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 E: B WIS RI RAS SEOIIRE DR m . Jiik fRREIEYE Wistar KL 42 5, BEDLECT 15
Xt PR CIER A, B4 Fretndd , fE KB 30% TBSA MEEREM S 1.3.6.12 .24 h &1L 3% Ang Il , ACE, ¢Tn-T FL.C> L
441 Ang Il ,ACE , ACE2 4575 Ak K 1L 375 3h 1 F.0 L1 24 #5 4% (SBP, DBP, LVSP, LVEDP, +LVdp/dt,, , — LVdp/dt,, ),
Western blot #7iUl.0o LA ZU ACE2 ik, &5 Bethi)s 1 h F4E LVSP, +LVdp/dt,,,, - LVdp/dt,, B BEZH 3470 i B A1
(P<0.01),LVEDP BB 3475 (P <0.01) ,3:F 6 h 358 E 0%, 3% ¢Tn-1, Ang T, ACE FLL L % AngTT ,ACE,1 h
FEURET BRI 3 (P <0.01) ,6 h K FIE(H ; IO AL 2R A ACE2 7EBSUiATE LW A8k, 8518 ACE-Ang IT
M AL RS MR B ) O WU S48 hR B M3 o Tn-1 2846 AH— 3, 3878 RAS s 3 ZAL 4l ACE-Ang T fili£E be 73 5 4.0 ML
WEFREEEIEM ., befhi/F ACE2 L B ARk, T RE 2 T30 ACE-Ang IT s BB M R 2 —

K$B1 . ACE; AngIl ; ACE2; ML 3 8 12 5 L1 2% s UG B ) T

BEESEE . R322.11; R329.25; R644 SCERARIRED: A

Roles of renin-angiotension system in cardiac mechanics and myocardial damage at

early stage following severe scald in rats

LEI Ze-yuan, HUANG Yue-sheng, XIAO Rong, ZHANG Bing-gian, ZHANG Qiong (State Key Laboratory of Trauma, Burns
and Combined Injury, Institute of Burns, Southwest Hospital, Third Military Medical University, Chongging 400038, China)

Abstract. Objective To investigate the changes of RAS and its effects to heart function and myocardial
damage at early stage of rat scald. Methods The rats were grouped as control group (normal group and sham
scald group, totally n =12) and scalded group (n =30). The rat model of 30% TBSA of full-thickness burns
was made in 30 male Wistar rats. Hemodynamics and myocardiac mechanics index (SBP, DBP, LVSP, LV-
EDP, +LVdp/dt,,, —LVdp/dt,, ), cTn-I, Angll , ACE levels in serum, and AngIl , ACE, ACE2 in myo-
cardium were determined 1, 3, 6, 12, 24 h after scald. Results Compared with control group, LVSP,
+LVdp/dt,, , —LVdp/dt,, were decreased obviously 1 h after scald (P <0.01), whereas LVEDP increased
significantly 1 h after scald (P <0.01), and peaked 6 h after scald. The levels of ¢Tn-1, Angl , ACE in ser-
um, and Ang Il and ACE in myocardium were increased obviously 1 h after scald (P <0.01) compared with
control group, and peaked 6 h after scald. No obvious changes of myocardiac ACE2 were detected before and
after scald. Conclusion The changing tendency of ACE-Ang [l axis similar to that of hemodynamic index and
serum level of ¢Tn-I indicted that ACE-Ang Il axis of RAS plays an important role in myocardial damage at the
early stage after scald. No obvious changes of ACE2 before and after scald may be one of the reasons to activate
ACE-Ang [ axis.
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PAAIN g, 58 30 oy T O S i, £ 1 3 e )
B, A ORAIECo I 45 H SRR B LA R, O — RO & AR
Sl BRI E . FRATIT AR AT TSR B, B4 I vl
R A A o JULSR a5t S 451 T RN B RE DR, 1EL Ji RUAS 5 4
WA SRR AR L R KK R RS
(renin-angiotensin system, RAS) , 7175 .0 i 55 L 3
A B EEAE, MAMEER 0 NEDIBE , 40 M3 58, RAE
SIS A A 22 07 TR o 17 2000 45 % BLI i
& Bk Z 5L i ( angiotensin-convertion enzyme, ACE)
1Y [ —— 145 Kok R AR 2 ( angiotensin-conver-
tion enzyme2, ACE2) , BERS MR I 45 5K & 11 (angioten-
sin, Ang Il ) A A= W16 Ve Ry Ik 14 Bk &= (1 - 7)
[ angiotensin(1 -7), Ang(1 =7) ], 4530 Ang 1 B 22
TR A A000E , DR IR o8 Ay 2 00 46 PR VPR R A g A A
s AT BT ST TR RAS 7858 15 401 ) 25 4k
R R TEE KU U 3 (R 5206, Shy 48 78 58 3 B30 0
JEA A B ML TR <3- 4 AR R A e i B i

