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=Abstract=
Effects of Na-K Pump Inhibition on the Contractility of
Resistant Arteries in the Rabbit

Shee Young Hahm, M.D.*, Kee Whan Kim, M.D.**, Kyung Pill Seo, M.D.**

Recently endogenous digitalis-like substances were found in the blood of various cardiovascular
diseases and they have been considered one of the causes of evoking hypertension. However, the
mechanism of endogenous digitalis-like substances-induced hypertension is not clarified yet. Therefore,
the effects of Na-K pump inhibition on the contractility of vascular smooth muscle (conduit and
resistant artery) were investigated, using organ bath and bioassay experiment. Aortic and carotid
arterial rings(conduit artery) and the branches of brachial and superior mesenteric artery (resistant
artery) were used to find the effect of Na-K pump inhibition.

The results obtained were as followes ;

The magnitudes of contractions induced by norepinephrine, serotonin, or acetylcholine in all these
arteries were significantly increased by the inhibition of Na-K pump. The increased contractile
responses to these agonists, especially to serotonin, were much more prominent in resistant arteries.
Nitroprusside-induced relaxations were attenuated by Na-K pump inhibition and there were no
significant differences in the effects of Na-K pump inhibition on nitroprusside-induced relaxations of
these blood vessels. Endothelium-dependent relaxation was suppressed by the inhibition of Na-K
pump, especially by the administration of ouabain, and this inhibitory effect was much more
prominent in the branches of superior mesenteric artery, compared with other arteries. In the branches
of superior mesenteric arteries, endothelium-dependent relaxation was completely blocked by ouabain.
The release of EDRF was partially suppressed by Na-K pump inhibition.

From the above results, it is suggested that the hypertension due to the increase in vascular
resistance can be evoked by the inhibition of Na-K pump and endogenous digitalis-like substances
induce hypertension through this mechanism.

(Korean J Thorac Cardiovasc Surg 1995;28: 1079-95)
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Fig. 1. A schematic representation of the branches of superior mesenteric(SMA) and brachial artery. The 1st branch of SMA (1.D.,
100~150m) and the perforating branch of brachial artery (I.D., 150~200m) were used as representative resistant arleries in this exper-

iment.
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U A2 g sl ZE AP 37T A Al
3ok

2. Organ bath study
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Fig. 2. A schematic representation of bioassay apparatus. Aorta with intact endothelium was used as a donor aorta of EDRF, and

common carotid artery without endothelium as a test arterial ring.

o] g-e A3}l 21, sodium nitroprussideE ©]-8-3}
of U=l £ n| o] E£A4 o] S {EAF)

3. Bioassay of Endothelium Derived Relaxing Factor
(EDRF)

27 £73%98 vyl 2om AEZ A=25 WANEE
A Aste] A1 A (test strip) 2 A3t FH 2R &
B 59 (3590 EXshs 27HA, oF 6cm)S A3t
£ 89L 25 F2 oS A A ojdiRe] T3
F(donor aorta) 2. 2 A}-g-3tich. WA XA o]kAA}L F
F¥ 9] oFEZL polyethylene tubing 2.2 A4H#3}e] organ
chamberol] A=13}0] A9 -8 74z} perstaltic pump =
95% 02/5% CO:% E3}5 modified Krebs-Ringer 495

Egcl ¥ 48 FH3 4493 9 52 S
A2 EPHA] 4xF 3e, AL AFH AN S AE
Ao Bol= o} (Fig. 2). AFTFAIA ol ¥l A7}
WA ¥4 o] gkqlze] Fu] ftAlQl opA - E-2- 22}
infusion pump 2 F5F-§- ol F4]35151.20 oA 24 o]
glzle] Fu) Axs kol X 23t §39 5
22] 7)o WF o)t A= FA viw3lch. WA E
A o|gkalz}e] Hul Y o] %2} gofl WA= S Lol
7] 918l A5 RS2 Ao BAd gtiel F11%
2F ARt Fglsidc). WA £ ol2lal F3d
o] A3l organ bath: manipulator- o] -8-3}o] £-%]
d F AESF 3o, TFEHE BFY 4 52 poly-
ethylene tubing-g #7F3t £ FolA A3l A|F4AH

—1082—



o &2 %
1995:28:1079-95

(A) Aorta
100 | -
2
T
O
2 s0f
@ i
olL. \ . . . . x
8 7 6 5

Norepinephrine, -log M

S
o >
rgod
e

HEsue| +=HMo|
(B) Carotid artery

100 |

Tenslon(%)
g

Norepinephrine, -log M

e : control

v : treated with ouabain(10° M)
o : freated with K-free solution

Fig. 3. Effect of Na-K pump inhibition on the contraction induced by norepinephrine(NE) in aorta(A) and carotid artery(B) without
endothelium. Results are shown as mean + SEM and are expressed as percent of the contraction induced by 10~* M (aorta, n=6) or 10~*

