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(RE] BR 50N AR 20b: 2 i X 108 <R BRUBRBE 3012 T e 1 52 ) B L3z 45 2k i i BR . 77 3%
BLAE Wistar K 60 HLBEHLA R 5 4 G4 12 FD Gy A ORI WGy 41 Gt 20 %) .Gy 41 (BRI 40 %) .Gy 41
it 60 %) \Gg 41 Gilt it 80%6) . K BUM B JE 17 545 1 45 WL B S, 390 h kA 45 A ol B W 30 ofn 6 T % ik 3
FERTWARE I, &5 E AT AT 75 8 ki 2% /& (Ca0.) . B IR 24 h 17 R BR B 4 52 56, il
SE RS BRZE S B ) CRAT) PP A BOBE T R s A7 /K 0B B B /R 2K 57 S0, D00 2 adk B VR AR 01 CELP) L 58 5 sk
(CPF) . & H e 1241 (RME) Ml TAEIC 1245 % (WME) , FEM S AZ DI IR 115 24 hiw st =R, 4530 )5 UK I i o 41

LT ML CAL KAk, £8:05 G, ALK .G, .G, .Gs .Gy A CaO, BRI (G <G <G, <
G2) G Gs Hl RAT Bl B I, B G >G, - Z F WA ST 5 L (P<<0.05),G, 4 RAT W] 8484k (P >>0.05),
QKRB K BRI 5 G HILE .G Gs 4 ELP B EIEK (G >G,, P<<0.05),G, AW B2k (P>
0.05);Gs 41 CPF.WME .8 Z 3 (P<<0. 05) , HAKHALHE 2R (P>0.05 ., QFBU A BR G .G, .G,
2 CAl XKML TTIE A se 8, HEF 3¢, RN, Gy A Gy 41 CAL KM AT R A TR B4 REHRL, G 4%
Gs UM M5 Go AP GO R A T IR . 838 2PN 40 % H54E 24 h )5, B L Je B1C 42 20 R . 2 0l
B DM ZTIE A TOH B2 5 R0 60 Y HREEE 24 h 5 L 8 I S5 B9 42 T i 25 32 400, 0 4 Vg T v 8 o S
INPES 15 .24 hR LR A1, 7% ;2R 1ML 80 V6B .24 h PIJRFEH R 10024, i B &t i A RS #4518 K
BV T AZ I RE Z A A b R R FR R 40 %6 ¥ T 2 ST R Y Ak Ok AR BR S 60 %,
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Abstract Objective: To investigate the effect of varying degrees of acute blood loss on sensation and memory
function in mechanically ventilated rats and evaluate the extreme limit of causing cerebral dysfunction. Method:
Sixty adult Wistar rats were randomly assigned into 5 groups(n=12) :group G, (sham hemorrhaged) , group G,
(20% hemorrhage) ,group G, (40% hemorrhage) ,group G, (60% hemorrhage) ,group Gg(80% hemorrhage). All
rats were anesthetized and mechanically ventilated, carotid artery was cannulated for bloodletting and arterial pres-
sure monitoring,and femoral venous cannula was used for fluid resuscitation. Arterial blood gas analysis was con-
ducted after resuscitation,as well as calculated the blood oxygen content(Ca02). Remove adhesion experiment was
conducted by measuring remove adhesive time(RAT) for evaluation of sensation function at 24 h after resuscita-
tion. Morris water maze(MWM)and eight-arm maze experiment were conducted by measuring escape latency peri-
od(ELP) ,cross platform reference(CPF) ,reference memory errors(RME)and working memory errors(WME) for
estimation of memory function 24 h after resuscitation, and mortality of 24 h was calculated. The pathological
change of the neurons at hippocampal CAl area was examined. Result: D Compared with group G, ,the CaQO, of
group G, ,G, ,Gy and Gy was reduced successively (G <Gy <G, <G, ,P<{0.01). The RAT of group G, and Gy
was obviously prolonged(Gs >G, , P <C0. 05) , there was no significant difference in group G,. @ The MWM and
eight-arm maze test:Compared with group G, ,the ELP of group G, and Gs increased significantly (G; >G, , P <<
0. 05) . there was no significant difference in group G,. The CPF and WME of group Gs increased significantly (P <<
0. 05). @Pathological section:the cellular morphology of the neurons at hippocampal CA1 area in group G, »G, and
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G, did not change obviously, morphological changes including karyopyknosis and karyorrhexis was observed in the

