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Oxidative Stress of Adipose Tissues and Exercise Intervention
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Abstract

Adipose tissues play important roles in metabolic homeostasis and exercise adaptation.

Obesity-induced oxidative stress in adipose tissues is one of the main pathological features of type 2

diabetes, metabolic syndrome, as well as an important risk factor inflammation and insulin resistance in

adipose tissues. Oxidative stress induces the expression of chemokines, which recruit monocytes/

macrophages into adipose tissues. Pro-inflammatory cytokines secreted by pro-inflammatory immune cells

contribute a lot to local and systemic insulin resistance and inflammation. The positive effect of exercise

on obesity-related chronic metabolic diseases is closely associated with anti-oxidative effects induced by

exercise. This paper reviews recent studies about the role of oxidative stress in adipose tissue

inflammation, insulin resistance as well as the regulation of oxidative stress in adipose tissues by exercise.
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PR~ e ah i , 5 0 MR SO0 B S IR A I 1 kB
(nuclear factor kB, NF-kB) i ¢, N-Z Bk>F it & 12
( N-acetyleysteine, NAC) . i %8 1k & B ( catalase,
CAT) . #8 % 1k ¥ 1 1k B ( superoxide dismutase,
SOD) & ft E AL ¥Rl il NF-kB , FEARSAE K 1%
R RIS By, U 1 2 R ko g D 4
BUEALILEL, 7E AR AR 7 4 2L 9 i K 5 3Rk vh 4%
BRI JUAR & B sy o B () a1 225 [ A R i
AR BRRARARAE S AR SCEZE T RR I 41 81 A AL
I M P AR I e 5 R ARBT R SC R, L AN R
iz 3l P BRI R 7 2H 2L B 2

1 Bl S HEREERERRR

L1 BEMSSLMR

ISR v 240 BRIV K -, 52 0 A 4 L £ 5 i
B LA I A I, AR ER N OCTE
HEJE b 2R GE A I JOK - B2 g, Ok R 32 B 2 R
[E AR 8110/ S SO i WO R L EE ) LR AP
RS HLAAC A 77 22 A T Bt I ) T
A A M AR PRI REZRTL . IS PR RETGL AR W
RO 2 ARG TR , 5| B2 NE o Ak,
He 4-F2FE T4 18 (4-hydroxynoneal , 4-HNE) (4-%8T-
& T ( 4-oxynonylaldehyde, 4-ONE ) Fl N —. [
( malonaldehyde dehydrogenase, MDA) 55 /=%, AEJE
/BRI PYE AR 5 4-HNE BE42 %5 5 ~ 11 £57, 4-
HNE RERFMICE 17 240 i I & 28 52 PRl B AL A0 T Dl Y
WEREE LA (-3) 4 /i ( phosphatidylinositol 3-kinase,
PI3K) 25 1344 B (protein kinase B, Akt) i,
I P S 5 | A 1 o7 A S AT 3 ) ke BE A, i o it
AT R Y Z RO BE AL L e Bk B A A e S Dy
i, AEJE/IN BRI DT 4 2028 1 TR Ak B AR SR v
REJEE/INBRUBE B 4 23 Hp 4-HINE. A 5 B2 [ At Tl s i 1
i & B ( fatty aldehyde dehydrogenase, FALDH) 4%
B H BK-S %% #% B A4 ( glutathione S-transferase
alphad, GSTA4) Fik & T &1 1 MR RGeS
i DNA BB, NS P JIEE 7 DNA
B br B W 8- M B A % 1T (8-hydroxy-2
deoxyguanosine, 8-OHdG) . 3 &, DNA i {18 52
T p53 B, 3 2 51 B 1 105 2H 4L S A PR & 2%
B EZHLHI L B AN R 5 AR B
FAOC o HEJHE R M2 o i 8 A b 35 8-S ij 471
IR E F2 (8-Iso-Prostaglandin F2, 8-Iso-PGF2)  #ift
B % iR 52 W % ( thiobarbituric acid reactive
substances, TBARS) B({JK 8-Iso-PGF2 7K i & & T

