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Ultraviolet Light-Induced Relaxant Response in Arterial Smooth Muscles,
Mediators of the Response and Effect of Calcium Modulators
on the Relaxation
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Effects of ultratiolet (UV) light was studied in isolated thoracic aortae of rabbits and
porcine coronary arteries. The following results were obtained.

1) Radiation of UV light did not affect both arterial rings in resting tension.

2) Both arterial preparations contracted with various vasoconstrictors (KCI, NE, PE, Bay
K 8644 and (+)S202 etc.) were relaxed by UV light radiation in a radiation time-dependent
fashion.

3) The magnitudes of the relaxation were not significantly different in both the rings
with or without intact endothelium.

4) MB and LY markedly reduced the UV light-induced relaxation in both the rings.

5) PP significantly attenuated the UV light-induced relaxation of rabbit thoracic aorta,
but did not affect that of porcine coronary artery.

6) The UV light-induced relaxation of porcine coronary artery was significantly attenuated
by DT or NF, while that of rabbit thoracic aorta was not.

7) (+)8202 significantly potentiated the UV light-induced relaxation of porcine coronary
artery contracted with KCl or Hist.

Above results suggest that the UV light-induced relaxation of vascular smooth muscles
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is independent on the endothelium, and the relaxation results from primarily activation

of guanylyl cyclase and is in part related to adenylyl cyclase and calcium metabolism.

In addition, a dihydropyridine calcium agonist, (+)S202, may sensitize vascular smooth

muscle to the relaxing effect of UV light through some unknown mechanism.

KEY WORDS ' Ultraviolet light + Relaxant response * Arterial smooth muscle.
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Norepinephrine bitartrate, phenylephrine HCI,
propranolol HCI, nifedipine HCI, diltiazem HCI
g histamine HCI5- 9] Sigma#] &3, methylene
blue (Merck), LY83583 (6-aniline-5,8-quinoline-
dione) (Eli Lilly), (+)8202-791 [isopropyl 4-(2,1,
3-benzoxadiazol-4-yl)-1,4-dihydro-2,6-dimethyl-5-
nitro-3-pyridine carboxylate](Sandoz) @ Bay K
8644 [methyl 1,4-dihydro-2,6-dimethyl-3-nitro-4-
(2-trifluoromethylphenyl)-pyridine-5-carboxylate ]
(Bayer) 50] AF&= 1t} LY83583, (+)S202-791,
Bay K 8644 ¢ nifedipine 107 ~10% M7} & 95
% ethanolol2 &3 Asl1 1 o8 Z&
T2 Mo ALgIPoH, e FES EF
zasz g5 M5 et
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THY & HELS WIHMHE SRR #A gl
7122 (resting tension) 3toll M= A ZALZ

30 60 120

W——J 2g
7 15 30 60 120 2min
(o]

NE 107M

RADIATION TIMe(sec)

Fig. 1. Typical traces showing time-dependent active relaxations of UV light
to 20 mM KClinduced (upper) and 107 M norepinephrine
(NE)-induced contraction in an isolated thoracic aorta of a rabbit.

% inhibition of control tension was calculated as the following equa-

tion - b/aX100.
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1) zpojide] olgta s

Norepinephrine(NE) : NE 107 M& & § A

FEUSE dofln WHEAN HEY 5
7.2+ 0.25g(n=35)2.2 WHAH HE9

2 9.4%0.87g(n=21) 2.t} 2] 37 Z3tc}

P<0.01). HHAME EA AAH FEEL &

A 7~120%37 RALZ time-dependent ©] ¢4yt
$S Yo %-olgEHNE F Fl o7}
AUH(Fig. 1, 2). A & RE AEL W
HAHE EABELS o] &3l AHEH )

KCl: 20mM& 6.8+ 0.3lg(n:29).9] FEHHE
< 92# NE 107 M9 #3933 |39,
ojuf LM EALE YAl tme-dependent o] ghut
< 4o HoH(Fig. 1). KCIZ NEFFutg-d) Oj §
Ao}l Ao %-olgtae ZH7} 62+6.2%
72+ 48% 2 FAANAN ¥ & BFE BYout &
oJgt ol oA (Fig. 2, 5).

