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Relaxation of Vascular and Nonvascular Smooth Muscles
by Nitroglycerin and Nitric Oxide and the
Effects Thereupon of Methylene Blue
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Smooth muscle relaxant activity by nitroglycerin and nitric oxide was measured in
the smooth muscle preparations of guinea pig aorta, trachea and taenia coli. The
smooth muscle preparations were precontracted with either 100 mM KCl, 30mM KCIl or
histamine. The relaxant potency of nitroglycerin in these smooth muscles was aorta>
trachea > taemia coli. In contrast, the relaxant potency of nitric oxide was aorta >
taenia coli > trachea.  Methylene blue inhibited relaxation by both nitric oxide and
nitroglycerin in the aorta precontracted by 100 mM, 30mM K and 3x107°M histamine
and in the trachea precontracted by 3x107°M histamine, but did not inhibit in the
trachea precontracted by 100mM, 30mM K and in the taenia coli precontracted by 100
mM, 30mM K and histamine. These results suggest that relaxation of vascular smooth
muscle caused by nitric oxide and nitroglycerine is ultimately connected with the acti-
vation of soluble guanylate cyclase, but those of the trachea and taenia coli are not
related with the activation of the enzyme.
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Nitroglycerin #f{# & 15\ hvd % B L AL,
AR, MR T NO (BR{besk) WAL LAds s 7 =
L= b A 7T R EE LTI cyclic GMP
(cGMP) 0&ER* &+ o L kb, MEFEEHOM
BrEITEELLRTHLY, L L, WELSOF
W FT 5 NO & BB LEMOMBIERNR Y 7 =
V= YA 75— EOFERIE cGMP @ LR TT T
HPTELEREICOVTRERODHDEZATHY
KPR TR V. ABRTRMELDNAOFEH S LTE
NEy FOERME SEFRHGEHEG, ChbOWEH
I3 % nitroglycerin & NO O FH % H L%
ORBIRFRGH T 2ER & BT &30, #
R EYS NO K LA B/ 7=v— by 2 57—
VIEME L O RAYCEIF & LTaS ATV 5 metylene
blue (MB) ¥ o owThE L.

. £ 8 # #

1. EBRHY

{EHE 250~500 g OiEM: Hartley €21 % o b2 H
Vs, T A18~24KElim vy (10 meg/ke) %
RS L.

2. HRAED

1) NO B OHH

NO OfIF¥ERKT Shikano HOJFEEY -3 G
L. #7288 IHE L 2ml © 50mM Tris-
HCl (pH 7.4) KEW % &0, Kb T205MEBRH
AR L. 0%, FIABEHBCKEETA Y
REDEESE LA 50ml © NO #2&2BRPCE
KL, BRE KPR0FMHKE L LT, BRFA%
05HEE L. BEDX > LTHAS LEM NO
BROBE % 3.3x107°M L RLTY, HABREE
TRREER L.

2) =trsYey AR EERRSE L VD REE
SRS B G, CTHEEe 2 2 3 ViIREMED
SORFALE. e v 2E-HEOEHE (74
Tav) AV

nmr. = & #» &%

1. FELEv MBS ABIRER

ATy P OBREREINT, KMy, EEREYD
Mo & w78, REKEBREROBEL, SeERERE
%, 18 3mm OV v IERELER L. BERITCK
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DR L 7o 9% W (Krebs-Henseleit # : NaCl 118 mM,
CaCl; 2.5mM, KH;PO4 1.2mM, KCI 4.7 mM,
MgS0, 1.2 mM, NaHCO3 25 mM, glucose 11.1 mM)
At Lic Magnus BHCBREL, 5% O 5% CO,
OESGAAYBR L. EXOWPAN gL, T
BfER A FD ¥ v 2 7 » 7 RUOEJIGHRAMES (=
g8 N5901) # N LTEFvrFAbY) 9 ba—F—
(B37055) bicie@El o, BEARIEH LRI HR
BWURE LB ERCH L. coR205 ki 3E
KB A LTz, BRI —EK /25 ¥ T 30mM
i 100mM OBBEKER, 213 histamine %
DB L& x 7. nitroglycerin & NO DM EE O
BRICHRE, Ay BERse L o %E Ui B
mrd ootk Eor BENCES L, BRSO
100% & LTRDIZ. MB OEELF 2554512,
R &R - $305 8T 107° © MB %#nz, BRIl
T nitroglycerin & NO O ZRRBEFICHERZRD 1.
B E KRS IISREE O NaCl % 30 mM RO 100
mM @ KCl o —%E# Lo b D% A7, ¥7:, hista
mine BHEIZIE, 3x107%M histamine % At 7:.
2. ELAEy MEHEEEKR

