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— Abstract —

Acting Mechanisms of Extracellular Ca*" and Ca*" —antagonists on Endothelium —
Derived Relaxing Factor in Rabbit Aorta.

Sung Hoon Jin, M.D.", Kyung Phill Suh, M.D.”, Suk Hyo Suh, M.D.”, Ki Whan Kim, M.D.™

A biocassay technique and organ bath study were performed to analyze the effects of ext-
racellular Ca?* and Ca?*t—antagonists on endothelium-derived relaxing factor(s)(EDRF)
released from the endothelial cells of rabbit aorta. Transverse strips with intact end-
othelium or damaged endothelium were used for the mechanical contraction experiment
using organ bath. Long segment including thoracic and abdominal aorta with endothelium
(EDRF donor aorta) was perfused with Tyrode solution which was aerated with 95%
0:—5% CO: mixed gas and kept at 35C. The perfusate was bioassayed with a transverse
strip of thoracic aorta with damaged endothelium. The test strip was contracted with nor-
epinephrine and acetylcholine was used to stimulate the release of EDRF from endothelial
cells,

The results obtained were as follows ;

1) The endothelium-dependent relaxation(EDR) induced by acetylcholine was biphasic ;
an initial rapid relaxation followed by a slow relaxation.

2) EDR induced by acetylcholine was reduced gradually with the decrease in the con-
centration of extracellular Ca?*. The effect of extracellular Ca** on EDR was more pro-
minent in the late slow relaxation phase.

3) EDR to acetylcholine was not altered by acute exposure to organic Ca?* —antagonists.
Fretreatment with verapamil to the EDRF donor aortic segment did not alter the mag-
nitude of EDR.

4) Among the inorganic Ca’*—antagonists Mn?t and Cd?* did not inhibit EDR, whereas
Co?* and La*" inhibited EDR.

5) The inhibitory response of Co?* to EDR developed when infused directly on the test
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strip. That of La’t, however, was evoked when added to solution perfusing the donor aor-

tic segment.

The above results suggest that Ca’*—antagonists do not affect EDR and the inhibitory
effect of Co®" results from influencing the action of EDRF on vascular smooth muscle,
whereas that of La®* results from its action on the release of EDRF from endothelial cells.
Key word : Rabbit aorta, EDRF, Ca®*, Ca?" —antagonists
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Fig. 1. Scanmng electron rmcrographs of intimal surfaces of rabbit aortic str-
ips with intact endothelium(left) and damaged endothelium(right).
The strips were fixed and processed at the beginning of an exp-
eriment, In the strip with intact endothelium, it was observed that
polygonal endothelial cells covered uniformly the intimal surface. In
the strip with damaged ednothelium, fibers of smooth muscles and
connective tissues were observed.

Bioassay of EDRF
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constant ethylendiaminetetraacetic acid 0.026, glucose 11.1
cowntor| M) & %%m. Yo £ BRIE §ARH WL &

pen re-
corder

:sm;a

2E g8 N2 YA YuE Aen, dug
Fig. 2. A schematic representation of the 100cc B B

[5)} e =4 3 22]
vertical chamber and the isometric contr- HE WAALE AAD AL B
action recording system. Two aortic strips ~ ZHTHIIY 3). IAFFAY ool =g Wi
with intact endothelium and damaged end- A A olgielzte] Bu] Subalcl old =YL 2zt
othelium were mounted in the same cham- ) . _

ber and the difference between the res-  infusion pump® #iF&Aol Fedshs M LY o

ponse of the strip with intact endothelium gholzte] By A e = oy = 1077 Mol 2]5to]

and that of the strip with damaged end- . _ = -
othelium could be studied at the same con- FE 759 279 B ol A= 4 vt

dition. At d7lA] Catr—ASAS e AHe] T
ol FURLE AR s FAsR o, o Edo]

~ 232 —

i)



Infusion Heat
site 1 exchanger
Thoracic
aort 1=
L— Peristaitic
o ) ™ pump
[¢)
o
o || Polyethylene
tube ouco2
|nfu|;on [ '
site {
Il
Fo >§';! Infusion
rce site 3
transducer 53 o J °
| m———— o
o
b

Fig. 3. A schematic representation of superfusion
system for biocassay of EDRF(s) released
from vascular endothelial cells. A aortic
strip without endothelium(bioassay test st-
rip, was mounted for isometric tension rec-
ording and superfused with Krebs-Ringer
bicarbonate solution that had passed thr-
ough thoracic aortic segment with endot-
helium(EDRF donor aorta). Polyethylene
tubing was used to increase the transit tim-
e between the aortic segment and bioassay
strip.

