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(=] HH HIHREEEEN 2 (uncoupling protein 2, UCP2 ) 58 27 5w iE K O MIZRE A S
Ui K&, ik B EIEESIEZ M (LPS) &7 MeapfEiial, 40 2 Sprague-Dawley (SD ) HEPE K EBEHL
GRS, R 8 H: WHRRAL (MRS AERIERIK ) | MREEIE 6 h 4 (LPS-6 h4H ) | KREAE 12 h 2 (LPS-12h 21 ) |
JHeTEAE 24 h 20 (LPS-24 h 41 ) FIERAE 48 h 41 (LPS-48 h 2H ) o EAHN I a] A B BOK BUMLTE AL IEH R, HEEL
O WERAAR, 8t B AR ORI LR (CK) . WLRRIER IR TR (CK-MB) A& M4 (ROS) /K, i
ASCR ARG o e 3 AR R B 7. ( MMP ), SRR BT A B2 BI85 ( Western blot ) 7 UCP2 25 [13R3A
KOs BB D NHBRPRIE S, R S5 IR A, LPS A4 CK. CK-MB 7K, AL
21 ROS 7KL A fb Bl BE 24707 @ FH 75 ( P<0.05) , UEAATE LPS-24 h 41 1M LPS #5 41 LA {4 s A7 B . T e
(P<0.05) , LPS-24 h 1% HAlk. Western blot #6104 Bl LPS 45410 AL 2 UCP2 Y 235 /K00 B 2H 1 & 7
1 (P<0.05) , WEATE LPS-24 h 4. HIBEULEEL, T B LPS K RO IR AR I i, 2Rk BEEs /e, 5259
JE M, LPS-24 h 28 e /e, LPS K LD RA ROS K. LRk iABb ik BE 5 UCP2 Fik it R IEARRE (2051
r=0.796., 0.893, P<0.05) ; LPS KELLAL MMP 5 UCP2 ik B EFAME (7=-0.903, P<0.05) . &it 1EkE
SE SRR T, O JUURILC WLZ R AR B R 452405, O LAY UCP2 () 3R3k 5 4R i 26 VARG, i ucp2 o]
REFE eI O RS R AR [MELKRILRIZE, 2016, 18 (2) : 159-164 ]
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Correlation between uncoupling protein 2 expression and myocardial mitochondrial
injury in rats with sepsis induced by lipopolysaccharide

HUANG Jin-Da, CHEN Sheng-Li, LYU Juan-Juan, LIU Cui, ZENG Qi-Yi. Department of Pediatrics, Zhujiang Hospital,
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Abstract: Objective  To investigate the correlation between uncoupling protein 2 (UCP2) expression and
myocardial mitochondria injury in rats with sepsis induced by lipopolysaccharide (LPS). Methods The rat model of
sepsis was established through an intraperitoneal injection of LPS. Forty male Sprague-Dawley rats were randomly and
equally divided into control group (an intraperitoneal injection of normal saline), sepsis 6 h group (LPS-6 h group),
sepsis 12 h group (LPS-12 h group), sepsis 24 h group (LPS-24 h group), and sepsis 48 h group (LPS-48 h group). The
serum and heart tissues were harvested at corresponding time points and myocardial mitochondria was extracted. The
microplate reader was applied to measure creatine kinase (CK), creatine kinase-MB (CK-MB), and reactive oxygen
species (ROS). Flow cytometry was applied to measure the degree of mitochondrial swelling and mitochondrial
membrane potential (MMP). Western blot was used to measure the expression level of UCP2. Electron microscopy was
applied to observe the morphological changes in heart tissues and myocardial mitochondria. Results Compared with
the control group, the LPS groups had significantly increased serum levels of CK, CK-MB, and myocardial ROS, as well
as a significantly increased degree of mitochondrial swelling (P<0.05), and these values reached their peaks at 24 hours
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after LPS injection. The LPS groups had a significant decrease in MMP (P<0.05), which reached the lowest level at 24
hours after LPS injection. Western blot showed that the LPS groups had a significant increase in the expression level of

myocardial UCP2 compared with the control group (P<0.05), which reached its peak at 24 hours after LPS injection.

The results of electron microscopy showed mitochondrial swelling, partial rupture of the mitochondrial membrane, and

cavity formation in rats in the LPS groups. The most severe lesions occurred in the LPS-24 h group. In rats with LPS,

the ROS level in the myocardial mitochondria and the degree of mitochondrial swelling were positively correlated with
the expression level of UCP2 (#=0.796 and 0.893, respectively; P<0.05), while MMP was negatively correlated with the

expression level of UCP2 (r=-0.903, P<0.05). Conclusions

In the rat model of sepsis, the myocardium and myocardial

mitochondria have obvious injuries, and the expression level of UCP2 is closely correlated with mitochondrial injury.
Therefore, UCP2 might play an important role in myocardial mitochondrial injury in sepsis.