nerons of group G; and Gg,and karyolysis of neurons could be seen in group Gg. Conclusion: The sensation and

short-term memory function decreased significantly 24 h after 40% of blood loss,but no obvious changes in hipp-

ocampal neurons. The sensation and short-term memory function significantly impaired and destructive damage of

the hippocampus neurons can be seen obviously at 24 h after 60% of blood loss,and the mortality rate of 24 h was

41.7%. Irreversible damage could be observed in part of hippocampus neurons after 80% of blood loss,and the

mortality rate of 24 h was 100%. The blood loss limit which cause injury of cerebral sensation and memory func-

tion is about 40% ,and the blood loss limit which cause damages of hippocampus neurons is about 60%.
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1 #MEE5REE
1.1 sh5s4

it B M W T . Wistar BUAE KRR 60 H (K
300~350 g, B H N4 = 25 K2 5250 3h ol £
HECR BB RIEWE KRR 5 41, 54l 12
Ho Gy AT AL . G, 4 R 20% 41, G, 41
TR 40 Yo 41 Gy 41 AL 60 Y6 4, G 41 Ak I
80 %4,
1.2 SEE AR g

S ML (RS HX-100E) o 3152 48 Ak A% T
(it 5 : H20055488 500 ml/4%) . BRFAMEAA I (L 5 .
035P2017101221,500 ml/Jffi), /\ B & B (# =,
RM-200) , 2 B FH ) A8 b H A op B2 24 R 2 S0 5 5 4
B AEE S REL R G (A5 . ML-176) , Mor-
ris KB K B 43 B 31 (B 5. XR-XM101) , T-
STAT fE# ifn <A 1% .
1.3 ik
1.3.1 RmBEANE & SECEETRREEEIK 8 hy
10207k & 5 WE 0. 3 ml/100 g & J¥E 13 5 ) A0 b7 &
THIARAENMmT G L IFEE N, T8
EALMGE S PP S WA 7 ml/ kg, BUER 60
W/ min, FEWZEE 2 = 1, Jay B K2 Bk I B8 5 U1 45
25PN Bl KA A T 3% B A S B Ik e k¢
WS R BLC 2 (Heart rate, HR) } 3 3 ik &
(mean arterial pressure, MAP) , JT 545 M B i Bk
W A FRcE E R . KRR B 25 & = R i
(kg) X 64 ml « kg™, I 2 = &ML 2 2 X 45 4K

hemorrhage anemia; mechanical ventilation;sensation; memory

I 53 B o RO T 3% SR PSS 8L R 1 it 7 XS B
% 6 AE 5 min P PURCLE B 1/2, 53 1/2 78
55 min W CSE. 2B By Bl i JF 4R BP 20 W 1A =2
I B TRCR FH A AR 2.1 AR LE L FERT 55 min
PLL1.5 mle kg™ !« min ' R .G 3h N
L 0.25 ml» kg '« min~ ! BRI, MiREE R
BRI 2047 2l ok it < 43 B s 31 558 KRR 3l ik i 4R 7 =
(Ca0,) SR JF SR KB A AR I0 e, SRR B I 4
B By . RS IR AS G 24 h AT R BT o
1.3.2 j@agaceimeile OBERE MY L5
W Bt DIRe - 2 90 45 )5 24 ho ¥ KGR T T
B RS E A ER 2 EZRIE 1 em X1 em RO AT,
0 5% K BN B2 b A8 5 2 B9 19 15 ] (Remove ad-
hesive time, RAT) , & K BARE DI HE. @K%k
B LI I IR 1L Y RE < a. B ALALAT S IR (25 B2 1L
TaE) « K BRI Rl — K W K A 58, Morris 7K i
‘B (Morris water maze, MWM) § —H 1% 150 cm
= 60 cm Y B JE K W, K B 32 em, KR (25 £
DCHHHE— T TKT 2 cm WFH, HE
10 cm, & 30 cm, AR R PG AL 4 A J7 1K K it ~F- 3
¥R AANZR i EE THILER. BHEH

