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Regulatory Mechanism of Vascular Contractility by Extracellular K*: Effect on
Endothelium-Dependent Relaxation and Vascular Smooth Muscle Contractility

Ji Young You, M.D.*, Geun Hee Seol, M.S.**, Suk Hyo Suh, Ph.D.**, Jae Ho Ahn, M.D.***

Background: Extracellular K™ concentration ([K*]o) can be increased within several mM by the efflux of intracellular
K™. To investigate the effect of an increase in [K], on vascular contractility, we attempted to examine whether
extracellular K™ might modulate vascular contractility, endothelium-dependent relaxation (EDR) and intracellular ca’*
concentration ([Ca’*]) in endothelial cells (EC). Material and Method: We observed isometric contractions in rabbit
carotid, superior mesentery, basilar arteries and mouse aorta. [Ca’"] was recorded by microfluorimeter using
Fura-2/AM in EC. Result No change in contractiity was recorded by the increase in [K'], from 6 to 12 mM in
conduit artery such as rabbit carotid artery. whereas resistant vessels, such as basilar and branches of superior
mesenteric arteries (SMA), were relaxed by the increase. In basilar artery, the relaxation by the increase in [K')
from 1 to 3 mM was bigger than that by the increase from 6 to 12 mM. In contrast, in branches of SMA, the
relaxation by the increase in [K*], from 6 to 12 mM is bigger than that by the increase from 1 to 3 mM. Ba®"
(30 M) did not inhibit the relaxation by the increase in [K¥], from 1 to 3 mM but did inhibit the relaxation by the
increase from 6 to 12 mM. In the mouse aorta without the endothelium or treated with NG-nitro-L-arginine (30 M),
nittic oxide synthesis blocker, the increase in [K'], from 6 to 12 mM did not change the magnitude of contraction
induced either norepinephrine or prostaglandin F,,. The increase in [K™], up to 12 mM did not induce contraction
of mouse aorta but the increase more than 12 mM induced contraction. In the mouse aorta, EDR was completely
inhibited on increasing [K*], from 6 to 12 mM. In cultured mouse aorta EC, [Ca“]i was increased by acetylcholine
or ATP application and the increased [Ca“]i was reduced by the increase in [K'], reversibly and con-
centration-dependently. In human umbilical vein EC, similar effect of extracellular K™ was observed. Ouabain, a Na*
-K* pump blocker, and Ni’*, a Na‘*-Ca’*exchanger blocker, reversed the inhibitory effect of extracellular K.
Conclusion. In resistant arteries, the increase in [K'), relaxes vascular smooth muscle and the underlying
mechanisms differ according to the kinds of the arteries; Ba®*-insensitive mechanism in basilar artery and Ba’"
-sensitive one in branches of SMA. It also inhibits [Ca®"} increase in EC and thereby EDR. The initial mechanism
of the inhibition may be due to the activation of Na™-K™ pump.
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2718k} [17-19]. wiek vzl 80 mL Dulbecco’s minimum
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A. Basilar artery
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3 mM I—"f

K, 1 mM
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B. Branches of SMA
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Fig. 1. Effects of extraceliular K*
on the contractilies of various
blood vessels. A, Note that the
precontracted basilar artery re-
laxed on increasing [K "], from
1 mM to 3 mM and the relaxa-
tion was not blocked by Ba’'
B, in branches of superior mesen-
teric arteries, the maximal rela-
xation occurred by increasing [K o
from 6 mM to 12 mM, which
was Ba’’-sensitive. C, on the
other hand, carotid artery did
not relax on increasing [K " Jo.
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A. Aorta without endothelium

K], mM

K mM [12] 6 | [ ] ]

B. Treated with L-NAME for 30 min

12 6

Fig. 2. Effect of extracellular K’

NE 10 uM

on contractility of mouse aortic
smooth muscle. A: endothelium
was removed by gentle rubbing
with cotton ball. B: the aorta with
endothelium was treated with L-
NAME for 30 minutes to inhibit
NO synthesis. In both cases, the
magnitude of contraction was not

changed with the increase of [K'o.