fRERRE T, T 26 4 10 I 0bR 75 ) [A] B 1R o £ 435 20
(body mass index, BMI) | PN IEAE B & | 6] &5 1
FEARDGH 1 B0 FAE AR 8 25 A AE R 125
SEAAC B g B 1 (oxidized-low density lipoprotein ,
ox-LDL) 7K [G] B s 25 g T Fe A, 5 P9 JUE I s
o EEAECT T 2 RO PR AR I T
PRI A& TR RE, SOD I M R 3
TR, DNA B, EAR A 32 2R IR
SeNRMTHE AH T NR I SV A AR B B e 480
AWTFEAGE AT N EAR 7 SR S H Bk A
3 TR (AR R, N 2 BHE
PRI ZE P ERS I 7 B DNA 45300 %5 A% T felt B A
NEJHEZH 33 5 i W 21 2T 8 AL R GE s A O
HEJHE Fp b 77 A — ol A £ e U AE IR , M By Bz A
RPN i RS 5 F0 KT A 07 S5 A0 T A 4k e 22
FEE AR , I Hs OB R SR A 8 2 AR TR 2R 5
TEAKE, PR A RRE TR A b A AR i 7R SR P o
e, P IR T AR 2R S A R 2 BB IR

}\E¥U9-21J .
1.2 SHNHERBERRR
BN TR i R B 5% ZEARHURIIE T S AE Y T

R, Shiroe & Bl IR OB T 100 AL IR 2
FENZME AR AE AN 5 AT $E 2> | Z b Ak 77
AT e A S SRR 2 R A R
BUB AR AR D5 R ik IR Ah i AL A m R
WA MCP-1 \TL-6 25 SAE N TR 1K, [F] i 30 1K fe
5 BN FHREE R 23K 05 0 4 e A R
F I8 75 34 1§ ( extracellular regulated protein kinase,
ERK) 1 c-Jun & & K Vi # B ( c-Jun N-terminal
kinase, JNK)F 5C!™ [ ERK Al JNK i i
BAETR A R4 S A 5 3 % OC Bl A S Wb s PR 7
N1 R AE PR 5~ 3Rk, RAE A 1A T 1B i3 R A
S TE S R T PR AR
PEPESAE , I aN, N-Z 1 F e 2 % RE 2 =i I 17 40
JRIRZE K3k, BRI MCP-1 IL-6 %33k 4k % C
RERAARAL /I BRI M 28 2 4 A 17 98, 40 A 2 e 4
TR, B PR B R USRS . NADPH AL i
( nicotinamide adenine dinucleotide phosphate oxidase ,
NOX) A iz 15 20 M35 e 4 T R, NOX 1 il 5] e
PIBIR R (apocynin ) BE . 2 10 1l A5 117 40 M 0% 4 4
Az AR 00 ) B M 4 P T 2R A I I A 532 Wi
TP P A 5 Apocynin I8 B 1 AR JHE/IN BUTR 7 40
41 TNF-a IL-6 \MCP-1 ik, DL K 13K TNF-o A1 1L-
6 MR EE ) N T4 AL 2300 Y e Ak D - 5 4 B
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2 3 0 A 7 40 I A L 7 A ) 4 A PR T
TNF-o IL-18 73RS Z I ¥ 85 SR (00
JNE R R o SCAREAE R s 4 e, 4 3kl fos 1 %
2SS 1 ) P4 25 1 U7 200 0 e 4 A T B
PEAGERCY | 5 LTk | R0 SR AL I SR8 4 %6
E AR LA, X KB B RARPL Y KAk R T
R,