EBAE P OWBBFR AT LBNBIE S - BEE S
B LA, SEEMHEE B 4mm Y v SR
L, BMBOMG 2BV TER S Lic. EXOFIA
fii% 1g & LT Magnus HICBREL, ABROBSE
Bk LT, REBERKICHMBA LRSI, histamine
BEEEZTHAEIR 3X107M 2.

3. EILEv MEHEBHER

FERE% 1B, SHEEF D LEERBE LY 3em
SHLWHERL & ZATERMY ¥ v+ v b CREARRA
Oy I THBLE BBERERE 2mm OFRE L
Magnus #EBBRE LT, KBROBELEAKCLT
BEMRGHEZ RS, %F, histamine xR C
FTHEAE 3X107M 2V,

IV. £ B8 & R

1. EILEy MELBMBAERCHT SR

100mM K CF I & - XBIRIC 30Tt nitro-
glycerin & NO {3 1078~10"'M O#iE cHEKFEN
Teig AR S L. D —log ECs fHIZ ERER 4.5
& 4.6 TH -1, 30mM KCl TS BB 412, nitro-
glycerin, NO W4 5RZMN LHE L, WEFEHO
~log ECso fHIXI TN EFN 6.5 £ 5.5 107c-7z.

3 X 107M Histamine T X B KBIRICH T
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Fig. 1 Relaxation of guinea pig aorta by

or nitric oxide (B and D), and the
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nitroglycerin (A and C)
effect of methylene blue

thereupon. In A and B, contraction was induced with 30mM-
or 100mM~-K as indicated, while, in C and D, contraction
was induced with 3x107®M histamine.
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Fig. 2 Relaxation of guinea pig trachea by nitroglycerin (A and C)
or nitric oxide (B and D), and the effect of methylene blue
thereupon. In A and B, contraction was induced with 30mM~
or 100—mM K as indicated, while, in C and D, contraction
was induced 3X107°M histamine.
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Fig. 3 Relaxation of guinea pig taenia coli by nitroglycerin (A and

C) or nitric oxide (B and D),
In A and B, contraction was induced with

blue thereupon.

and the effect of methylene

30mM- or 100-mM K as indicated, while in C and D,
contraction was induced with 3x107°M histamine.
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Table 1 Relaxation potency of NO and nitroglycerin on KCl- and histamine-induced
contraction in guinea-pig aortic rings, trachea and taenia coli.

—log ECso [or maximal relaxation at 107*M]
Agents Preparation (95% confidence limits)
100 mM KCl | 30mM KCI Histamine
- 4.5 6.5 7.1
a (4.36—4.64) | (5.94—7.06) | (6.54—7.66)
. . 44.3% 5.3 5.85
Nitroglycerin | Trachea (37.5-51.1) | (5.02—5.58) | (5.57—6.13)
L 20% 45% 6.9
Taenia coli (11.2-28.8) | (40.6-49.4) | (6.76—7.04)
4.6 5.5 5.3
Aorta (4.06—5.14) | (5.1—5.9) (4.96—5.64)
. 17% 4.1 4.6
Nitric oxide | Trachea (11.4-22.6) | (3.3-4.9) | (4.32—4.88)
o 16% 4.6 5.75
Taenia coli (37.1~54.9) | (4.48—4.72) | (5.65—5.85)
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The values in parentheses indicate the range of 95% confidence limits.

% nitroglycerin & NO ®—log ECsp fHIZFNREFN 7.1
5.3 TH-To. WThOBEDL, 107°M MB 2 nitro-
glycerin & NO OEEH O HERISHREH i E
Bx 7. (Table 1, Fig. 1).

