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( cardiac muscle )

1 1 (involuntary muscle )

automaticity ( self excitation ) action potential
( rhythmic contraction ) A
4 ( Snell .11995) ( pacemaker )
sinoatrial node ( SA node) impulse
atrium

atrioventricular node ( AV node ) ( conduction pathway )

atrium ventricles impulse AV node
I atrium ventricle
impulse His - Purkinje system ( atrioventricular bundle )
ventricles ventricles

( synchronous
and hemodynamically effective ) ( Berne and Levy .11993 ; Snell .11995) (

2 3)

( intrinsic
factors ) Starling ' law of the Heart ( length - tension relationship )

(‘extrinsic factors )

sympathetic ( thoracolumbar region of the spinal cord )
parasympathetic ( craniosacral region of the spinal roots ) ( Starke et al

.,1989 Rang étal .11995 ; Neal .11997 ; Katzung 1998 ) ( 4)



superior vena cava
right coronary artery
ascending aorta

right auricle

sino-atrial node
pulmonary trunk

left auricle

infundibulum

J

crista terminalis \ \ atrioventricular node
\

=
fossa ovalis — : ;
anterior wall Of F/-
right atrium ; > \
e \

{1

J1)
"

atrioventricular bundle

il
/5/.

anulus ovalis

’s

left
branch of bundle

/77

~

'\i- branch of bundle
N

V4

[reflected]

A ) &

musculi pectinati

left ventricle

<
-

interventricular
groove
right ventricle

.

inferior vena cava

septal cusp of
inferior VeNa cava triguspid vglve
moderator band
valve of coronary sinus

chordae tendineae

: | » left coronary artery
sinoatrial < _
node

right coronary artery —

_— atrioventricular node
~ atrioventricular bundle

-
—_

——— anterior
interventricular
artery

2 (A) (B) sinoatrial node latrioventricular node

atrioventricular bundle ( Snell .,1995 )



Superior vena cava
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. sympathetic
parasympathetic

(Stiles etal .11984 Rang eta | 1995 ;N e al1997)

Bergenin

Bergenin sympathetic
sympathetic noradrenalin ( NA) ( Burgen

and Iversen 1965 ; Foo et a | 1968 ; Ariens and Simonis .11983 ; Rang eta | 1995
Neal .11997 ; Hoffman .11998 ; Katzung .11998 ) ' ' adrenergic
receptor alpha - adrenoceptor beta - adrenoceptor ( Furchgott
1967 ; Dunlop and shanks 1968 ; Stiles et al .11984 ; Ruffolo eta | 1991 ; Neal .11997
; Hoffman 1998 ) alpha - adrenoceptor 2 subtype a,

aZreceptor beta - adrenoceptor 3subtype (3 lp2

p3 ( Berthelsen and Pettinger1977 ; Coleman and Somerville 1977 ; Brodde et
al .11982 ; Ariens and Simonis .11983 ; Stiles eta | 1984 ; Ruffolo et al .11991 ; Rang et
al .11995 Neal 1997 ; Hoffman .11998 ; Katzung.,1998 )

P - adrenoceptor receptor

P1subtype (Coleman and Somerville .11977 ; Brodde et al .11982 )

P, :P2 74 : 26
Pl:.p2 83:17 P1:.P2 72:28
Pl:p2 77 :23 (Stileseta | 1984 )
pr adrenoceptors epinephrine norepinephrine
P2 adrenoceptors epinephrine norepinephrine

(Furchgott1967; Ruffoloet ., 1991 )

Bergenin
( £ 5)

Bergenin
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(1,3,7-trimethylxanthine)

5 Norepinephrine

( Hoffman .11998 ; Katzung .11998 )

Norganegrine

Caffeine

Caffeine



Norepinephrine ( NE)
post - synaptic nerve
alpha beta receptor NA

sympathetic ( Neal .11997 Hoffman .11998 )

Caffeine
SR !
intracellular calcium channel SR calcium
influx extracellular calcium intracellular calcium
calcium SR calcium

SR (Frank 1962 ;Weber and Herz 1968 Allen etal .,1976 Fabiato and
Fabiato .11977 Bers .11985 ; Malécot et al 1986 Malécot and Katzung .11987

Rousseau and Meissner .11989 Allen and Westerblad .11995 Chen et al .11996 )

Caffeine

intracellular calcium SR

Yamato (1996 ) single fiber
papillary muscle
Yamato (1996) Caffeine
intracellular calcium SR é ; 'Y & ml
( steady stated ) D ( rested
state ) Caffeine i/ '3
calcium release SR
T,/ B caffeine calcium
SR
Yamato ( 1996 ) papillary muscle 'y

(Yamatoeta | 1996) ( 6)
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1 min
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T1/ Caz+
release sarcoplasmic reticulum (Yamatoétall996)
Cal
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Ca Ca*
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i =
triggered
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relaxation /

calcium sarcoplasmic reticulum

(Yamato eta | 1996)



calcium ion Yamato (11996 )
calcium ion calcium
voltage - gated calcium channel SR SR calcium
actin-myosin contraction relaxation
calcium SR ( 7)

enzyme Na+/ K+ ATPase

cardiac glycoside ( Akera and Brody
1978 ; Katzung 1998) ( 8)
Digitalis

Extracellular

space &

Cell membrane ﬂ \ 2 \ 1 @

\ \ (O~ Gachanne
blockers
Cytoplasm K = Ca \G)\
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“Trigger”
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8 I site of drug actions

( Katzung .11998)



