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[Abstract] Objective To investigate the effects of different fluid resuscitation regimes on lung injury
and expression of pulmonary aquaporin 1 (AQP1) and AQPS5 in rats with uncontrolled hemorrhagic shock.
Methods Sixty Sprague-Dawley (SD) rats were randomly assigned to the following five groups: control
group (C group), no fluid resuscitation group (NF group), lactated Ringer’s solution group (LRS group),
7. 5%NaCl group (HS group) and hydroxylethyl starch group (hydroxylethyl starch 130/0. 4, HES group).
A four-phased uncontrolled hemorrhagic shock model was reproduced. Uncontrolled hemorrhagic shock
phase began with blood withdrawal extended over 15 minutes, in which animals were subjected to massive
hemorrhage [mean arterial pressure (MAP) =40 mm Hg (1 mm Hg=0.133 kPa)J for 60 minutes and
followed by intratracheal lipopolysaccharide 2 mg/kg and continuous bleeding with amputation of the tail.
Then, animals were partially resuscitated with LLRS of 3 times the volume of shed blood (LRS group),
followed by a bolus dose of 4 ml/kg body weight of 7.5%NaCl (HS), or hydroxylethyl starch (a volume
equal to that of the shed blood), respectively, during different fluid resuscitation regimes. After that,
comprehensive resuscitation phase of 60 minutes began with hemostasis, and transfusion of all the shed blood
plus same amount of normal saline. Observation phase was continued for 3.5 hours. At the end the
experiment, the lung tissue was sampled to measure wet-to-dry lung weight ratio (W/D), and the expression
of AQP1 and AQPS5 were determined with immunohistochemistry. The paraffin-embedded lungs were stained
with hematoxylin and eosin for pathological analysis. Results When compared with NF and LRS groups,
the lung W/D ratio was significantly decreased, and the shock induced decreased expression of AQP1 and
AQP5 in lung tissue were attenuated in HES group, but these beneficial effects were blunted in the HS
group. Conclusion Uncontrolled hemorrhagic shock may induce lung injury and pulmonary edema as well as
down regulation of the expression of AQP1 and AQPS5 in rats. Resuscitation with hypertonic fluids,
especially with HES, can reduce lung damage and pulmonary edema in this kind of shock. The cause may be
due in part to maintenance of the expression of AQP1 and/or AQPS5 in the lung. Pulmonary AQP1 and AQP5
play an important role in fluid transportation.

[Key words] hemorrhage shock; fluid resuscitation; aquaporin; rat



» 283

Bt K 8 8 & B (AQPs) B i % . il f8] i & Bt i
ERMNAKEEEH EFEAAXSHKMRER
XU BEW MR EER L MR R G S M
AQPs W36 R , R 1 B A 5] Wt & 75 xof B 48 65 #n
AQPs RiEH ., Bk, A5 B IR EH
KRR RS, W2 AR F W &S 7% i8R
M AQP1.AQP5 FXME W,

1 MBS

1.1 ZRFYRSH:BF SD AR 60 R M
EHRELBRFHYFORED KE 250~280 g, K
AEBREEEHERRR, 2B A TES B,
43 S48 B FA LA e 3h Bk EE B Ak 9 L L SR 4R L AR
&, BFE 15 min MEEMES EREVKFRE
BEARS N5 4, BBEFRAC L . EREEFH
(NF4D) . A BABBACRS 4). k4
(7.5%NaCl #,HS )R 6% B Z ETEH 130/0.4
HAMHES 4, H4H12 R,

1.2 REHRMEREEEE .2 BRI
BRAYEMEREMEMERRE-RER KT
TR RS, FEHIER DR 4 $1. O kA28
(B8] 2 60 min) . 8 3 S 30 Bk B, 15 min P KF
313 bk E (MAP) #§ £ 40 mm Hg (1 mm Hg=
0.133 kPa) 4+ 60 min, MM BHRFEFHEHR
BT, iEFAE. & MAP 58 40 mm Hg, MK
88 4y L9 ; & MAP {KF 35 mm Hg i [B] %5 &8 4
Rifl. Z&ITH K MHEKRT 60 min J5, HUSEN
W4 95 K (Sigma 2 7], EEHD2 mg/kg, FRE R
B 1/3 b MR T8 /5 W7 B, i B R 38 i & 1
HRE, HAEETRAE AT RE LD OB &S
PRI (B ] 2 30 min) & C I NF @45b, HAK4
75 B J5 > B s AT WK 2 75 . LRSHS #1 HES #1453
B3 FBMEH LRS. 4 ml/kghy 7. 5% NaCl fi1
1R MBS 6% HES 130/0. 4(BZE I EHO#

%1 FAKBKAEFRRNER MAP WELKE (r+s,n=12)

fTERFE 30 min NEFEE. D% 4 E 5 A
FH1h - BBEEFEREFHE1hBWESER.&
ARXBREBEMESEL LMl h AEHLBE 0K
1+ 1kmBHEMK.OFFGWENY .85 H
JE4kEEE 3.5 h, iDRMELRAMFRFE, XL
RERMBEMI KNS, LFEKBREFREHLELEE
XEE REPHALAZERBKBREE S
THLFREEMEM AQPs g AT,

1.3 W E

1.3.1 BHEMESAKXBRARESE A MAP 354k,
1.3.2 WHSB/TEW/D)KERNE: THEEHR
EBRETHHBE,S CE 20 h ZERFHRTE,
I W/D A,

1.3.3 WMASRHEENE K EEFNMARGE
AAERE . UAFEEAFRAR-FL4HELEAE, X
BT MEMBGRERE.

1.3.4 AQP1.AQP5 %@ /LB /o1 : 200
HRP B AQP1 1 AQP5 £ 5% [ #ii f& (Santa Cruz
biotechnology , £H),4 CHE, “H WL EILH
R IgG, HRAHABR-FNE-EVR-TELYH
(SABO)IRAM & AL i A= ARATD U B #
TRW,.3,3-—HEKEKDABER. BKXH
HPISA-2000 & 1% M B % 0,75 28 B4R o 2 41 L) B
REH1THH,WE AQP1 F1 AQP5 B RIAFF 1y
% (AE.

1.4 SH¥4H. SAFEUIK TIREE (cLs)
e, RASPSS 13. 0 B HTBRRRTES
#7 % LSD B3 ,P<<0.05 W EZEREKITEEXL.

2 & 7

2.1 MAPZBH(RD .F4MAP EEHKER
LG ¥B L. EBEEA 20 min F1 30 min B,
3SNMEFRAMAPEI A BEBFRENRM NF 4
(P#H<0.0), EZAEH1hMEFSWE 1 h,

mm Hg

SRAF1h AHRGUR I b AREUK2hEHREME3.5h

#15) EREE K3 60 min WA IR 20 min A EFHF 30 min
CH  118.3% 8.7 115.048.5 113.6+ 9.0  113.8% 6.2
NF#4 115.84+ 9.5 37.6+5.2° 41.7+ 7.4° 43.9+ 5.8°
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