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[RE] B WUERBEREBTIHNOZSWEW)A B EHHFEE (ROSC)HE LTI, OIS
WBhFEEOER, Fix WHFHZRAEMILEFRESR 4 8, R0/ Kb RN 4 min 7T O0WEH
(CPR)Y& #i3h ¥ CPR #i & ,ROSC /5 EI 4 B4 -F HE((39. 0£0.5) C, n=10)FMKE((33.5+0.5) C, n=
1004088 ; R B % B (e =8) KR (n=8)% . £ A WM 4 h MFSh H2ERIF, WL 48 h FEIFH A BLL I
AR BT REE LR , B I 40 MR T R AL AR B 23R8 8 (TUNEL)); W g £ & D REA S ATP ,ADP,AMP
A RMWEBHEAEMEHPLOE),FHELIBH(EC)., ER OmMMEIHE . MEBN AT EENY R4
#,0%¥MHR) EZENTEEREE(—dp/dt max) EXLREHBEBEBA TR EZEL EABRAEE
(+dp/dt max) I F B BEEMAP)E 0.5 h FBEER MEKMNBEYEZR, AEFRHAXRE
(LVEDP) . Ze & W 45 45K FE (LVESP) #1 Bt 3 Bk Wi 48 FE (SBP) . #F K E(DBP)EEN RIBH LB X ER, @K
HEREASEFE ¥R HE , HRQK /min) fl —dp/dt max(mm Hg/s)#E ROSC /7 0.5,1,2,3.4 h HFF
#(HR:ZIG- 5433.3 K 292. 94-38.4,218. 24-28. 0 k¥ 294.3437.0,227. 5+ 25. 4 k& 291. 44+ 25.3,232. 4%
27.4 H 278.1430. 8,230. 6+ 22. 0 k& 285.1+ 38.2; —dp/dt max;1 847.14 241.2 Lt 2 383.3+470.9,
1 860.71167.8 k& 2 154. 6+319. 5,1 822.3+389. 7 k¥ 2 239. 74+379. 0,1 950. 6+412. 9 I 2 229. 61+-392. 4,
1 875. 7+ 555. 6 E 2 396. 7+ 420. 1,3 P<<0. 05);LVEDP, +dp/dt max,LVESP, B 3 fk Iit F& (SBP.DBP,
MAP)¥EROSC GEHASAHNEEEFEZR . QX HERELA 8 h DAL EREFERELE. DX
HEERERHALCIHERATCEEADETEREREH (26.39% H 42. 02% ,P<<0. 05) . @B EEW . X H 5 &
HHATP A& (umol/g) W TEBE ¥ EA (0. 9710. 26 L 0. 6510. 16,P<<0. 05) A B 5 ¥4 EC BB K
F R A R R X B4 0. 3340, 13) % H6(0. 5240, 12) % . (0. 5540, 06) % , 3 P<C0. 05) , 77 2 B /5 1%
B4 ECL0. 41+0. 1)K SR BALBEER . OEFEREA BhFEEFTERE HEA QoK%
60%,P=0.043), &it =W ROSC FHELNEGHREMOLIIETRE, BEMKETHTREME 48 h 78T
AP HTRSNHE S G ON4RE—FHREMRATEL BEGRREYNLIBIHE EENH, &
BRI H3hHE Tk,
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[ Abstract] Objective To examine the impact of mild hypothermia on cardiac function, myocardial
tissue integrity, and 48 hours mortality in a rabbits model of ventricular fibrillation after restoration of spon-
taneous circulation (ROSC). Methods The rabbits were randomly divided into four groups: normothermic
post ROSC (NTPR, #=10), mild hypothermia post ROSC (HTPR, 2=10), normothermic control (NTC,
n=28) and mild hypothermia control (HTC, n=8). Ventricular fibrillation was induced by trans-epicardium
electric-shook with alternating current in all the animals and ROSC was achieved through administration of
adrenaline (i. v. ) and artificial ventilation in group NTPR and HTPR. The body temperature of the animals
was kept either at (39. 0£0.5) 'C (NTPR and NTC) or (33.5+0. 5) 'C (HTPR and HTC) for 4 hours after
surgery for hemodynamic indexe data collection 0.5, 1, 2, 3 and 4 hours after surgery, 48 hours later, the
mortality in the animals was recorded, and myocardial tissue samples were collected from survivaed animals
for morphological examination by light and electric microscopy and analysis of apoptosis by terminal-
deoxynucleoitidyl transferase mediated nick end labeling (TUNEL) staining. The content of ATP, ADP and
AMP in the tissue samples was measured by high performance liquid chromatography (HPLC) for the
calculation of energy charges (EC). Results () Hemodynamic indexes; as compared to the NTC group,
HTC group exhibited significantly lower levels of heart rate (HR) and —dp/dt max in all the time points. No
significant difference between the two groups in the levels of +dp/dt max and mean artery pressure (MAP)
was found in all the time points but 0.5 hour. There was no significant difference in the levels of left
ventricular end-diastolic pressure (LVEDP), left ventricular end-systolic pressure (LVESP), and femoral
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artery blood pressure between the two groups. @ In comparison with NTPR group, HTPR group exhibited
significantly (all P<<0. 05) lower levels of HR (bpm) and —dp/dt max in all time points (ROSC 0.5, 1, 2,
3, 4 hours; HR 216.5+33.3 vs. 292.9+38.4, 218.2+28.0 vs. 294.3137.0, 227.5+25.4 vs. 291. 4+
25.3, 232.4+27.4 vs. 278.11+30.8, 230.6+22.0 vs. 285.1+38.2; —dp/dt max 1 847.1+ 241. 2 vs.
2 383.31+470.9, 1 860.7+167.8 vs. 2 154.61+319.5, 1 822.31+389.7 vs. 2 239.7+379.0, 1 950.6+
412.9 vs. 2 229.61392.4, 1 875.7+555.6 vs. 2 396.7+ 420.1). There was no significant difference
between the two groups in the levels of LVEDP, +dp/dt max, LVESP, and femoral artery blood pressure.
®Optical and electron microscopy revealed myocardium injury in samples from animals underwent ROSC.
However, in comparison with the NTPR group, samples from HTPR group exhibited less damage to the
myocardium structure. @ Apoptosis index (AI) of myocardium was significantly (P<<0. 05) higher in NTPR
group (42.02%) than in HTPR group (26.39%). ® Tests of myocardial energy: ATP level (umol/g) in
HTPR was significantly (P<C0. 05) higher than NTPR (0. 97+ 0. 26 vs. 0.65+0.16). EC in NTPR was
significant lower than it in two control groups (0. 334+0.13)% vs. (0.52+0.12)%, (0.55+0. 06) %, both
P<0. 05), whereas no such difference was found between HTPR ((0. 4110. 12) %) and two control groups.
® 48 hours survival rate in HTPR group was significantly higher (P=0. 043) as compared to NTPR group
(100% vs. 60%). Conclusions Myocardial dysfunction and myocardium tissue injury both develop in
post-resuscitation rabbits with ventricular fibrillation. In these animals, reducing body temperature to the
level of mild hypothermia after ROSC may improve the 48 hours survival rate, probably via mechanisms that
suppress myocardial cell apoptosis. In our study, such intervention produced no obvious negative impact