Bay K 8644 1 FE 107 MAR & E818 53
¥he-& 2 o 7] ] ¥ 315 21} subthreshold dose9)
KCI(12mM) E A} stoll & 24 HQ] 4-F0H3(8.2
+0.75g, n=11)& Yol M RAIE ¢9
T FENEIAY FAS AR %-oldAFAE
d o Zuk(Fig. 5).
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Methylene blue(MB) 2] 43 : KCl, NE ¥ Bay
K 86442] F#Zubgo tig dl= A A
Yol Ed ¥ MB 10°ME FIIEH3H 1
F4H3-& k7 728t E k. MBE o] 10~20% $-0f
2 ZALE 83 A %-olgEgd= BT
dAeA A = AH(Fig. 3, 4, 5).

LY83583(LY) 9] 93 : EIE 10°ML KClF
NES] #ZukgaA ol F3g 9L v A=
WAL L] %-olgAE}E MBS H&F A

&
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A

v o
E rlo

b Lo o 4
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=2 PA3A A A H(Fig. 3, 4).

Propranolol(PP) 2] <& : PP 10°ME KClz}
NES] #&u3-& ozt AT, A He] %-
olgATE U9 FofEe JAlMTE woksh
PPRO] Folx {o3tA A = Ah(Fig. 3, 4).

Diltazem(DT) 9] 3. 10°MEAQZ KClz}
NEFZE A3 A= 47 dfz5%9) 21
%(n=9)¢} 48% (n=11)7}2] ZIU}t. o]
el d z Aol o7 AAF ojgho] T o FZubg
of ol et Fopy ot 11 %-o| A
FFEA ekt (Fig. 3, 4).

Nifedipine(NF)2] 93 106 MEZ KCle]
FEHF L A 5 o] AL baselined] =& 3l th
& KCIRA &) F#Fykgo] A4d FeH(Wz+F
o] 7%, n=13)] oj28 M ojgutgL 7
v 8tAl YEbstth NEQ) 548 NF 100 M2
WEFZE] 45% (n=8)7}A 7= AT olw 2}
M9 %-olgdane AF JFeA Foh(Fig.
2).
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D Ade] ojgtawt

(+)5202-791 ((+)5202) : &9} A A %
FEAN #AFEHE (+)5202 10°MFA2 =
£4 FENGFE Yo 2 F5NL S 4456
+0.31(n=45)9 7.5+0.43g(n=18)0.2 Hx}o|
A ol stAl A3t o] vetstth & EEA 25
29X ZAH(5~320%) 8 time-dependent o] gyt
& 4oz G %-olgaFel A=
b TH(Fig. 6, 7).

Phenylephrine(PE) | ¥ 3.2 PE
10* M N F3R3 #3938 o
Aot PP 106 MER S N 5%
A% $5958 Y AT o] PE 303
29} M ZALE time-dependent o] 83 &
o (Fig. 9).
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Fig. 2. Time-dependent % inhibition of UV light to

107 M NE-induced tension in intact endothe-

lial (+E) and de-endothelial (-E) prepara-
tions of rabbit thoracic aortae. Each point and
bar show meant SEM of 8~35 rings. + E NE
-7 + NF -6 curve was obtained from rings
contracted with NE 107 M which was followed
by NF 10® M. The indicated drug -X shows
the drug concentration, 10X M.
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g. 3. Time-dependent % inhibition of UV light to

107 M NE-induced tension in intact endothe-
lial rings of rabbit thoracic aortae. Each point
and bar show meant SEM of 11~35 rings.
Control (Cont) curve was obtained after addi-
tion of solvent. Other curves were obtained
after addition of the indicated drugs. Other
legends are as in Fig. 2.

