(Caz ) (intracellular calcium)
(sarcoplasmic reticulum)

Karaki Weiss (1988) '
1. Role of Ca" release in smooth muscle contraction
2. Mechanism of Ca" release from sarcoplasmic reticulum

Role of Ca" release in smooth muscle contraction
Karaki  Weiss 3 ( "44)

1. Leak mechanism  Resting influx

(sarcoplasmic reticulum)

2. Voltage-dependent Ca"  channel
' voltage

action potential depolarization [ C&" channel

Voltage-dependent Ca+ channel 2

2.1 Fast-inactivating voltage-dependent Ca" channel
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2.2 Slow-inactivating voltage-dependent Ca” channel

3. Receptor-linked Ca” channel

, ligand receptor
ligand oxytocin  receptor  oxytocin

Mechanism of Ca. release from sarcoplasmic reticulum

! (sarcoplasmic reticulum)

4
1. Calcium-induced calcium release (CCR)
' fast-inactivating
voltage-dependent Ca  channel sarcoplasmic reticulum
2. Caffeine-induced calcium release
caffeine sarcoplasmic
reticulum
3. Depolarization-induced calcium release
depolarization  sarcoplasmic recticulum membrance |
sarcoplasmic reticulum
4. Inositol triphosphate-induced calcium release
Inositol-1,4,5-triphosphate  (IP3) hydrolysis membrane
phosphoinositides ( ' 45) IPs

sarcoplasmic reticulum



VOC(S) Membrane

Ca2*
Dep&riza(ion
Ca*™ L/ Ca%*
VOC(F)
N
Ca

PI
Receptor
! 1P,

CaZ* Movement
®" Cai+ Cnannel Opening
0" Ca2* Release Initiation
€H) Ca2*Pump

Ca%t

2+ L
Ca calcium ion
VDC(F) fast-inactivating voltage-dependent Ca  channel
Vix:(s) slow-inactivating voltage-dependent Ca" channel

RLC receptor linked Ca" channel
SR sarcoplasmic reticulum
PI phosphatidylinositol
3 inositol-1,4,5-triphosphate
44

(Karaki and Weiss, 1988)



[ R > G » PIC [P Snae j
v l
——"W), PKC
ATP l ADP
N ¥ A
Cal l N, > S~
E * Cal-E v/'
Pi
G = G-protein R = receptor
PLC = Phospholipase ¢ DAG = diacylglycérol
Cal = Calmodulin = substrates of the kinase
PKC = protein kinase ¢ ADP = adenosine diphosphate
PIP, = Inosilol (1,4)-diphosphate E = enzyme
IP; = Inositol (1,4,5)-triphosphate Cal-E = calmodulin binding enzyme
ATP = adenosine triphosphate S~p = subtrates phosphorylated

45 The Ca /phosphoinositide signaling path way
(Bourne and Roberts, 1995)

14



MLCK (inactivate)

ATP 1 i ADP
myosin  + actin myosin-P + actin
ATP
Pi ADP + Pi
myosin-P.actin
CONTRACTION
Ca = calcium ion
Cal = calmodulin
MLCK = myosin light chain kinase
myosin-P = phosphorylated myosin
ATP = adenosine triphosphate
ADP = adenosine diphosphate
Pi = gamma phospate group

46
(Murphy, 993)
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receptor calmodulin
calcium-calmodulin complex ( Ca 4 calmodulin 1) calcium-
calmodulin complex myosin light chain kinase (MLCK)
calcium-calmodulin-MLCK gamma phosphate group (Fi)  ATP
P-light chain ~ myosin myosin-P myosin-P actin
1 1 calmodulin calcium-calmodulin-MLCK  (MLCK
[ inactivate) MLCK phospatase 1 dephosphorylated
myosin-P myosin actin

( ,46) (Murphy, 1993)

95 %
- saponin Froth test

(honey comb) ,

alkaloids 2 % H.Sis
form sail alkaloid alkaloid sull'ate

[ Dragendoffs reagent
alkaloids

3 In Vitro

(Spontaneous contraction)
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ileum
95 <o ethanol
, (P >0.05)

! ethanol

1 (95 @ ethanol) 1

(spontaneous contraction)
95 b ethanol 20
|
(P >0.05)
2 ethanol
)

(spontaneous contraction)

0.2 mgiml
tension  frequency

3 ethanol
ACh 5x10 M
0.2 mg/ml
tension  frequency ACh 5x10 6
acetylcholine
ACh cholinergic receptor
cholinergic - receptor 2 muscarinic - recpetors nicotinic - receptors
muscarinic receptors
atropine subtype  muscarinic receptors 5

subtype (Pappano and Watanabe, 995)
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- M:-subtype
- M2-subtype
- M3-subtype
- M4-subtype
- M5-subtype