neither on the cardiac function nor hemodynamics.
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1.1 ERBYMDH.BEEEFHE =45 4 R, H
Jext 7 3R G ol 7= 76 B B 48, B MR E 5 SCXK ()
2006-0005, K& 2. 2~3. 0 kg, /0> 7 B A 7] P 0 o 1
il &% CPR AN, RAMIKFRERSDYH
KA - BEHRERBREAC39.0+0.5) C,n=14),
HAJEMRIR A ((33.540.5) C,n=14), KB X B
40(39.040.5) C,n=28), iR % M4 ((33.5+
0.5) Con=8) . EREBFIHYWIARFTEFEIY
REZERRE,

1.2 HEFEMAE.3YRE KR (30 mg/kg)H
GEBKRRE, TAERY . E0ENERIKER,
SERERERRE . Z2MARZME (6 V,50 H2)HE
REW, BERMER 10~15s, HWRINBIFER .
I FE R 5 F R, S 3 3h Bk FE (MAP) <20 mm Hg
(1 mm Hg=0.133 kPa),.L BB (ECG) B~ ZWi .,
ZW 4 min JFF LA 10 J BRI, B S0 3% AR R
200 K /min, BRERMEHEELW 1/3. B LR E
20 pg » kg™ » min ™ BB AN 3h Y R IR HLE S
(PR A 45 W /min, <& 15 ml/kg),30 s FH
Wi B, M EE, 95 ZWE A 30 J BRI, RAE#T L
i CPR A3, H % ROSC.ROSC HE#5# :ECG i
BMEEHE E4H ,MAP>60 mm Hg #%f 10 min
PALE. W15 min E ROSC BFHEA KK, HA4E
ROSC W% 4 h, W R4ABE )5 10 min FRIHe,
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WA 4 h, AP RRERBENRELIAERT
EMEHMBE, RAZLSBAEBREBRN(ERE
BIOPAC MP150) 3h 7 W i 3h #y 1 37 3 i 2 3038 &
i .