2 A[EIREA+ BT HA RS A 4H 4R SE AL R 3

B AL AU AN EAEAE R 7 A, 356 I 1 453 40
( stromal vascular fraction, SVF) A7 & G e 0
HIANE 7 A0 B 2T 4 200 | I 6 P9 B 40 i 55, ZERE
JH 2 A R R (R AN TR B B, i 177 2 2 S Ak I ) ok
JEIEA—HE, FERERERLIT & A A 200 i 25 e
PR % Ak R I — TR 6 A7 7 A 107 240 P B 77 2 2 48 R
RN AN TR R N 7l AW B o o= W A Rl
NADPH , I§Jlii 40 i3 S+ i NADPH % fL 1 4 (NOX4)
PEBOE  NOX4 #:%% NADPH i, 728742 - 0, 18 &
NEWG AN AN 3, RBR NOX4 2 AI A 1 40 i 46
REPR 23K IRk Bt 1 M 20 2B 1 1SR A4 128
NOX4 Ji5P B E 45 5, i 10 20 20 STk g 3ok -2 5
ok I 7 AN NOX4 | BE 1 2% B IR AR T /N RUBE
FAGTRAR T AL R AER KA FEARRE I, B
1 2L 2L S 5 A L %) R 3 I, A A R S R AT
1 B2 SRR 0T X — B BE I 40 i A 1 NOX2
R TR T 20 25048 A I S Y T R R 4 B R BR
NOX2 , KA P I i 2 2t 00 1 s 240 e 0 o, [ e e
HE R TR /N AR R FE RS 3,
It 5 2R k2 A AR B T 40 M ) 2 R L, 3 ot
10 2 U IR ORI 72 15 M A NADPH &5 & T R AP
AIE W TRIA, B 5 40 N A A7 =R AT
R H I = TR K A 7= A 00 R T IR, TR I R 4
Ak G For 222 AB R 05 2 M R AR T AR RE 1, 72 2R I I 1
AAELERFNR I LA AE ke E AR

3 AERGS UM ERE

AR i ( caloric restriction, CR) F&+5 7F #i& fit
FEo3 R E TR LT QAT IR (AR A R A PRIEAE D)
WAL R AEBEFRA RGO T, BREEER A S
i BRI SE 97 5 28 1A RO 15 e IR MR 2
T W8 A DG 1 A A | REAR Ak JIE i 2 AU PR
AR AR ZEEL . RE AR B A T e A R
il A — AN B AR XA i A B TR B 2R R
Fat v LA K S A B O S RE 1 T R . (el 3 ) S 5

FRE, 5 H RS, 8 ~ 16 JE R3] i B Y #h
R (15% ~60% ) 5 REAR /N B EOR A S AR
0 i I T = 8 A i I A SR IO A PR
T AR B NGB Z K AR RE S 5T
K ,8 ~ 16 JElERE] rf B i 4 5 FR ] (30% -60% ) ‘i
SR =R A BRI ZE L KR 7 4 4R i
PRIFET ) e ARSI PR 226 U B S, 5
JESER R (25% ) 55 5 K, ENEREARE (BMI 32 =+
5.8) PREE NG T A& W B AR B L i3
BT AR B S AT B 2 A o B o s i) S 4
XTI B 4~ 24 JE AR A AR S
R (3.4 x10° ~4.2 x10°)/d) TR ACJE
KRB REAC 25 5 E A FE ( BMI 25 ~ 64. 4 ) 1A (1 [A]
it Sk S A AV O 2 Al oAt 4L A A R 1 O SR Ak K
A A AL N B R 0 2 ~ 6 J]
BRI IR (2.5 ~3.5 x 10°1/d) iB BE AR AT Bk |
T2DM % AFEILI ' CRP IL-6 /K F LA K IfiL 7 48 4
AN 50 R T AL 20 4 RORE T 3k o R
T, Ak B ) 8119 1 Mty 4 2 S A g 8 OR 9% iE J2 7 11)
SrFHUERI AN R . 25 b rads | 3 B Bt PR ) B R
AT, 9/ B 07 1) HE R, ol 352 B s 240 L P 43 0 T
B, FEAR AL R IR AR AE , T A () A i B o) 7 28 %4k
AN AR AT A5 e 5 A g IR i %) R[] A
(EEPSN
4 FEEHERFHAELSNLEHFEMNE
RAE

TR 12 Bl 2 T A (A 38T i it 5
TE 1991 FEXTE A L JE W K25 6 000 44 52k A= it
T 14 IR, SRR FiZoh 2 i m
2.1 x10° J, BRI AU R 6% 7, XF 21 271 44
X EBMEANBE Y BN, 5RO R K
H 12 S R RE AR TR 8 KU ), R 32 2l 1
Infg AL ANERER D AR I UURR , B2 B i 240 B A4
SRR, AR R 72k i i BeERE AR AR
HLU K, EACR OB R R IARF 2 315
TR I EZHLHI (Fig. 1) .
4.1 HEIEHFEHALELEHMIER

