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[ Abstract] Objective To investigate the effects of goal—directed fluid therapy (GDFT) on the amount of
infusion and the expression of pulmonary aquaporins (AQP; and AQPs) in hemorrhagic shock dogs. Methods
Thirty—two beagle dogs were randomly divided into four groups, sham operation group (group S, n=8), and
three treated groups: GDFT group (group G, n =8), central venous pressure—directed fluid therapy group (C
group, n =8) , quantity—directed fluid therapy group (Q group, n =8) .The hemorrhagic shock model was
established with the modified Wigger's method and maintained 60 minutes. Then three strategyies of fluid
resuscitation was administrated to group G, group C as well as group Q and observation for 4 hours.Stroke volume

variation (SVV) below 10% was regared as targeted goal of group G, a fluid each bolus 2ml/kg of lactated Ringer's
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and hydroxyethyl starch was administered within 10 min when SVV exceed 10%. The resuscitation fluid was infused

with lactated Ringer's/ hydroxyethyl starch 1:1ratio.Autologous blood was infused and maintenanced the hemoglobin

between 100 and 110 g/L. After 4 hours of resuscitation, the fluid volume and the urine output were recorded.Then

lung tissue was sampled to detection the expression of AQP; and AQPs by RT-PCR and Western—blot; measure values

of wet—to—dry lung weight ratio (W/D) . Results Compared with the S group, Q group and C group, the amount

of infusion and lung wet—to—dry weight ratio in G group was significantly increased. No difference was found in the

expression of the AQP, and AQP;s in all groups. Conclusion

GDFT may increase the amount of infusion in

hemorrhagic shock dogs, but has no effect on the expression of pulmonary AQP, and AQP;.
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AR R B AR 2 R AKIRTT  (goal—directed
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1.1 SRIEFMFSE

PR AR R 32 B (R BIER 3
FHEMY) , AT 10~ 12kg CE¥ 11.2ke) , FEHLKE
EEERHAR TN 4H (0=8) : RF AR (sham
operation) ZH (WfHRZH, S4), HirSFmwIAIGsT
/H (GDFT 4, G#4), H.0#llkE (central venous
pressure, CVP) f53#ms (CVPd, c4H), &
EHEEA] (Quantity 41, Q 41) .
1.2 XWHPR
121 RERESE R RIERFEMNIE 1A,
ERPEE, BEYOK. RETEEE 12h, HAZEK.
AT ARZEG UL 3% gl (i fb o)
J7) 1 mU/kg Rem bR TR M Uk (H s — 2k 4k
2l A ] 10 merkg WLPATESS. SRR AL 2 T
FARG L, frRENHE (D 6.5 mm) . TEF
B KEEHL  (Drager Fabius Tiro, fE[E) HL¥E I
M. WG N GECHR B R 40% (FiO, =0.4) , )<
(VD) :10 mL/kg, FEHEAA (Rf) :25 ~ 35K /min,
WeBF L (LE) O 115, 722 A 1.2% 5 FUEE
(Baxter 2w, SE[E) ZESFIRRIE, WA S 9RUIE O JRR
PEOR T AERFE 1 MAC (Ml A Rk ) . %
RIS AR W L (Datex—Ohmeda S/5, 2%2%), 5K
Bk A b R AP WO A ISR — A AR (ErCO,)

e AE 40 ~ 45 mmHg. B RY (Buster, 743
Eickemeyer NHED ICEPRE. R FER AN S AT X
FHH SR By % F IR FARURTE . A S8 MR ik
FIEA 8Fr =ik (Arrow, EED,
SR E A SIS O s AL CEEARIE L
TN BB CVP BIE A HE) , d vy f o,
FUUAA 7R S i £ Ao it A PRV (T LA 3 i 254
BT 0.2 mgkg, SRIGRFEEE AYEE R 0.2
mg/(kg-h)ZERFAILAL.  FHFLEAEE (IO )11 485 BH R AT i 4
B PR, IR (T) $=HI7E 37 ~38C. I
SAMREREA X, BRSNSk, 44 PiCCO
Z4: (Pulsion Medical Systems, fE[E) W5i.0o%
(HR) . “FHzhlikE (MAP) . b Ede% (CD .
SVV K T 5. Ze A A 30 Jok B8 A i it B >R 1L 38
BFRA (S, U4 THfE KUEE, MEHE
e 5 FURR AR T AT 6% 3% 2 3ETE M & 1 mL/ (kg
h).
1.2.2 EUKRMmMERTHRE GH. CHMQHA
Y PR o A TR R FH ol 1) Wiggers S I R T A AU )
TR DEEAS R A M SR AL LA 2 mL/ (kg -min)
It K SN KL 5 138 2 7 M R ) IR PR A4S (1L
KEEAED) Y, 7E 30 min N MAP & 2 IERME
1) 50%, FFAEFRFAR IR 60 min.