1.3 REEW . TERAW &, XRFBRE
B HZHYARRE R (39.010.5) CHELRKFE,
ARREALFRI 4G RENRAEBEERRBE
10 min , H HEHMB 4% ROSC EABRBESBEMR
i, WA BAE 28+ 2) min Wik BiRHEEE(33.5+
0.5) C. R TR W EBKERER. FAHER
HEFEME 4 h B, WBREHSEHLEHLLEZE
K540, £FH 16~18 CTHRAER, BIEHE
M 48 h,

1.4 WMEARNTEE

1.4.1 I % 35 J7 22 48 AR . 3 &8 32 F .0 ¥ (HR),
MAP, % Z i 45 K FE (LVESP) ,LVEDP, £ % &
F EFERF M KE R (+dp/dt max)  EERIhIH
B 10 min JEHE v ERYME . ERYE A LS A B ]
RER 5 SO R EEENSER.

1.4.2 48 h 7FTE % MEFL 48 h FEHEN.
1.4.3 ODMALPE¥EKEE. .48 h FHREEAES
Y, EZBLRBHEAFTICEA BB,

1.4.4 HERA TR N R A R ALK R BR 2 65 g i
(TUNEL) &R 4 =, HE R TR B AD , B
£ i1 #8E ROCHE 2 Rl $4it,

1.4.5 DULEBRAN . BUAES.ORMEBAL N
200 mg, KA EHL 5K, R EE OB EWH
W, ¥ pH B 6.5, B BWAH A3 (HPLC) I R
ATP,ADP Ml AMP, @& 4R 25 C. .73
50 mmol/L K,HPO,-KH,PO, Z& ¥ (pH 6.5).
# 1 ml/min, EIMETFK 254 nm , AR (EEH
Sigma A ") HEREMEAREAKE, T E R
# 8 & (TAN=ATP+ADP+AMP) Al 884 (EC=
(ATP+1/2 ADP)/TANJ,

1.5 Sk B SPSS 11. 5 Sk BET 44
. FEESHARNHERB U B L HRESR
(z+)BR, HEBEBUE W (K)ER  EBDH
HRHAREAHBHEERA  RR, ZHAHB K
BRANESH(ANOVA), ZH BEH R N i
— PR B LSD BB . 3R R BCR A
Fisher B RIE, P<0.05 W ERALRIHEEX,
2 & R

2.1 HERWEH.28 RARDEWIHER 4 min, B
¥ CPR JG 20 RA(71. 43%) K E B 1183F, 54

ERBPEREIHITEBX A P>0.05:F 1D, &
FEERAEANO CPR NEMEARSEGBESE
HERBEE Y P>0.05;% 2),

£1 SAREREARELB (215

#15 itk 8 HRE (ko) R (T
FIEX RS 8 2.5540.18 39.340.2
1R ER HH 4 8 2.5540. 49 39.240.5

R EREA 14
HHEREA 14

2.39+0.31
2.59+0. 23

39.2+0.5
39.3+0.4

F2 FAKEHHE CPRERAGRMBRLE (L)

2ol PP CPREME () BruimRE Q)

HREREA 10 25.0+15.8
HREREA 10 22.0+15.5

ﬂf |CPR|‘DH1$

82.3+63.8
61.2+41.3

2.2 BAM@BIHHERBELEE@E D

2.2.1 HR:FifkR4 HR B ERBEEHR
FRRAH B TG P<0.05), 5 &R 4 X 5
BERERERRAE 0.5h, 1 h REBEMNEEA
Wi, HE 2~4 h B BEWEB G P<0.05);ZAHBRE
&R 4 HR (K /min)# ROSC J§ 0.5.1,2.3.4 h
BAREEERATRE216.5+33.3 K 292.9+
38.4,218.2+ 28.0 K 294.3+37.0,227.5+ 25.4
W 291.4 4 25.3,232.4 4 27.4 K 278.1 4 30.8,
230. 6+22. 0 K& 285.1+38. 2,3 P<<0.05),

2.2.2 LVESP. &5 %4 LVESP £ ROSC
EABEABBRE R RE TG P<0.05); &
HERIRAZE ROSC BEE&R RABEEERMNBRAT
F&,fH{XZ 0.5 h,1 h HZ R (¥ P<0.05) ; fKE X}
BASHFRNEAE ROSC EAMNEAHEEZR,
2.2.3 LVEDP.W A 4 LVEDP # ROSC & &
B ) A B R X R T (38 P<<0.05) ,ER A K
A T2 MRIR X R B IR IR e, fHAR
#Z ROSC J& 3h A&H%#2R (P<0.05),

