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=Abstract=

Modulation of Severity of Relaxation in the
Isolated Rat Aortic Tissue Model of Ischemia

Won Oak Kim, MDD, Hae Keum Kil, MD. and Jin Ho Kim, MD. and Young Soon Park, M.D.*

Departmeni of Anesthesiology, Yonsei Unsersity College of Medicine, Seoul, Korea
Department of Anesthesiology, Inchon Christian Hospital, Inchon, Korea™

The purpose of this study was undertaken to test if alteration of calcium flux across the
sarcolemma or sarcoplasmic reticulum change subsequent relaxation of rat aorta in tissue
model of ischemia. Thoracic aorta ring segments(2-3mm wide) were studied with solution
that mimicked real ischemia condition(hypoxia, acidosis, elevated lactate levels and zero sub-
strate). During ischemic condition, the effect of treatments thought to decrease cytosolic cal-
cium were tested. Half time(t,;) and degree of stabilized relaxation were 2.4+0.9 minutes
and 17.6+12.1%(NE 10~ M precontraction as 100%) for verapamil(10-¢ M), 3.3+0.7 min-
utes, 22.2+3.9 % for low Ca?*(0.75mM) in ischemic solution. Interventions aimed to elevat-
ing cytosolic calcium were also tested. 3.8+0.9 minutes and 68.6%+8.1% for high (10.0
mM) Ca? in ischemic solution, 3.7+0.7 minutes, 72.8+3.9% for ryanodine(3x10~°M). 3.8
+0.5 minutes, 53.4+2.6% for isoproterenol. Without any treatment or agents during ische-
mia, hlaf time and degree of relaxation were 4.0+1.7 minutes, 74.6+13.2%, enothelium and
time independent. These data support that treatment or agent thought to reduce influx of
cytosolic calcium levels exaggerated the severity of relaxation. The mechanism of relaxation
in ischemia is not completely clear, but it is suggested that a reduction of calcium influx
may involved and directly related.
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&3 HYddz HE ALLF, 4UF, A
Z71 28la 7} W (substrate)o] ¥FE FYo] ®z
A o AEsEdM AsEd ATPYAY 32,
43, Ax Gytel Had Aol 44, MERS
2459 A4, AERFE Fol 47A E49. B
olwf H¥ AiirFol Yo HAYH, dFY F
HE Q@85do] dojde Ae dYzesz I ¢
AR A, 2y dFEH UA HPzd
wet F&3 ogelge tE IA(E AFT g
. ¢ 48 F7l0 @ £a3 ojdel Ysue
Z1¥e] chofdtn AW ez ¢FHAL Yol

wztA AREe HA Z71GdAM hEHe o
go] 7l 7ld& ¥ol B £ Y& A7
ol B a3teuelth

s 3 W

1. AP HE

£%7 350400g°] H& A 17v2l# etherZ
ol Fo F4A BPE AMHo BRdEU4
Adste dYe) HEF Yo akn FRE 2
A&n F¥ dsd& F&sted vtz 100% 071
EYHE Tyrode $4202 &3t A ¢ AZ
g RA2YA AAsn, WEEE Holst 2-
3mm F=7 HA FAM ¢y ddEdHE TENU
. 283 E2A §°] vez ¢£EHE 3dml
o34 Fzeo ZFsF(tissue bath)o] Aag
Heg 2k dEe $%2 £ v nYE
[] & =%e stainlessmelo] dQFsn, =g
#2& [L]1A 229 stainless o] Zdol Y&
A 71(force displacement transducer, FT 03C,
Grass, Quincy, MA, USA)dl nA4ch 24
Sxe TCE 4 =& #AFPeH, B%
0,/56% CO, E¥7t27t 2ol H=& st9d). ¥
g4EE 49 € W 90% N/ 10% CO, £¢71
22 dixsic, FH HYE dFrIEFA
(polygraph, model 79E, Grass,USA)2 #&3ldch

2, N8

A4 Tyrodef sl AH¥& Y&z Ak(mM):
NaCl 129.0; NaHPO, 0.9; NaHCO, 20.0; KCl 4.0;
CaCl, 2.5; MgSO, 0.5; dextrose 5.5(pH 7.4, 37C).
8% Tyrode§-<f2| J¥& NaCl 1230; NaHPO, 09;
NaHCO; 6.0; KCl 4.0; CaCl, 2.5; MgSO, 0.5; so-
dium lactate 20.0 (pH 6.9+0.5, PO, 80+6mmHg,
37C, n=4) olFt}". Ca¥* AEx=(Ca’ 10.0mM)
9} AEx=(0.75mM) #HE Tyrode §4& CaCl.@#
747 sdd @t