B 2 Y g I AT IR B A 1 R RER BF 9.
00 [ 7 I 18] A 2R P 2 BR T 46y 42 2 BRI oK K B
T KM L T S 60 s A A K A FE | oF
& BT By B 1) Bk E VB AR 1 (escape latent period,
ELP) . # KEAE 60 s W B & Wik KA & F
158 10 s, ELP 12 A AH R 1Y B i), 5 R R 20 &, 0
Sl F KR & 1B 10 s.ELP id 4 60 s, PUA4~
SRR AP BE 0 8 Y R ELP, 35 1T % 2L
Kl 5 d, &2 IRaEH)n 24 h R EERY 5 0 R B3 8
ELP., Bl m, &0 # /BT, LB
IR AR 75 A0 N . bl 4 (R R S5 (25 M)A
DiGe) 25 A48 R S5 T M AT LA {5 1
K 9:00 HEAT MR- B B K BB AL —Z R ALK
ATK s A e sk H 60 s N SR R 5 4
AR $ (cross platform frequency, CPF) , & 5 Aif 46
W1 d 2 A ST 24 h FHFEVFE M 7 510 5k 2 8
CPF, c. TAEIEC5E5 G id iz Yi6e) - 25 M R
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SR GREE 5 AT TAEIC 12 S 50 I 5, 3 A5 A %
SEkri 4 d, SEEGET L E KR ERE RN E
HIRKE T A MR, & H R KR 4 )k,
551 OEE 4 WO H AR BRI S BRAK 2 2
USRS 3 YRR FH B AL % B 2 A 7K 2 BR O A 45 X6 ]
SRR H ARG B o W F N S AT A A, A 5K
55 ok B W e AL AT SRS . R ORES S 24 h T [E A
FIITEIE K SECELP, d. V2R B S0 . i BTl
ZRR B BICAZBe 1 VIR AT 2 d 9> R BUIRE , ff
HAEBA NG b TOLURIR S . RERAERE
BOE I 4 d.1 % /d. B2 d 75 /\ANEE b 248 b 1 R
FHAHRBE 10 min. J57 2 d 16 [F & /Y DU E fpoicE
MR (REALEESRE 1.4.5.7 ) AR HARE P IFHRE
P10 min, WHXES, BETE 1.4.5.7 B hoics
AN KRBT 2 8 e X, /A 36 A AR R
HE N 10 s S5 % /A R R AR L AE AN
A . REEAE R MBI SRR E Y R
1 YOE R e B 0 %, R 3 A TTE Y ik
Bzt B 5 B 3 AH S8 i Bl T AR
iI0 258 % (working memory error, WME) , ¥ A A
T R B FR b 2 2% 10 1455 1R (reference memory
error, RME) ., itk 24 WME 1 RME., & 755
24 hoH R R BT R 9 5 5 A7/ ik B I, i

SES 8 WME fil RME,
1.3.3 DML WE  ERAT HFELR G,
RELABEHLEC 5 HR BTk 31 /i fis B i 20 40 F
VKb T A RV L 40 R E 24 h. &
WK B I R B LTS S 4 mm fT3E
St AR Y) R U R AT 95 AR -P 20 e €8 )5 5%
CAT XHE R 40T 2
1.4 Sit2fhik
R SPSS 22. 0 o2 A4 40 B o 1t 5%
B &+ s F£oR, A E) R R E 5 4 i
LSD kg 35 A7 AR ¥ 0] 4, DA P <<0. 05 22
RAEGITFEX.
2 #£R
2.1 REURIME L4 & & . HR .MAP KIS 8 hr
5 G HILE .G, .G, .Gy Gy 4 CaO, & Hb
ERKBENT H Gy <G <G, <G, ., %A 5%
B X (P<0.01);G,.Gs.Gs H pHH B #E FF%. H
Gy <Gs<<G,, ZRFA GBI FE L (P<0.05);G,.
G Gy AILRMETHE H Gy >G4y >G, . 25 A 53T
RN (P<<0.05).G, AAMMELEF LG &
SL(P>>0.05) 34 41 18] PaCO, K PaO, 2% T4t
HEENL(P>0.05, W0E 1,