— 1130 —

80 _O_O Cont
: z——-—. PP —_55 L/&z
A—A LY -5 % /T"""T
60 |
/S/I/I—’—I
40} G —
x/
20 | .
= f/. e
0 715 30 60 120

Radiation Time(sec)

Fig. 4. Time-dependent % inhibition of UV light to

20 mM KCl-induced tension in intact endo-
thelial rings of rabbit thoracic aortae. Each
point and bar show meant SEM of 9~29
rings. Legends are as in Fig. 2 and 3.
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Fig. 5. Time-dependent % inhibition of UV light to

20 mM KCl-induced and 107 M Bay K 86
44-induced tension in intact endothelial rings
of rabbit thoracic aortae. Each point and bar
show meant SEM of 11~29 rings. Legends
are as in Fig. 2 and 3.
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Fig. 6. Time-dependent active relaxations of UV light radiation to 1uM(+)$202-791-induced tension and
antagonism of methylene blue on the relaxation in intact endothelial rings of porcine coronary
arteries. This trace was made with the meant SEM from 17 different rings. Vertical bars denote
SEM at the point. Numerals indicate radiation time. At “on” and “off”, radiation of UV (U.V.)

light was started and stopped, respectively.
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Fig. 7. Time-dependent % inhibition of UV light to
10 M (+)5202-791-induced tnesion in intact
endothelial (+E) and de-endothelial (-E)
preparations of porcine coronary arteries.
Each point and bar show meant SEM of 8~
45 rings. Legends are as in Fig. 2.

whgS o tH(Fig. 10).

2) oM oA U AdA ) 3%
MBS} LYS] Q3 (+)52025 %434 9] 2]
A ol @EIE MB 105 M3t A A9 24 AL,
LY 105 M3l M= #2384 A = 2 tH(Fig. 8).
PPS} 9 7IE FRUSAEE A 2
PP 105 Me (+)520253uHgA19) 2t M o)t
avte] HE G v]H R EHch(Fig. 8).
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2o ¥ 2529 15%(n=13)74A AAF A1
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Fig. 8. Time-dependent % inhibition of UV light to
10 M (+)5202-791-induced tension in intact
endothelial rings of porcine coronary arteries.
Each point and bar show mean® SEM of 11~
45 rings. Legends are as in Fig. 2 and 3.
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St} PEY] 35982 NFRA § g2 X]9] 50%
(n=9)74A AAHAL A9 %-o|FAFHE
FrelatAl A= A (Fig. 9).

DT g3 :PEQ £5%8& DT 10°MFEAZ
iz 9 58% 7+ AAHAL Q] %-ol ¢
AT fFostA JA = A (Fig. 9).

8) (+)5202-7910 93t =] 4l o] a7
AR
(+)s202 10%M, KCI 35mM % Hist 5X10°6
Me) 42Uk 2 747} 5.6+ 0.3g(n=47), 8.8+ 0.8¢
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(n=17) 2 10.1x Llg(n=13)o]A 80%7+o
A ZALZ ZbZ 72441, 8+1.2 2 35+ 4.4
%9] olghukSS B (+)8202 5ukgAlo] 7}
& HAH(Fig. 10). (+)5202 100Mol} o3 5
Zukgo] &AW (Fo F of 208) FTF< KCI
EE Hist: F7HEASHE 50L& 735 o
Ztz} 16.1% 1.4g(n=11)3} 19.7+ 1.6g(n=13) 0]
I, ol 807t %-ol¥AEFHE FAA FH
o] vebdth E3 240 3 F o 2A3¢
%0t bath®-& 7 83} bathu] (+)S202E ol ll
% KCI# Hist® AF sty Yed #5982
137+ 1.5g(n=9)3} 16.0£2.1g(n=11)2 2 (+)§
202E A 8t SN R ZeFE o) ojd g
80xz7te] %-olgtET|E ZAHA Fa 7std
adig Jelgd 28y (+)s202th Al KClE
Histe] BT F KCIFFuSo] X&Hd
Histg& 718} $£&9-82 139+ L5g(n=12)2
A ZetEY %-ol$EaTE 238 A3 o
A = A cH(Fig. 10).

1 oF

—

HE 7IEF A EH 4 A #FF NS resting
tensiond}oll M & ] M ZEALZ F8lg dkgo]

80 A—A Cont
HL—N DT —6
O—O NF —6
g 60 \f
]
3]
O
3
3 I/I
=)
2 20F § : /
® _/
=
0 1 i 1 i
5 20 80 320
Radiation Time(sec)
Fig. 9. Time-dependent % inhibition of UV light to

5X10% M PE-induced tension in intact endo-
thelial rings pretreated with 10 M PP of por-
cine coronary arteries. Each point and bar
show mean® SEM of 9~15 rings. Legends
are as in Fig. 2 and 3.