1K H 128 B REFRARNE I 41 2L AL I 3, 3 2 Mg 5
HAR VRGN FRIR T B F 2N Z— . X
WY BF R I, R 2L A0S B 2 0 3 AR R
SR S2 A D7 VR RIS B Bl S5 ac Ak 7K SF- R TNF-oc |
MCP-1 2R AE R F I 2k RSNG4 M AR i, 3%
PR RN 0% ERK 2 b8 B0A% 40 i a1k &
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Over-nutrition +
Sedentary behaviour

[ Fat deposition J NOX?

v —  ROS

Adipocyte hypertrophy ) s0p) l
NF-xB
MAPK

Exercise trainning +
Calorie restriction

SODT Fat reduction
— +

NOX* Adipocyte size reduction

Pro-inﬂammatory? Oxidative ? Chemokine? Chemokine { Oxidative¢ Pro-inflammatory ¢
cytokines stress stress cytokines
Insulin ? Pro-inﬂammatoryT Pro-inflammatory Insulin l
resistance immune cells immune cells l resistance
Fig.1 Regulation of oxidative stress in adipose tissues and adipokines expression Over-nutrition and sedentary lifestyle

lead to fat accumulation, characterized by hypertrophy of adipocytes and increased production of ROS induced by increased

expression and activation of NOX and reduced expression and activity of SOD. The activation of NF-«kB initiates the expression of

pro-inflammatory cytokines and chemokines, which play a crucial role in recruiting monocytes and macrophages into adipose tissues.

TNF-a and IL-1 secreted by macrophages induce insulin resistance in local adipocytes and peripheral tissues. Exercise training and

caloric restriction reduce the size of adipocytes and total fat mass by increasing energy consumption or restricting energy intake.

Exercise reduces the expression of NOX and inactivates it, increases the expression and activity of SOD. Thus the oxidative stress

and expression of pro-inflammatory cytokines and chemokines were alleviated. And the number of pro-inflammatory immune cells

was reduced. Insulin resistance was largely improved. However, the mechanism of caloric restriction in improving inflammation and

insulin resistance is still not clear

FI (MCP-1) 3k 1) Fpe A 08 sh X g i 41
21 ERK R ALK B MCP-1 3509 T 145 4L
BN RN XTAR R BRAG A 5% IR BE & B, RSk s
Az B RE AL B 3l 4 4 Mg 10 20 8 4040 I 38, 497
8 Sl vkAZ Sl ZRREARNE B /N BRUIE 7 4 208 ot it 4
FEAVER IR AL, S B T B AR s A
S AR e D OY: R AR YA A 4 G- ]
NADPH 484k i#E (NOX) . SOD il 4% 1k & fi ( CAT)
SER A i SOE TR O s Bl 2R AR A R
SUIBITALZUIR B Ak, X 5 NOX2 ik T LA &
Mn-SOD Fik# A 2" i3 B I ik B IR i B
HEHHZHZT NOX2 ik, #2175 Mn-SOD ik, 8 JHf
Al fizshge it M s I 414! Mn-SOD 5 CAT 45471
FACERIEYE Y BAMRER Tizsha G0 E
i % g 7 4 2 AR R B S ) L 4 TR A RS Bh
AR, B RS R SRR R
]I, 3w i P B AL A GPX A SOD i 1, 48 1 i
BT EEETER 8 MM AT R EX
B R /N BUIR I 4140 NOX2 5 Mn-SOD 3576 i
FR (HFEAK T MCP-1 3k, BUAR PG R il & 4R
B MCP-1 ik, {H iz 3l 25 & i R ) 0] 5 28 R A1
MCP-1 357" ) NOX4 7£ Jig i 40 21 Ak b7 8 b %
HEEZEM (B H A A2 sh xR 4141 NOX4 %