Infusion site(IS)1 : above donor aorta

IS 2 ; below donor aorta, long interaction
time with EDRF and infused material when
using polyethylene tubing.

IS 3: below donor aorta, short interaction
time with EDRF and infused material when
using polyethylene tubing.
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ade Seiyaku Co), Nifedipine(Bayer), Verapamil
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Fig. 4. Concentration-response curves of norepin-
ephrine(NE) in the rabbit aortic strips with
intact endothelium(closed circle ; n=12) or
damaged endothelium(open circle : n=9).
Tension was expressed as the percentage
of the contraction induced by 107°M NE.
Each point and vertical bar represent mea-
nzxstandard deviation(S.D.).
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Fig. 5. (A) Concentration-response curves of ACh in the strips with intact end-
othelium (closed circle ; n=5) or damaged endothelium(open circle ; n=10).
The tension was expressed as the percentage of the contraction induced by

1075 M ACh.

(B) Concentration-response curves of ACh in the precontracted strips with
1077 M NE. The magnitudes of the responses were expressed as the per-
centage of the contraction induced 107 M NE,
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Fig. 6. Effect of extracellular Ca?* on ACh(107°
M)-induced relaxation in the presence of
endothelium. The magnitude of relaxation
was expressed as the percentage of the
contraction induced by NE(1077 M). With
the decrease of extracellular Ca®*, the ma-
gnitued of relaxation decreased signific-
antly(closed circle ;: p{0.05, n=9). Open
circles represent the differences between
the magnitude of relaxation in extracellular
Ca?* concentration, 2 mM and those in the
Ca?* concentration, 1, 0.5 and 0.1 mM.
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ALdEde] 23 ol & F AV Z71FE0127]
o} Frigkrelfbr) 2 Jehd T glow, M x| Catt
o] FEE ytFo] 7o wal Frjguto|fr|rt WA
Zastgen A2 Catt 0.1lmMAXNE 27 F&0
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gaojtol Chst ca*r —H M=

a)inorganic Ca** —Z &X|

10 min

Fig. 7. Effects of low Ca®" concentration on NE-induced contraction and ACh-induced relaxation.
The contaction of the strip with damaged endothelium(A) deceased with the decrease of
the Ca?* concentration, while the contraction of the strip with intact endothelium(B) did
not decrease in 1 and 0.5 mM Ca?* and decreased in 0.lmM Ca?*. The relaxation induced
by ACh showed biphasic pattern :initial rapid rapid relaxation phase followed by sub-
sequent slow relaxation phase. At the concentration of extracellular Ca**, 0.5 and 0.1 mM,
the late slow relaxation disappeared, but the early rapid relaxation was not decreased.
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F2A7 e oMEIUE TS 8).  Corrl WTAE &4y Beelge dAste 714
Cotte] e WTAEA 1 AHoINE e FZ 2 FEeh7] 915l bioassay & Al shsich, BFlol

Aol 2] $2Z: 0l F7)71 Cott FEo] BAQle] W3l  polyethylene®e Eatx ¢xn A AP dol
7 ok WA R e FHAAME Cott w2rt AA 3 G A FYFA 22 oy =l 7 Co?t
Z7}gto) ma} oAz 9§ FEo] Frletd F A FAA £FE FRAHLH FALLE]
oo ol AP I 23 WAHE &4 FPojghe oA otMEEFHS FUATHIH 9. CotT 107° M

5 min | |

Fig. 8. Effects of Co*" on NE-induced contractions and ACh-induced responses in
the absence(A) or presence of endothelial cells(B) . In the strips with dam-
aged endothelium, NE-induced contractions were not altered by application
of Co** In the strips with intact endothelium, however, the magnitudes of
the contractions were gradually increased with the increase of Co** con-
centration and ACh-induced relaxations were markedly reduced.