[Chin J Contemp Pediatr, 2016, 18(2): 159-164]
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¥ B A A2 ML AR X5 19 G 8 I 2 N M
Wi, AP RRE R 3 A S i, 2
RN 248 B UIREREZE G AF (MODS) o OME
FEMERHIE RS T 2 —, A IF O T RE R AT Y e BE
i HRH R AR AT i 3k 709%" 7, WFSE & BT AR
( reactive oxygen species, ROS ) At £ | fEw =
A AR I 32 351 A5 2R AR T RE B itk ) 224 7 1T 5 R
BERE O LT REBE A 2 DA OC B, SR A7 B A Hof
VIR RHLHIA A o0 R . BRasvras © o os R
JHR BERE AR B LH 2 EE A H 2 (uncoupling
protein 2, UCP2 ) [, UCP2 7£ 45 98 fiE SN
Vol A BT ] T B A R 2 R AR ) R D T LA AR
FAT PR AR UCP2 W B e BEE O LB A7 4 O
HHTE AN T UCP2 5 EERE O LR A 5 45 11
KAWL, A HNENG 2 (LPS) i
S P18 Ml R i A AR R R FULERARE R 5 45 48 s S0 L
UCP2 FIRMAEAL, PRITIMeTEE O L PR 07 5
UCP2 KB KR
1 #REFE
1.1 SEWEh¥I RS 4E
SPF 2% Sprague-Dawley (SD ) P K F 40 H
(J"HRAB W Lm bR it ) | R 250~300 ¢,
I N PRI 1), *%%%@ﬁh HHTOK. #
40 H SD #epE R ol i LA ik 5 4L X
MR, WRAE 6h 4l (LPS-6h 4 ) . MREEAE 12h
4 (LPS-12h @) . WEFEAE 24 h 4 (LPS-24 h 4 )
FIMTEIE 48 h 4 (LPS-48h 4l ) , 8 H, IE
Ji 1 ) LPS 10 mg/kg #E 57 e AEAIRL B 5 R v
SFEARTR 9 of L A= R K 7 X R

1.2 FEKFISMUE

FEIHN SR HE: LPS (E.coli, O111:
B4, [ Sigma A ) ; RPUKE UCP2 Bk, i
PUK L B-actin LA AR T A AL P BEARIC Y 1L =F
Hite IeG ( 3E[H Proteintech 2y H] ) w4 (ROS)
R & (r st @ i) TR SR ) 5 &%
FHREBOAR & . BCA H vk B e i) & (VLR
A AR ABRAF ) 5 ZobifRigmug (dt
T AR FRAF] ) 5 ND1000 BiFpris ( 52
[¥] NanoDrop A7) ) ; FACSAria JiiCAHARAY (55
BD AH]) .
1.3  HEXISFRIIH I

Xof HE 21 JE s e S A BER /K S B ER BRI bR AR
AL WL SR A . LPS 4540 T LPS 73 5 Jim AH 1 i
[ 0t B PR AR

(1) 174 CK F1 CK-MB [ K60 . Ji s 1 5t
KA ABERRBERRUG, WEIERLUITFE I, 2%
B F sk, 2 ESIKEEBUnFRAS, MArA =
R E 1~2h, 3000 r/min &[> 10 min J5 BUMTE,
4 [ Sl A AR A BT AR I LR B ( CK) FITILIRR
fif ) T-ff; ( CK-MB ) /K-,

(2) L WLELZL ROS KA AR AF 1)
O ILEHAREAR, & 1 mg HZUIN 50 pL. PBS vk L4
BE. 1000 x g 4°CE L 10 min, HUEH ., EAR#RAE
Fie ROS Kzl & vd B iEAT, LLFE9EomE
Z71 ROS K-,

(3) DAL LRARBIR AL (MMP ) Lk
AR ik B ARG+ 2 Sk U SRR A, K S0 pe
4l Ak i SR AR 8B A5 I ARG B JC-1 Yoo TAE
WP, FIRCE 10 min 5 ARSI . LA
L7t (PI-H) SR 5 47500 (FITC-H) 5%
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JE I AR TR, ARG (FSC) Al
M) f (SSC) 342 GaR BE i FLAE TS AK B