M NE (carotid artery, n=6).

of W= 4 =% stgchk AY 492 peristaltic
pump® 2ml/min®] $52 ¥ ghgos 3 on AY
o 143+ o252 infusion pump (Scientific & Research
Instruments LTD)Z ] 43} 0.02ml/min®] £%x 2 #5
Ao F4)3}4]r}. Infusion pumpE F9 5= L9 9] o2
BN 2~3% 2 5% 5 J A %A 3t infusion pump
2 Folsl= 899 o5t AR - Qe 0 FHE 4}
st A ARL 37T 127} 38X F 95
o] 2go] HA Aol& ¥ FH 22|27} o] 3 BA|7 3 }&-
AYE APt A} A Ao 1X)7ke 2 313
3| BA17 o5 AW s}

4. Statistics

RE FAAEE 44 2FUAE 3P HoA
7 =+ paired T-test®} unpaired T-test® 3}ed §-2) % p
<0.05% 53t}

5. Drugs

Algdel) A8 8L 53 i}

Acetylcholine chloride, L-arterenol bitartrate, ouabain,
nitroprusside, serotonin hydrochloride (Sigma).

Na-K H X = ouabain 10° M &2 K-free £ 02 30
22 AAAG o 2H AAssich

4 =
1. NaK BHI X7} @3 ST S0l thst Fung
= U3 Yof| 0jXl= HF
1) ‘O U= 210l QIS 2501 0|X|= =3

oSl ZY o) 23 5ol v Na-K HE o)
A3 A5 37459 Fig. 30|, Ak o] ¥x)9}
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(B) Branches of superior mesenteric artery
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o : freated with K-free solution
v

v
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 treated with ouabain(10”° M)

Fig. 4. Effect of Na-K pump inhibition on the contraction induced by NE in the branches of brachial (A) and superior mesenteric ar-
tery (B) without endothelium. Results are shown as mean = SEM and are expressed as percent of the contraction induced by 107* M NE

(n=6).
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A g5 Holt 2459 3= 22 107° M ouabainel| 2]
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A d& zA F7HhE & F Aok
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Fig. 5. Effect of Na-K pump inhibition on the contraction induced by serotonin in aorta(A) and carotid artery(B) without endo-
thelium. Results are shown as mean + SEM and are expressed as percent of the contraction induced by 10~° M (aorta, n=6) or 107* M

serotonin (carotid artery, n=6).

2 NaK EHX 9{H|7} nitroprussideof 2|3t AL g
o|gtofl oix|= A&

Sodium nitroprussidesi] ] & W= H] £ u] 2] EA o] el
ul x| ouabaine] EFZ Fig. 8, Fig. 99 telligic).
Ouabain2] HA Aol 2]3}e] nitroprussided] 2§t o]glo]
o) 5 3} Ashse] ¥x), AAZHE ] FAA <
AL g 59t

3 Na-K HXI 2{X|7} OtM[EIZ2i0ll 2Tt LU M| 2fE
o o| 2ol njx|= AEt

koA EI o2 £55 AFE o oL EI A7
WA X 2 EA oghell PIAE Na-K HIZ A4 AstE
A543 373592 Fig. 100 AgHgda} AA7ketg
o] ¥4+ Fig. 11, Fig. 12¢] 247} vehliich. Na-K H
A o) oj5te] ofH LSl 27} o)2ke] A= Ut 1
A 2 AAG == fe FiFob Aol vdedl, ¥
AN A QAR =7} 7 Agren A e &
Aol A 7t 2A vebdoh. ARz e EA A=

ouabainol| 2]3}e] ofAedFglell &JF WM E o FEA o]
gho] k43 A= ok (Fig. 11, Fig. 12). APz a5
o] FR| oA ouabainel| 2|3t WA E 2JEA o]o]
A3 QA HE AL Y{FSHEA) 9 o) W
g HZ2Ed e 2 £5§5 AZ & delx oA ER- ] 2
A X o EA o]sto] A 3] QA =] H o} (Fig. 13).