Control Co, infusion site 2 Control Co, infusion site 2
T N 1 ,7:.;‘;&,\?.;: E e L
——f I N S £ N AN

NE 10’ C:L NE 107 d s NE10’ [:L, NE 10) l:]_
ACh10 Co16° ACh10 ACh10 Cot0° ACh10®

10 min

Fig. 9. Effect of Co?" on endothelium-dependent relaxation(EDR) at different concentrations of
Co?*, Co?t was given to a bioassay strip through infusion site(IS) 2. Note that EDR was
completely blocked at the concentration of 1075 M Co?*,
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Fig. 10. Effect of Co?™ on EDR at different transit times. Co?* was infused through IS 2(long tra-
nsit time) or IS 3(short transit time). Note that there was no difference between the

rmagnitudes of EDR.
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Fig. 11. Effect of Co*" pretreated through IS 2 for
10 min prior to experiment on EDR. After
10 min direct preexposure of Co?* to bioa-
ssay strip, EDR was completely inhibited.
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10 min

Fig. 12. Effect of La** on the contraction by NE(10~’M) and relaxation by ACh (107*M)
in the absence (A) or presence of endothelial cells(B). NE-induced contractions of
both strips were decreased significantly in the presence of La3*(p<0.05, n==4). In
the presence La*", ACh-induced relaxations were greatly reduced ; the late slow
relaxations were abolished and the early rapid relaxations were decreased,

Control La, infusion site 3 La, infusion site 2

ACh10 tis1) ACh16usn ACh1G s 1)
NE1(1(|53) NE 107s3)
La 16 La 10’
10min

Fig. 13. Effect of La®* on EDR at different transit times. La%" was infused through Is 2 or
IS 3. Note that EDR was not inhibited in the two cases.

of Wsial el Ao} WM EA olghelAtel Eule] B Stk

A ABE Yopur) s BFRUo] polyethylene®  Mn**& Fa@ F ol g =] g WIAE o
& Baha gu AY AR FAXAY he F 24 YIS BAFAH Y 15). ol T T Y
Qi 1904 La*rg, 7984 2004 wol Tz o g £59) 27 WAMEs} Ak AR ab
2 FgsRA oplgedel BvE BAAAG(1Y  PHNN 2E Fhsout oph D2 g ol
1. DA Mool AHBBS O|RYEA B2 9 2rlelE WA UAG, CHE FAGAE B
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MntE 23182 1o 5¢d 298 Adh
b) organic Ca?™—Z |

Verapamil& 30%7 AAXsta WM R &4 &
Holgte] WslE B UrH Y 16). Verapamils 1077
Mol 4] 1076, 107° MZ 1 ¥ 5 & ¥a o7 vt
ol U Z Ao 9 £F AVl Pap gashe w
Holl, opd o] o WM E &N o)k
7] g0l d o] oy Frgvol g
$ 8|8 Z7}alg o). Nifedipine, diltiazemg AF&-3+4

Control

La, infusion site 2

2 ol verapamil®} FUgt AoE v} o 4
2= Mn?t, Cd*m & AHE-81E & miote T g 430
o}, Verapamil®} 49 ol D&zl o3 oA Y ==
verapamil g 1083 AH X & 3tF-S W} 303 d
] 215t -& w7t &pel v} gldch £ 71$kvko] ko] F 7t
& AL woguZdel o =& A 58 (4
Q4 ol AnE Toigvtolgte] FrlslA&
Ro @ At} VerapamilS 308 A& slodx
el A ojEg Yaboldtel TastAdtAw ol

FAgat)

La, infusion site 1

R O

2g

SN
NE1S? L]

ACh10°
La10*

10 min

Fig. 14. Comparison of the effect of La*" infused through IS 2 with that infused through
IS 1 in EDR. Note that the inhibitory effect of La** on EDR was developed when

infusing through IS 1.