1 S

1.1 &40 X0 A S

e rE Wistar KRR 42 H, (K5 200 ~250 g (55 =%
B R 2= SE B sy 44t ) s KB Ang TT L ACE RO HLES B T
(cardiac troponin-I, ¢Tn-I ) ELISA i3 & (3£ & USCN LIFE) ;
ACE2 R Z i fEHUAR TgG (santa cruz) s HRP £ 4 £ se BEHT 1K
(LRI LA ) ; RM6240B A= {55 R A2 Ab R 48 (R 4%
J7) ; BIO-RAD model550 FfFRIY(EHE)

1.2 FBo,WMR AT *

42 AR RN T N IERA (N 4,6 H) B4 (S
41,6 F) Fbetiidl (30 H) o beds 41 R BUIE s o v 69 13 B 1 2%
(30 mg/kg) BRME, BTHBHITE, BT 95CHRIEH 18 s, MK
309 TBSA T B bef5 (VI R ik 58) , B IE 8 440, Ho A &% 4l LA
Parkland A30[4 ml - kg™ + (19 TBSA) ™" ] Jlas 14 5 L W Aok
PR TR, F 05 BN ZI A5 E 8 h &1 A 24 h B —
e G s oy SR F R EEE UK, DL BB BT IR FE ) —
etk BOEBRIR T 37CKIET 18 s 4b, HARBRAE RBP4
1.3 ARARESARE

FIERA (N4 ABRG41(S 41) Kfiifs 1.3.6.12.24 h( 4y
54 Bl B3 ,B6 \B12 \B24 41, &R0 AH 5 6 R F) 17 81 3h bk
B E A0 INE L 3h F1 ALG WL ST 2246 b5, SR 5 BBt kA
Bl 4 ~5 ml, #A BB NE, B 4 °C uKER /K H ik 25 i, 2Bk
KRG Koot b 2180, W, WA T AR AE . 4 B T T
-20 CLRFFRRI
1.4 sdifish A Fe S L) F 847N T

IEHH L BGA K )E 1.3, 6.12 .24 h {788 FkiGE , b8

P28 20 T AR T 15 ~ 20 min JEAT S8 BRI A 184F , 58 BUR 1R
FE 5 min S S48 A RM6240B A 35S REE N RS R
JI4BE 2% 38 8, JF 45 10 % 3 kI 4 R (SBP) , Bl ik 47 5K
(DBP) , M5 18 2 EHEA L L E RE S min JFiIdRALE
W I (LVSP) , 220 B4R EF K (LVEDP) |, A2 B/ K BT
A (dp/dt,,,,, ), 26 % Bl K N RFEBUR (- dp/dt,,,, ) o

1.5 ELISA # ) 2% Ang Il \ACE  cTn-T & & JL4E 22

Ang [l ,ACE 4%

B 0.3 g L3 ULIIA 1 ml 0.1 mol/L PBS(pH & 7.4) ,4 C
A% ,4 CCEL (3 000 r/min) 10 min, 2R 5 IEE 5 L 10 000
t/min, 4 CELL 15 min, B FR AN — 4% ELISA i &
AT AR . FIBERR AR 450 nm KR A 4% L B0 G 3 12
E[D(450) ] ARYEpRuEM LA &,

1.6 Western blot #- . pLZE 22 ACE2 £3X &

L6.1 SEARER BOREZEOEONZHEZ0.200 0 ¢,
VBB S TR A0 AR T B I 1 ml 40 2 g YR ( Tris-HCL
50 mmol/L pH 7.4, NaCl 150 mmol/L, & IHEZ 44 0. 25% ,
Triton-X-100 1% , EDTA 1 mmol/L, PMSF 1 mmol/L, Aprotinin
1 wg/ml, leupeptin 1 pg/ml,pepstain 1 pwg/ml) , ik HHA)3K, 2
JEHHE 30 min, 4 CES.0> 12 500 /min, JX 1%, BCA k17
FIE i,