4. Na-K HI oAH|7} LHEMZY O|2teIXte| 24|of D]
Xe g

Na-K HZ A7} WA ZA o]h1z}e] Fu)e] w]x]
£ %85 Fig. 149 Yellglch Fig. 14(A)= W= A 24
ol ghelal FFYE RS AF3= BFAS Kfree § o2

P2 A171HA] Fig. 29] FAA 2604 K& F4)3514
5 F9 K" FEE JAo s sG-S o F WA
ZA o]zt FFEH 7S K-free S0 xZ3l¢lS
u)2] Ay F}o|c}. Fig. 14(B)= WA XA o]} F
F8A A P" A x| = $4S 72t D)7 A
oA UFAEA ojgkelxl FFHEIES BFIE £
ouabain (107° M) T3} 1 302 A3 F VI M EA o)
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(B) Branches of superior mesenteric artery
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Fig. 6. Effect of Na-K pump inhibition on the contraction induced by serotonin in the branches of brachial (A) and superior mesenteric
artery(B) without endothelium. Results are shown as mean + SEM and are expressed as percent of the contraction induced by 10*M

serotonin{n=6).
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ol gkl F-FH AL ouabaino 2 3087t AAXE 3o
Na-K JZZ 83 oA whd A2 APx=
o] & ouabainol] xZ% o] Na-K 3 Ao 23 Aazlr}
53 2aE7] AxE APAH ojsgte] FHastd}
Ouabainol] &S A7} B9t 2235+ A WA X 9 &
23 olgto] AAH A 9458 elF o ouabainell 2]}
W3 A 24 o)skalxte] Hulr) 7HAge o4 4 AUt

o &t
1. Na-K HI X7} Habmglae| +540f DiX|l= o9&

o] o) SR F3-8 Na-K H X Aol 23}

o 5d A= 723 37 |2 A = vl A5
w9 Apebga 3 ke o] BA oA 53] ouabain
o 93t 23 Z7HEU Az e 2§ 75l
U)X Na-K JX A9 f3h= c3b5 Bl A%
FelA, AFAR FolAe AALFHe] A A
] 3A vheldel & Na-K 43X oA o) 2]3te] ol
X3, A28, olNLEU 23t FFA o] Fr)sh=H
Azedd it 540 53 = F7sid 2, K-
free 49 Rrli= ouabainol 2]3te] o] =2A F7lsigl e,
5o vslo] A3FFA A 53] FAtEe] B
A o zZA ZF7kstdc). kgl dig Esrt 9l
F5492 Ao|r} = A2, 1 2FEl 93 receptors®]
Exol 43 39y, FHEE Aot olow Rxsf gl=
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Fig- 7. Represcntative presentation showing the effect of Na-K pump inhibition on ACh-induced contraction in the branches of su-
perior mesenteric(A) and brachial artery(B) and carotid artery(C) without endothelim (n=2).

A9 F7PF A PNA =@FFH) vlsl o =2A
e 72 AR c395 dPgdao] A2
/37 (membrane property)®] Z}o]ol 9jale] 7]ald 5= 9l
c}. Na-K HZ Ao ojsle] FPFFP29] F2Ao] F
7H= 7148 Na-K 4= Ao 23] M x| Na* ¥
=71 Zoksta 71 X Natel 23} Nat-Ca®t 2

#71A0] BA st o] A X U] Ca*t 57} Fold o 95}
= 722 484 9t 12 ZF Na-K HE Ao 2§
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Fig. 8. Effect of Na-K pump inhibition on nitroprusside-induced endothelium-independent relaxation in aorta(A) and branches of
brachial (B) and superior mesenteric artery (C). Results are shown as mean + SEM and are expressed as percent relaxation of the contrac-
tion induced by 107 M NE(aorta) and 10> M NE (branches of brachial and superior mesenteric artery). *p < 0.05, *p < 0.01 as com-

pared with the control groups and rings treated with ouabain (n=6).

2.2 u]Fof o] HAh M En} A xlo] Hrl=AH2E
Y receptors®] ¥-3E I £5F-9] zold] 7115}E FF5A
o] zc} {F,EHA e Zvhes 8 A3y F7E 243
B2 Na-K H= 44| 53] ouabaind] 2)3}le AP
o] A{FEHEA 3 WhSAo] =BT v)3te] A
Fd @A % 2A SVl A& Na-K HE A=
Q] ¥F A3 53] G2 P A3 FrE Ut
o] & qlale] ¥sglo] S8 7HsAd S AW e Felgt AR
).

2 FG I O| A0 O|X| = Na-K H= AX|o| T2t

oA 27t A4 A AT 54
< 2Ask= AL olv] & kAl vt e} AL A
AlAQ e £548 sk v gV EE
FaF9e] UARHFZ $RAS 2= oz A=A
Atk & A A E o EA ol e o WIZHA|
714 el &3te] ARl A, WA EA oA} o)
g ukgAe] 3 BA, 38982 7549 57 AA,

— 1088 —



o §-2)#] &
1995;28:1079-95 XNggzuo| S==Mof f

%>

(A} Branches of brachial artery

Control Treated with ouabain(10° M)

8 7 Nitroprusside, -log M i} 757 65

7.5 v 6
g |
200 mg
NE, 10° M NE, 10°M
S min
(B) Branches of superior mesenteric artery