(A)

(B) =

NE 16" vn 1"

ACh 16?

7.

Ing 16 |
w [ACh 10—

/NT

| Ynt

-.7 l -
E 10 NE 10
-6 -
ACh 10, [ACI'n 10
“NT w,
. 10 min

Fig. 15. Effect of Mn?" on NE-induced contractions and ACh-induced relaxations in the absence
(A) or presence of endothelial cells(B). In both groups, Mn** suppressed NE-induced con-
tractions. ACh-induced relaxation in the strip with intact endothelium, however, were not

changed by Mn?*.
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| /,NT
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: ‘_I__,Nmm!} £

i-ACh1O
T
|
Control omin

Fig. 16. Effect of verapamil on NE-induced contractions and ACh-induced responses in the abs-
ence(A) or presence of endothelial cells(B). The effect of verapamil was similar to that of

Mn2+

ks
HEoE zHE woguZ ol 23 3
I 58 ZAAIA oA E EY Poo|ge
=8 AARY #gHA JetdA stR2E 7He S
A+ At ol 2 3
Art

Verapamilo] WM Z A oM EA o] 41 2}7}
HFHlE e 34 E JA st AE gotrr] 943 H 4Ry
o] polyethylene &8 5314 &= e, #FHo]
AldH A AR QA 31 /\]?J%é?iﬂ]c EDRF
FFHAE AR Ao gHo] oA & S F
YAA 1014 308 E<9 verapamil S FY3AT 2
d o verapamile] FYS HF I FF Ao A1 EH
Holl GojAA & thF ol FHW ZA S F9Y g4 29
A FHst FEE FEAALY oEEdL F4
A 1A FAstArH( 29 17). Verapamil & 305
ZH WM EY ol glate] FFE ol WHA T 4y
7 HZH gol] verapamil®] A X f72k #AAIGle]
ol dZRo] 3% o|BFEE FAFS ¢+ YA
o}

Z#}7} verapamilo] T A ¥ Bvto] ope) A
53]

o

Control Verapamil pretreatment

Verapamil 10 ACh 10

10min

Fig. 17. Effect of verapamil infused through IS 1
for 30 min on EDR. During this period the
test strip was dripped with the solution
which was not perfusated through the
donor segment. Note that verapamil did
not inhibit EDR.

5. 72 #F

Vasoactive agonistsol] o]dt HAHFF9 sensi-
tivity 7} B A X {50l whe} ojw g xpol7} A=A
a9 el g xpol7b vERER o thate] g3l
vk7F o}z githk. Furchgott®} Zawadzki(1980 a)+&
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o) =Y 2 2L vasoactive agonistsell 3 E
7] thE o) sensitivity7t WA M E F5-2F #AAIRLC]
AA s JEAE §Fof wha} o 2§ agonistsell o)
&k sensitivity 7} @etd A& JH A X E A AL ool
P oo st EguEd selze teAS
AAjatdch wH Cocks®l Angus(1983) & WHFH M E
7t e AHAA WA FEA Q= W@ H[EH o
oyl el <F FF-ukg FHeol zolF
(left-shift) s &H ol ol Z o] WM LA
ojgelate] EulE Hualy) wolakia B sty Th
g B AEdoa Ay Hx @EAdMY PG
Faxol thd &F—wkg 4L adelFE A Fob
vasoactive agonists7} WIMEA ojgklzte] EH|
Ft ogro wel HAHAE FFo wE {FF-1§
A e FHtolgARrt A4S FAsA ot 19
L 77t A Ao e AREYSR £58 F
A7 AR woll i Zo] YHAE ofEAL
ol ghg R RAIF1A gol wollHjy| Xdo] W=
A ol Abg EulAI7IthE= Cocks®l Angus(1983)
o A¥dsaE F9F 4 ddch e WS xst
WA XA o]gAAE Buste] dRgEEe 1%
& 2Fslng G2 1R dsel wek
A EA olghel 2be) Eu|r} Wat 11 A oIy E
dof| &3 GF-ukg FAo| el E 75 E viA
& 4 gich