(4) ODHLHLLUCP2 & A BRI . $2 04
HOMALFEAR DA, R HE AR Bl
5 (Western blot ) {ll 52 UCP2 & A FF . $% B fL
60 ug & R fINEE, SDS-PAGE HEE HLIK 70 85, H
HRERM MK (PVDF) . HIBRAE Yk
ZiREH] 2 h, TBST #PE 10 min, MIAFHL UCP2

(1:1000) . 4 B-actin (1:2000) B F, 4 C
PERI 7, 425 H TBST % 3 K, HHK 10 min, Jill
A (1:5000) BAR i SA AL DI bR ic 9 —H0 = 1R
B 1.5h, TBST ¥ 3 ¥k, %K 10 min J5 {# H ECL
RARNDICE A, BT H Image J FHA41H5:
UCP2/B-actin AR FE(E FLIEARE UCP2 Fik i,

(5) DN LR ERAAGI « 45 B 1] 15 )0
WUAHZREAYIAE 1.0 mm® R/NHALUE, ] 30 /L
R, bR Ve, PR 10 o/L YA AR
[, BHBK, FEM SRS RIVERELT A,
BB
1.4 FitESH

BdE H SPSS 20.0 Ge it 8k o3 B, 45 R DL
o+ bRifEZE (Rxs) TR, SREARMIBEL L ECR
FHEAR R I 225381, I FH SNK K56 47 0 W6 40 A
P, AR & 8] AR MR K FH Pearson AH G4
Wik, P<0.05 WEFHGIAE L,

2 R

21 HHY—EER

KU ST LPS 6 h 5 BV PUORS el 25 5E | 12
B, EE. WD YOKECD RS SE D, AT
B e RERE K BRI 1) — B B

2.2 IniEF CK 1 CK-MB 7k F254,

5 %t I #, LPS-6h 4. LPS-12h 4.
LPS-24 h 0 Fl LPS-48 h ZH 1L CK, CK-MB 7K
Bt (P<0.05) , WEfH7E LPS-24h 4. 5 LpPS-
24 h 41 L %, LPS-48 h 41 Ifil 7§ CK-MB 7K - [ fi%

(P<0.05) , WFE 1,

A

Vol.18 No.2
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F1 FHHAKRIME CKFI CK-MBKE  (x+s, UL)
45 R CK CK-MB
oyt 8 239 + 58 362 + 60
LPS-6 h 4 8 374 + 52" 521 + 107"
LPS-12h 4 8 458 + 81" 656 + 90"
LPS-24 h 4 8 503 + 70" 692 + 92"
LPS-48 h 4 8 430 + 123" 401 = 200"
F1ii 7.942 7.561
P 0.001 0.001

e [CK] LRV ; [CK-MB] WLIR I BG IR T/, a 7 55 % IR
I, P<0.05; b5 LPS-24 h 4HH#, P<0.05,

ILALA LR ROS 7k 35

5%k B4 A, LPS 41K B0 L4 21 ROS

KM LIPS G 6 h FF IR T, 24 h T E50m
(P<0.05) ., 5 LPS-24h 4 I %, LPS-48h 4H

ROS 7K A A% (P<0.05) . ULE& 2,

2.3

x2 BHOMARZEK K ROS, MMP F1Z bk i ik B

MMER  (x=xs)

415 [ERAG ROS MMP  ZRitA ik
payiicE:zl 8 25343 180008 1.13+0.06
LPS-6 h 21 8 368 66" 159+0.10" 1.32+0.12°
LPS-12h & 8 405 +53" 1.47+008 147+0.10"
LPS24h 4] 8 499 + 86" 1.07+0.12" 1.71+0.12"
LPS-48h#4 8 39159 1.24+0.10" 1.56 +0.07*"