123 ®HEEH KV 1 h JFITRIRE . WikE
TR AR SRR Fe R 101, SRR T LR AR
MW T INE RS A BRA D, RRTBCR
FH 6% . KTEH 130/0.4 (bat e oK b EE2s
AIRAFD . BARE RIS BILL 30 mL/(kg-h) Y
PR BRI LT T (Hb) #E 100 ~
110 /L. EHIFHEEEE 10 minFIRCR 1121 A6
1% (HemoCue Hb201, Hlt) i 1 ¥k I 21 8
(Hemoglobin, Hb) ¥¢FE, KI5 2 h J5 el &/
ME—W. G4, CHM QUMM IARRE HJr&En
T (1) G4 (GDFT 4) . WARE Rk # b
SVV KT 10%, WIAE 10 min PP 4 mLkg B
T (FLERARAE FOIR A 6% 55 2 FETER 4% 2 m/kg) ;
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mAEHR, WEL FEiRPR (SVV/NF 10%) .

S IR IR TR RGH R SVV 4ERFTE 8 ~ 10%.

(2 Q4 CEEHRAD « Hl 2= KRB0 Y 7%
o ARRE + AR PR R + 5 S RIBR A R+
Jealnt. OAPEFER ALK 2 mU/(kgh) (i
safAR) 5 @AM B AT AE 5 — (1 B 1Y) P40 AT i 2
mL/(kg-h) AR 5 GRRIRALHLS 9 L8 4 5K &
6 ml/kg i) s @5 f A BRI, 4E5F
Hb 7£ 100 ~ 110 g/L; &K Jriktrla KK MAP 4k
B EREK . 3) ¢4l (VP ) . OWkE
TR R CVP AR T IEAIE , 10 min PR 5K

ml/kg) , UNAIEAR W & AR IR 2 CVP ik 3|3
REME; Q& J ikt R ek CVP 4 £5 76 2L fif (E
K Oy A AWM, 48 Hb 78 100 ~ 110
o/L. BHJGEMEE 4 h.

1.3 MEBIEMRSNEF*

(1) lRS i aTEmtE (T) . K55 1h
(T) . E72h (T) KEI4h (T) BH HR,
MAP.  (2) id® G4 Ty, T,. T, & T, Bf 1 SV,
CI & SVV; iﬂ% C 2E7l/:l—: To\ T|\ Tz & T4 BTJ‘ E/‘J
CVP. (3) SIS REHE RS AN E (A
o R L O i R . (4) 5K
IO AL R BGER k1L, FIBEEAL (Loser OM815,
FEE) WEUARMMIBEER. (5 AT
SEIOZE oS FEURBRIFRR S T LA FE 1 4738 B K
FTHF M i, B4 T B T 90 e / T E o b
(W/D) : JepriBE &, RAFEER (80 °C, 48 h)
EMEE, HARTER, 158 WD, B/ TEEL
% (WD) =100x (@& - &) /{BE. B
fe FRt, FRFUSBCRH 10% 0 2 R R e, H
DL HE Jeta. RO A rpnt &Rk, ARSI K6
HHEM AQP, [ AQP;.

1.4 AQP, % AQP; 894

1.4.1 ZEE= RT-PCR #&iffiZH 4} AQP,; mRNA &
AQP.mRNA Rix HCH iR i 4141, R Trizol
KA S RO 4548 B RNA, A kb AT
RT-PCR. AQP, 5[#J¥%1: Lif 5’AGCGAGTTCA-
AGAAGAAG T ¥ 5'GATGAAGACGAAGAGGAT;
AQPs 5W1)¥%:  Fiif 5'AACTCGCTCAACAACAA-
C, T STCGGTGGAAGAGAAGATG; B - Hlshik
[ (actin) 51¥F%]: [iF 5 AAGTCCATCTCCA-
TCTTC, T % 5'ACTCCACAACATACTCAG. PCR
L 26AE R 95 CHAE P 2 min, 95°CAE Yk 15 s,
60°CiR Kk 30 s, 72°CHEfH 30 s, 40 NME¥F. PCR
P18 ZE E Bio-Rad 287, ¥ 8= ¥14: 3% B g

