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Ca?*-Substitutional Roles of Strontium for the Contractile

Processes in the Rabbit Renal Artery

Yun Cheol Chang, Byeong Hwa Jeon and Seok Jong Chang

Department of Physiology, College of Medicine, Chungnam National University, Taejeon, Korea

The Ca?*-substitutional roles of strontium for the contractile processes were investigated in the
rabbit renal artery. The contractions induced by either norepinephrine or high K+ in the condition
which intra- and extracellular Ca?* were replaced by Sr?*, i.e. Sr’*-mediated contractions, were
dose-dependent. And then the maximal amplitude of contraction, as compared with Ca?*-mediated
contraction, was about 509 in norepinephrine and about 70% in high K*. The Sr?*-mediated
contractions were independent in the contraction by norepinephrine (10~°M) but dependent in
those by high K* (100 mM) on the extracellular Sr?* concentration. Also Sr?*-mediated contractions
induced by norepinephrine were observed in the Sr?*-free Tyrode’s solution.

The Sr?*-mediated contractions induced by either norepinephrine or high K+ were suppressed by
verapamil, a Ca?*-channel blocker. By extracellular addition of Sr?*, the Ca?*-mediated contractions
induced by norepinephrine (10-*M) or 40 mM K* were inhibited but those by high K* (100 mM) were
increased. And the Sr?*-mediated contractions were increased by extracellular addition of Ca?* but did
not reach the level of Ca?*-mediated contraction.

Therfore it is suggested that in the vascular smooth muscle of rabbit renal artery Sr?* could enter
the smooth muscle cells easily through the potential-operated calcium channel (POC) but not easily
through the receptor-operated calcium channel (ROC), and Sr?* might be stored in the intracellular
Ca?*-binding site and released by NE and induced the contraction by a way of activating directly the
contractile apparatus.
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(Somlyo & Somlyo, 1971; Arjamaa, 1982; Yasuda &
Sakai, 1984; Uhrik & Zacharova, 1988),
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2 4 Yn EFEE Carrh vk 444 &
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al, 1974; Taniyama et al, 1977; Hai & Murphy, 1988)
=

S 45§l H FBEY $5E Catr 55
Mgl SZol ulsl A Yot oE Sretel
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YAIBHE Foo] 428 Yok Aoz Az
Srz+o] Ca’*-calmodulin o] &4 # 49 MLCK
(myosin light chain kinase) & 8437 += A5 =
Ca**¥r} ¢F 40v] #ovw (Hoar et al, 1979;
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Fig. 2. Dose-response curves of norepinephrine (NE) in
the Ca?* (2 mM) or Sr?* (9 mM)-Tyrode’s solu-
tion. Ordinate: Percentage of maximal tension
by NE (Ca?* 2 mM). Each point shows the mean
(n=35) and vertical line is S.E..
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Fig. 3. Dose-response curves of Ca?* and Sr** in NE
(10-5M)-containing Tyrode’s solution. After the
contractions were induced by NE in the Ca?* or
Srz+-free Tyrode’s solution, Ca** or Sr** was
added cummulatively. Ordinate: Precentage of
maximal tension by NE (Ca** 2mM). Each
point shows the mean (n=>5) and vertical line is
SE..
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Fig. 4. Dose-response curves of K+ in the Ca** (2 mM)

or Sr** (9 mM)-Tyrode’s solution. Ordinate:
Percentage of maximal tension by 100 mM K+
(Ca?* 2 mM). Each point shows the mean (n=
5) and vertical line is S.E..
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Fig. 5. Dose-response curves of Ca?* and Sr?* in the 100
mM K+*-Tyrode’s solution. Ca?* or Sr** was
added cummulatively. Ordinate: Percentage of
maximal tension by 100 mM K* (Ca?* 2 mM).
Each point shows the mean (n=5) and vertical
line is S.E..
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Fig. 6. Effects of verapamil on the contraction by NE in the normal and Sr?* (9 mM)-Tyrode’s solution. Ordinate:
Percentage of maximal tension by NE (Ca?* 2 mM). Each bar shows the mean (n=5) and vertical line is S.
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. The lower traces show the sequential responses of the contraction.
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: NE 10-5M, [Sr?*], : 9mM + Verapamil 10-5M
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Fig. 7. Effects of verapamil on the 100 mM K*-induced contraction in the normal and Sr?* (9 mM)-Tyrode’s
solution. Ordinate: Percentage of maximal tenstion by 100 mM K* (Ca?* 2 mM). Each bar shows the mean
(n=5) and vertical line is S.E.. The lower traces show the sequential responses of the contraction.
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NEo|| 9|5l fr2]=l=, A= Sr*+2 AlS™ HE<

doslu #&&

o %7178 B 52 4o 5 U3,
YA NEoj| 2]3le] )=l ROCE F-3fe] Se2*o]
& o] 55 Al ghor wtebA NEo| & +Fo4 &
A= St e F2 A Edo] AFLZY
< AJAHET,