W A EA olgelziel Rulo] Axe] Ca*reo]l BR
sicke Ae AEe Cate AAAY WFAE o
A AE 2oEA Yao|gho] A3 e (Furchgott,
1983 ; Miller et al, 1985:Long & Stone 1985),
Ca®* ionophore A23187°] WA ¥ o]&A 3 eho|g
S dode APAAE nFo] FAY F U} £
AE AFAE o]g npAVIAE WX ojE4 H ool
o] ¢k M ¥ 9| Cattg Ha} Aol whet 1 A7V A
24 ztaste] WA A o) le] Eulele AlE9
Catto] Basltte AL #5% + AH(2Y 6). ¢4
oM EZAd 2 WIME o]FE FEoldE F A7
2 JvEse v (ad 7), & 2718501271 (initial fast
relaxation phase)9} ¥71¢ro]gt7](late siow relaxa-
tion phase) 2 TEHUTE A E9 Ca?t & RFo]
izt Eridure| $h7)7F WA Zhste] AES Cats
0.1mM $#3& 3% 2mMol A o] ol Lol uEto
60%A = ol &g st E o o] AL FrIgvtol ¢ of

LA E A&ehe dlol AXES Cattol Hasty o
© # ASHHJA HAMA LA o] AU z}e| AYAatol M E
Cat*o]l 42 %HE JUetie 232 g

Cat*—Z A Eo] WIME oJ&H oo g} 1]
e A Cotte La*t M oA st A -9 ver-
apamil-g Y] %8 organic Ca?™ — Z A & o]} Mn?™,
Cd#t Ag d&¢s vAA e A% & 779 A
2 o vEg B 8, 12, 15, 16). e
A E o EA Ho)tE AAERA B Ffdr
Holl A 8 AP vlste] eyl o g
F&Ho| dAsIon Frigvtold 238 F7)
sl Ca*—AgA So| HEay FHEE 7haAF
o2 YIAAME &g ol W3yt glAY 2
3lg S71EAE 7He g wAE F flok Peach®
(1987)& verapamile] WH & E4 o] gkl x}e] WAL
AA sy AslM e XA Aol FEslok drH(30
B ool WiEg ot verapamild 1087 H A
23 A9} 3083 AA R Feot 2ol glol F
ds A2 wHtl Peachs s @M= Catt—
AFPAE AAx FozH dolvhz ol T of
3 & PAE agoniste] FEE EULEHN
Nz24dge] +& Jend FEAZH= ©] |4 ago-
nisto T Fol wel ot dFY e oY=}
AaslE Ao g2 nFo] verapamiloll 9§ WaAE
ol&A dolghe] #A7t agonist?] FE Frio)
o] e wiHE & glrh. Verapamilo] WA X
d o]l Rte] EHlel nX& FEFE dolhl7] 943ty
A= YA Ed e 03 verapamil & $o slejok
gog UgHEy dexoes £ 4 e bio-
assay & Al st ot

Verapamilo] szl A] oM EAG o] A&7}
Hulg e AAe v A= & dotry] At Uy
A EA G 308 AAMAE 3t AFstAS o oMNEE
Yol 23k oA = ozt flol(y 17) ver-
apamil2 WA FA o|Ax7} Eulse B4l
olF-& g dto] glogala wekEch o] AE ol A
+ verapamil 30% AA A& YA T verapamil 0]
Eoj7HA] ¥ AHZE SR R Ad o obEEd
of & W& #Aste] o] =P verapamil®] A3}
7t oM e A o Ml 2 ol xte] FF 3
ol ol verapamile] AP HHA F3FE vH
< M WA 4 ot ey olel g FEFE ]

lo,

>
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dd3d 438 v FAxz F ksAe §
o=z AlgHul

28 102 v zd e FAFAE bSATA
B el A Co?tel AT galgh 4-folu,
Co?r o] F)aae) wel ol dZ Ao o3 g#jr}
o)zl gl oz Kol Cott WIHEA o))
2ot 2H ukg o 24 YA oy gdo|dEs
HaA 712 gkgtoel e AZtE o Co*t 107° Mg 10
#3 AAAst Cot e FUE SRgE el
Algst do e WoHzA oty axr) ¢
A3 A F o] Cotte WHAEA o)A HE2
ANA 2 &5 Yellle AHE AASAL L & F
AeH(zE 11). 30 WA E7 gl AHANA o]
iz o|§ %ol Co*tE HAX sl x J g
wz)ekol 1075 Moldte] FEoll Al Ca?t— 2 34 9
e e Aoz AlEE (2 8).