Ik K PR i AN TEAE

1= 558 2 8] BRI 25 (high intensity interval training,
HIIT) s —Ff 4 i i R4 iy Y1 2R 07 125, BE A 8 1) ] I
PR AR 8 18 3 5 o i AR, S m LA
NRITIRGE , REA RSS2 P& . Sh ) Sege k31,
Ty AR JRE TR I 5 R v A i B R A A1 e 2 ek
LA/ B S AL, BRIk ARG R T I IR
U7 2R AR AR/ )N, 448 e T UE i 017 P 284, 4 v s i 2
SRR | FL i B Al kI sk R T > AR
ZEAMER BT R RE e B, g it 32 1] BRI 250 g A
LA DR R 5 1R 1D 2L 2B i UL IR S5 Rl ) 285
R FREEEm U . KRBT T R 24
PG, ANTa] R A g 5 T | R REAT S5 HE |
2 BUBE DRI AT DA 183 OB A 35 25 L AR 5 R A%
P, HACRA LR8I 2522 | i o (] il 23
RESE RO T REYS R B i) BT 2 % 4R
PRSI SR A PR, AN RIS 2 B, St i
J3E M) I 2k Bt e e koo 3h B Ah i i 4801k B3R, 1HL [
R TR S Y AR R T
e 90R JBE [1) BRI o0 £ e AR S AL B S P A R B
IS, 45258 A BRAM R Il TBARS |2 1 BB & B85
YRR TR, BPTE LR D&t e e sm e ]
WO ZRARRSEINGRXT 2 HOBE PRs AT A S0 52
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i), Z5 5 B, PRI AU B st 2 BB PR A
REAOAR T, 50 32 18] B 25 ) A ARG 480 Ak 107 T8 SR 1)
AR, FESHUEA RGN BIG ALY ol
WA W H A T v it () BRI 2 e S5 3 4 1|
500 S JH: R R I 60 0 948 4 17 98 1 s i, 445 R
L, PIFR YISt B AR T AR R i 8 it 4k
FIE A A 1S TR &=, ki,
o AR R TR 5% Bl sl AR B 1 2E 4 S Ak g 8 1Y)
S i AN

g5 b IR E B R R AR I 40 2V A B T
BB B A A IR XA AR 7 4 2 A AR
PR SR T B S v e ) R s el AR ZE AL
(A 5562 sl 7 2, ROREE 2 LR s shif, BT
2 RGN, EGE i 17 20 20 48 AR 0 38114 5% T i
NIHHE
4.2 KEFEHIAERALREREFRENZME

RH 2 shnese iR M L8R i N 7 2Rk . b
GEXT G iE s 1 Hil 7 58 B AN [R) i AR AR i 45 SRR —
OO fEEE ST & B, 9 A B A A A I 2k
REAR A B K IR I 204 TNF-o 5 MCP-1 B &=,
FLIERG 5 B T R N BB FEIE Rk sh
[FIRE R BT iz 3 R A2 g i H S UIR 7 IR 725k, 12
o v A R B £ A AR N e, S L DR IR BN R
PIIEAE I TNF-o MCP-1 5 F4/80 (35" . FHHF
FIR T H L5z shxHERESh 9 ik 7 4 2305 15 1A
FFIRM R, 6 J& H E A S shae sl = s ik &
/NN ERE I TNF-oo MCP-1 253635 , Bl i 1 X fil
JEPEFIRR WG 4L 2R AE ™ AR R AT IE & B4
JENE DK DI 25 i 35 I 2 RUOHE IR 0 /0N SR PN I g
TNF-a IL-6 5 F4/80 % &3k A AR AHFSE
K12 J8 A 3 s s BRI R BRI B/ NG
R NG W5 & &, (AR & I R BRI TNF-o 3%
kI 8 SR A I 2k R IR R T BRI
/N R IER I IL-10 &4 {H2E TNF-a & & [F]
FERR RS ZE b ORIR BN 205 5% A0 At O DR
SRR F F ikt R R B s, [ RE A
TR IR F 12 38 52 IR I 41 2L -1 2 58 S i
W RN Tk . ARG RN, 12 R aliny A
SIS0 AT e N K2 B B 7 TNF-oo, MCP-1 | IL-6
CD68 AFFIAA I I 2 52 m AN HE 5 THREC R 3Rk,
A I MCP-1 7K FAIK, TL-6 TL-8 5 11-15 254 I
2R A R, 12 S A R o kb B 25 A
AR B R 1L MCP-1 \TL-15 \IL-18 /K F, =Fh
AR T 1005 35 | 4 A B T e 5 1 A i R A2 4k

