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[Abstract) Objective To observe the change in sensitivity of vascular smooth muscle to calcium and
its role in biphasic vascular reactivity following hemorrhagic shock (HS) in rats. Methods The superior
mesenteric artery (SMA) obtained from rats with HS was used to assay the vascular reactivity and sensitivity
to calcium by observing the contraction initiated by norepinephrine (NE) and Ca®' under depolarizing
conditions (120 mmol/L K*) with isolated organ perfusion system. At different time points after shock, the
relationship between vascular reactivity and sensitivity to calcium was analyzed. Meanwhile the effects of the
angiotensin I (Ang I ) and insulin, the calcium sensitivity regulating agents, on vascular reactivity were also
observed. Results As compared with the control group, the cumulative dose - response curves of SMA to
NE and Ca’' at early shock stages, i. e. immediately and 30 minutes after shock, shifted to the left, the
maximal contractions (Emax) of NE and Ca®** were increased significantly (P<(0.05 or P<(0.01). But the
cumulative dose —response curves of SMA to NE and Ca’* at late shock stage shifted to the right, and Emax
of NE and Ca?' were significantly decreased (P <(0.05 or P<(0.01). Ang I increased the contractile
response of SMA to NE and Ca*" when shock persisted for 2 hours, rendering the cumulative dose - response
curves of NE and Ca’" shifted to the left (P <{0.05 or P <{0.01). But insulin decreased the contractile
response of SMA to NE and Ca?* at early stage of shock, rendering the cumulative dose - response curves of
NE and Ca?* shifted to the right (P<C0. 05 or P<(0.01). Cenclusion Sensitivity of vascular smooth muscle
to calcium following hemorrhagia displays a biphasic change. It playes important roles in biphasic vascular
reactivity.

[Key words) hemorrhagic shock; vascular reactivity; calcium sensitivity;  biphasic vascular
reactivity
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1.1 5o E KERIH] & . Wistar KB 56 H,
M ¥ R E (208. 0:23. 1)g FENLEL 8 AAENIEHR
XFERAH ; Hook 48 H &R e A, 2 AR ST BRI 20 41
KRB % + B S R A /K5 30 min ZH. k3% 1 h 4.
K ZhH KR Z2h+MERKE I (Ang 1 )4,
KBREEAT 12 h A . BHKK, TRYHAKRE
e Z 44 (30 mg/kg) 8 e v 5 R B85 » A3 00 f 3 Bk 4
BHEREME T, FFE® 500 U/kg P&, RERE
10 min/g FFIEHLIL , 10 min P FH sk E (MAP)
F% %= 40 mm Hg (1 mm Hg=0. 133 kPa), fE I, 7K F
5143 0 h(16 2).30 min(8 H).1 h(8 FOf0
2h(16 F,EHR KB, B AW SMA, FKREAE
G AA L HIER 2~3 mm KA MEIF 2 1, 4

© AT IR R AR, 5 — R TS8R

. ERHKREREERKSMA, §l{F L& .
1.2 MR HERE.SMA IEFETER K -H
W (Krebs — Henseleit % , 20 A% : NaCl 118 mmol /L.
KCl 4.7 mmol/L, NaHCO; 25 mmol/L. KH,PO,
1. 03 mmol/L,MgSO, « 7H,0 0. 45 mmol/L ., # %
# 11. 1 mmol/L.CaCl, 2.5 mmol/L.pH 7. 4) &
BEEAEYBED . FERANERED YN 959K
O, M 5%8#y CO, B GSIE,.AH#IK A1 0.5 ¢,25 C
HERE 2 h, & 20 min &K 1 K, 7K ST TER
5, E ML F TR E ERE NE) MR M.
Ang 1 ZbFEZA R Ang 1 (1 X107 ° mol/L) P & 1K
522 hity SMA [ 3510 min; (kI + B £ 4
FREE 5 % (1 X 1077 mol/L) Fi# & K 72 B 2 L 3F
10 min; 43 5/ W22 ML 3 %F NE #9048 [ 5, i3 5K
NERBESERZES BEEIDRLER.