EhHA] tovt AT FAZ FH A7 A
€ o= By AL zALE 7H ol 1L time-
dependentdt o] 9r-g-g o} Tt 29 A
olgtazte JHAL ¥ FTEZE X 3e A
I M2 g Fol AN o] ojgaFe HAF
G HEZD 2 Hoze WA XY THeA
Yebd A7 guanylyl cyclase o A A Q] MBS} LY!”
9z AASA dA Y Poloh ¥ FEZ] Az
e He FRusAe A ojghutge £&
W39 A7t vxE o FEFAY FH BA
glo] o] a7 o] J & v} ¥] 5238131, adenylyl cyclase
QA A Q) PPV o) ] REH o2 A, cal-
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Fig. 10. Different relaxing effects of UV light on con-

tractile agents in intact endothelial rings of
porcine coronary arteries. The duration of
radiation was 80 sec in all rings. In the first
3 columns (starting from the left), rings
were contracted with 1 pM (+)$202 (S),
36 mM KClI (K) and 5 pM Hist (H), respec-
tively. In columns 4 and 5, rings were cont-
racted with 1 uM (+)S5202, which was follo-
wed by 35 mM KCl and 5 pM Hist, respecti-
vely. In column 6, rings were contracted with
35 mM KCl, which was followed by 5 pM
Hist. In columns 7 and 8, rings were washed
(w.0.) for 2 hours following exposure to 1
uM (+)5202 + 35 mM KCland 1 pM (+)
$202 + 5 uM Hist, and then reexposed to
85 mM KCl and 5 pM Hist, respectively.
Each column shows meanz SEM of 11~45
rings. Asterisked columns show significant
differences in comparison to corresponding
control rings contracted with 35 mM KCl
or 5 uM Hist alone (** P<0.01)‘

- 1132 —



cium channel A 4|91 DT NF2-29)3}o| 2 A9}
FEA Fuch Ty BFFFTHY o kg
FEA o we} ojeukge] HErL A ki
PPE G| Qkgtony DT NFEE 237
A€ o)t} E3) DHPA calcium channel ago-
nistQl (+)52022526) ¢} Bay K 86442728 9] $=2u}
SAlY e o] E I}t FRUFTHAAE thE
FEA g Aol 7t gAY, #AFHAXE (+)S
20257 F Ao b EAT oA HYn
KClz} Histe] FFHub-gAle] 24 o|gadE
HASHA A3 A F BRI 2 2ol E Hol
At

