mice into corresponding
control groups (WC and DC) and exercise groups (WE and DE), let the mice swim 1 hour a day, 5 days a week, for
4 weeks, took epididymis fat pads out of the mice in various groups, separated stromal vascular fraction cells
(SVCs) of epididymis fat tissues, analyzed SVCs F4/80°CD11b"CD11c" and F4/80°CD11b CD11c” macrophages by
means of flow cytometry, determined inflammation related gene expressions by means of RT-PCR, and revealed the
following findings: db/db mice’s body mass, epididymis fat content, fasting blood glucose (FBG), SVCs number,
F4/80°CD11b" macrophage number and its percentage in SVCs, F4/80'CD11b" CD11c¢" macrophages number and
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its percentage increased significantly (P<0.05), their epididymis fat TNF-a, IL-6, iNOS, F4/80 and CD11c mRNA
expression increased significantly (P<0.05), their epididymis fat IL-10, CD206 and Argl mRNA expression de-
creased significantly (P<0.05); the 4-week swimming training significantly increased db/db mice’s body mass
(P<0.05), did not significantly change their epididymis fat content, significantly decreased their FBG, SVCs number,
F4/80'CD11b" macrophage number and its percentage in SVCs, CD11c¢" macrophage number and its percentage in
F4/80'CD11b" macrophages (P<0.05), significantly decreased their epididymis fat TNF-o, IL-6, iNOS, F4/80,
CDI11c mRNA expression (P<0.05), and significantly increased their IL-10, CD206 and ARGImRNA expression
(P<0.05); the 4-week swimming training did not significantly change various indexes of wild mice. The said find-
ings indicate the followings: 1) as type M1 pro-inflammatory macrophages in epididymis fat of db/db mice in-
creases, inflammatory cytokines gene expression increases; 2) the 4-week swimming training effectively reduced
the infiltration of macrophages in epididymis fat of db/db mice, reduced type M1 macrophages, promoted type M2
anti-inflammatory macrophage phenotype, thus lowered fat tissue inflammation level.

Key words: sports biochemistry; type 2 diabetes; macrophage; chronic inflammation; swimming training; mouse
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B BT TAE TG A E RIS, Hotamisligil' 1993 4F
KINERE . BE BRI SR 5 el 2L R R AE PR TNF-
o FEK | HEEFIRIAEIE N, 1994 4EL L TNF- o
Ao 00 T 1 12y 282 A P T R Tl 0 1 B TR MR 3R
FOSEE, HER T IR ARAE N I B AT L
Z—, [N 2 BB R % E UL e B RRAE .
Weisberg 2003 4F-38 12 S e 41 {4 0 & BUAL Ik 3l W B
LA F4/80 Yt P W 4 50 24, Ry
PEAREN T TNF-a | L6, TL-1 B 25y EZRIER,
KHBEE = T XA I 412 G2 At B AN AR B Z AT A
P BREGIERBEIRIIRIT 25, A SRR 5
Vil dl8h B AT, S B IRIE IR YT S i
e S i N e S

2006 4FEEHIZBIEHASACSMEEE “iB28 R
257 MRS, 1B B H E B A i H R T
B, Bgh. B APIERIAIT 2 BB (T2DM) Y
SHIOE | BEAINGTE . T BN 32 T
Bk, 1B ZHTRRN S G T2DM B CHERAR . Hi
W R, 38 B NE Rk S AR RS P S E 1 el
BRAE IR 20 2L g A 3] | 2 4 e A 560, dz shiet
2 AU BRI /N B (db/db) IR I 2 2 5 20 A 4 0
SAE R SEIRFIBLE] M ANTERE, DAz shxTAR gl gl 4
iE PR RIS 2238 220 G N 98 A PR -6 PRI 32 1) s el
WEAN M ARl . SAEIRAS, BARAS I A A
o ASBFFEE T T2 ARG TN 4l 598 2R 52 Ak B R R
A5 (lepr—/-) 1) 2 FOE LRI /N L (db/db) R AL B S2 g i 21 27
EWEA R . R, DR EINZE . 2K,
LR, 3~4 A IRER R, 10~14 d 5 Z i
e, AREIE G TS BRI