3. AEdEX

74 YA e 724§ l5gez 3d
408 F¢ UHHHEE 39t d B ¥ (endotheli-
um)8] AAE 7l=o@ yRtdz 4addE ¥
=dA 32 £4d8 Fenm, #F norepinephrine
(NE)e. g2 & Azl F9 acetylcholine(ACh)o 2
olgtsE Ao ol YEUH #FF BAHHA

YWl ¢tA € F NE 100M2 2 A HG.
ol F£&o| Fuisizln AXE AlH HEH
(35|44 9 90% N/ 10% CO.o2 ag)d #E
sto] ol¢t AR EAF oAl LA 5% O,
/5% CO, £§7122 A4 SH=& 3. NE
100ME §#EEE 7MY Fdde AY44ds
HYAdel 259A #4 NEo| #& 57t &5
=& 3td Fqrh

(7h) d@Hey F2 ALHEHQ AR dE
olgte] ¥istE HIHE e L AL 4Y
o gHEE AR Ao mE oAz A
oj7l v AN #EIAT

(U4) 9ist &L A4 Axlz Ca* Y9
Aol W& ol EAF BIIHN3lS L-type Ca™
channel blocker?l verapamil 10-M& HAHdeld]
A RA#AT, B HAYIHAANE FoAg

(ch) HEAdu& HEdAMq Mo §402 Ay
E(0.75mM) Ca* U &4 & AH3to] olgF#
R3PS

(2}) 24 ¥ M (sarcoplasmic reticulum, SR)g] Ca®
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Feld Hr|9std FAduiet HEYHANA 3x107°
M9 ryanodine(RYD)& Fd3to @asldd.

(71) Y e8 THEBA HExe fdog 1%
(100 mM) Ca™ 3HYBAE Al g8 olgA=E
& Basc

(v}) FAaarelel s gAEolA 100'M9 isoprote-
renol(ISO) & Foj8te oA F Hedth

4. ALE %4EE

ALSE FEE BE Aoz @olasd F
F4o oM Ap83l9 o9, NE, ACh, Ryanodine
(RYA), isoproterenol® Sigma A & (Sigma Co., St
Louis, Mo, USA) o|¢jt}.

5 BAlRY

NEo o|% #3&0] Hdz =Ho AY =HAUE o
o] FHE 712(100%)2 2 3lof oj¢te] A E o
7HA AL, 3 ol ARE &ANET. 7
7+l HlaE Mann-Whitney U test, 18] Z+Z7te]
& Kruskal-Wallis 1-way ANOVA® #ol 2
olg FAsFom, p<0.058 29 U= Hoz 7}
Fagich

&

(71) sz el 50 R oje| W

8 de A$(n=12)d] NE 10-Md] ¢
 F&o] P B F(100%), HEAH=2 vlRY
& o A7te] FHgo g ol HEI g
oo, ojghe] AHE WA L£QAT(LL)E 4.0
178, ojl¢e 746+132% 2 ueen(Id 1),
@Y7 g& H(n=6)e} vmstd FoF o
7 gigich webAd ok Hd¥dMe dEdHd
adgz § s 4¥& A4 shdcoh

(4) MEYR Ca* ReIB2e Alcto @l o
2ol &3t (n=5)

t

NE10TM 1

__I 05¢g

4 mins,

1 tor ot ot 11
N

1 N 1

a9 1. g8 s € « NEWO-Mel o3t H4
sa2Aeist SEAd o diFEdol olgH
e A& BdFE Hold,
(N: 34 Tyrode®9, I: 5§ Tyrodeg-f)

A 48-Hol A verapamil 10"°M& Fstgg o
ojgho] tFE WA ARAIZH(L,)E 5512 &,
ol 93.4+22% 2 vetdon(2y 2-A), HY
Aefoll M= 245098, 176112.1% 2 Vel
d 2-B). §JdelA verapamilo] gl& w9} gl
& W& vzt EF verapamilo] A& H7l &
A3HAl AR AIZke] FolRAA o|¢ghe] HE A
ATH(p<0.05). 18] verapamile] Y& #H YA el
9 Az Ca* sdgdde #o&Ad nyx Ca?
* s g4, ryanodine Foju BT} 49 Ato]
FHolNAM olghe] =7} 43tFH(p<0.05).

(ch MzZe HET(0.75 mM) Ca™ &&i&Ho)
S|t gt (n=86)

HEYHE UEUA AXe £90z A=
(0.75mM) Ca* HYZA& ALg3te] o|gho] A
Eu7hAl A8 AI7H(L,)R 334078, ol¢ke 222
+3.9% % et E 3).