F1{H 16.433 70.165 40.337

P <0.001 <0.001 <0.001

T [ROS|IGMESA; [MMP) LR RLAT o a /RS0 R HAS,
P<0.05; b /85 LPS-24 h ZH 4, P<0.05,

2.4 ZAIi A B A0 g b ik R FR AT EE 4L
XA e, LPS 4K B0 LA gL ik

J I EE A LPS VESHE 6 h IR ETF, 24 h TR

(P<0.05) . 5 LPS-24 h 4%, LPS-48 h 414k
T A KBS A ( P<0.05) o SXFHRLLFbAS, LPS
HRFELCNLLHL MMP M LPS VESTS 6 h JT 48 FFE,
24 h [FEHAMK (P<0.05) . 5 LPS-24 h 4 [b 4%,
LPS-48 h 21 K B0 L4121 MMP 34 i ( P<0.05) o
W3R 2,
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2.5 LALALR UCP2 Rk PRI
5% M 4H B, LPS-6h 4. LPS-12h 4 . Umﬁ .ﬁ fii
LPS-24 h 2 1 LPS-48 h 41 (1) UCP2 % ik ¥ Tt & 0231 Frectin R
( P<0.05), WEHTE LPS-24 h £ . 5 LPS-24 h 4[4 #%, 020 a
LPS-48 h 41 UCP2 FRiEFEAL (K1) . £ sl ) ab
2.6 AR BRMENTL = a
HLEE T LZET IR L O LR PR T A5 IE 3, HE S 0107
YIS, HFIERE, LRRIGECE ., LPS-6 h 41k 0.05-
SRR E2 % TRV I A7 N T B O 1 X2 TR ) N
LPS-12 h gﬂ'[} HJ‘L%% *ﬁ,ﬁgﬂ;{; H{ﬁ , éj% *ﬁ,ﬁgﬂ%@ﬁkﬁﬂ%ﬁ[} XfAAZH  LPS-6h LPS-12h LPS-24h LPS-48h
REAAR, BRI, LPS-24 h HER RS R A

: s ok T 4B oo b B SAKXROHLUCP2 REAKTFE i LENh
4By vRAY < b 571 23T
PURL, PPN, SRR, A o Sommiban. oon Samies:, Poos: b

LPS-48 h 4H £ RifAdbifhi%s 24 h A Pk . WIK 2. 15 LPS-24 h 41 1LEE, P<0.05,

2 FBHEKXBROMEHREBRLEHZTL ( x30000) A XFHEAL, REUCOHEALR MBS KEUES , A
5, RRAEEU%, B, C. D, ErSI M LPS-6 h ZH . LPS-12 h 4. LPS-24 h 41 #1 LPS-48 h £, LPS 2H i WAk Pk, Zeki
IRIBERAAT R, FIEWIA (ROEFELITR ), BEESWEN (OE5LR) .

2.7 ROS. MMP & #ifkphBE S UCP2 Rix  r=0.796. 0.893, P<0.05) ; i 75 i A B K B O

ERHEXME L MMP 5 UCP2 % ik &t & 12 AH 3¢ (r=-0.903,
Jife B 9 B 0 R RO LR R A& ROS K F-Fl P<0.05) o LI 3~5,

2R A b Bk E 5 UCP2 ik R IE A E (45

700 2.0
r=0.796 % r=-0.903
P<0.05 ) NG P<0.05
600 1 Y=97.071+2157.142X ° 1.8 1 @ Y=2.334-6.585X
®
500 1.6 4
on o]
Q i = i
= 400 = 14
300 A 1.2 -
200 1.0 4
‘ o
100 - 0.8 4
0.075  0.100 0.125 0.150 0.175 0.200 0.075  0.100 0.125 0.150 0.175 0.200
ucp2 UucpP2
3 ROS 5 UCP2 kix£E1tH% M4 4 MMP 5 UCP2 RiZERHEXE
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r=0.893
P<0.05
Y=0.718+5.274X

LR R K

0.125 0.150 0.175 0.200

ucp2

0.075  0.100

B 5 ZHAMBKES UCP2 RIZEMEXME

3 itig
¥ T O WL i e A PR L w39 0 %62 1 i ofe
T IR, HRRHLE T B 2E AT HUS
O WE AU MG R B FEZR T, DL P 7
7 R A AR LT AL FTE AN [0 W7 A8 1) e E R R
A, LRREIE ROS PR EZE A, FIEF T
LR AR R E 5 M A IS ARG B, AR g
S R RE B WL SR A 45 T, B
W5 2 B2 R U I 3 559 LPS RT3 7= A 5 Mk 23
i BB A I3 Bh F1 2% . I B AR ek A
i H RS Zy S i), R ML, UL LPS i 5 i
BRI A BB S — b FL A BRAR A B A A ik
BEAE LI 5T i g i L AR 5 R
FHR U v 5 LPS 75 S iR Ay

AR 3 s T 5 LIPS ARA0L e e O WL
PRy, 255 % I LPS 21 K UL T O LIS A 16 A
CK 1 CK-MB #A AS [R) F2 B ) T i, $ 7R e 7
BRI B B T O U 5. B RTF ST I R e s e
OR35S Lo R aE F AT RES 54 06 1, e
FERTC L MPP TR, PEMEE S AR TE PEREAR,  [F]
k20 7 AR 375 P J FL T, 1 4 SR A i R Ak
ZH, ATP AR, e T 8o R 4548 1 4
MIREREas o, AT BE 4, M SR F] LPS 41K
OO WLERRAR K /NAS —, HEFIAEE TS, w] DLZkE
PR AN T R B P P J L s D 2R 90 2 R 2 i el A
8, PR M RRIE A AR O LSRR S 0,
DL AR 24 h SRR R i o L, ARSI
Rzl 10 L MPP FNZERiAR IR ik B, 2 81 LPS 4540