1F% Krez A%y JPIL 4344 4
Sr2tol] o7t 32 Caoll o7t F-Foll 49} mhalz}
A2 K+ Fx-o&Ao|iet, 2 459 Z7&
AR} F2lol uisle A3l (Fig. 4) AHTF5E
oA AR F2Ee] o 70% F =), o|s} o] AL
ool Srro 2 X #H AF FFol FolAE olFF
F8t7] $18ted 100mM K+*o 24 4%4]7|3
Sr2+ g Ca* FE-E4E A=Y A7 A5t
ol Ca**o] Y& 7Z-f1} Sr*ve] e AF BFolA
Ca®* =& St FE-9EFHoE 50| FT7Ietgle
o Sr2to] gle A$ +%& Cato] Qle A7l vl
3o Agrem o vgL FA Y Kt FE-FFTA
EollA o} u]s3tgic (Fig. 5). o] 48] Hze Sr**
< #A e WSl o3} A EE POCE 53}
o & o]F=H AZY Cat*o] Sr*o.2 AL
A Zte] Sr*to] gl Afollx 4o ALy Sr**
Fxoll gTH oz dofd SrPto] AFY FI2
o %7178 AR 52 4o 5 YeT
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AR,

AT Cat Aol S*vol AALATHE AL
Somlyosk Somlyo(1971) el 2)she] W 53 Yol 4]
o] & 1%3 v]EZcfolo]4], Arjamaa(l1971)
o Slsol G HPToAY BAELe IF, 2
#2835 v ZEgolollA xnd v e}, =G
Uhrik3} Zacharova(1988) & 77|98 A el4]
Cat* 3} 2.2 27} ofo] &) Si2+3} Ba?*o] Ca?*3} 7
& Agael AL A¢ W o el
49} A5 RYToIME ALY Carg 2724
7|3 St o 2 X FA)F] A Zol|A A E e Ca’t
E= Sr2to] ¢l Tyrode £l 4] NEo g2 4-Zo0]
Dok AL ALl A3H S0l Feslol 43
o) Qofukehe AL SahAH 3

Uvelius%-(1974)-& Szt Lalollx] 1x s Ktof
o3 A e £38 AALAol 4537} ul%
St NEo| 9@ 428 HAgadolAe 20
Aon vudgom o e AL Arnerg
(1981, 1983)0l] 2l3jA = B ¥l v 9o, =38
Hagiwara(1983) & A3 242 221 Aol
Sr#te] POCe]| gt F-3x7} Ca**3} w|ssicts
shoich, Karakis(1986)& £719 3e) 5 %
guinea-pigs] 7ol A Si+9) Catt §2 Tz
£ BRY A5 S LololH K 43 A4 £
ol 4%} ¥ 58t NE} histamines} 28 4240l
% 428 2l dolgtn 2EE Kol 97 43
A sieve) FE Cael FYTUE BT 22

NEx} histamineol] 2|8} 2ol A& Sr2te] §-9lo] .

Car*e] $odueh Hof, Ste] POCo| B Sohs
£ Ca**3} H| &3l ROCe]| A& F3x+ Car 2
o Az 22 u Yo AR AFAE o4
£ A7l A% Srte ROCE F3hod Ael o] 53]
=] ®3te] POCE B34 vy & o] 54 3l
S0 FAEUE vl o] Srrro] HPEolA] ROC
£ &3 & olF3A Z3ht POCE FaA =
A o] FUTHE AL S SR F3Uc,
Uvelius%-(1974) 3} Taniyama¥%-(1977)-& 77+
o] ZHE = 3|l Al Ca*g A7 F
Sco+ goholl ) BTl o 430] Yol Ao
¥ o} Srtto] Aoz FlHHA Agnd] 3l
£ Cag 427 458 Dot Aol ohie

D 7FE Al 3 2o 4] Strontium2] Calcium of 8§ o &—

A AXN 45775 A7 wEelzt
3 Badgch & AYoAs AZW Ca**& NE
2 37}A|F] 2 Sr2t o 2 incubation§t ¥ 7 K+ &
A3} NEZ £2 47 A% 430 Dol geh, oo
Ashe 7 ASHNA Soto] 427178 A4 B
HSHAA £58 Ao e ANt

Hai9} Murphy(1988) + ={z] 75 3324
S5} whas}a) 2 myosing] QUASHE Bl 43
< doyy 2 AseE 400 Aoy IgPed
Kamm?9} Stull(1985)-2- Sr?+o] Ca?**-calmodulin ¢
ZA F A9l MLCK (myosin light chain kinase) &
A2 4 ek 3193 Chaos-(1984) & 27}
ko] 22| calmoduline] o AZ=F FAHHAE
o] Cazt>Cd2+)>Sr2*)Pb?+*>Mn2+>Ba?* 9] =0 2 Sr?*
o] Ca**¥rt Adxr} Hckn dgir}, Karakis
(1986)-& E7)¢} #H o & 22} Guinea-pig %
A-9] skinned fiberol| A Sr2*m} Ca?*to g8 4&8
QoA AHEF ¥lLe AFAAE S Cavol
s|5tod 4371 75t8) AshAo] 20~608) FE A2
= 2asigch £ Agold St gedeld HYE
o 428 Carr Salol A 430l w3l A Uoist
£ o] & Srto] Carol vl shel 4371 F-9}e] A3
Soh e Aol 2L ol§F il Aoz 47
gt