2. ELEv MEHEECHTSEA

100mM & 30 mM K TFHIMEEEL-EF B
T nitroglycerin (3 1078~10"'"M O#iFH ©HEREHFR
EbEA LB L. 30mM K BRIk 5 nitro-
glycerin @ —log ECs fHI3 5.3 #/= LA, 100 mM
K g LTk 107'M Th 44.3 % Otadg L o
oot 1070 MB KRR T % nitroglycerin
OMBIFRIE - <CEE Lk 7%, 100mM K It
fEad A2 NO OMEERIE nitroglycerin O %1 &
FRRICEE <, 107'M TI7% D35 L@ ¥ /e
mofo. 30mM K OFEIC S LTz g e s %
KL, —log ECs fHiZ 4.1 Th 7. 107°M MB & NO
OMBHER % & 0IET 2R 2R L, BEAE(L
Tkl -7,

Histamine (3% 107°M) M#Eicx4 % nitroglycerin
DRk EF O —log ECso fHIL 5.85 TH Y, 107°M MB
RERICHRE SR CBB I, —F, NO
»—log ECso fHiZ 4.6 TH Y, 107°M MB Z*+ D
BERICHR % &R A BB S ¥ 2B %R L gt
HEE b -7z (Table 1, Fig. 2).

3. ELEy MEHEBRICHT 3R

100mM K TIHE & & - 8B4 5\ T nitroglycerin

& NO T 1075~107'M ORIFETHBEAFN 1 ihes %

Lich Lo, ORI, 1071 wkid5&AHM
BERIGI T h 2 h20% £46% TH - 7. 30mM K I#E
LT, nitroglycerin & NO ik 1078~10"'"M®
#BPHT 100mM K BUEOBE S HE L, & oiEyVig
%375 L. Nitroglycerin (107'M) = X 5§56
#Ri345%TH O, NO I & H5#ED —log ECso fHiL 4.6
AR L.

3x107°M Histamine TF®HIHE S o BERMIC
Tl nitroglycerin & NO ZHEEBEEHFN A b
WIEEER 2R L, nitroglycerin ®—log ECsp fHiT
6.9, NO O —log ECso fHIZ 5.7 TH - .

KB, histamine BEV-3" h o#BE& 4, 107°M MB
it nitroglycerin & NO OMEIERICIIF L BEL 5
z T 7o (Table 1, Fig. 3).

V. # £

HEREER LAY X B M TR OHAR 2 IR MR Y
D cGMP EEH#NLTWAZ LR 190 ER RS R
T hi®), 2 oOBIME A Rl EhER T (EDRF)
& A MEFRBHOMEDL cGMP 24 LTWAZ EH
Bl -k BETIE EDRF & NO #0340
TH b, HEMBRLAYIIMENT NO vkl T,
BYS TV~ A5 —EDY T2y N THBH~
LAEACHKE L TRBERE2ERL L GMP BRE% L#
FRLEEZLNTWAD, L LNELUANDOFESIC
45 NO L EMBR{ILAEYWOMBIER I 2WTiEW5
WALERY DD, NEUSOERTGHRTEEINS
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cGMP FHRERGEIER & IBEE L &0 5 F5R
LitIhTW5Y,

AEB T2 NO & nitroglycerin OFHIH T 5
SRR % MRS & FEMB TN B\ T Lhckat
Lic. A% v P KEIIREEAICKG 5 KBFER Y hista-
mine WHEIZX LT, NO & nitroglycerin (3 &1
FRM@BER %2R L, 107°M MB 2% OMBIER %
BARTE Lie, ZhilfekoBREARTH D, NO
& nitroglycerin BE[EMHE Y 7T =LV —bH A 75—+
OEHEALEN L CHBFRE2BT O L 2FHRA L LD
AT N

—7, [RECOKIEE, St cOKEBHES histamine
fgicxt$ % NO & nitroglycerin ORgEIEAIE 107°
M MB kY@< HH%xZdar - ChbofER
i¥ NO & nitroglycerin @ 2 h b ORI 55
BERRTTER Y 7= — b9 A 75 —HOERLE S
ThW ERTRET AR TH %, L L, histamine
THME X - KEEA BT nitroglycerin O
BERT 107°M MB Tl X ht.

g cH I 3 BEOFREM O RZ I BRI
B < NO L 23l & v & nitroglycerin 2 & %
Mg L& -k, X, NO & nitroglycerin @
AR 1R R A R MBI & > TR 2 S
byl TofEAREAEARCE - TRERRKETSY,
nitroglycerin % NO = & 25wt L& BRSEHHN
BVt histamine KX ZBHTH Y, KVT, 30mM
K IfE, 100mM K BHEOIEFTH 7. 72, nitro-
glycerin OMERIERIC T 5 & FEH ORI, W
R £ 59, KBRTRLE, ¥ EEfo
EFETH - tchd, NO OS2 RIHIL %
h&Rich, KBk, BEERE IEOEFTH-IL.
(Table 1).