*1 SEHABRHLDEOREEROSKEIRLEE xts
2H 51 Hb/(g+ L") PaO,/mmHg CaO,/(ml+dl™") pH FLMR/(mmol « L™') PaCO,/mmHg
Gy 141.5£7.2 15646 19.10%1.06 7.33£0.05 2.0+0.4 37.6£3.1
G, 108.7+5. 6" 16043 14. 8040, 77" 7.347£0.07 2.0+0.3 38.4+3.3
G, 75.3+4.8V7 15944 10.304£0. 59V 7.254+0.06"? 2.840.4"7 37.7£3.1
G 55.7£2.8V9% 15943 7.80+0.38VPY 7,1740, 0529 3.740.4D99 37.6£3.1
Gy 42,844, 20000 16043 6.10£0. 54290 7,0240, 06V29Y 4,640, 6V2PY 39.1£2.9

#:1 mmHg=0.133 kPa, 5 G, H L& ."P<0.05; 5 G,
B, P<0.05,

5 G, HHE .G . G Gy 4 HR AETE Ts pin
Tos i X Ty IKFHE L H G >G >G L Z R A%
T X (P <C0.05); Gy Gey Gy 4l MAP {8 1
Ts min~ Tosmin 22 Ty MIKBEAR, H Go<<Gy <G, , 2
BH G E X (P<<0.05),G, 4 HR {8 K& MAP

.2 P<0.05:5 G, .Y P<0.05;5 G, 4t

HAEAB RS B ZER(P>0.05) ;35 Tou
BETE T mins Tos e X Ty B HR B F 5, 2 76
it op 8 L (P<0. 05) ; MAP %[ 1M%, 22 54 43t
2R SL(P <0.05), Ty mins Tos o 2 Ty 45 I ) 25
HR {5 MAP fEJEH B 25 5% (P>>0.05), lL3& 2,

®2 FHKXR HR K MAP LL% xEs

151 HR/(¥K * min ) MAP/mmHg
0 min 5 min 55 min 4 h 0 min 5 min 55 min 4 h

Gy 343414 345439 347+26 350+26 120410 115414 11014 120413
G, 351+15 344430 344430 360423 12449 111411 119414 114413
G, 326417 3864277 39442607 385425 118413 104+£9V% 88+13"% 103492
Gy 337+16 393+26"% 4044299 4074267 121+12 10048"? 90+12"% 94+9V®
Gy 320£15 4104+279% 4814299 44642607 126412 106492 82+11"% 834+8V%

5 G, #H %,V P<<0.05; 5 R4 0 min F#,? P<<0.05,
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2.2.1 JEwIIfE 5 G, AHEL.G,.Gs 4 RAT
HET G G, H,H G >G, . ERESKiH¥E X
(P<C0.05).G, 41 RAT HZE S LG IT2#E X (P>
0.05), L3k 3,

2.2.2 ZHEFigfME 5 G AHE,.G .G 4
EIP B %K, H G >GC, . 2R AHHit%E X
(P<C0.05),G, 4l ELP TH B2 HF (P >0.05) ;G
41 CPF &N, 22 5 A G124 738 X (P <<0.05),
G, .G, 41 CPF LM 22 % (P>>0.05); % 41 RME
YW 255 (P>>0.05), L% 4,

*3 FBAXRRBREE . TIERIZENERGILR

Tts
WME/
20 51 RAT/s ELP/s
(K + 10 min™ )
Gy 12.83+£2.48 18.50+£3. 65 1.9140.79
G, 16.33+£2. 80 19.08+2.06 2.0040. 85
Gy 31.33+4.27Y 26.0841.50" 2.41+1.16

G 64.57+11.29"% 41.71+1.49"% 3.71+0. 95"

