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Relaxation Mechanisms of Nitroglycerin

Mikio NAKAZAWA
Department of Pharmacology,

Niigata University School of Medicine
(Director: Prof. Shoichi IMAI)

Since 1879, nitroglycerin is used as a remedy for angina pectoris. There is no doubt
as to the effectiveness of nitroglycerin in the relief from the pain. The mechanism of
anti-anginal effects of nitroglycerin is exclusively thought to be dependent on its vasodilatatory
effects. The emerging consensus strongly favours the involvement of cyclic GMP as the
mediator of vascular smooth muscle relaxation elicited by nitroglycerin. It is helieved
that accumulated cyclic GMP activates cyclic GMP~dependent protein kinase (G-kinase),
(G-kinase phosphorylates target proteins and then relaxation is occurred. Two main pathways
are proposed as the relaxation mechanisms, 1) lowering intracellular free Ca*" concentration
and 2) reducing Ca®" sensitivity to contractile proteins. Mechanism 1) will be mainly
discussed. The vasodilatory effects of nitroglycerin shows a tissue (vein vs. artery) and
a region (large vs. small arterv) selectivity. The precise mechanism of the selectivity
is not known so far. The region selectivity of nitroglycerin on the canine coronary artery

may be based upon the difference of guanylate cyclase activity.
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Nitroglycerin (NG) »\BRUME DEHRICHEH X Wik
Th b 14 FEIRED, FORBI > TIZEE S KHs
54, RECIhZEETIEDOHBEL R, L
L& OB W TR S OfRT N MEL & A
TE D, BELTEHEEOREEE VT 5. BUAE
X AESHEE, NG OLHMRS 5 Wik L Xt
TOEBER TR, WEEERFHCES:E200
Twb. Ll Ganz OFEKRER? TOBIRROILE
TERMNBEETH S & OER, 2LEEBROBAZCL S
FEROEWD &R E LT kd, WTERAH
BOEHRCBELOMCOWTORRITHE TV .
NG IMEFENC NO E¥ S h guanylate cyclase
DiEMAL—cyclic 3, 5 —guanosine monophosphate
(cGMP) DHIIN—cGMP KM # v R HY v EE{LEE
# (G-kinase) OEMIL~EN s v I EOY v
—HBOBIETERAERT 5 L Eh TV 55, NO ~
OFBBEF oV TIE BB > T, By v R
2H (HEEFEOERE) oL TR YERYEEECHT
BEBAFTHE.

1. HBOEERICOONT

BB LB E L UFEEROECSETE L. ©
NENBHET ST & A LIRS ORI £ 0
W+ NS, BERARERTE, MESEBROE
BB & D INFORAP B 5 B THE LR L,
BE PR OEER B Lo b M & 2 K48
WHIAERE LTV A EBEZ LN TV S, —RACROEE

BZOBMENRELCRETIEELONR D,

BRI R ROIE R E 2 1254, NG OFULEER
i3, WEEROE B L Tk BRI L S
AN LERIC LB EEZTION, FEMIROER
® LT, BIRFROIEE (preload OA) @k BEEFE
HEREOWD 55 I3 EBIREIIE ORI & 5 .08
HE~om o oEm e, TEIRO A B OWENF
FRC & B HBIRA ~ D MH OB E L & HERER &5
AHRTVA. BHrBHRBRTLELACE TS NG
IREDIR & 0 8RR A BVR S B ATER O AR, T
BRO KRG et LBIRAYICIVREA 2 > 2 & LR
RTWA. UL ZOBIREYSIGRIER OTE BRIk
BHELPLA TR, COACELTEHETED
hi-ER2HET 5.

2. MEFBHEERICONT

NG AMEFEGH2HEEE 52 LB E o
FIEOREATLA. R 1 WRT L, WEsH
WMT20EHLTCVCARMBECL - T, NG Otig
EHOBmEERES. Tihb, NG dh5ra—n7
IV EDTEARRC L ABEO Y, BoE (B
B K" Bk Tl BBEcigses. oKk
FUHOB NI DN YT LEFEO TN ETEERMN TS
b, il NG OFEHmSEsEF*E2 5 ktd, ¥
FoREERD 2 R R A HINEAKOLEY (ZHEFR) ©
L AEBIRIFETS 5 2 & bELTLEREG. RO
FEHRREE L LT NG ATV ADLZDELHHD

£ 1 #BMF B35 nitroglycerin ORuiEVEH

Vessel ECso (nM) Contractile stimuli
Bovine coronary artery 200 5-hydroxytryptamine
Bovine mesenteric artery 27 histamine
Canine coronary artery 256 high K*
Canine coronary artery 2,400 high K*
Canine coronary artery 10 noradrenaline
Canine mesenteric artery 64 thromboxane Aj
Canine mesenteric artery 7,900 high K*
Canine femoral artery 5,000 noradrenaline
Canine femoral artery 14,800 high K+
Canine femoral vein 610 high K*
Rabbit femoral artery 1,622 noradrenaline
Rabbit femoral artery 1,000 noradrenaline
Rabbit femoral vein 5 noradrenaline
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1 G-kinase &#ifapy Ca®" RPEEfr Ca®t £ v VIHEEOEE
Rp-8Br-cGMPS (2EFB/MED cGMP FHEMAETHS 8Br-cGMP
FEAOSTRRAE,
CPA: m U (Aspergillus, Penicillium) O#E, TG ¥ HHOHE
¥ Thapsia garganica OHEFE, tBu-BHQ: {LEEH I hi-E&H.
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g L,