ACh  muscarinic receptors ~ couple  G-protein
- couple  Gp-protein (putative G protein) (  Gs-protein)

phospholipase C seceond messenger  C-AMP |Ps
Mj-subtype, Ms-subtype, Mg-subtype

- couple  Gj-protein adenyl cyclase 1
second messneger  C-AMP P
agonist 1 Gk-protein couple  potassium channel PLA:
1 lipooxygenase derived compound M,-subtype

Mé-subtype (Bonner, 1989; Hoover, 1994; Hulme, Birdsall and Buckley, 1990;
Richards, 1991; Thomas and Ehlert, 1994 Pappano and Watanabe, 1995)

ACh 2

- potential operated Ca channel ( voltage-dependent  Ca channel)
(Bolton, 1979%)

- receptor operated Ca" channel ( receptor linked Ca" channel) (Bolton
and Kitamura, 1983)

ACh SR (Brading
and Sneddon, 1980; Casteels and Raeymaekers, 1979; Lalanne et al., 1984)

muscarinic receptor M3-subtype  ACh
couple Gp-protein phospholipase C IP3
diacylglycérol (DAG) IP3 SR
(Lefkowitz, Hoffman and taylor, 1991;
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Rang and Dale, 1991; Pappano and Watanabe, 1995)

M, M, M,
\ 4
M, M, M, M, M;
Dl Y
Gk G Gp Gs?
2
| APLE l‘?
pla: TA 1_"_1 AAC
| DAG P, /1|
AA N cAMP | A CAMP
Ca
e NI
L.ODC APKC  APKC 4PKA
(CasCal) J
e (reart) *K+ 'K'la* |
&K (smooth muscle) tea2'  "NaZ'
myosin phosphorylation
Hyperpolarization (heart) Depolarization Depolarization or
Depolarization (Smooth muscle) Postsynaptic hyperpolarization
Cardiac inhibition excitation  Smooth muscle contraction
Presynaptic inhibition Grandular secretion
Antagonism of smooth muscle relaxation Presynaptic inhibition
38 ,
AC = adenyl cylclase DAG = diacyglycerol
PLC = phospholipase ¢~ |p. = inositol triphosphate
GkG,,Gp,Gs = family of G-protein plaz = phospholipase Az
AA = arachidonic acid ~ LODC = lipooxygenase derived compound
PKA = protein kinase A~ PKC = protein kinase ¢

PK(Ca/Cal) = protein kinase that is sensitive to calcium and calmodulin
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0.2 mg/ml
ACh ( 13)
receptor operated Ca channel (  receptor
linked Caz4channel) Ca2tchannel

intracellular mediators

ACh
14 ethanol
oxytocin 5%10 3 [U/ml
oxytocin (uterus
contraction) (milk ejection) oxytocin

oxytocin receptor ( )

- receptor operated Ca" channel  ( receptor linked Ca" channel)
(Matsuo and Uchida, 1987; Bolton,
1979b) oxytocin receptor phospholipase C [
hydrolysis ~inositol phospholipids second messenger 2 DAG
1Ps IPs
(SR) (Carsten and Miller, 1985; Karibe, Oishi and Uchida, 1991)

- SR (Carsten, 1973; Carsten and Miller,
1977, 1987)

0.2 mg/ml
oxytocin 16)
receptor
, intracellular  mediators

oxytocin
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15 ethanol
oxytocin  calcium-free Locke Ringer solution

Oxytocin
EGTA  (Ca2~free contraction)
Cafree contraction ,
fura 2
fluorescence quin- 2 (intracellular calcium chelator)
(Matsuo et al., 1989) calcium channel blocker ~ D600 nicardipine
(Uchida, Sasaki and Matsuo, 1989)
Ca2+free contraction
Caz+
calmodulin -~ MLCK MLCK
MLCK inhibitor ~ ML-9 KT-5926
Ca2+free contraction MLCK inhibitor
phosphorylation MLCK Ca2+free
contraction
myosin phosphorylation eletrophoresis  pyrophosphate
polyacrylamide gel eletrophoresis (PPi PAGE) urea-glycerol  polyacrylamide  gel
eletrophoresis PPi PAGE

one mono-phophorylated 20 kDa light chains band (MPJ) two mono-
phophorylated 20 kDa light chains band (MP2) band
phosphorylation myosin light chain Ca -free contraction 1
urea-glycerol polyacrylamide gel eletrophoresis
unphosphorylated of the light chain (RLC)
onophosphorylated of the light chain (RLCp) Ca* -free contraction RLCp
1 [ Ca" -free contraction phosphorylation ~ myosin light chain
(Oishi et al., 991)