Bolton ¥, Bolton and Large!®) ® Van Breemen
LD MRS B O Catt ALK Cat it
A& ZEEEMEL Ca?t A LKSE L. D7
T A MIREGEERLL, ToBRELTO GTP
k5 GTP #AEAEOEEML VWS, —H#HO41L
RGN L CFRBONMEECT. 8-T, HRH
Hfarm o GTP a8 &AFThiI% V2L GTP &R
EIESLL I LT S PRBREL B LB &
Exbh507T, MBitkd NO &b 77=1v—+
B 77— EOERANIFEISh D £, EBEROENEL
X AN GTP aFBOBE T AL L30T, I
R D OWBHR S - T, NO & X 5@ Em s

EhbEWHAElLELLND.

Histamine TF X @R TiE GTP »#Ed
LTWw5 DT, NO & nitroglycerin OR#EIERE . *t
TELRERZMENBOTH A H. Histamine THHE X
LSBT MB T nitroglycerin OERIER M
#aniol, L8 GTP ol ok it
FA5E0LELL, D%, 100°M MB T/ 7 =L —
MOA - HOFERARA S hiBE&0 GTP ©
EHROEER & 5 EERGESZEWCE N B
72 9, nitroglycerin OWMBIERMHE L DTHA
5., ¥ D EEOEHTIROBY TH D,

KC1 FdzRA b Methylene blue
4 + =4
BoE SREOFEEL + guanylate cyclase
GIP T GHP 4
l }' GTP 4 cGHP T — if B R
- guanylate cyclase

MALMAFEC WA CTPES S A DAL +7

4 N0, Nitroglycerin
f SEEFEECaTA 1y L =]
4 S, T R
—» SR AL

+
- B

DEREEDOTLLNE ©H v, FHEHOBEhE
GTP #&HEHE, GTP RV cGMP & ¥k Bf
BFEOREFNISBEOPECR I LEEE L ELLR
.

XBE %% SFHEovIFho®Hsicd 100mM
K ufEk v ¥ 30mM K I#E< NO & nitroglycerin
OWARERITE BlAl, CoBRR A boERIC L S
SR E BN T A LS T AR RE L
T 5.

X, nitroglycerin ORI T 2 BRI HEOIREM
& NO OHifgfE ikt 2 BeZ M OIEA & bR
& » T~ TV 1FHid, nitroglycerin B4 ~XTOFH
HHIEANT NO KB LTERT A LW o B L L TE
LTEY, ey FRESEBRRICETIE nitro-
glycerin 7 NO %A Xl LT\ 5 e % R
TELDOTHAH.

Vi. & #

NO ¢& nitroglycerin O&BEPEH AT 2EH%
%y FRBIR RE EBEELLYHGORN L.
PEFITEIE K (30mM, 100mM) K I* histamine
(3x107M Bt 3X107°M) it & B x 3 5 ihag
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fEAE LTBZE L. WTFhoFEHicsy T hista
mine K& 5 IHEH nitroglycerin ® NO ORAE(EH
wE LRSS AE L, KT, 30mM K I 100
mM K BfEOIERFTH - 1. %1, nitroglycerin @
SASVE RO B RSN, BRI R T A - Th
RBIRFEH CRLE S, K0T, Y BBROERF
THoTlodt, NO OMBIERENT 2EZREIZh &
Rich, KBk, B KEOEFTH-T. KB
TIEKIAE, histamine BHEF R OFHAE L, NO & nitro-
glycerin OHEIEM X, NO % nitroglycerin & %
B 7= L— b A 25— ¥ERLOEERTH 5
methylene blue (107M) Il X hi-», BT
BWIFhol#E s 107°M methylene blue THIEIE h
inote, —F, KETCRKBEOMEIZ methylene
blue THIFI X s h - 7o h, histamine REEOHAZIT
S ht. DEoERM»S, NEFEHTIE NO ®
nitroglycerin & & 2B THEM® S/ T =L — YA
5 —EOEMALSBES LT 55, SELEREO R
Bl h by X A5 B 7 = L— b
HA 25— EOFHALRLT LIS LTu i &E L
bt
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