ARSI 16 H 4 JEIE CSTBLKS T S ifEE &R
ZAR A R4 T db/db /N EL(BKS.Cg—Dock7"+/+
Lepr"/INjw/fEy 2 BUBERGHIF AR | [ 55 A P A /)N
B 16 SRS I I NI <3 S Wi B 7/ B R
(SCXK(#7)2010-0001), &N 1FE 1 &5 B A B AL
LR IRZAL(WC) . db/db Z#Rt BRZ1(DC) . B Az iz a4
(WE)FI db/db #i#ikiz sh40(DE) , 4541 8 K. shiirie
WSE, IR AE N EIRER3 £ )0, HXHEE R e
50%~60%, WEEEFIMERGUS SR, A iR
oK, 1212 hSEHR,

1.2 EBEEHAR

X HRZA/NRANHEIEATZ 2 T3, TIEh s ;
DKz shdl/INECR FRNRIKGZ 31 - 38 sh 4/ NRAETR A 90
em, FELARH 60 cm BYEDRIKAR N EFTIRYK , KR
TEBL = 1D)C, KESEHIFEG0 ~ 65)em, iz sh4l /N RliE
NAPEZES 1 81 2 FSENMAERK 15 min, 23
K 30 min, 54, 5K 45 min, FFEIR/NERTK AR R
N, RE 2 dPUTIERZ 8% : BRIFEK 60 min,
B Sd, 4,

1.3 LHEEMFNIERRIK

DFE2RE TZHE1 SVCs 43 B Fim 2T -

KNG LEREE 12 h, UBHYL(H A STE 1640
BRSO RSN /)N BR 25 B IHE , TSt 6 /N B, EBOSUAD fh
SR, SrBSRSITA41Z SVCs: 50 mg Bt SEAETZHL,
VA 1 x PBS B MBEEYE 2~3 Ik, ZHUMLGEME XK,
FACS buffer (1 x PBS ZZ thifi+2%BSA) 1 57#E, 500 g 4
CHL 5 min, HIA 2 mg/mL 2 B RN LR (FACS
buffer Fi %), 37 CHERTER/KBTHAL 45 min, 100 pm
FLAR AN M 9 (32 [ BD)i e AN BT, ik A i A

jm)
N
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PRIl b 45474044, 1 000 g B0 5 min, 3
ZHeG AN, WEER)Z SVCs 40fiEA], FACS buffer #
AU, BEERRIT SVCs T =CAIRAL BT 20 pg/mL
FC-Block HiiA 4 CHER MIE2A5/ SVCs 4HMd 20 min,
/INE F4/80 Percp—cy5.5. CD11b Pacific blue, CDl1lc
APC—cy7 JENHMCTABUARTN 1gG PN 07 7 20l
20 min, 3£ [ BD FACS Cantoll %3 =40 {43 B SVCs
1 F4/80° CD11b'Fll F4/80°CD11b* CD11c"F W4 M
2)Real-time PCR 77 B S2 AR i 2H4URE R ik
Trizol TEHEHUINFUHS2AE I  RNA: 200 mg B2
WS T 2 mL WHESAE (T #EEK), SN 1.5 mL Trizol i3]
(Invitrogen), BIfRLH 2, /ﬂéﬁ(?i'% OMNI Bead Ruptor24)
2~3 K, B 30 s, [A]fR 15 5,12 000 g4 °CE.L> 10 min,
W3 12 300 pL yhAgREG s 4 RNA, WCEE B3,
A 200 pL &7, FiREE 5min, 12000 g4 CEL
15 min, WA FJZ/KAH 400 wL, fIMA 400 L SRR,
ZIRFE 10 min, 12 000 g4 CEL 10 min, F FiH,
A1 mL AEBUECH 75%2 1, 7500 g4 CE L5
min, W35 3, 25T 5~10 min, LA 40w L DEPC
IKEE LK), 55~60 CoKIEIE , MM /TR
[ NanoVue Puls)illZE RNA 2 A)EA D260)/0280),
JHEL RNA HJE S T —80 CB I vk AR ARAE £
cDNA & BERH & (TOYOBO FSQ-101)iE 1708 5% =2 1o
(BIO-=RAD PCR {%): S 444 37 °C 15 min—98 °C
5min—4 °C, %M SYBR Green 8 A¥:, #IJ TOYOBO
SYBR Green Realtime PCR Master Mix(QPK—ZOl)ﬁt?ﬂJﬁ
16 ABI 6L 2 ' PCR {SGHEAT PCR B, JIVgk

595 °C 1 min—95 °C 15 s—60 °C 30 s—72 C
45 s I 45 DMER, BAREERGIYILE 1,

x1 BHERSYFT

AR L H(5-3) T H(5-3)