KL L MPP 3576 AN [R) R2 B (A RRAIG, T Zeobr 14 i
MRBEX A Thm, —H A bt A s, (E LR AR
J& 24 h BN I G, HR R e REE O LR A 46
BARDIREW M5 OISR L BE K A . MPP Fl4k
W R I B =3 OSSR, IESE T MR AE AR A K R
OGBS M R i A%5, LPS
TG 24 h AR — P, IEFHE A
B2, X5 MR IE Sh AR R LR R 405 AR G A 5T
BARUE T,

HWGR LI, N RE MO
P55 0 SRR o 2 B UCP2 JE D RN A ek 4
B EFE, B UCP2 S5 Meie O W5 2 A%
P R, ARBFSTE T Western blot #:1] UCP2
MR, A3 LPS H KOS UCP2 FRIBHXT
TRLHA BT Er, HUALPS-24h 4HE KR E, X5
REFEAF R 25 5 —2k B UCP2 78 A4 P ER PR
TR LA LR AR ROS PR AR TR RE S, 2
WF5E W3R B UCP2 T ROS 7= A=, o7 i i
g, IR SRR TIRE . BFFE & IO R4
Bifi 5 ROS A ", L Z 0 ROS W] L5
R, WEIRSRLARRE ) 53, - Ha nl il ad “45
it A (S A LN A = N VA FAE i R S 1
ARWFFEIRKEIN T S5 UL IZRIA ROS 175 5,
J B MR AR R O LR AR AR ROS 7K T M3 5
J& 6 h FFURIEn, 24 h BFikE R, B BT RE,
PR WL AR AL N U N 5% , ROS A s i
H ROS 22k a3 5.0 L4 AR i CK F1 CK-MB &
—&y, H5.00LUCP2 ikt R —EHY,

UCP2 S22 R AR I[85 7 34 B 1 0511 T
FHHABE . UCP2 ) 204 T A4 H
AEH, ERONE. AR . BEAR ARSI 4]
. HEDO T UCP2 FEMEIRIE  Filids R0 I 5
Wb R PSR R £ . AE UCP2 JE IR R /s KLU
Tt 5 () MMP A 38 52 38 i ROS 7= A= 5| i 1y & 5 %
P2 FER ST & B2 UCP2 i3 ik 5 i B Bk AE
FRBE SR AR /D ROS P2 A MG B2 DL RVF 2R
PRANSZIRHERFZ I UCP2 1] LLE s AR LR AR ATP
MMP il ROS 7K V-5 Z AR R T 2, i 22
T UCP2 HEKRTIREB VMG . O T RE R
FERLALO AL UCP2 SZRHADIREZ M E R, AF
FEN} UCP2 Faik SR RAH AR hRIEAT T A 4)
Br, KI UCP2 ik 5 ROS, ZbifA i ik 25 £ 1F
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A, TS MMP W2 FARDE, 1B MeaE e TR
W3R UCP2 Rk 5ERi A B VIA G, BT
X FMEERRERERLO L UCP2 Fh THa BAADLHIE &
SEEMICIERE, FRHERGEHERR UCP2 k21 i
RE T —FREETET . B, Zheng %5 55
38 L e R R TR BEAE RS T 19 HOe2 L LA Y
UCP2 Z: R IE, K BLUTER G B0 U402k A
ROS A i £, LR IRES A AT RE 4 o i, 4
FNPE T A0 A RO LA AR5 425 1) UCP2 P RES
JLREAR ROS 17746 | Fe IR T A AR DR AP YE -
PRCHEN, UCP2 A REIE 2114755 ROS A BURITES
MMP [l FE AR LRI 5 Th R AR .
HREAMNFEA R ZATET, KREESIE UCP2 7EMKERE
S A5 TRLC FIL R A4 51 47 v ) AR E AL, R —
At B P e SR DRl 5 PR B sl A R R A T B

M, MERERE AR IR BRLC LA A5 B o0 DL AL
IREEFI RN DI RER SZ 41, 1 UCP2 A S5 HLO LR
BRI GEVIASE, HEW UCP2 RTREM IS IETY ROS
A RIS E MMP T AE I E BT 3500 ILZ b 445
Pivh R AR EEAEH
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