1.6.2 Wik SCER[7 JHRIER R ACE2 ByAHXS 70 F il
90 x 10° , M35 #% 8% HY 43 B S AN 5% HIBUZ BE b AT L vk o BEA
SR  BUR FURE A 5 SRR 2 x R R MR T IR S
100 C/KiE S min {8 (A8 PE, L BAF 50 pg, T2 E
60 V, 532180 V, 24 2.5 h, pkifirh, 100 V iR5% 2 h REEFRLF
HEREE 1, 5% AR W Ry B PAT 1 b, fndt ACE2 e 2 ekt ik 1eG
(santa cruz,1: 500 % 8) ¥ &+ 4°C ;3 7%, 1% TBST P 5 Ik,
HEKIS ming, J11:5 000 —Ht (HRP SEHpfedih, 14 A L st b2
SRR A ) FERMBEE 1 h, 1% TBST ¥k 5 Ik, Ik
15 min, DAB ., BHHl /5 28 quantity oned. 5 B {40 #r [K1JE
%% [ (Mean Value INT) ,15%] ACE2: GAPDN Y:® EH /01 .
1.7 %itsa®

BAEULx =5 R, SR SPSS 11,5 Guit it A7 s R &
25T o

2 HR

2.1 fiks AFeS A FEAA

N3 1 iR, SBP FRMG)5 6 h T % T 1F 241 K s A3 2
(P<0.01), 3F 12 h ik F| FAK(E,24 h 4 Fr il 71 DBP F45
JG 6 h BEFRE(P<0.01), HT 12 h kiR, 24 h 558 %
EFIER 4 X4 (P <0.01); Z4iJ5 1 h, + dp/du,, Fil
- dp/dt,, BIEE FHE(P <0.01), IT 6 h ik fi; LVSP T
YiJG 6 h BE FFE(P<0.01) ,4iJ5 12 h [F+, )5 24 h
PEIEH s LVEDP FA55)5 1 h JFEG FHE (P <0.01), 6 h ik Uéfy,
24 h A T R AR S35 T IE X BEK S (P <0.01),
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x1 XREERGEREHSHBESNRHATOIIZE
IR EHLER (n=6, xxs)
SBP DBP LVSP  LVEDP

+LVdp/di,,, —-LVdp/di,,

215
(kPa) (kPa) (kPa) (kPa)  (kPa-s~!) (kPa-s!)
N 183+2.6 15424 18.8x1.9 0.9z0.1 1.0£0.2 1.0£0.1
S 17.9+1.5 144%29 17.3+2.4 0.8+0.1  0.9x0.1 0.9 £0.1
Bl 17.21.8 13.8x15 16.4+1.7*° 1.8+0.5% 0.8+0.2¢ 0.5+0.1%
B3 169+1.9 11.9+1.2 152x£1.2* 2.3x0.6> 0.8x0.1 0.5 +0. 12
B6 13.9+2.2% 83+1.0" 12.9£1.2®> 3.4+0.7®> 0.5£0.2®>  0.420.2%
BI2 11.62.0% 8.3£2.4% 14.4+2.6® 2.6+0.62> 0.8+0.2¢ 0.4 0.1
B4 14.8x2.1 10.1+1.8" 158+1.3* 1.8+0.7% 0.8x0.3 0.6 0.2

a:P<0.01, 5E 74 (N4) ;b P <0.01, 5EML(S 40) sk

2.2 fiF cTn-l42E4k

S5IER4(1.43 £0.12) ng/ml FE A2 (1. 44 £0. 11 ) ng/ml
ML, BEiiJE 1 h(2.28 £0.06) ng/ml, K FUMLIE ¢Tn-T 5 A 2.
ETE (P <0.01), 4525 3 h J5 485715 (2. 86 £0.22) ng/ml,
TH5/5 6 h A4 (5.45 £0.42)ng/ml, 12 h(4.47 £0.31 ) ng/ml
%24 h(2.25 £0.22) ng/ml FH I
2.3 feiFAns L Ang Il 48 &AL

Pefifa 1 h IR, KEME ALO A A Ang 1T 2 & B i
FrTIEW A R B4 (P <0.01), FAiJm 6h ik g, 12 ~
24 hiZ Wl (£ 2) .