M 3 NE @9 52 57 ¥k A Bkl &
A A NE By &3k B 40 58 1 X 107°.1 X 107°%,

1X1077,1X107%,1X107°f1 1 X 10" * mol/L,iEF
EHE T & M 35 7= 4 5 B kW48 /1 (Emax) , B
WS/ ME R E & (g/mg) A EALIRE, HlfEE -2
28, BRI & 155K NE 806 80K B (ECs), | NE
pD; (- log ECyo) fl Emax L K& 8- i 217 4 ILE
1.3 SHEBEEMNE.BSMA MEAETFESR
K-HEWEEHEEREEEPHE 2h, 555K
Bl £k %2 J5 i & 80 W (4 A : NaCl 2. 7 mmol /L,
KCl 120 mmol/L. NaHCO, 25 mmol/L. KH,PO,
1. 03 mmol /L, MgSO, *+ 7H,O 0. 45 mmol/L , #j &
#11.1 mmol/L.pH 7. ) E 10~20 min, &5k N
HELFRENENEFR B RN, KE2h+
Ang I HEAng I (1X10 " mol/L)FWEKT2h
SMA M 10 min; KR+ R EARBER R
(1X107" mol/L) i #% & 1k 72 B 20 IfiL & #5710 min, M
2 ML SR XTS5 MW 45 S B, BT ok N R R
8 iEAEMICRUEF. _

ML 3 A A5 U I T 8 P MR BE Bk, S ARk
BEA Bl H 3X107°,1 X 1074,3X 1074, 1X1073,
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RIS E T IS F=4E R Emax, Pk /MEHRE
# (g/mg) HEALTRAE, SRR K, A&
PR 8589 ECso» FIE5H9 pD, A Emax LA K B3 #h 2%
T LA A 5 U
1.4 S #F08E EREUNB T IREEGEs)
FR.PAMEH t RHFTHRITFELIE,P<0.05
HERBHEITERX.
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FHE (P 9<C0.05), fKFE/5 2 h, £5/9 pD, B B &K
(P<C0.05), HAKH pD, ZRY LB EFH.
#1 kMK EFERESKE SMA X NE f1
ER TR cLs.n=8)

Table 1 Response of SMA to NE and Ca?' at different
time after HS in rats(x+s,n=8) g/mg
NE RH# ER
a5
Emax D2 Emax pD;

EXMEA 1.05210.112 7.136£0. 044 1.477£0. 031 2.79740.027
EHAA 1.626£0.101* *  6.88310.015*  2.773£0.014" *  2.77140.065
homnfl  1.25740.098" 6.78210.117 1.919£0.025" 2.59510.012
KE1h# 0.78410. 098 6.79310. 039 1.21240.014 2.75110.017
KE2hél 0.453£0.045* *  7.76810.035*  0.669+0.022" " 2.557+0.034"

i SIEF X RANE . - P<0.05. * P<0.01
- EW MG e kR HIAIAl  —a 1K 30 mindl

£1d

- fHkEIhfl e hu2hfl

% fH(g/mg)
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Figure 1 Contractile response of SMA to NE
at different time after HS in rats
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Figure 2 Change of calcium sensitivity of SMA to Ca2t

at different time after HS in rats
2.2 FSHUBRMERIRF Ang 1 R U I i 7R BR
& X 2R ML R 52 K BRI 37 NE 45048 I
IR (3% 2,8 3, 4):Ang I A[f§{K3E 2 h SMA
*f NE fIfSH - MAHB AR, 5Kk% 2 h 48
e, Emax ¥ i F ¥ & (P<<C0.05 8 P<<0.01), 7
NE ¥ E 1 X107 °f1 1 X10 ° mol/L KFERHA

B EH (P<0.05 53] P<0.01), ZEFEMRAE6X 1072,
1X1072,3X 102 mol/L KF-E R HH B EH
(P<<0.058( P<C0.01);Ang I FFHF K72 h SMA
J& »SMA 3t NE 45 [ W 5 M E K ¥ F IE# 3t
WAMLERHTEEE.
#F 2 AngI fuEBEN NE §1$5 Emax
1 pD, BI¥ M (xLts.n=8)

Table 2 Effect of Ang I and insulin on vascular reactivity

of SMA to NE and Ca** (x+5s,n=8) g/mg
NE Rt ERAtE
a3
Emax pD2 Emax pD.
EXHEA 1.052£0. 007 7.13610.044  1.47740.031 2.79740.027
hEmAS 1.62610.101 6.88310.015  2.773£0.014 2.7714£0.065
AR+ BEEA 1.205£0.119% *  7.08310.044  1.5434£0.123" *  2.765+0.089
K#ohg 0.45340.021 7.7684£0.035  0.669+0.042 2.55740.034
KE2h+Ang 1 0.98540.112% 6.87810.117  1.26540.132% #  2.75240.012