WHEERE LI 0 B A%, FFEA T IR EE 7 AT
1.4.2 Western-blot & ENifF 3 #7 AQP1 K& AQPs
EARRIE B TS, F R 412
FJf, BCA B2, B 20 ug FE ML SRR AY
2 x SDS-PAGE £ 5 & i, WK & 5 min, #E47
SDS-PAGE ®HEHyk. HJF#F % PVDF i, #fe
JREENI ) S B A BREAE. —PT: AQP, (abcam
INHE), 28 kDa ), AQP; (abcam 2~ 7], 29 kDa) ,
actin (SAB A H], 45kDa ) ; —¥i: WWFEPi R
(abcam 24 H]) . BEEBEG . WA SR B S AL
(Image Stone 7500M, H[E UVP A#]) MJKE, H
PIA.
1.5 ZitZF4E

K SPSS GEit 23 A A 740 b, TR
B s hnifiZe (vxs) Fon, HNHBSRATEZ N
BT T 2500, A1) EL R R R R Ty 2247
Mr, P<0.05 AZESAGITFE L.

2 &R

2.1 —HRAER

KA SR B AR BT A S SR R] LY
BERTGEIFEE L (P>0.05) .
22 ZAKEE (BEE+REE), HhE. &

Mm=EXKREH LR

G At (Biks, Bk RIREZT
QHK CHl (P<0.05 . GHmBE (MK,
Jethsr) MIREZ T S4 (P<0.01), W 1.
2.3 VALK A HR, MAP, SV, SVV. CI &

CVP Hytb %

GAl. QM CaRMmMERER, T Y HR
K MAP & T Ty Bf (P<0.05) . G 42K TE
J&, T BFE) SV & CLAEF T, BF (P<0.05), SVV
BT Tyl (P<0.05) . C 4T B CVP KT TO
if (P<0.05) . Z92h )5, G4, Q4LA C 41E
T, BF A HR B¢ MAP Bk 2 Lm0 ME; G 41T, B
SV I CLiZ¥i - 5ERI A, SVV BTk 2 AL Al {E ;
C 41T, BF ) CVP B FH =S E. G A T, M T,
B SV )2 C1 T To B (P<0.05). GALETFIT,H]
FIMAP 5 FCLH M Q4 (P<0.05), TL3&2.
2.4 HBHMESEERLLE

SH. G4, QM CAMIMIEBBEED NN
(296 £31) . (284 +41) . (291 +37), (293 +
31) mOsm/kg. BB 5B R L 2R TS
R (P>0.05) .
2.5 HAMALE/FEELL (WD) BItb%E
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S, G4, QLA CHMAHALNT /iBEL
43 9K 429 £0.17, 4.82 £0.15. 4.36 +0.10
422 +0.12, GHB T SH. QHMC4H (P<
0.05) .

2.6 MALRFETN

N F S . Q LA C L 45 58 %%,
R v N R 2 S ST e 2B TR
. G AMpEIE g, o MMHZErG, Wi REs,
PRI, A8 DL 6L A K R, A A R TR A
J i
2.7 FRARALKBEEREBREWILE

& f RT-PCR K il fili 41 21 AQP1 mRNA J%
AQPSmRNA F£ik#550E: 5 RT-PCR 453%H, 4
ZHIA Y AQP, mRNA 2 AQPsmRNA /KAy H i 24 5
TGFE Y (P>0.05), WE 1.

2l Western—blot o E b 73 HT AQP, J2 AQP;s
EAMBU KA R, TLE 2.

4 HIAIHFZHL AQP, &% AQPs ) Western—blot /&
FA R IKEE LR Z R LG =E L (P>

0.05), WK 3.

3 e

FIFAR BRI GO 5 AR e R 2R
FEARTIESE | ARIREAE PR A . B IE e 9%
KRBV, 2SR, R
FRRIRIIML S | DAL RS E N H ).
R Z P E R, RBEFAREE R
S, R ARG IF RSN AR IIRE IR A
AL | /O3 R RS T3 RRE . TR
RZHZN, ABER AR R A AR AL
AL GERANBOT SAEAE A REREH LIS B BEAE 19 7%
R BRI CHAR SRR BESAR T,
AL Fr R R R T ORTERER . AR S
YR WA S A (o AR LA )~ hs (Andsedi
DR AERRANGRYT HbR, UL
AR oA B AR A T E B R F AR, 207
SRR ANBOT SRR, AU BRI A BT Z A Y