#2 KEFEZHGERHENESMBEFGNE Angll
HEEBEN (n=6, xxs)

bl 103 (ng/ml) L L(ng/g)

126.77 +9. 17 17.78 +2.41

S 134.81 +5.87 18.65 +4. 16
Bl 170.48 +6.53% 25.82 +3.90%
B3 231.33 +12.50% 32.66 +4. 67
B6 416.41 £12.71% 57.57 +5.26%
B12 348.01 +12.65% 44,68 £5.71
B24 303.09 £10. 80" 31.93 £4.31%

a:P<0.01, 5EF4(NL) k& ;b:P<0.01, 5B 420(S 4) bk

2.4 wiFfeiaR ¥ ACE 94T 4b
Petifa 1 h, KB FLC UL ACE 7 5 ) g 2 7 i (P

<0.01) ,F15ij5 6h A E5 4,12 ~24 h FHF NI (B B 25T
IEHARBARAL (R 3) .

®3 ARFERGREHEMBES ACEHEEEN

205 113 (ng/ml) L HL(ng/g)

N 123.74 +13.91 22.85 +3.31
S 127.58 +16.21 22.55+3.15
Bl 185.61 +16.25% 39.26 +4.06
B3 244.75 +15.53% 52.76 £3.41%
B6 456.59 +37.244b 100. 11 £5.172
B12 398.38 +15. 88> 80. 16 +£3.944b
B24 315.82 +17.28% 68.64 +4.17%

a:P<0.01, 5EHF(N ) s ;b: P <0.01, 58420 (S 41) shdk

2.5 WAL ACE2 #4245 Tk

Western blot £l 25 5 7R , e 0.0 JLZH 2L ACE2 ik
HIXWHEZA (K1), BIEEE(Mean Value INT) ACE2 ; GAP-
DH(% of contral) g FRAESR: 25 4 W] T GL 124 25 57

N S Bl B3 B6 B12 B24

— — o <—ACE2

D - = — (A

1 BB REBOIMMALR ACE2 ZFHFRKIE Western blot #7145 R

3 i

FRATLAAEBOIFFEE A < A6 76 20 1045 308 3 P 4
B A A R R AT, O LD e A T e it A 4
FALOIREIAR o Xk BRI B AYCo WU 35 RO 2
M DI BEWRES , AL GO DIREA 4, i AT 5 A sl E AR
v, A e R s A I B AR R B R B R 2
— o FHJE, M 8 A AT — 25 i JUL Y kI
B AR L IRTATR, B0 T e A R AT it i S
AR T B b, H B3 S A S A A o JULRR I 5k 4
P A B R AN T 2 A

U EFELEA M RAS, IR AT [ B4 % B
B R ML Kk FE, SE RAS ANH], (O RE RAS
KA, 555555 )T X BRI T Ol R &S, %
Z 5.0 VR i AL A R kR IR, S50
FULAC 5 7 B4 0 388 0 5 Jeteh 2 R R R i L 4% By
e, Pk I AE P R BN 2 0 . RAS I B T
PEW) B Ang I1 5% Co HIE A A 3 R 5 L 0 g EL A o 2 (1) 1A
HER] . 2000 4F , ACE {4 [F25%) ACE2 % & ¥, ACE2
FEYH Ang(1 =7) B Ang 11 (8 i) B&fitfa 74 5
ZAGSHORIVER , F2 B R BUAE & 5K M4 4 9 1l e g
TR A R o R S 1 T R B P RS W A
7~ ACE2 -Ang(1 —7) %t ACE-Ang 11 %l 17 38 45 7k
Mo THEHT RAS R GEAE Ba s 510 i 28 A A% DL X B 1
L R B BT A A B