Fig. 3. K" -induced contraction in
mouse aorta. A: Extracellular K"
can evoke vascular contraction at
high concentration. On the other
hand, there was no change of
vascular tone at 12 mM [K™})o. B:
averages of the magnitudes of
the relative contractions at each
concentration of [K*]o. The magni-
tude of contraction was expressed
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Fig. 4. Inhibition of endothelium-dependent relaxation (EDR) by
the increase of [K™)o. Mouse aorta was contracted by NE (A)
or PGF2a (B). When the contraction reached at a steady state,
ACh was applied and aortic ring was relaxed with the applica-
tion endothelium-dependently. When the EDR reached to a
steady state, [K"]o was increased from 6 to 12 mM. With the
increase, aorfic ring was re-contracted again. The inhibitory
effect of extracellular K™ on EDR was reversible and indepen-
dent on vasocontracting agents.
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Fig. 5. Characterization of endothelial phenotype of the cells isolated from the inner layer of mouse aoria (x400). A:
Immunohistochemistry of the explanted cells and the representative staining of vWF. Almost all of isolated cells were well stained by
anti-vWF antibody. It is well-known that common contaminants, fibroblast and smooth muscle, are also stained by anti-vWF antibody.
B & C: LDL uptake test. All of isolated cells actively took up Dil acetylated-LDL into their cytoplasm (C), compared with the control

(B).

A. MAEC

6mMr—1r1—2W7_"<7_o

Fig. 6. Inhibiton of agonists-induced [Ca®"} increase on
increasing [K']o from 6 to 12 mM. A: In mouse aortic
endothelial cell, ACh or ATP increased [Ca’'], while the
increased [Ca®" ] was reduced by the increase of K™k B:in
HUVEC, the inhibitory effect was dependent on [K'J..

. 12
K], mM 6 .

500 mg

: :O bai ;30 M
ACh 3 M uabain 30 p

6 min

Fig. 7. Effect of ouabain on the inhibitory effect of [K'], on
endothelium-dependent relaxation. Note that ouabain reversed the
inhibited endothelium-dependent relaxation by extracellular K.
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A. Control
(K], mM

NE 10 pM

B. Treated with Ni*" (100 uM)

6 K], mM

NE 10 uM

Fig. 8. Effect of Ni°° on the inhibitory effact of [K'}, on
endothetium-dependent relaxation. Note that the increase of
contraction was reduced by the pretreatment with NiZ' (B),
compared with the control (A).
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HiZ: 9] % 2Sel] Sleto] AZ ) Ca"o] Z7kshH AZ W K'o] §2uo] AL 9 K $EE F
mM el F71E 4 Qe olelst AIE 9} K9} Evbrh |9 FHAel vixE dekE FEs
A, AE 9] K'7F GBBEE $24, WHAE o F4 o193t AUIAE Ca™* FEol u|XE o
S goprmal Sfgict Uy X HH: EvollA Eeld A5, 4gpeEy £, 71253 A
o dedllA SHA THE 7S on wlokdt Ao o5 DI AZ} Az A )
AZNA AL W Ca’' HBE 2t Bk AZ 9 KT FES 604 12 mME F7lske S
Wl By ZEUe 24 Wy gl u ARl JASus AAetE A
olghalglet. o2 K fut o] W FFoll whel Hol7} Al Z|AFHlAE AL 9] K
FEEZ 6ollA 12 mME F7181902 wiid AE 9 K' $EZ 164 3 mME Z7leld S of o] =
Al ol gati o] FAzetEme] BAoAE HHE AE 9 K' $EZ 6oll4 12 mME F7e}ol &
) o =ZA o|algirt. 22lm AE o K© FEEZ 6oll4] 12 mME Z7}3191-8 w9l o] 9 Ba’ ol
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oJ3le] A= W 1014 3 mME F7toll 93t o] 22 A=A gghet. H dEHAAE E7] 7
Fulzl Fdd &l BEEGEd AE 9 KT FEE 6 mMolA 12 mME HIAAE
norepinephrine ¥-& prostaglandin Fy,0l] 98 &8 & 403 w3ly} glglc) wd AE ¢ K %
£ AR AT A5 12 mM oA F7ivt sul " gkTe] Eely] ARSI AAR 12 mM o]
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