IL-10 CCAGGGAGATCCTTTGATGA CATTCCCAGAGGAATTGCAT
F4/80 CCAGGAGTGGCTTTTGTCTC CTGGATGTGCTGGAGGGTAT
CDllc  CTGGATAGCCTTTCTTCTGCTG GCACACTGTGTCCGAACTC
CD206 ~ TCTCAGTTCAGACGGCAACT ACTCTGTGCCCTTGATTCCA
ARGl  TTGGGAAGAAGCAGAGGAG TGTCTGCTTTGCTGTGATGC
TNF-a  AGCCCCCAGTCTGTATCCTT CTCCCTTTGCAGAACTCAGG

IL-6 AGTTGCCTTCTTGGGACTGA ~ TCCACGATTTCCCAGAGAAC
iNOS2  TGGTGAAGGGACTGAGCTGT ~ CTGAGAACAGCACAAGGGGT
GAPDH  AACTTTGGCATTGTGGAAGG  ACACATTGGGGGTAGGAACA

1.4 SHitEDH

L Graph Pad 5 B T8 SR 110 Hr , £5d L)
SEIE + bR TE R LRR FHWUR 2 2250801,
VI P<0.05 J i EHER

2 HRESH
2.1 MEHEANZGXT db/db /N5 A FBFNK it B B2 11
mEk 2 N, 5 WC 4L, DC4l/MRARTT &
MEiali s . MEERR e SRR E A . 25
MR B 518 (P<<0.05); 5 WC 4lkes, WE 41
INERASFISHCE R T RS, (I k2
55 5 De 4k, DE 4N B ETHE (P<
0.05), BArsgg it SO S 1A BT /i 43 e 4 el
e, 2 MBI R 3 R R (P<<0.05),

£2 BENREBMRBSH (S +9)

2853 m as/g m s/ m s m weenZ /% C(= ML 4)/(mmol- L)
WC 23.85+1.17 0.46+0.09% 2.3040.03 8.10+2.30

WE 22.04+0.92 0.43+0.06 1.98+0.02 5.60£0.51

DC 40.21+4.98Y 2.36+0.19" 6.40+0.21Y 16.70+5.40"

DE 46.98+1.547 2.67+0.21 5.77+0.37 12.80+3.90%

)5 WC 44z, P<<0.05; 2)5 DC 44k, P<<0.05

2.2 MAEFEKINEGXS db/db /NRASAALE LR B 1L Al

ZATNRE ARG

B 1 RS 4l/INREHE IR 4120 SVCs R4
ARIpHrRERE, P1110 SVCs, P24 F4/80°CD11b*
ELWEZ0A, P3 1714 F4/80°CD11b" CD11c EL WAL, %
3 %KW, 5 wWC Ak, DC A/NEBEISNT SVCs
i B EHN(P<0.05), SVCs H F4/80°CD11b" Eil
YR B E BN (P<<0.05), F4/80°CD11b" [
WEAAL T CD11e" EWRdifudics . A a8ce E3me

<0.05); 5 WC #HE, WE 4U/NEIEI5H SVCs
i SVCs H F4/80°CD11b E W4 o . 1 200k
F4/80°'CD11b" FEWEAIMfLH CD11c" EWgdnigdios . A
SRR EZES . 5 DC 4ER, DE 41/NS 28
SVCs %t % FF&(P<0.05), SVCs 11 F4/80°CD11b
EL W 20 i % i A | o B E R B (P< 0.05)
F4/80°CD11b' E MELRAIH CD11c" [ W40 B0 A i
SPEE R % (P<0.05),
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g & ra
WC
" .;;’C-C-,—J'-l:- e
g
WE g -
e T e
" pacmeeen
E =4
g3 7
: ]
DC | &, - 5ol
i R - = -
FPacific Blue-A APC-CyT-A
L =
i ]
DE 3 B
2 &=
I =
Pa.:::n( Blu!"::t AP C=CyTA
Bl 1 B5Bh4EL SVCs RIS AR A iR E
*3 BERRAERMINE (x +s) MRBENITER
F4/80°CD11b"CD11c" 4 e,
. F4/80°CD11b F4/80°CDI11b Zmfindks F4/80'CDI11b'CD1lc"
4 b % S $ + +om
8%  SVCs 28 fidx10 SBH100  SVCs G E 2 H % B3 x 10° j‘l’i{a F4/80°'CD11b" 2 it
HzZ /%
WC 1.51+0.30 2.09+0.41 13.20+1.20 2.20+0.69 10.55+1.72
WE 1.4240.40 1.71£0.50 11.7042.24 1.81+0.85 9.74+0.89
DC 5.01£1.59" 12.91+2.72V 26.30+4.11" 46.44+3 .32V 38.50+4.22"
DE 2.63+0.80% 4.92+1.39? 19.60+1.847 13.86+1.92% 28.67+2.13%