Ca2+free contraction protein Kinase
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protein kinase ¢ cyloskeletal element protein  kinase
inhibitors staurosporine cytoskeletal  inhibitors cytochalasin B s
cytochalasin D Ca~ -free contraction  (Karibe et al., 1990)
protein kinase C Ca2+free contraction
diacylglycérol kinase inhibitor (R59022) diacylglycérol
diacylglycérol 1 protein kinase C
( 47) Ca~ -free contraction 1 tumor-promoting phorbol ester
12-{i-tetradecanoylphorhbol  13-acetate(TPA) Caz+free
contraction ~ oxytocin Ca" -free contraction TPA

down-regulation protein kinase C (Karibe, Oishi and Uchida, 1991)

0.2 mg/ml
oxytocin ~ Caz+free contraction ( '19)

protein kinase C ~  cytoskeletal element
Ca2+free contraction ,

ACh , oxytocin
receptor linked Ca channel
intracellular  mediators

Ca2"-free contraction oxytocin
protein kinase ¢

2 ethanol
(aorta)

2.1 (95 °b ethanol)
NE

NE
cumulative dose 95 .» ethanol
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20 Pl
(P >0.05)
2.2 ethanol
NE
NE cumulative dose
NE
receptor NE
adrenergic receptor 2 (Bylund et al., 1994; Hoffman, 1995)
1. a-adrenergic receptor 2 Subtype
- «l-receptor 4 subtype  aiAreceplor,«iB-receplor,
alc-receptor a1D-receptor
- aZ-receptor 4 subtype  asAreceptor,a:Breceplor,
a2Greceptor  a2D-receptor
2. P-adrenergic receptor 3 subtype
- Pj-receptor
- p2-receptor " Utering , respiratory and vascular smooth muscle
human  liver, skeletal muscle
- P3-receptor fat cells
signal transduction  adrenergic receptor 3
1. «l- receptor receptor 1 couple  G-protein
phospholipase ~ C hydrolyzes
phosphatidylinolsitol 1P3 ( IP3
SR) DAG protein kinase ¢ (Minneman, 1988;

Ruffolo et al., 1991)2

2. «2- receptor
activity

couple G-protein

inhibition ~ adenyl cyclase



3. P-receptor  p-receptor 3 subtype
cyclase couple G-protein (Bylund et ., 1994)
(rat aorta) 04- receptor high
affinity  prazocin  («.1- elective antagonist)  (Bulbring and Tomita, 1987)
0.6 mg/ml
NE ( 23)

«1- receptor
intracellular mediators

2.3 ethanol
5-HT
5- HT receptor 2 D receptor
dibenzyline M receptor morphine (Gaddum and
Picarelli, 1957) 5-HT receptor ! (Burkhaller, Julius

and Frick, 1995; Hoyeret ., 1994)

1. 5-HT] receptors 6 Subtype
- 5-HTla  Rhag nuclei, hippocampus
- 5-HTB Subtantia nigra, globus pallidus,basal ganglia
- 5-HTlc Choroid , hippocampus subtanti nigra
- 5-HTah
- 5-HTE tcortex, putamen
- 5-HTF cortex, hippocampus

5-HT1 receptors couple G-protein [ second
messenger  CAMP 5-HTlc cAMP
IP3
2. 5-HT2 receptor 2 Subtype

- 5-HT2 platelet s smooth muscle , cerebral cortex
- 5-HTF Stomach fundus

adenyl
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5-HT2 D receptor Gaddum Picarelli
receptor ' platelets 5-HT2 receptor

I receptor linked Ca channel ( receptor oprerated Ca" channel (ROC))

phospholipase C hydrolysis
inositol phospholipids ! second messenger IP3 By
(SR)
(Gaddum and Picarelli, 1957; Rang and Dale, 1991; Zifa and Fillion, 1992; Burkhalter,
Julius and Frick, 1995)

3. 5-HTg receptor peripheral nervous system , area postrema sensory
and enteric nerves 5-HTg receptor couple ion channel
(Na /K ion channel) (Rang and Dale, 1991; Zifa and Fillion, 1992; Burkhalter,
Julius and Frick, 1995)

4. 5-HT 4 receptor CNS and myenteric neurons , smooth muscle

receptor CAMP

5. 5- HT@breceptor brain

6. 5-HTg receptor brain receptor CAMP

1. 5-HT Treceptor brain receptor CAMP

5-HT cumulative dose
5-HT 5-HT2a receptor
0.6 mg/ml ( , 25)
5-HT?2a receptor 1P3
!
2.4 ethanol

CaCl2 potassium  depolarizing
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depolarizing
(high K+Ca2t free solution)
action potential high K -Ca” free solution 1
voltage-dependent Ca" channel (Rauwald, Brehm and Odenthal,
1994; Gouw, Wilffert and Van, 1990)
(Ca -free solution) (cumulative dose)