5 G, AE,Y P<0.05: 5 G, AlL#.” P<C0. 05,

2.2.3 TAEIEIZ 5 G, Hb#,G,.Gs 41 ELP
HE.HG>G, . EZRAFE i E X (P<<0.05),

G, 41 ELP 2% B&HE 22 X (P>>0.05); Gy 4
WME &3, 22 7 F G it 28 X (P <<0.05),
G, G, 4l WME 2R 688112 X (P<<0.05), i
% 3,

F4 BAXRSHFRIZENEHEILLER s

CPF/ RME/
2H 51 ELP/s . .
(K *min ') (K + 10 min Y)
Gy 22.5042.57 2.75+0.96 3.3340.88
G, 20.9144.96 3.00+£0. 85 3.00%1. 20
G, 28.83+6.72" 3.5040.79 2.6610.65

G 38.00+2.08"% 5.004+1.41" 3.144£0.69

aEa | oo WP ) 2 et 1

TR . R R SRS | 2p %
e 4 % A A RSy b Sy
PAT7 -7 : 3 > $

5 G, flb#%," P<<0.05; 5 G, 4l1k%,> P<<0.05,

2.3 LRI S

TRV IR AKE 2 Y £ U0 WK ) CAL
KHEAERMZIE, G, .G, A G, H40 M 5 5%
B HES S S M AN KN AT Gy 4 A
ZeTCHEF BN A0 AZ TR G, 20 A [ 46 Yl o R
B8 AR /N R G I B A T 24, e £ S5 AR i R /N B
A T AR N 5 G 440 M B B R AR fk oh 38 1T
DY S A A% T 4 R i iR 2, 3 o Gy A & AR T
33 AN

"”. R, v
o R Vet s
a5 ' ‘c_‘
Ad) "l""
5 ‘,‘:"o '\""::
N e ]
P W ;"?W.
ORGRG
Fan s ] NG ‘
o \ $:\ o]
¢ o

a:Gn;b:Gz;C:G,l;d:Gg;e:ch
E1 XRiBED CAl KAKRB-FLLE(X400)

3 it

AN TR) R BE 2P % o M 2% o AT e R Rt A B ki
T RE 18 A [F] A% B B s i, AP 25 R BoR . O &%
KRR Hb H & CaO, {H Bl & I & [ 3G Jin i B
I 2Rk 40 % K VL BB, R BUECSE T RE T 46
iR LS e K TAEIC A2 T BLsGR L 6 90 12
A0 R B h koi FL R A, pH B R IEEAH LT
HJF R E T AL E AL & A5 T R TEA
I, 20 2PN B R PR ) Tk A i YRS 3Kl L 7R 3
. pH TR UK RUAL TSR T ERE. ©
ik 60 % K UL b B, g 0190 12 B s hn L i
CA1 XAt 88 1 B 8 B 45 el A8 K 142
ToAEAL, 24 h R HE RT3 41. 7% 5 1L 80 % i, 24
h PR FE RN 100 0, 5 I 4 28 50 H IR o] 36453 403

BT A & T R ) = R T g K T =
5 R ARG R T B, 502 5 gl R W e A
1B RE . HELL 4K Morris Al & T /K 2K 5 s 56
VIVEAS w147 288 2 ) 25 ) 2 > FC g i g . /B
WE T 1979 45 Olton S A, T 0 22 mh 14 2%
YRS PR EE 1, 9z T A Al i 5
RS E p N & 1R/ LB Wy Nl == s R Tk v B 53
{528 . ELP M CPF F 8 AT & KB =
[B]2= > id 42D . WME £ H Fl & E ez,
RME FZHFWMELMIEIZ™ . TAEIEIZREFE
INHITRE » 32 2 40 57 0 4 W5 B Al A7 Lm0
KEAE 1 BT K 2K B R N R E I g R s
ELP.CPF.RME ¥ WME {844 %2 & , ¥ B KR
C&#y T REICICE R, YPLAKR ™ & G &R,



* 628 - Il IR

-

B

>

F %519 %

TR o F A B B BAR AR TR R RE %
Pt BT SR IZ U g s R A B R GR

AR SIS LSRR R EEOR S TR 9 TR o AR
AR FHALHGE <, A KR PaO, & PaCO, ¥
AR AR IEH . 2 0 Il b 60 Yo FF%E 24 h i, B
R PaO, A FIEHRE,H CaO, (7.8 ml/dD 1 &
TR ELONREW L KM AL, AR R, %
i ik = R TR R TRR VA BN W € B U e b SV
S H B AR Y L 1 B L R i o P R AR Y 1
TS5 N E A G S A RS, R
g WACAZ T B2