1)50 mg SR #; 2)5 WC Z3kd, P<0.05; 3)5 DC i3, P<0.05

2.3 WAL do/db /NRASRA B MELRBEARE
ME R FTIXRI RN

4 KW, 5 WC dltbig, DC 4L/ RE b
F4/80. CD11c mRNA ik it 2 5 (P<0.05), CD206.

FT 4 PERRtALR

ArglmRNA K353 T FE(P<0.05); 5 WC 4LHE,
WE 4UNRAS I %25, 5 DCALE, DEA
/NEL F4/80, CD1lec mRNA ikl 3% FF&(P<0.05),
CD206 Fl ARGImRNA 263k i ETHE .

BB SRR REER (« +9)

20 %) F4/80 CDllc Argl CD206
wC 0.78+0.14 0.68+0.10 1.12+0.14 0.83+0.13
WE 0.69+0.11 0.71%0.15 0.93+0.08 0.89+0.14
DC 4.10+0.30Y 5.99+0.19Y 0.58+0.10" 0.45+0.06"
DE 2.14+0.25% 3.75+0.31% 0.88+0.08% 0.65+0.09%

)5 WC 4irtde, P<0.05; 2)5 DC 2ok, P<<0.05

2.4 MREFEKNEXT db/db INRISEREREERIE

A

S5 KW, 5 we kg, DC /N ERE T
TNF-a . IL-6. iNOS mRNA #ik T8 (P<0.05),
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IL-10 mRNA 3 FF(P<0.05); 5 WCHIE, WE
HPNREWSHIC R E 2R, 5 DCAHILE, DE /)

Bl TNF-a . 1L-6. iNOS, mRNA Fiki & FR(P<
0.05), 1L-10 mRNA ik B E T+ (P<0.05),

%5 BEPFAQMEERRE (x L) FER

20 5 TNF-a IL-6 iNOS IL-10
WC 0.67+0.17 0.78+0.21 1.10+£0.21 1.59+0.16
WE 1.07+0.13 0.68+0.15 0.9120.1 1.76+0.2
DC 7.45+0.30Y 3.99+0.36" 4.34+0.61Y 0.62+0.15"
DE 3.3120.54% 1.78+0.44% 1.9440.197 1.16+0.10?

15 WC aikdz, P<0.05; 2)5 DC zitic, P<<0.05

3 itig
3.1 DUk 4 BE A 4L 4R B KR A AL B AN R B
GEEAL

& i 2H 23 I 45 343 (stromal vascular fraction,
SVF)& & [ 788400 . BRI A8 . N K 400
ELWEAR , RN S 2 e ™. SVCs %K
SR TA AR BEARSG Bl = i T YA )
FER /N BTSRRI o s3I (Rl SVCs Floi pE 7
™, AT & B db/db /MR BT SVCs o]
I, B EIRTIETZHL SVCs B AR AT 22,
WICIAURFTCSEHBI, 4 R INZRAT BT A /N B SN
SVCs BERMEIIE AN 3, Rk 4 JEEDK I 2% W 20
1% db/db Z/INER B 2R I SV Cs %0 o Nishimura” £ ob/ob
/N BB 52 06 5 SVCs i 4 28 200 i i) A R, & R
F4/80°CD11b' B REAE R %, 2078 30%. RRINTZHEZY
rh B g A P R EE A TR i, WA Bk
T RIS S T BEAESE MRS
T2 g 2 A R e 5 TR T R4, Rt
PIIERE DT OB M S TR RACHT VR R 28
, IELIIR I LU SRR ST H BE PR S2AR D