,  Voltage-dependent Ca2+ channel

NE Caz

channel blocker ~ verapamil
voltage-dependent Ca channel (Hof and Vuorela, 1983)

cumulative dose

voltage-dependent Ca2 channel

0.6 mg/ml ( , 27)
voltage-dependent Ca2+ channel
, , VDC

NE
5-HT receptor linked Ca2+ channel
intracellular - mediators

voltage-dependent Ca2 channel

(non-specific antagonist)

3 ethanol
ileum '



87

31 (95 - ethanol)
ileum ACh
ileum
ACh cumulative dose 95 .. ethanol
20 ni 1J 1
(P >0.05)
3.2 ethanol
ileum ACh
ACh ileum
muscarinic receptor — M3-subtype
Ca" -free solution guinea-pig taenia coli ACh
intracellular calcium SR (Casteels and Ragymaekers,
1979)  ACh carhachol depolarized membrane voltage-dependent
Caz* channel
(Bolton, 1972) couple  Gp-protein phospholipase C
seceond messenger P3

(Bonner, 1989; Hoover, 1994; Hulme, Birdsall and
Buckley, 1990; Richards, 1991; Pappano and Watanabe, 1995; Rang and Dale, 1991)

ileum ACh
cumulative dose ACh M3 receptor IP3
SR
0.08 mg/ml
ileum  ( 31)
M3 receptor |P3
SR
3.3 ethanol

ileum 5-HT
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5-HT,  receptor receptor
receptor oprerated Ca channel (ROC&‘
phospholipase C

linked Ca2" channel

hydrolysis ~inositol phospholipids 1 second messenger IP3 P3
(SR)
direct effect (Rang and Dale, 1991; Zifa and Pillion, 1992)
direct effect indirect effect ~ 5-HT ACh
nerve ileum interaction 5-HT  presynaptic neuronal receptors

(Cohen et al., 1985)

ileum 5-HT
cumulative dose 5-HT 5-HT2 receptor IP3
SR 0.08 mg/ml
ileum  ( 33)

5-HT?2 receptor
intracellular mediators

34 ethanol
ileum histamine

histamine histamine receptors 3 subtype
(Rang and Dale, 1991; Hill, 1990; Burkhalter, Julius and Frick, 1995)

- H1 receptor , guinea-pig bronchial muscle 5 guinea-pig
ileum 5 endothelium 5 brain Hj receptor  couple  G-potein
IP3  DAG
2 receptor acid-secreting cells 5rat uterus
H2 receptor CAMP

- H3 receptor | presynaptic  brain , myenteric plexus, other neurons
H3 receptor couple G-protein
histamine (Menkveld and Timmerman, 1990), ACh
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guinea-pig ileum and bronchea histamine rat
lung , spleen , skin and brain ~ (Leurs et al., 1991 ; Rang and Dale, 1991)

histaming  guinea-pig ileum histamine
receptor (postsynaptic receptors) linked  phosphatidylinositol pathway
IP3 intracellular calcium  (Arrang et al., 1987,

Timmerman, 1990; Hill, 1990; Burkhalter, Julius and Frick, 1995)

ileum histaming
cumulative dose histamine receptor IP3
SR
0.08 mg/ml
ileum  ( 35)
Hj receptor P3
35 ethanol
ileum BaCl2
barium chloride 2
- dlirect action
- Indirect action
barium chloride calcium channel
affinity ~ calcium channel (Spedding and Paoletti, 1992)  Ba
voltage-dependent
Ca2 channel (Clement, 1981; Karaki, Satake, and
Shibata, 1986) Ba+
SR
(Karaki, Satake and Shibata, 1986) Bazt Ca

(Antonio, Silva and Yashuda, 1973)

Ba+ (indirect action) nerve fiber
ganglion ' ACh ACh



(Feldberg, 1951; Henderson, Ariens and Simonis,
1968; Williams, 1954)

ileum barium
chloride cumulative dose Ba2+
voltage-dependent Ca2tchannel
0.08 mg/ml ileum 37)
voltage-
dependent Ca2"channel Ba2"
ileum
NE
9-HT histamine receptor linked
Caz+ channel intracellular mediators
voltage-dependent Ca channel Ba2*
Ba2"
ileum (non-specific
antagonist)
ileum
, ACh oxytocin
receptor ,
intracellular - mediators Caz*-free
contraction oxytocin oxytocin  receptor

protein kinase C



dependent Ca~  channel

antagonist)

ileum
voltage-dependent Ca~  channel
mediators

specific antagonist)

intracellular mediators
membrane
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protein kinase C
receptor linked Ca~  channel voltage-
, intracellular mediators

(non-specific

receptor linked Ca~ channel

calcium channel

contraction)

intracellular
(non-

ileum

(non-specific antagonist)
RLC VDC
(SR)

(recover

11

ethanol

(spontaneous  contraction)

( 3 )
3

tension  frequency



(P> 6.05)

(active ingredient)

4-8

92
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