Sr?t Tyrode £-9}ol4] NE = 100 mM K+of ¢}
3t 5ol Ca** F2 AiA|Ql verapamilg Fo 3
77t B4 Tyrode &Rl A9} vlatrtx 2 FAp =
ol Al 4% verapamilo]] o]3}o] oA =] gl (Fig.
6,7). °l& Sr**o] Ca* 525 F3slo #sH
NEo]| 93} A|Z2W Sr** 2] X verapamilel] ¢]3}o]
AAE 4 e v it

A A} Tyrode g-Yol 4] NE =+ 355 Ko ¢
& 42o] Srve] ZAE Fobl A7 AL el
Sr+2 NE3} 40 mM Ko 9% 428 7244 Ach
(Fig. 8). ©|2/3 272 Yasuda®} Sakai(1984)%
Srito] Ca**e] #4]S ARt 3}glow Arner
5(1983) & 4 A8k 82 Az 2o Ca’tol
47 ole] Srtto] Ca**e] A¥LE PR £3}7]
wEoleha sgieh, 27 100mM Kol 83 4
25] Aol AZI A Srrve] sl £30] 2
b Qe ol LFE Kol 23t 454 A2
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AT

o] Srto] Ca?t 9918 A|5Hx] Ya 232 A

Ebﬂi A= FFol Aoz £50] F7id
o2 Azs 2 71dE o drsolof & £A
2 /‘37%1?}4.

Sr2+ Tyrode €-lof| A oyt 430l Ca?to] XH.
A o]Ld £ 9lix]E golu sl $35}e] Sr2t &
Jol] A NE &=+ 100mM K+2o 2 4ZA]7]3 £7}
Hog Azo o] Cartg Foidt A3 dat 2§
o) A 45& F7h9 21} (Fig. 9, 10) A4 Tyrode 4
Ao Ao FEFFlE =EA Rt olH@
42| Z71= Ca?tol Sr2t ¥} Ca?t B 2off sl 4
st o 23 #F7]eke] Asss} SrrEct
27] djFole}t 43},

o) 48] Az uol 7kE A1EH FFToNA st
& POCE §3}o] & o] §35h1} ROCE Balol & 2
o] E3x] 3, AT Cart ARzl AL 4
UL NEoj| J3led frejsle AH #3775 24
z;}o}oq 429 oJoglch w3} Sr*te Ca?*oll 93

Zo Bobdo)x] £ah} Carre Srvol o7 43

A meHe Aes A,
2z g

Srto] 7}E AlFH P FHHHNA Cat
o] sy 2 =5 FEsaA sidch
A1 =2 A (helical strip) & tris-$14: Tyrode 24
ol A dd FHZW e Ca?* g Srv o2 X3 A
o} AA AL E A L9)9 Ca?* mi: Sr?t FE T u}
4] 1 K* =& norepinephrine(NE) 2.8 <35

7% 45¢ ARY A e 2e AL

L. 9

2 e
o

S A

1) Sr** Tyrode §-Hof| 4| 4% NE =& K9
FEol vl#sted Fbegiet,
2) NEoj &|3}e] §25 & Sr2toll @ 432 Al

Z9| Sr** gxof m|Ested F713lA] ghghet,

3) I Ktol] o3} fis]& Sr2tol] o +5-2 A
Z9| Sr*t Fxof vl ste] FrFst et

4) 3]%‘—%% Yo7l NE g 3 Kto]| A Sr2+oj
o3t 5L Caof 3 4359 747 oF 50% =
70%% et Ao,

5) Sr2* Tyrode §-c§ojA] NE 3l 31 K+of| &g 4

D A249 A 2 3 1990—

Z-& verapamilol] ¢]3le] A= e,
6) AAF Tyrode golol| 2] NE3} 40 mM K+of] 9]
g 4FL Sr*t Roo| 93] FAsiodent 100
mM Kol oj gt %2 F7}ehodct,

7) Sr*+ Tyrode ool 4] NE#} 1 K*ofl 23 4
% Cavel Fojol fate] Fosglod A4
Tyrode §-ofof| A o] & 4-Fol =3l 3t

ol4s] Az Mol St A HYToA
POCE v|id & E3}3hd ROCE & 3517 &
e w3k A2l A" 4 gl FF A o3}
of felsn] Ay $57) 7o) AEojed £3¢ Ao
7l Aoz Alesle,
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