5 240 AR 8 S E Rk 4y 28 BB (M) R AR
PEBTGE(M2), F4/80, CD11b g EWEZRMLH WY/ Th5
B, M2 BB REE TR AT 1L-10, FEHRE
Wi Z R (Arginasel), 1[5 iNOS 3E4- ALY LK
ZRR, T NO j=A4: , ZpREYh CD206, CD163 455
M1 B REAAA 0 TNF- o, 116 25— RSN
¥, INOS KB LIRS LK 2R, 774 NO, &
AR EY N CD11M", it F4/80, CD11b, CD11e %)%
Fric itk sy 85 db/db /N B SE AR ZHZH SVCs
F4/80°CD11b" CD11c” (M1)F1 F4/80°CD11b" CD11c™ (M2)
WA, AR 20T 4 K INZRRT db/db /NN S2A5
U5 I I 2 R ) S, 435 58 2 B b/ /N RS2 SV Cs
H1 F4/80°CD11b" Ei Wi 41 Jif %5 & F1 /& 40 08
F4/80°CD11b'E MR CD11c/M1 5 E WA A & 1
B i TRPAE /N, SR AR ARAE ) WA AR 1 2

B, S5 LR TR AN B SRR T B 2 AR f A
fblo Nguyen &2 3 ob/ob /)N RS2 T ZHZH F4/80"E W4
JLE 53 580(55.5 + 2.3)% & 3 R T HF AR X A (351 =
1.1)% , C57BL/6 /N ELUB 52§ SVCs 1 F4/80" .
F4/80°CD11b" CD11c"E REA A it BENE HERRRE A T3
o 4 FNEEGN L BB R db/db /NSRRI SVCs
F4/80°CD11b" . Wit 4 Jfl i % & Je 3L | 4 A
F4/80°CD11b" CD11c" AR 434k, XTEFA:/NERARTR]
FEARFEM AR S, DR ] DASEERT 4 TSk I ZRIA%
db/db /N SEIRITZHE SV Cs B 3843 5 F4/80°CD11b*
E il A 5C . IR 50 mg FES2ARI IG5
BB F4/80°CD11b'CD1 L 4iMIRE, Jouk EWHbH
FE F4/80°CD11b'CD1 1c 4N AR AR bk Hx
3.2 MENFKIE B BE AT 4R 4R B ek 2 Al R SEAR A
ERRIERZM

db/db /INELBFHE2 BRI F4/80. CD1lc mRNA 2535
Fen TR E N, R dbidb /N
i R I A, S ML R 2 A S A 184 i TN
a . IL-6. iNOS mRNA ik K i E T+ =R AR 414
FREKEHITFE, IR CD206. T1L-10 1 Argl 3L
AR E PR R M2 BB AN NI, iR
e N Rz 2 . FiIFs R db/db /N BUHEERR
i F4/80+4% €2, B PE 40 i %k H 541, ¥F4/80. CD68 . TNF-
o IL-6., CD11c, MCP-1mRNA Z535K i 4w,
IXLEFFELE R [A] ob/ob . /N ERGE FRPENC M/ INERAR T4 2L
FL A B R AT R RS A— B, A s s 2 Y
BEPRAG HE JBE R APT . FERAM A I b RAEAR S A
RAFRORCR"Y, shi st G B0 2 v 45Esm i ia shnf
FEAIC db/db /N BRUAM R I A AR 5E 2 11, SR IS Bl %F
db/db /)~ FRUIR T 9 ik 5 PR 38 1) 5 i 12 DL 4 o AR5
K 4 FAUE KN 5 0 BRI db/db /N BURH 52 05 i
F4/80. CD1lc, TNF-a . IL-6, iNOS mRNA ik,
#E T IL-10, Argl. CD206 mRNA #ik, X—K&K#H
[F)32 Bl 0T A JHE /) BRUBR 552 B 1 2 R 178 ek 32 5 R AR B
Kawanishi®™ %& B 2 5% 4 A0 BE /S BT 22 08 W5 F4/80 .
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CD1lc. TNF-a mRNA ik #EFE, CD163 mRNA
FKiLWETRE, 16 Fm 1G5 R E K F4/80.
CDllc mRNA ik, #7 CD163mRNA ik, LIS
LI AE . Bradely "B 6 J& H £ M52 oh i ER%
R le /N TNF- o . MCP-1 ZE{2 % ] F mRNA
Fik, Vieira™R I 12 JH 65%~70%V o M1 515515
RAEHTA1ZE F4/80. TNF- o ik, [RIIIARHLIA AR 5E
K, BRI E A,

db/db /N EUBFFEERERF M1 BI(F4/80°CD11b'CD11¢")
BRI 2, RAE 2 R 3Rk K- i g TP AR
N 4 TN ZRA AR =205 F4/80°CD11b’
EL AR, JU ARG M1 B et , 2 M2
T WA, FRAK db/db /NSRRI JERE K

Sk
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