H:SREMAALE. P<0.05,"*P<0.01; 5k® 2h
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T E5REMAALE. " P<0.05," * P<0.01;
SR3E 2 h ALEE:* P<0. 05,7 % P<0. 01
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Figure 3 Effect of Ang I and insulin on
vascular reactivity of SMA to NE
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H5K® 2 h A HE . ® P<<0. 05,7 % P<C0. 01
4 SREERTN Ang I JOBE X SMA S5 Bt K
Figure 4 Effect of Ang I and insulin on

vascular reactivity of SMA to Ca2t
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JiE 5 AR TEEIZ] SMA X NE FGH B2
BB B A, SR RN R A AH L, Emax ¥ B F[#
R (P<<0. 058 P<C0.01), 7 NE ¥ FE H1X 10 *f
1X10 "mol/LK TV ERMERBEE EHBREH
6X107°,1 X107 2f13X10 2 mol /LK FEZR¥YE &
EH(P<<0. 058 P<<0. 01); E S EFIM T KBl %
SMA J&,SMA %t NE 58 it S HEEKF T
ERHNEAMLERH TR EWL.
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. RITFFTENR, 7E R MHERFEBEET, VSMC i
EEAH . SREERTOERRYREPREE
YEH . K325 M X NE # FE7E X AE 22 1k, B
TR RS I Y B S, RS B A
J2 R P B B R AR , (B 7E AR SE A R] B B, S5 BURHE B
HFENAZEAL , SEBRENAE LRSS ILE Y
P E AR AL 2 (B8 V1A 5%, B 8 R WARIE .

AHEFE R K BRI AL LB T K52
J& AR B [E] 55 SMA I 313 NE 2 57 #4145 U
WL REZ EH X ER, AW TS8R4
F Ang T FIBR S X MLE 5 NE [0 4 145 BUR
HHER, FFREAHR, KR KMEKRTES,SMA Xf
NE F1 45y W 48 J By #8315 2 B AU B 1k, 4k 58 5 34
(PR32 BN 2] AR FE 30 min) MLE 3% NE FI45 # W 45
SR B B R SRR (R 5E 2 h) I S % NE
FOES 4 S B VB B REAR . I8 R3¢ NE [y
AL 5 X e aE I AR L 2 (A 2 3R B89 1IE A
KRR, HHRBEEN Ang [ A[EL M VSMC
A 45 SRR T PR B AR S M B (K 32 2 b BRIy I
B 5 SRR P 0 ) R R & R T BT LA o B
VSMC Y 45 SRkt T Bk G AR 32 B2 300 I o o8 S Y.
G RIER, KR ILE PR S 8URH 71T
AR, B8R 09 UM B8 78 R LA AR 5
e L8 R AR LR EEEA .

BT Ang I B—MER T .0 L% 40 M iy e+
REVEHER, THEZRXANGESHFERHANT
& & 45, B EFF 78 Rho —¥KBE ¥ 37|, Fr LA B
PR B AR 58 ML X NE 52 M B 38 o 45 U DL
Ah, AT EE 5 H M B & (B A BRI EE A 15 1L I pH
HMRESFFRXRS, FLRERHP TIIEE, ER

AT SRE A Ang T ¥k (1X107° mol/L), EE @t
B 7% Rho ¥EE, M VLBRE 0 RED R E (MLCP)
RESWBAIERC . R EE N SBURAEI S H , 5F
FUESE , B8 5 E AT i Rho -3 B A9 15 ¥4, MLCP
EMETHE TS B BURHEREK T,

AL F IR T RS IS TS BB E
WAL, 3 5 M Y ¥R DAL B YIA K.
A LIS ERTEAFRIESE,, R LMK T2 /5 VSMC 85
B ey E T YLH 5 Rho -8 . EO 8 C
(PKO) . B H¥# G(PKG)EYIHX®  BHEKY
WYL RS FREEER, BTN AHERE . X
BROOOME, Eo-BEBBENRSET BN, A
Rho -$ B4 FHEHIH Y - 27632 T AL BB 7] i B K
PR H M GTP /K& U (GTPYS) fif B 45 1%
B Y - 27632 ¥ Z £ KA (100 mmol/L)EF,
MEE—HAX Y -27632 TR N W45, 45
Emaxfy 16% 848328 Y - 27632(100 mmol /L) 1
GF109203X (PKC #Hi#D o] e 2 &bk GTPYS &%
R EE R, 48R Rho -HBB7E G EE M SR BHEK
FREEEMEM, T PKC fEATREE /ML, TEHF
MAFEEEEMNANIER, MEFE—ZHR.
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