2.2.4 =+dp/dt max.FE K 4H+dp/dt max B
Fx A WAL (39 P<<0.05) ,HEERHAELTHB
ZREENRA S B EBRANAE 0.5 h, BiE3
HRRENAZR, EUEENESHEER, W
SHARMGER FRA —dp/dt max BB FERNRA
TR P<0.05); % 5 KR4 —dp/dt max
(mm Hg/s)# ROSC J& 0.5.1.2.3.4 h B H K
JFRIE A TR (1847.14+ 241.2 K 2 383.3 +
470.9, 1 860.7 + 167.8 K 2 154.6 + 319.5,
1822.3+ 389.7 & 2 239.7 4+ 379.0, 1 950.6 +
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412.9 B 2 229.6 + 392.4,1 875.7 + 555.6 H
2 396. 74 420.1, 3 P<<0.05); iR X F 4 A1 & K
ERBREXER.

2.2.5 SBP #I DBP: H% )5 ¥ R4 ROSC & &1
8] A% SBP 78 % i Xt R4 WA (38 P<<0. 05) ;%R
S RAME NG HRENE 0.5 h BH R AW
&% (¥ P<0.05) , REMNE K HEEHF . £4 ROSC
JE & B E & DBP ¥ 2R (3 P>0.05),

2.2.6 MAP.FHEFAHMMKEX KA MAP %
ROSCHE 0.5 h MBEFRMNBMATRG P
0.05),BHE 1 h EHF4RBLER.

2.3 DASBERELER

2.3.1 LHMALRBE.FARHFLHEREER
B R RA AR REO AR SRR, 4

HBTE AR , M R R 4T e B 50, 4R i
EHRAE, ERSBRREHARRE. EREERA
(B 2a) LHLAMRHERI ZEAL, EF 0 BEE MW R
BR BRERBRSRAERREESRE, RAV L6
TRBCHE AR S R, 40 M B R T , 4 R R
ARBRENRERRE, AKX EMHMELE 2b)O N4
P AR5 H AR X 568 , 0 ILEF 22 4R , 354 0L 40 B HE 5
AL, TRBIRCRBBRE , AREERERE .

2.3.2 D NUEHBEH RN RA SR R0
WMAFEHFIHSEAN,Z L0 8B, H # W6, B8
Mg 5e %, IR 4 /A KR WRR K Rk
SEBRMETE , {5, ERRAB. AFE
WA (B ) L EWHP EAL . BRI N, LR
R BB, 2 PR AR , B4 VAR s SR 1A ZE L

¥ . SBP. Mg 4 & ,DBP . §F 3 JE ,HR , .0 ¥ ,LVESP, Z Z WS K JE,LVEDP S F P K FE, +dp/dt max, ZEEEH EART BB K,
MAP “F¥3h Bk e ; 5 5% R R4 8, *P<<0. 05; SR IEN 4 1, P<<0. 05, 5 H )5 HiBH H#,°P<<0. 0551 mm Hg=0.133 kPa
B S4HAHNHE LR ¥EEEE LR

B2 SERARRE 48h LNASKKNERE HHEFRA ()0 DA HZ FEEL , WU 35 47 R0 AR, 3o O FRBORE e 40 A 22 28
e B R, NG (6 B A 4 6 e B R 5 SN S R R () M AT XY e M, TR AN ILST SRR AL B, A R AR B R, 3

EERERAREEAERE HE X200

B3 S#EAXKE 8L ONASAERGHEE HHEFEHAQOULENZ

W BB, SORRER B BB, 2 MOPRAESE , WA AR, R R R FEEL, BB, 2 APRR, ABEREE O LNHAGHRE, BANLER
AEEEREAR , R P METT, ULRST R A B ORI, SR R MR ST, O R R B K MR B REER Ah-Ha R BR Y X 20 000
B4 FHEREKE 48 h LNAKMBRATHE AFEHREQAFSHRESHIQH[ AN, B EXIF—BLEREEKER

HODRESESWIEMTHRY =, BESEM TUNEL X400
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£3 FAREH)E 48 h LIS AT R OIBEEWER LB (215

#a S AIC%) ATP(umol/g) ADP (umol/g) AMP(umol/g)  TAN(umol/g) EC(%)
IR A 8 11.39+ 3.34 1.4140.31 0.21+0.03 1.32+0. 49 2.9340.45 0.5240.12
(R IR 4 8 9.65+ 3.05 1.4240.21 0.20+0. 03 1.12+0. 20 2.7010. 26 0.5540.06
ERERE4A 10 42.02413. 36" 0.6530. 16% 0.22+0.06 1.61%0.71 2.2240.56 0. 3340.13%
EREMEEH 10 26.39+ 8.98%¢  0.9740. 26%¢ 0.2240. 04 1.5140.56 2.61+0.52 0.4140.12