FEGAER IR )5 1 h RAS i ACE-Ang 11
RIS | LS AL LA S Ang 1T, ACE 5 &1
SN, 315 1L 3h S fe L 2438 kR SBP, DBP,
LVSP, LVEDP, + LVdp/dt,, ., — LVdp/dt, . Fl.L> LR
P g Fads cTo-1 224k f& #4540 — B, O U FLe 1)
REREAR TR0 6 h 5 ™ 5, 1 ACE-Ang II fli (1) 25
AEHAL T )5 6 h ik BN, ACE EZ 3 ATE N i
HEL, ACE BYUTE B 30T M Ang 1 B T8 3
I, RN Ang IUFTHE 1 W4 A& 5K il 48 1 £
BT BT I A I3 5 LASE, Ang 11348 AT LA £ H:
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ZAK ATR WG 2410 A 3k, (R E B o 7 I 3Rk L i
KARIEISHE , 5 RN RS H NS LR E . T
RAS rp 8z 00 il ACE-Ang 11 il 76 b8 45 7 3010 L4
FrREEEEN.

WF5E 7 B RAS 1 ACE2-Ang (1 —7) i ACE2
TR B EA Bs . ACE2 J2 48— AR
ACE [A1 U591, 5 ACE # H, ACE2 1) 43 4 3¢ J&y BR o
ACE2 35045 10 E B JUE 04 9 K 40, ot 1 7 AL
AT i F IR . ACE2 HAT — AN P A7 4,
J&—Fh R KRGS , BEFEAF 10 K1Y Ang T 1 C K&
MRBREE BN Angl -9, Angl -9 W a] LIfE ACE f1E
FH R Angl =7, Angl -9 BYZIRE H Aijb A AR
THAE . ACE2 LREFEMA Ang Il A A= Y535 PE B IR Ang
(1-7), FEMRIMIFFTZE T R, ACE2 fi#Efk Ang 1T Y
HCRSEAEAL Ang T 400 £ &1 ACE2 f) £ 524k
FHIAE Ang [T #5460 Ang(1-7) " % ACE2 JEH i
B /N BRI & B, /) R B (R IR T R o
WU e i 2 45, B O E B E Ang 1T 7KSF
B3, UEHH ACE2 76X} Ang I B35 B ALK % ke
FEEAER, I ER A, X A D) 6E i A A O LT
YAk O URE B A 338 Jin B I 32k PR 760 S5 e B i 2 28
Tl WLA IR/, (5] B 2 30 A g3 4 % (K] BNIP-3 il
PAI-1 ) _EJ$E/R ACE2 § vl BB A S0 Lt . 4
Wi ACE2 2k nI B 28 B e K4 G SR T R 2L i
K ALY P9 53 107 5 | A o UL 7 ot 8 g i 20>, e v
JULEE B2 L T 4% B/ 10 04 i 455 D RE I R RS
ACE2 B[R i /N B O I T i S8 1T LAAE [m] B il e
ACE SR OL T 58 40545 0T Il RAS i ACE2 -
Ang(1 =7) 11 ACE-Ang I #7778 B AR 25 0 4k 5
O TE DI REA 5 X, ACE2 1) AR FH R Y 2
Ang T, 37745 Ang T A HEHTVERIY Ang (1 -7) 4%
PRI ACE (1) 1 3 0% 5 30 Ang I (9 K3 7742, i
ACE2 7ebeti R IC I B 284k, 02 T30 Ang 1T B ik
b BRI HE 2 R A

Burrell 25" 122 7 K B MI J5 0 L ACE2 Y
mRNAZR K520, & BAE ML 5 3 KB A AE XFIAR
W/ AETE L R X L ACE2 (1) mRNA 3k B A7 T X0
ALE ML 5 28 REFAF I O L ACE2 ) mRNA #1E %
Xof BAZH A1, B S s o 4R ACE2 7E 2R At Fe b i
N AT REAFAE— A 1l A, s ML 0 DL aaA
5 ACE W BEfF7E AR . ACE2 7Ebef5i 71 JC i B A8
TR R R IR A REAIF 9T o

g5 LAl UL ZE B0 F ) ACE-Ang [T %t i s 38005
1M ACE2 JCH R 284k, [#i15 RAS Z 48 b i 1E G i 15
B AT, SR T O E A IE AR PRI RE , TT RE S ibe
GO FE I EER R — WERTERe R
AT ACE2 -Ang(1 =7 ) i f1 ACE-Ang I & 75 v] LA
PR O IR A B A T — 2B AR
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