TCAZ 2 Bl B I VT RE ) B AL L ER Ay . DT
KW, REERA S ERGIA AR . |
4K B RME 28 {6 35 7R B &, U BH K RO 4 9930
IR AR Z BB . TR WHC 2 0 & ST B el AF
SEAMHT B mRNA % 5% Fe fHFE Y, 40 i it 38
PR R AR 1T 2K 11 DA AT I M 1 B R IR AR e AR Oy
Y4 A A S fioh ] BB M 1 AR BRI R A Ok dE E
BT B A EAZ L BR e 2 A1 e A2 B B AR i
WA T H A RNA 23T 8 1 7E #2800 B 138 7K OF 1)
PR L BT AT 3% 2 3o B R AT R 7E S R E] Y 5E AR . BT
PIAC S8 5 2 v oK B K e e R =z 2 . ik
ALK 20 N8R e A2 7 A4 5 i A 1k —
HHEE

Xof i ke L A58 49 7= A= 7 DA ) e A )RR
MRI 255 8 7% W\ 51 ) B B i 5 0 5 41 Uk KA
S Mg I 2 R T IO AL RN A S 1 T RE X 3k
WF 52 22 01, W T 2 R i 21 2 v Xl gt ot ke 4 e 0% 1)
DX 38, 0 H A i i L CAT X 22 50 XHIR 48 %
RO T B0 B s e o RO L R B B R L R
Ik 60 Y6 Bt L I I X 40 M 2 & AR T Bl A 5 2 i
ik 80 Yo I AR B TR T A . B 60 %
PRk B FR S 24 h 5L 8 S X A0 ST 0R
A fk . T A K B CaO, 9 7.8 ml/dl, KT
IEHE (18~20 ml/dD , B JG 2 $2 1 il 2 40 i 4 15
I 25 RN Bh 0 FE AR B IR L 3 A Am R 40 . 24 4k i
ik 800 B, B A HF — 20 H (CaO, = 6.1 ml/
dD Ak Bl . 5T 3R B, K B0k e 4 40 T
VoK 5553 1A T i 25 T[] 25 1 HL 3 Bl | B AIG Bh 48 oT % A
PET B2 T I R IR AT A AR G () 25 il W 3 BT, DA
XPINEN D RE = AR 3 . X5 K R B ™ B J%
B ALY RER A A5 R AR A .

PRI R = e RS (B el R <
Frh R A M (Hb<<70 g/L) B}, B 4K i i w4
Je R UF T B AR B B VE T L AEAE 40 KT, A1 2 i A
ALY — R B IE N M RN, AR A S S T
(HIF) 4040 i A4 & (EPO) | L4 N iz A K
T (VEGF) % , Ui, B BB HIL AR S8 40 ik 25 & & ik F

BeEOIRAS . EE AL (50 g/ L) AT BRE K  EE

T T a(HIF-a) B3R5, Ul W1 I iR i 2 28 4k

T B B A L 1 CAL X 28 50 % 1% 480 B Hi 13t

IO AN 5 B A5 A HE R Al Ca® AR

M T A e b R DR, & S BOR K R 40

FETO0
LE BT AR MR F] 40 0 FF8E 24 h R LR

BB e T e R L 2 [A) 112 2 R Hh B R 0, (L pp 22

20 1 e I 44 5 2 2K i i A B 60 0 2R 24 h )

B bR RRE | 25 [E] A2 45 1 A L J e A2 S e AT

B A5 E I R 2 G R A 2 B A, 24 h e BE

IR AL TV A LR TR F) 80 Vo I fiki f 28 C Y B

AAEAG AT, 24 h B AR IK 10006 5 2Pk i P 2T

I A S A IC AL A2 5 A 2R Ak FR 24 40 %%

T T 22 ST 10 2R AR BR 295 6004 .
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