SEAHSCHY S RIS R B 15 JH 4GSR B i 8l
FCA R ], 3 PR AR L 25 5 T IR 15 TNF-ac |
IL-6 5 TL-8 23k, 3% CRP MCP-1 1L-6 5 IL-8 [f]
FETF R IRER R FA MK AR IR R 4L &7 . A4t
XA PR M A R TR 2 B, 12 ] B4 A A AR )1 24
XHIEHR TG IL-6 Fl TNF-o 2235, LA M 1L-6
55 TNF-o YR TERZIR ) 25 bk KB e Al
SRz ) I 2 AR R 52 i s A0 B8 )5 i 7 TNF-oc
Fik, 1 E W R BRI TNF-a 235, X2 ig i
TNF-ou 5200/ 3322 S AL i N TEAE iz sh 4 &
PR IR %o g 1D 2 SRR AE IR 5~ SR8 R o AR 58 T
T, S5 AN RIERAL G W PR 2Rk B R
ANERY W 2R BRI TNF-o 28308 378 8 T K W) S g
R REMT " N s L 2 1 it 20 e it [ 5
TNF-o FIKX 12 3l 1 B 724k, AL Tk i i s 2H 21
TNF-o 2R F I 0, it B AR A PR AR P U i
i CDO8 + LIt At T R IR ™, A%
AT e o AR A T BRI o0 A S 1 1
NRERZR A sEm , 45 R 3, PRI s g 8 25 (AR
IR IRRE 3, K% B A8 & - 15 B (low density
lipoprotein- cholesterol, LDL-c) DETIE s = g
5 H-AH [& B (high density lipoprotein- cholesterol
HDL-c) R 2 W 3% 5 i, R R 4R 15 2 ek
BTV R (LRI R BB R i o X 3k I
3R SR 15 R B IR - S J T I ) B 5 0 B
e, 8 Jil fe it 38 ] A )11 2 RE Fi v o T A JEE A I
WIS ZE v B> e o 32 ) B I 5 3 g AR AT AR 3 2
BAENRE ML A2 20 73 & R mdt R N &
P B R e R B RO R TR RS
AR —FEREFR AL /N BRUIR 5 R AE | 4 i g
Ui A 2R 98 15 2R BURR A, EL R R B2 ] BRI 2R 8RB
B RIS K 3 i R 5 R R
FE R AHE A4 B 2, B3 AR O 1L 78 20 (VD) XU A
T AR R R 7 Ak TT B R T

25 BPIR vRr o R ] BRI 24000 SO T JRE 2 BUARE
PR FAREE G IR AR ZERLABCR AR W 2, 18
REAGH AR DT R 71 73, BEARAR T ZH L IAE , (H XS R
15 A1~ B 50 32 B 3244 1 5t s B T BRI R B
MRS RIFA—2 T ZE I — PRI,

5 EEFEE

i B 28 S A Pt 2 A ) TR BRI, AT
KR R A S AR ME AN (] 5 B 1) i 7 2L 2 S AE | JBR
By E AP I A AR A G, PURE e RS R
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HEBTRIAR W7 LSS ) EZERMG 18 S0 SE N+
IR S B AR T A G, s shde s IR i
b A Ak i 3R 38 FBT Ak i T R Y R B R A T
NADPH A fL il 2 ik, SR 1M, iz ) %) B W7 41 4
NADPH Ak 4 #3235 B3 1 14 52 ) 1 AN 5 48
(] T, A B R ) X6T A A1 2R 46 4 A I T84 R 4 S 250 2R W
8 AEXT B U 20 2 S A0 07 K 52 i i 5 1 — 2D F
9%, NG AR E T, X et S Ak N R JAE (1)
ORI T — T30, 5 5 B () B Ao — Ay
sk e 28R B T =X T T A 1 o3 N s 1)
WG S e Sk A, AN, R R R )R R0t B i 4
BUAARI S AT IR A ST .
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