(2}) Ryanodine2| Mofoll 2|8t 8t8 (n=5)

AAE Ao A ryanodine 3x10-°ME& F A3 AE
g ol Wisiyt gldot, YA T
& W olgto] AFHEHHAANA 28 AT (L)L 3.7E
0.7%, ol¢he 728+3.9% 2 JEIWTHIH 4). Ry-
anodineo] Y& W HYAHH S v DA o] A
2o Azl oM feHe] giich
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1 1 1 1
NEi07M H N [ & RYD
1 1 t . _
NE 107 M v Washing 2% 4. Ryanodine(3x10-M)¢} ¥ojo] <& o|g
uhg-o] Wi,
(N: 34 Tyrodeg-<i, I: 3| ¥ Tyrodeg-<,
I & RYD : # €& 94 ryaodinef o)
B. (10.0mM) Ca** 3 HE4&F Al83te ojgho] A

AR AR AIZH(L,) S 381098, olgte 686
+81%2 et (g 3). A5 E(0.75mM) Ca?*
YA E ALY We} vREd A8 AL H
AT, AgE Ca*EdoA fejstAl oo
F=7t A& (p<0.05). A4 Ca¥*5 59 3YE
U T Tt AR Hol7h AUAY, HEE X LFE Ca?

NE10-TM 1 N 1&V :
HELAFUN e 28N R olgFTA H9

23 2. Verapamil 10-°M& F3lg&d olg9 ¥ o]z} AU (p<0.05).
Ha§ HoFE Aot
(N: 34 Tyrodeg-9, I:5]¥ Tyrodeg 9, :
1& Vi @499 verapamilF o)) (4}) Isoproterenci2| ¥0{of 2|Bt BiR (n=4)

__J 0.5¢g

4 mins.

489 A isopreterenol 10-'ME& Ho3ye
d olgo] GHE wrA A8 AL, 34£07

M 2, ol@& 561152%2 Uehgon, sEe oA
_JOSg + 3.8+05#, 53.412.6% 2 Jelgci(2Y 5). &

44eloll A isoproterenolg F%U& Wt YA

4 mins.
1 1 t 7 t 1 t 7 isoproterenol & F3lY& "W /9% Aol ¢
NE107M 1 N I&L N I&H N ACh10"M

217 isoproterencle] glol HEAE I =HAE o

of vzt ol¢k 28T olgATH YoM &
2y 3. XY f402 AET(0.75mM)St 1%
' £(10.0mM) Ca** # Qg Ho] oj¥ s} g 2o|7t AATHp<0.05).
(N: 34 Tyrode#<, 1.3 Tyrodeg 4,
[ & Vs 8-de verapmil§o], I & L:A
¥E Ca*3|¥8e, I & H:sE Ca™3 a &
g89)
TR AL Ao A BAe Hxo o
2 87ty 4oz 7@ 9%e A ®h 2
B3 HFHo2E ABRAE 732 Golg

HYAduE VEUAN MES f90z 3Ex  HUE &40 AVl gd=2 AYsHE Rojuh ol

(@) MEZe DEET(10.0 mM) Ca* & @BAo|
2|t gt (n=6)
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+ T 1 1

NE ISO N 1&1SO N 1 N

2% 5. Isoproterenol(10-"M)¢] Fodo) &% ol@t
g9 W
(N: 4% Tyrodeg-9, 1.3 ¥ Tyroded,
I & ISO : 3] ¥ &9 isoproterenoclF &)

Cat*g 8% A¥f 3e ez I YA o
t}. B o8 HPde Ca* o= B3z o
% ode7hA 1ol WAET Ytk

ARAEL BREHN o sHYAHd FYHQ
WAooz Yehye Brhx dYzde HEA A4
o fAE HYAHST FYT. d¥zdoz &
o] A Bae) F7), ANAZ, 719 FAT
aRelth olFdlAH AHAAFL PO, 806mmHg=
ARLZo2 BREVE Ba BA Atn ¥
4 9t 2¥A % PO, 7} S0mmHgel87t Hl= 7
Qo @Y FHo] F¥ Horv, HYELAe pH
7} 69105 WHlo] Yooz AW ANLZT YA
A4 Ae Yo £2 agan FHAY ¥E9 o¢
Soz Wud ARg drle YE Re=z 47 g
o] Fulg AALZe W HYFA) HAYL
80mmHg We =2 &7 39ch E Coburn 598 E
79 % ERNN HAaFo] ofF YPo|gol
sagto] 60-80mmHg® ZAAZ M GMPe ¥
= Ayl A7gn (g 2dzE dadg
80mmHg W2 §Asted cGMPe w¥iste] ¥
298 99 4 g Aoz 4Z HAh a9
dyzpgdoz YeEY zHo wEAoz Y
Ao x2Fo] olgho] gL vAEe AE TF
& Foe BAHCE K¢ NolE ¥ + YU
= BFEE Fol E3) olopr] HiE 2f7I(free
radica)= ABFE AT Aa of X9 &4
o B g Aoz Az AP oY =
AT 8A GATH.