NG MM T NO cff@#ah, 20 NO HE
#: guanylate cyclase %#J&EME(L LT cGMP %##in &
¥, X5 Gkinase ®{EM(L LHARIEH = R4 2
EEZHRTULA, NG @ NO ~OEBRERKC OV T
ERICHBEIC I - T T AS, ATEME guanylate cyclase
AIEMAL L T AR 5 2 2id, FEH% guanylate
cyclase OFHELEH %> methylene blue 4% cGMP
DEMERBAIRT L 0D ELLTHL. &5
12 G-kinase ORRMIEHFHIE TS S Rp-8BrGMPS
(B D wkoi@nrfiglehs o &b, NG>NO—
cGMP—G-kinase—HfEDEMIT 2 IHEE L & &2
Tiw&Bbhb., Lo L Gkinase » bk ~OR
B, Thabb Gkinase DEELE LT HE LA
Te s lobhid Tidiou,

Fura—2 7r K oOf¥ERe L MM Ca BERNE
XY, NG 2#lpy Ca BECRBEL CREHL e
JEDBHEEL, Ca BEAF LI THEH LB B

® & EEaw Lo

tBu-BHQ

Relaxation (%)
b
S
T
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Nitroglycerin (log[M])

© DMSO
e 10°M
v 3x10°M
v 10°M
o 3x10°M

« P<0.05 vs DMSO
»» P<(.01 vs DMSO

BEELDBRERTVAYY, FiEBMEE2 v <7 HD
Ca B, HEFBIMME (SL) Ca v 7H 50
IMIRER Ca BFRRERAL (SR) Ca & v 7ofEd s
ORI TH 5 LHEE SR TV 2. BEOFHESEN,
cGMP-kinase i & 9 SL-Ca R v 7 HEH{LEnD Z
E LSRR L, EES SL-Ca B TS nBEH
Tl <, 240KDa Oz v A2 HOU YL E T 5
LOTHAEZ LR RE LY. —F SR-Ca #v 74
G-kinase WL OiEMILE A 2 EAREENTLBY,
L LINEFR/GEOL DL R LT, NG O
MR TL b0 Ca v TOFEI>WT
DR L I BRI - T

£0fr thapsigargin (TG), cyclopiazonic acid (CPA),
2, 5-Di~(ter-butyl)-1, 4~benzohydroquinone (tBu-
BHQ) n&ofeédty (B 1) » SR-Ca #v 7%HR
BHCBRET A2 Z LG an iy L Lohbhofe
WL FRGTLERNS SR-Ca £ v VIHEEHEY
T b, NG OMEBFIC SR-Ca £ v 7 hHS

20 +
e

ol LodET
et

o CPAINIO*M

60 + L2 & CPAIOTM

1 o CPA3XIOTM

v 1Bu-BHQ 3x10°M

A 1BU-BHQ 10°M

a mu-sHQbaxm“M‘

0 TG 3x1p M

B TG 10°M

100 Lt . . . ) .
0 20 40 60 80 100

Inhibition of SR Cab-ATPase (%)

Relaxation (%)

-without CPA
without TG

80 without 1Bu-BHQ

5 2 #ifapT Ca®t BEFEIAr Ca?t # v 7PHEHIC L 5 nitroglycerin OHMIAEEH O HNE]
L o FEHEABIRC FT S nitroglycerin OMEIER O CPA, TG B LU
tBu~BHQ = & % #14l. Phenylephrine IU#3.

EE: v+ AR B0 A MM Ca¥t BRI Ca®t & v 7HEFER L nitro
glvcerin OMIEERIIE & OBH. EECEBVERBENED RS,
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LTuAEREREDHELMCHEEL, 22Ty FKE
PR AR L TR Lzl 25, FERoMER M
OO SR &R E RO SR-Ca v 71
BEOCHEST L Z b o, bR INLDEY
i}, phenylephrine I#ED NG i & 2HH#EFR 4, GMP
OEIERIC &  BREFNCISIT 2 Hy RS h
7= (K 2). BHEED SR-Ca £v 7HEEHL NG ©
BRI R & ORI ERBIFR B b hicoT (K
2), NG OMifEER - SR-Ca £ v 7 AEE LS4
EoTWAAHEEARE SN, BAlkr s, BE
DE A, SL-Ca K v 7 OREBEMEERIE-OTT
DR v T OBE A EEECRET S 2 &R,
SL-Ca £ v 7OHEA S5 ER LTI ORTORFES
EDHTITE I EB LTI A,
=%, v FRBROSBE KY K L3O NG
ok BikElE SR-Ca £ v 7TIHEETEHE IR h -
o, THRINFOTRIZL Y NG OMEBFHRERL S
HE L, R DT D EARET S, T
AbhbHifEN Ca BEMEORELBE TS &, UHE
2R IED Ca BEWRD A, 70 FXKBRCEL
THEBERKECET S NG OMEEROTETH
LrBEbh5.
3. GEEROBMAISRM
NG O MEFRHHEIERCE, BREBIRE 0%
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B L UM I (EEH 0.6 mm) TORERIE % Hillk
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HICBIRETH » 1o, 8Br-cGMP (2405 1o 38R i
R L. Zhid cCMP—G-kinase LAREIT RN
BAtR7: <, guanylate cyclase =& %5 cGMPDO &R
M ER D LBARTHERTH S, ChERBELD LN
MR BIIR COREWROBR LB TR E LN E S I
SHOME TS 5.

ES & &
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RO LTRA L. B Lok o, SL-Ca £v 7
DOFEN >V TLSERF L TLEwWEEZ TV 5.
BfE s v 2BO Ca BREMOET, H50EA /v
by VERCHICH T AER G EELETH S, F
NG OffH» NO—cGMP R TE£THMTEL DM
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(log[M])
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Large: #HEH 2mm, small: 4R 0.6 mm. SEE K'Y B4 2508 E .
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