*1 HEREE (REE+REE), MnE, BmMERKENILE h=8,(xzs)]

Tab. 1 Comparison of total amount of fluid resuscitation (crystalloid amount plus colloid amount), total amount

of blood withdrawn, re-transfused blood amount and urinary output [n=8,(x+s )]

i firgcit (ml) A (L) AR (ml) B (ml) i (ml) 4k (ml)
S 165 + 23" 84+13" 81+11" 0 0 71 36"
G 964 = 189 483 +95 481 + 94 37247 312+38 216 + 34
CH 669 = 135° 334 + 68 335 + 67 336+ 28 305+ 17 104 + 217
Q4 591+ 152° 295+ 78" 296 + 74° 351+35 298 +23 127 £25°

5G4, 'P<0.05, “P<0.01.

£2 HEALZKASHR. MAP., SV, SVV. CI B CVPHILLE [n=8,(x+s)]
Tab. 2 Comparison of HR, MAP, SV, SVV, CI and CVP at different time points [n=8,(x+s)]

woH EAE | FERME (Ty) Wy 1 h (T) 9 2h (T K5 4h (T)
HR (bpm) S 145 £ 14 148 + 23" 143 + 21 139 £ 19
G4 143 £ 18 170 + 30*4 146 + 19 135 £ 15
CH 141 +15 178 £27*4 142+ 23.1 144 + 17
04l 139 £ 16 176 +25*4 145+ 22 146 + 17
MAP (mmHg) S 115 £ 11 1176 117+ 8 116 + 8*
G4 117 +11 60 = 7*4 130+ 114 132 + 144
CH 1211 57+6*4 113 + 8 113 £ 8
04l 116 +7 59+ 7%4 119 + 8 117 £ 9%
SV (mL) G4 135+38 76+3.5*% 15.7 £3.5% 16.5 +3.5*
SVV (%) G4 92:18 287 +3.6% 97+2.1 95+ 1.1
I (L/(min.m? G4 1.85+0.3 121 £04* 2.08 +0.6* 2.13+03*
CVP (emH,0) CH 6.83 +0.27 433+041* 6.91 +0.45 6.95+0.34

AN 5T, i, *P<0.05; Hbis. 5 SdbE, AP<0.05; 5 G AHbE, "P<0.05.
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Fig. 1 Comparison of expression of AQP1 mRNA and
AQP5mRNA detected by RT-PCR

SZH GH CAH QHé

B 2 HMiHZE AQP1 K AQP5 B Western-blot % & El i 4
il
Fig. 2 Expression of AQP1 and AQP5 detected by

Western-blot
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Fig. 3 Comparison of expression of AQP1 and AQP5
detected by Western-blot

VAR SR AT MR AR, T A S T S A o AR
. R B IERIAR A AN L. Westphal M 25H
K, BRI AIG T 7 20 A B S s
2, HA U BT AR S e 0 1k A VR SR s 1)
AR TG TAREENHS.

FHEZ SR (Stroke volume variance, SVV)
S e — BN ] N A R ) S R R B R
AR TERE S PENLIGE RO T, 72—
AR IR RE (SVmax) 5 H5/IME (SVmin) (1)
ZHEBE L E A YE (SVmean) , B SVV=

(SVmax — SVmin) /SVmean x 100%. 4548 & 19728
TR ORI A U A e AN R i, 45 745
g Ot 2 n. W, SVV AR DR
MRS 1R R Z —, HAT O X 25 1 171 i i
I AR RE 7L SR SO AAR YA Y I s i, DA
165 BRI BBARIAYY. SVV J& Frank-Starling i
2 PN ERR . SVV R, A BLOIE TAETER
LRAOBEINES S5 SVV IR, FIiAMZ A& 1005
FEARSZE T, W PICCO RAEMMMEE R R, G
HAERMARTE )G 1 h B4 B 2 A K i 75 R A
SVV Ft & fe il ; MR E IR, SVV &
TR MEERARRI, OENE RN
s, AR AR R AR R REN, SVV BUEHTE
AR 2 h WK IR WK IR 2 h 2R E
S 4 AR, SVV BUERFRIER, UL R C &R
FEARE, MR TR, B Y i 4 &
B, SVV &, A0 ZEAEF Frank-Starling H
A THBE, UEIIHUGE ]S B0 AR AR A
AHOEF I WSS AR, A E AL
T Frank-Starling M1 £ 097 & B, 4 & A8 0 A B
. AL, CARTE (964 +189) £F
Q4 (669 +135) K C4H (591 +152), JENA]RE
TET B2 MR AR ia R s K ik,
A T BRI A8 3 R EIRR YT MOE RERRR T
WERWIAR, B G HELIR 2h Je 4h /) SV Fl CI
P ARHT, MAPWKAEZAF S, 'EHEEL, IR
HWHEZ, HEFRMATEZMRE, G Aitids
PR/ THEEN (482015 mTS4 (429 +
0.17) . Q4 (436 +0.10) F1 C 4 (422 +0.12)
(P<0.05), XUt G UML) FKERmT S 4.
QUM C 4. G AMALIRI T KRR, 458 WA
R & BRI BRI 58 . DL A K P, X
VLR B AR AR T F 2 PR s R A
20 T RESE it K e g XSS