La*"& Co*tol= thE wh-g S Bola o) 3
PB4 E Eel 39S W(2® 13) FYF A BA
o] & HAIE Ho] WIMEA olklzte} A wk
23 e Ade gle Aes AzdEd a4y F9- -
4 1914 La*tg F93dS e dizddolvt &
dHFa 22 F9etg S wo vuste A|gEH o
A=t st Latte oA o)A WuAzy
ojghRIx7E BHlE = A g AAA7|= He g AR
A 2™ 14).

o 7kx) Ca?* — A A E FolA] La** 3 Co**7} o}
B Ca®*—ZdgAE Hlate WA EA o]z}
EH g b go uX e &l g o)l dalM e
%o 2 o A7k JPojof & o), B Lattw
Co** o] olelgt golo & 7154S g3 o]
£ 5 Avh IAEA olekdzte] EHE f2

E2E 793 HIHEE= dFAAEA o2kl
= EH g B ol e) EFE = o8 s B
Rb-sensitive Kt B2 2 o] Kto] §&d 7|91 s}
o2 4#A AUtHChen et al, 1988). <l& 3 =}
o] oM x oj&y ool A EA oleelx}e]
10 2 Fge v xe Gl dstdie o1y o4y
Z =7} givy. 98 Gordon® Martin(1982, 1983) &
< WA A Ladto] x4 o]kl z}e] £u)
& B3l 9% *Rbel f&S AAsts whA ver-
apamil2 A 3}A] ghgkom, Y= A Lol A ¥Rbe]
£ YA3IR] ¢+ verapamilo] 3 o) A 9

A

tilo

e

il

i

0 o 2L o

P

¥Rb §2& At RausPch ojgF AMd=
o] WHAHES} P Pt Ca¥t &= Kt 5
22 Ydojgd iAol AAHZ Y& (Gordon &
Martin, 1983)& 3t oM E A La*t e ver-
apamil = @2 Ca**o] §Y& At YA 2
oAt} EHE JAstF o= A" £33
Co**2] & #}+= soluble guanylate cyclase® oA 0.
28 WHAHEA ojgdRlRle] aE AAsle Ro
2# 2 methylene blue o] oA AT SA3H (g
18, 19). 534 F3438(29 18)9 A9} met-
hylene blueE 10&37F WA R3 & A8 3 bioassay
A¥ A3H29 19)7F Co?te] A¥AD) TYs &
#E Bt Co?t$} methylene bluer} W3] A £ A
o]l Aol FLg-7) ol w A= 4ol thsle] = B
wE 4 Ae APWA = soluble guanylate cyclase
o] 9J& c-GMP2] Aol vl F8E c-GMP9
BHHQL 24 E Tt 9ald Cottel FEg g
718& g 5 AS Aol T B 4y da=
u]Fo] "o} Co’™ = methylene blue®} TU3 714
Z soluble guanylate cyclaseE A 3o 23 U= )
XA ol AAE IABHE M54 E 2T
F Atk

E

0

(A) 3

(B)

Ach16 NE, 10 "

w/NT MB 10 ACh10
“LNT

10 min

Fig. 18. Effect of methylene blue(MB) on NE-ind-
uced contractions and ACh-induced rel-
axations in the absence(A) or presence of
endothelium(B). The effect was similiar
to that of Co?t,
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Methylene blue pretreatment

e e .,_.4.‘ i
NE 10 [:I\s

ACh10

10min

Fig. 19. Effect of pretreatment of methylene blue
(MB) infused through IS 2 for 10 min on
EDR. EDR was completely inhibited by
the direct preexposure of MB to a bioas-
sav strip. This result was similar to that
of Co**(Fig. 11).
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