14

2 ? 8

1 cardiac glycoside Digitalis,
Ouabain enzyme Na+/K +ATPase

2 sodium calcium

3 voltage - gated calcium channel

(3- agonist calcium channel blockers

4 calcium transporter calcium jn
SR
5 calcium channel membrane SR
released calcium SR actin - myosin trigger
calcium channel SR calcium actin - myosin
6 calcium released SR
actin - troponin - tropomysin complex calcium actin - myosin
Bergenin
Bergenin
antlspasmodic
( receptor )
Bergenin

( smooth muscle )

( involuntary muscle )

visceral smooth muscle
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( spontaneous contraction ) automaticity membrane
potential - slow wave membrane
potential depolarization threshold potential action potential

( Bolton .11979 ; Vogalis et al .11991 ; Yu and Bose

1991) gap junction

action potential

syncytium ( Berne and Levy .11993)

(long - term and steady contraction ) tonic contraction ( tonus )
( rhythmic contraction )

rhythmic contraction

/ tonus

( enteric

nervous system )

(autonomic drugs ) (Rang eta 11995 4N e a 11997 ; Katzung 1998)

2 sympathetic

parasympathetic ( Rang etal 1995 ; Neal 1997 ; Katzung 1998)

sympathetic rhythmic
contraction tonus adrenergic receptor 2 alpha
beta adrenergic receptor parasympathetic
' rhythmic contraction tonus muscarinic receptor

(Rang eta 11995 ;N e all997 ; Katzung 1998)

Muscarinic receptor 3 subtypes M, , M2,
M3 ( Neal .11979 ; Rang et al .11995 ; Katzung .11998 )

M3 subtype receptor (Neal .11979 ; Rang et al .1
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1995) parasympathetic Acetylcholine

(ACh) (Rang etal 1995 N e al1997 ;Katzung 1998) ( 4)

ion channel
(ion exchange ) ( Karaki and Weiss .11984 Karaki and Weiss 1988 ; Horowitz et

al .11996; Karaki et al .11997)

(SR)

1 Calcium - induced calcium release ( CICR )

L - type calcium channel

CICR
Caffeine Ryanodine (ltoetal .11986 Karaki and Wriss
1988 ; Zucchi and Ronca - Testoni1997 )
2. Inositol triphosphate - induced calcium release ( IICR)
couple G  protein
phospholipase C ( PLC) hydrolysis phosphatidylinositol - 4 , 5 bisphosphate
(PIP2) 1,4 5- triphosphatidylinositol (IP3) diacylglycérol IP3
IICR Heparin ( Komori and Bolton 1990 ; Mikoshiba 1993 ;
Karaki eta | 1997 )
(SR)
1 calcium channel L- type

(long - lasting ) (Vogalis et al 1991 ; Kuriyama et al 1995 ) L - type calcium
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channel membrane depolarization
calcium channel blocker ( Godfraind et al 1986 ) ( agonist )
channel nonselective cation channel membrane
depolarization L - type calcium channel
2. nonselective cation channel
calcium release activated calcium channel ( CRAC ) ATP

nonselective cation channel
( Benham and Tsien 1987 )
Verapamil

( Kitajima eta | 1994)

3. sodium - calcium ( Na+ - Caz+ )

exchanger
pathway
A (Raeymaeker eta | 1985)
calcium 2 compartment
diffusion barrier (Abe etal .11995) ( 9)
1 Contractile compartment contractile elements
compartment MLC kinase

2. Noncontractile compartment noncontractile

compartment ( subplasmalemmal ) Ca2tdependent mechanism

plasmalemma ion channel 1ion pump



CPA-sensitlve SR Ca pump
Ryanodine-sensitive SR Ca channel
Plasmamembrane Ca channel

Ca extrusion mechanism

calcium compartment

(Abe eta | 1995)

Receptor
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phosphorylation

( Karaki et al .11997 )
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Ca2+ mobilizing pathway

contractile Ca MLC kinase
phosphorylate MLC ( Karaki and Weiss
1984 @Horowitz et al .11996 ; Karaki et al .11997 ) ( 10)
Metabotropic pathway C kinase /
tyrosin kinase phosphatase MLC phosphorylation
(Karaki é ta 11997) ( 10)
calmodulin ( CaM ) calcium - calmodulin complex myosin
light chain kinase ( MLCK ) phosphorylation myosin
myosin actin
phosphorylate myosin dephosphorelate MLCK phosphatase
phosphorylated myosin
MLCK MLCK phosphatase ( Berne and Levy .11993 )
( 1)
K+ channel opener ] K+ channel
sarcolemma K+ efflux

concentration  gradient

hyperpolarization K+channel hyperpolarization
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MLCK (inactivate)

A

2+
4 Ca

>, o R o7 R—
Cal
ATP + ADP
myosin + actin myosin-P + actin

/‘\ '\A'I‘P
MI.CK phosphatase
Pi jADP + Pi

myosin-P.actin
RELAXATION l

CONTRACTION

Ca = calcium ion

Cal - calmodulin

MLCK = myosin light chain kinase
myosin-P = phosphorylatcd myosin
ATP = adenosine triphosphate
ADP = adenosine diphosphate
Pi = gamma phospate group

(Berne and Levy 1993)
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voltage - operate calcium channel (VOC) (Quast and Cook 1989)

! Caz+

contractile element
! K+ 1 Na+ cr
ionic channel Caz channel 1K+ channel 1 Naf

channel cf channel (Tomita and lino .,1994 ) K+ channel
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