Benes J %59 SVV /£ BAn = v 2 = e 5
REERFEEHP R, SXRAML, BisS
mYAITA A T 2 (1425 mL [1000-1500]
vs.1000 mL[540-1250], P=0.0028) , {H [T ARIMIL
IR KRR

AFFCRA AR MR T SRRy, sk
JeE A T IR A O, AL AR IR R 42k

RAMMERTESG AT 40% ) §L2s % A ML 4 3 25
PERG T LI R ) R BB R X DA A
— L S M L A 3 A M ) O, TG K R
(aquaporins, AQP) VR iz Ty e 7E Mt i 4 Fi i
IKIRTE B A v B Z DGR, A9 B 7E AR H
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B T TR 7 75 23 R M R I AT R il 7K i
B AR

H 1988 4F: Peter 7EZL AU I & B —1~7KiE
EEM, W 7RSO s R 2 LU
B NKCOTEWANYIRN LI T 11 FoKiEE &
., BP AQPy, AQP, FZ7ES A J& & 40 M5 .
I EEL A7 it 9 A 0 A P R A L 3k, AQPs ]
SELF I 1A b B2 40 B i il s . AQP, B
BT ) e 2 T R S A RN AL A R FRL4H 2 K
AQP; N = ZLEBRME Ky, AL,
i 2 ] A 5 A NV 15| AR 7 S = W S e s 23
BRRINIIRE, sl s e M PR BR Y =X
R (O "8 R NI S 2 e W < LB |
(EnaC) . #4800 ATP i (Na"/K'-ATPase, NKA) #l
HKIEE T (AQP) 1AL, Na® Zilivfl b g7 11 A
JHL 6 i 0 £ ENaC 1E A BRI, SR Fh 2R 1ag
) NKA ¥ Na* 25T, BT NKA K Na+ HEBR
TEANAEAL, TEANMIPN B T B R Ak 2E R, R
F Nat il s 45 ; 7E Na* %32 g [RlE, C1- j &
b R A ) R R R S A AR, A
[E5E, HEIFES RN F SR Z RS 2%
IR K 2236 b Je i AT SR 8l 7. It b B ik
R iz D RERE LR FRMI VAT X T4, —SesLaGE
SO AR Z RN R R B 2R, AN
Y1 Bz 40 AR AT A0 IS N B A0 L AQP A i e/
FEME AR, HIEAEM PR R U] AQP, J AQPs =
557 Z2 B4 I it K e 3 B -1,

WFFT A, 3R 7K I 2 A R R
PR3 5T K AN T4 . Hoffert"2 9 YR B 1 52518
BIEREE NS AQPs Kk, %I E 44
&5 837 ¥ % ERK (extracelluar singal-regulated
kinase) MUIEfL. AGHTR MR CHIERMBIEE
47 308 mOsmol/L, 1fij L FR PR 4 [QE 2 3% ol 272
mOsmol/L. K T 7E [R1 8 254 e e AR v R i
i SOKIEIE R, B R TR FLERPRAS G
R CHTERM LIS R 2 R 11, X T 34
] () £ 0L 35 18 TR AE 95 4 h IF I 22 S 0S4
X, X AIRESE HAR R AT AQP, 1 AQPs
RERFRA ., &R K% CVP Mk dl 22570
Gt S R AL

ARG R ZALTET AT ZLRR A IR 5
B OIEER BTN 1:1 BORESE, b= He
A YR L BB 6T 2 L AR o R 7 3 R 1 P )

i LRTR, BARFIRARIGYT B AR

SOR BB K K, BRI 2K
SRR AS|E S0

(5% 30k]
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