Zpe] A o] ghuk-g-o] AL Mol o7 AT+ F A
g3 7|dghe FA EE drugreceptor
equillibrium® Aol 9gitie FAMNE e B A
Hog v wiAE F JY& Helth & & 4
HolA M ol gEHIF AN Holn FhelHel
A, ¢ FL ABGEN Y RARE w9 e
A A ebue 32023k 21 A|ZHe] A F
= FALZ G} A FAl F£5F¥Hgo] | 5H
H, 283 BE BT A 3 £HEZA
veb, 53] Yol o vk 5 Bay K86442}
(+)520220 ) FZ Ao = 7hdH o 2 vehd FF
S AT w Zejile] H[EolHoE BHY
AHEE BE FFA, 53] KCI7HA] #3A v
AR F= g8 Aoy EF KCIFFA9 o]
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AEet FF JEIAEY FZo EAltH o]
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EDRF9] £2*Ve] 7|Qdgcke BR15S AU
o B AHF 2 olghukgo] A E EA
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43 A #AVE ASE AAEEE vk
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A gAY e =)Aol adenylyl cyclase EA
Z7t e Bdste Aoew F2HEd. 18y SR
HgEY BEO M olgutg 2 PPE A
GeF-g wx] ool FEEI| AolE Holx ¢l
o 2] M 3} adenylyl cyclase?] A= o] F7
Hojok & Aot} & BE 9 A9JH o]gnhgE
%3 PPRolYE DTS NFe] tsiX = 2ol &
Holx o], 7tE FHUFTHAL F FEE A9
Ferurx] grgto} iAo BFERLE f o
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4l 2as. e A4 ol RS E re-
sting tensiond}oll A& VeI A] 8T “active” 3
g0 9lS wwt YdojFo 2 A calcium channel
agonist®] Bay K86449} (+)52029] FHyHg&
DTS NF2 A9 &A= ze]d ojghytg 9
Hao] BrhF3stdch wekA] DT NF7F 2h9]d
ojgtutgo] m e P I FHFNZ] F o
B2 o 50% A= JAE NES} PE #3130 A
AAE AT ojuf 2k M ZApel| o7 AAZH o]
2ukg-o] Z(amplitude) & U FFHuH 9] Ao
w2}l § o 8HA A H A (A A A, 24
ojghut-3-9 7|7} B “active”FFRHE 9] A
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719 fr@site B wal 2 AgAY B
Mol AHRF %-o|RATHE F FER JIE FX
s Ae dFUeA Fgov HAe BIF
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FAA JIE FROFHL 114-24 FENES 2
o271y A FAFTHE A S 4oy
A F3}3 B-adrenoceptor A A2 PP A 2] Fo
FEWNEE dozie F deiA U, B A9
Mz #AFFHE PER $35A7]7] 98 PP 20°
MZ AAg F 483t oA A 39
T %-olghul-g-gio] DTS} NFE A€ A3
& PE ¥4 A Mej PP M X} Qb 24385
calcium channel A4 29 432§ W &7,
FE T FEF 9 Zold 7A% A
JAE o FFHojof & FHA ol

AR TR A (+)S202% KCIF} Hist42
WS FAAAFH FA %-oltaTdE A
Z3 bath Ulol A (+)52028 Aol Fox F
E 5 %-olFaFe] FIe 115‘—51214
a2y KCI# Histe] HFEAdE #2028 7
SANAH SN e B7da %'Ol%’riﬂr% S’.FIE‘% ]
AsHA ZFFA AT ol (+)520271 T3] KCl
T Hist®] 33988 A3 zdoazn g-olgd

AERE A7 A ol AL E oW
SFEAZE At FEdEd A& upo ol
242}/ ol A 77} guanylyl cyclase 8433 24§
BAZF ASE 12 of B2 9 guanylyl cyc-
lase®] &3 B F ojW GAE (+)S2027} =
ol i W= E WA= Rog 8
2=

& o

el de] o olHaFHY V1A S FE3 A
ZIE FRUEAH A B35 AE JEsly &
4B E(ring preparation)?] A#HL 7]|E3pHA
A2} d (865mm) ZALe] AE #F3H )

1) Resting tension &}2] & Sl 3L.o z}9] M ZA}
(52~320%)2 G ¥t

2) NE, PE, KCI, (+)5202, Bay K86445 9] &
BAFZAZ £58 oM Fede M =
AbZ 7} A<l time-dependent o] 4¥FSS Qo

AL, o] o]t WHAE &4 & - 79}
#3tA et

3) MBS} LY M2 2] o]yt
B2 2TolA dAsA dA =k

4) 7tE FRUTHY 2] o] ¢hyhg-& PP
FeFE Aoy Hx] BFHY olgkg e T
w2 gt

5) A FFFHY AL o]gurge DT
NFE EEHo 2 JAHAY 7tE FHU T
9] o|givhg-& FguwrA it

6) (+)s202% siA] #FFHAN 713 ZHAS
A oltg& Yo KCIF Hist 53
SAe 2L oldAFHE FASA FsIAA
t}.

ool 4AHoz FAPYEIAAM A ol
AE WA Ee} FAE L YAHFH O 2 guanylyl
cyclase 84 3}o)] 23} cyclic GMP F 7)o 7]1Q1 31
o] o2& adenylyl cyclase ¥ calcium o
AblE IR #AVE JE Ao FEIJAY. £F
DHPA calcium channel agonist¢] (+)5202& 1]
e AZE T3 HAZE AgMe 3 o
= s ofH WHItg doFivty FZ3H.

o
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