B AL THR S, TAN, B REFRE, EC, 8877, 55 3 RN M4 o, P<0. 05, 5KEN R4 3k, b P<0. 05, S A K E iR,

*P<<0. 05

W, 2aBRR,. AHEMKESE 3b).ONRG
BR , BONLEREERR, RNLZHERN RS, N
R RA BB BRI, R RS AR 528 2R
RV % B K B AR B .

2.4 OUARATHELGE 3. FIRM RA KR
MEAUREEEARIERT AL E, HESR
HESEFEXANATHR, FARRAFEFRE
(B ) FBRZHREEFEEAHAT AR, BEX
NAR—BGAT BE R RAMEEY RAH B A&
(3 P<0.05), EFEKEL (B b)) W HEBE
BREFRABIAIBREREERAPHITRE,H
U5 F 53 R B4 AR IE X R4 (3 P<<0.05).
2.5 LUBERIMERGE D . FWHRELZLR
ATP S BB ®, HHE K FHY EXAERRE
AMP S BBE ATP S RPB TR XH EMKEASA
ATP ABRBRAFERREARN, AETHNRE @
P<0.05) . BEREHEAEC HBETHENEAE@®
P<<0.05); EREMEIE 4 EC BB FEX RA AR
K.BELBEER,

3 " i

LDHRERENESRNLTEES BRASMEE
B4, M ROSC E&REFHERG, HPR R
a5 RLab, B W B AL JE BT B, 43 B35 B 90. 48 %5 A
83.33%™, HAXMABR, LBBESEAE
(PCAS)R ROSC ERHEBILBENE LIEHE, &
AR B 60%~90% 118 PCAS F 4 R @HH,
B W IR S IR A L O IR S 0 DLTh BB RS L &
sl / BEERNASEERAERE, P,
CPR 5.0 HLTh B RS H K7 % R 4% B Th BB R 19
88 1E (MODS) M B J5 T 3 7 % FE 3 17 4 32
RE.,

AMAEREN.OWHE K4 ROSC FREH
LVEDP B 8 k7, +dp/dt max B§ B F j&, &R0
MM RDBRH R, ORAFLAFEIYE
ROSC J& 48 h «» WL 40 a3 45 0 R A B 3R E % B3
B, SR KR 545 78 BE 88 K O JULEk M /7538 3

RGRBRE., @R KRIEIT 40 M PP R A & LBk Bk
RRIAR ATP FEE T 447, SRl k4 &
EE TR EEE, 0% FE B H AR ATP
BRI HEH MRS EERE ATP
WA, WESE ATP HBYBRFENRAH B TR&,
BHEAEREBREABANBAECHB TR, 544
EEAEREZRAFHBERNERE—-FRA
ROSC J5 .0 B I 6 =05 77 2 8003 B A%, 7 AE B
BASYHRREBR KR ROSC BOERN EER
Hz—, @FER L% ROSC J5 48 h R M B 7T
W3 KRG PR T4, T s AR T AR,
PAEBF S R HAE SR, O WA )5 X CPR iR &
BB G H 2 A0S BB T R .

ABF 5 &I ROSC Ja % B MR T WA 4 HR
B 8 F &, —dp/dt max % B F l&, i LVEDP,
LVESP, +dp/dt max fl MAP & B EAL, Bk
A BHEOERRE, BN B G IR T B 7T 58 B e R0
HLEF 5k Th 88 , (A I 2.0 LIC4E oh R A, XL Th BB
T8 B, R5E M sh 112 Bk e A5 5T
£, 8 EMHETHRE ROSC BN BRAR, T
HEHKEE ATP HECEXNBRAHRERRARES,
HERRRELAECESHANRALER BE
I35 AT R 2 2R R M 4R 49 0 D ) 48 R - % ROSC
BON#E—-SHE  REEERENAER, B,
LA N ERR THER T ROSC ERENA
AR ANREIUAETHELE, BEESEET O
RETHER .

R FRDE — 2R RE . R3Ok R
%R, 5SRO AREEREFARRERAR ; i
GBI EITR IR, AZBRAG K, B THRIE
SIS — O A IR B Th A, B R O
b, JEHE B BEDL ; s PR BT 2 S fof i 4 JR R 9
B, 5ALREFHBWOARES —EHX I,
&% ik
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