PEZe olge WIUTH BHizEE YT

7 olghE A F71 AMRXUE Eo7le Ca™s A
& = Mxelz v, SRz Ca* &3 7}, SR
2 2 %439 W z2lz addx cAMP,
¢GMP, second messenger, & F+& @Hde 7+
dol e AU F A4Ezgd o 2 Evdn
# & Utk

dHUive d#e olgd Fad zHE& @
AR ¥ dYeide @i /R wE
H3E S A2 ofFd o7} gtk o
A& Coburn T¥9) o3 &< € ZHzsl dAge
Aoz 719 F5 dFY, HEFH FolM A4
423 o YEolge €HU ) Tt 3
Aok 282z FPUiHEe dYd o4 dFHe
ojgt] AHHom FY& FA Y Aoz 4F
¥ F Atk

gdgoz Ca¥ol ¢ A¢EF Yolir] #sd
AMEe Ca9 Y& YA st verapamilg Fo
FAY sggge Ca*e @ B HYo o
e AN BB HEdHd vistd WAHIA
ojgho] s&ETAM olge] AR AFHTHIHI
% 29 B, 3). Verapamil® L-type Ca* channel
blocker2 BFAFeiME oF3tel o]gho] AAAT
(934%), 8@ e ol¢ge] ©S JI&EHE A&
g F UAYD, B HYEY] Cat*o] @& FH
dx ¥¥ Y4& Hole Aog Hof Cat*e A
EZU #¢9 #A dAe AeEE olgd Fad
dgE uixes A& & 5 Aok wHA Ca*F
E7 we sE4EHe Afde ol AaAzn
ojgte] A=+ AFzuel HEo HYAH Abold
de Iz olg U oA YA Ca*9
Fo] ojgkel Y A= AE ¥ F Je F
A7t B £ 9§ Aom 47 . a¥AT Ca*
9 FEI} wfdE o¥HE AEV nE HY
A 2ot o @ol olge] EHUM ojgh AgANE
@& HAX FAHczEs 4% 2oy} g
Aoz Kol H[F Cat*9 $ET7t Fol: #HEAH
AqA Ca** el MEW Kolle d%& vz YA
¥etta Qg

T AT Ce o AFsLE ¢ SRo| ol¢
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o vixle YL 7] HEtd RYDE FH43lo B
gted, d¥t¥oz RYDE AFkdie SRE #
B Ca¥& W&sa® ng=dMde SR Ca* %
2§ Adile Aoz Bu Hu Y0 E U¥E
e Axxe RYDE AM83td SRoA Ca* g
Hag 3o Bt HEY P H B
o ¥riE iol@ # F U 2YEE AFE9
RYDe 2 SRelx Ca*¢] #@=He Fxe YAl
of olgte] Y g & VEFY Ca¥o] e HA @
€ Aoz HojAch

% # Isoproterenol® Fadrenoceptoro] Ay 3t
adenylyl cyclase@® #33lod cAMPe 27tz B@
o8& olgAFle Aoz ¥ A UG AAYEH S
e ol N isoproterenold Fo3led Hgtedl of
¢ 2o AT ojgFEE BB HYAH S Ao
7b A 29A HEddHE A ojge] &
HAEe % RAoes Hol Y= cAMPO 3
FYoz Y& FA e Aoz v,

Y X\ 4eofA Ca*7l cHEH oge] vl A
e 993 2 7|dd oie P Eazx 44
SEAesl fAME Adeicld dEE dAde oed
#h

1. ¥aue §5F9 NZHEQA Hue] wg o
gl Aolzt g

2. Ca* B2 29AZ verapamil 10-°M& ¥
L0 FosHE o} Mxe Aoz HFE
(0.75 mM) Ca™ 3 ¥gdo] HAEF o ol¢ 28
A ZH(t,) & #FsHA Zasen, ogdFAEs ¥
H&tA F7b ATk

3 Hxe f902 TEE(100 mM) Ca¥ #HY
fY0] HAUR e oY A8 AN oig Hx}
B¥o HYgd e Ko Ho|7} gl Y
Axxe Ca* ¥4 o Boles Fo5A Ao
7 A

4. A% =9 ryancdine(3x10-M)& YL
Fo3Ad® W ol A8AI7F o HEr B

o HYde] Wk 2ol7t gidch 28y verapa-
mil Rode} Hpxe Ca* HYLY o Hoe
fel8A zol7t AT

5. Isoproterenol(10-"M) & 3 Y& Aol Fo3lA
& de B9 HYAY doe olg L84t o
gz AA /4E xoj7} YAXIT HAAH
AAH Foisldg Wt HESHN FASYE o
€ aol7} gislch

welA olelge Faz v YA M Ca
9] #4do] JAHYH ojgho] 7i&EH Hor E
yoz, SPAE X7 Qi olge Caitel Al
EFU #4dol dA=HE ol AHFAHQA BAEA o
t Aog 444,
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