Control Treated with ouabain(10° M)

8 7

7.5
Nitr ide, -log M 7.5 165
1ll oprusside, -log l*ll 55

’5
6.5 |
/
J is.‘si 100 mg

NE, 10° M NE, 10° M

5 min

Fig. 9. Representative presentation showing the effect of Na-K pump inhibition on nitroprusside-induced relaxation in the branches of
brachial (A) and superior mesenteric artery (B).
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Fig. 10. Effect of Na-K pump inhibition on ACh-induced endothelium-dependent relaxation in aorta(A) and carotid artery(B). Res-
ults are shown as mean + SEM and are expressed as percent relaxation of the contraction induced by 10~ M NE. *p <0.05, *p<0.01
as compared with the control groups and rings treated with ouabain (n=6).

sideo] 21 o} <te] WA Na-K WX oA &v}7} Ahsh
S99 ZX)9} AgzketgA e ¥4 Alolo) 27 o]
7} §121t, Na-K 3£ oA 27 A £ )24 o|¢t
427} 4g2btEA 2] EAAA g 2A Jehde A
22 v]Fo] Eul Na-K HZ Ao ¢Jste] ujujazA
ojgkalAlel dl g wk-g-Ado] At o] )7} A3k
A9 Aol nl3te] o] A oA 4-5-& vepdic).
THA J1AE AR, dibd oz 3] Fleld
WA E o EA o]k Zhadh) Az el 9§ 3
o v]X= Na-K FZ A fx= Agzbebgede] B
7h A2hEA 9] EA ol uj3le] o = JehA g kojw)
A3 ol DE el o7 FFoll v|AE AYgL FF
A Atelel] Fol7} gt 2t WiTHE & o]t
NaK HZ A2 sle] ko] Bxje] nlate] 4
A BA A o =2A B o] NaK U of
Aoy 27 WA E ) EA o|%e] A H s} g7iet
S92 FA R4 % =2A vehE 2L NaK R o

Al 71 YAFHEAAN q U /P Az g
2tA F AA7Ees o) XA o 2A Z715e o8
o Ao 7heA& A o2} Alg st AdA 7| Ao o)
slo] AH R, Fig. 1404 M= ulo} o] Na-K JL S
A3 WA A4 o]zl Bule 7H4dd o]
o3 22 7136 93 Zlo g Algge) & Na-K ¥
£ A3 75 Al xete] AESEc) 3 oA
Eoll A WA EA o] AAALE Fu)3}7] $lsiA= oA
E W Ca2+ =29 F7P7F dolok 3he] Wi A) X Ca?*
2] 92 YA E A= voltage operated Ca®t
channelo] ¢l 2 2 receptor operated Ca®* channel (ROC)
ol 2]3c}. Receptor operated Ca?* channel-S- %3+ Ca’t9]
402 Ca’to) o] Lo] 2 Al Euto] A RLFHSZ driv-
ing force7} Zto} A A 7}AslA] "}t 28] B2 Na-K Hx
A 2 At M9t AHglo] AT Wi v]A) 2
2 Ca™ 9 fglo] ZHa3A =z AN EA o]sialzle
07} ZHAasAl Do) 22y Na-K 3= A4 213 W)

—1090—



a2 A
1995;28:1079-95

(A) Branches of brachial arfery

100 |

Tenslon(%)
O

Acetylcholine, -log M

§HA19 o}
Msuel +EMoj fst A

(B) Branches of supetrior mesenteric artery

| I
100+ I T\H

Tension(%)

Acetyicholine, -log M

e : control

v : treated with ouabain(10° M)
o : freated with K-free solution

Fig- 11. Effect of Na-K pump inhibition on ACh-induced endothelium-dependent relaxation in the branches of brachial (A) and su-
perior mesenteric artery(B). Results are shown as mean + SEM and are expressed as percent relaxation of the contraction induced by
10~° M NE. *p < 0.05, **p < 0.01 as compared with the control groups and rings treated with ouabain (n=6).
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Fig. 12. Representative presentation showing the effect of Na-K pump inhibition on ACh-induced relaxation in the branches of brac-

hial (A) and superior mesenteric artery(B), contracted with NE.
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Fig. 13. Representative presentation showing the effect of Na-K pump inhibition on ACh-induced relaxation in the branches of su-

perior mesenteric artery, contracted with serotonin(n=2).
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Fig 14. Effect of K-free solution(A) and ouabain(B) on the release of EDRF (s) from the thoracic aortic segment in bioassay exper-
iment. Selective inhibition of Na-K pump of EDRF donor aorta with K-free solution or ouabain for 30 minutes decreased the magnitude

of relaxation of test strip.
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