, il gradient Cat++ concentration
extracellular intracellular extracellular Cat++
concentration 10"3 M 1 mmol/1 10,000 Cat++
concentration cytoplasm 0.05-0.5 umole/l
10-7 M (Reuter 1983)
ceir? membrane Cat+ calcium channels

Cat+ cytoplasm
electrical chemical stimuli Cat++
cytoplasm 10-7 M 10-5 M (Barnes,1983) Cat++
(Triggle 1984) ( 1)
1. Cat++ influx free extracellular Cat++ plasma
membrane bound Ca++ potential-dependent channels (PDCO)

receptor-operated channels (ROO (Triggle and Snamy, 1980)

FoC ' menmbrane potential ROC
vn neurotransmitters, histamine, acetyl choline
leukotrienes (Middleton 1983) ( 2)
Cat+ Cat++ ionophores

phosphatidylinositol turnover (Putney 1981)
2. Intracellular organelles mitochondria,sarcoplasmic

reticulum internal plasma membrane surface



Cat+ ¢ cytoplasm 10“ 6M Cat++

specific binding protein calmodulin (Barnes 1983)
calmodulin specific enzyme ’
A= Cat++ Cat++
Cat++ ATPase extrusion punp, Na+- Cat++ exchange
mechanism Cat+ organelles (Coburn,
1977; Middleton 1984) ( 1)
abnormal airway reactivity stimuli

smooth muscle cells, mast cells,

mucous gland secreting cells, inflammatory cells vagus nerve

cells (e} bronchospasm, mucosal edema excessive mucous
*

gland secretion episodic reversible airway

obstruction (Tinkelman 1985)

Cat+ Cat+ N (Middleton

1983; Fanta 1984; Tinkelman 1985)

1. smooth muscle cells -> excitation-contraction coupling

2. mast cells -> stimulus-secretion coupling

mast cells mediators
3. mucous gland cell -> stimulus-secretion coupling
secretion mucous glands
4. inflammatory cells -> chemotaxis '
inflammatory cells eosinophils
5. vagal nerve —> vagal tone Vi
smooth muscle cells Cat+ calmodulin active

complex myosin light chain kinase (MLCK) active



form ' phosphorylation myosin

actin ——= contraction ( 3 4)

antigen-antibody reaction

T Cat++ ' cytoplasm
mast cell granule cytoplasm
mast cell mediators
hislamine, leukotrienes ( 5)

S |

" cross bridges

mast cells

preformed mediators

mediators

Cat++ entry blocking agents if O FoC verapamil,
nifedipine diltiazem
1.
Nifedipine dihydropyridine derivative $
6
Nifedipine $ (© 0:73)
bioavailibility 65-70 %
onset of action 3
onset of action { 20 Half-life
2.5-3 25-100 ng/ml
7 X 10-8 - 2 X 10-7 M Nifedipine protein 90 %
oxidation inactive metabolite
70 % (Henry, 1980)
2. in vitro
guinea pig nifedipine resting tone

tracheal spiral parenchymal strip

bronchostriction
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Generalized view of cellular Ca2+ regulation.
Depicted are intracellular storage and release of Ca2f
from sarcoplasmic reticulum (SR) and mitochondria
(M1), control of Ca2+ function by Ca2f binding proteins
(Calmod), efflux of C'a2' via Ca2'-ATPase, and
NaVvVCa2' exchange, influx of Ca2f through ion chan-

nels and ionophore-medialed entry of Ca2t (lon. Ca2f)-

_J Generalized view of Cellular Cat++ regulation

(from Trig'gle DJ. J Asthma 21 1984:376)



Receptor-specific

Coz. VP “qudS
K' Nifed
ext DZ .
depol
., -
\ 1] 'Af -N'
int: PDC
Y
2+
Ca'iny Cainy
Ca2* mobilization in response to menil'i. :e
stimuli. Shown are potential-dependent channels (PPC)

and receptor-operated channels (ROC) and intracelluPr

CaZ2+. See text for further discussion.

2 Calcium channels

(from Triggle DJ. J Asthma 21 1984:376)
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regulation of smooth muscle contraction

(from Fanta CH J Asthma 21 1984:389)



Adtivation o Menbrane Transpat System
I i
I Mohilization of Ca(from edracalluar pod ad fram ;
| within mitochondria and sarcoplasiric reticllumto
cytoplasiric metrix

- Attachment of Ca4* to Contradtile Prateins

Contraction of Srooth Musde Gall

Calmodulin + Ca++ + inactive kinase —*

active kinase - Ca++ - calmodulin;
Active kinaseCa ++ — calmodulin
4- inactive myosin myosin-p (active);
ATP ADP

Myosin-P (active) —» interaction with actin —» contraction.

Y 4 Activation and contraction phases in the smooth muscle cell



fth

IgE antibody

Mediator
release

5 Activation and mediator release in the mast cell

(from Tinkleman DG. Am J Med 78 1985:37)



Diltiazem Nifedipine

NO,
H
H,C00C 17" \~COOCH
HCA CH,
h

Verapamil

CH CH3
C H 7~ -CH¥CHrCHn-N- CKA-CA-YIMVOCHt
¢ U "I n ij-0 & |

1 6 Chemical strutures of currently approved Cat++ entry blockers



histamine carbachol (Fanta et al., 1982) grass
pollen antigen acetyl choline (Henderson, Heaton, Dunlop
et al., 1983) nifedipine 100 1 umol/1 » arr

dose-dependent

human trachealis muscle autopsy
nifedipine bronchoconstriction histamine
(Drazen, Fanta, and Lacouture, 193) grass pollen antigen
acetyl choline (Henderson, Heaton, Dunlop et al., 1983)
Basenji-Greyhound Dogs nifedipine aerosol
pulmonary resistance dynamic
compliance citric acid, Ascaris antigen
metacholine control (Brugman,

Darnell, and Hirshman, 1983)

3. 1

1. Exercise-induced asthma (EIA)
nifedipine EIA nifedipine 20
EIA forced expiratory
volume at 1.0 second (FEVj) (Barnes, Wilson, and Brown,1981 ; Patel,
1981; Corris, Nariman, and Gibson, 1983; Crimi et al., 1984),

forced vital capacity (FVC), peak expiratory flow rate (PEFR)

maximal expiratory flow rate (VER (Cerrina et al., 1981;
Sharma, Pande, and Guleria, 1986) nifedipine 20
? (Rafferty et al., 1987)

nifedipine EIA (Gordon, Wong, and

Klaustermeyer, 1987)
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2. Histamine ; nifedipine
histamine nifedipine 20

FEVvX (Malik, O Reilly, and Sudlow, 1982)

provocative dose histamine BAL 20 %o (PC20)
(Corris et al., 1983) el inhaled nifedipine Idm
(Cuss, and Barnes, 1985) nifedipine
(Patel, and Al-Shamma, 1982; Tomioka et al., 1986)
3. Metacholine nifedipine 20
FEV]; (Malik et al., 1982)
provocative dose of metacholine =SV 15 % (PDXSN
(Moscato et al., 1986) 26 (PD2qg) (Perpina, Pellicer, and Marco
1987) (Matthews et ai., 1984)
4. Antigens nifedipine 20
Specific air way conductance SGaw ragweed
induced asthma (Russi, Danta, and Ahmed, 1985) (0}
nifedipine 20 : SV grass

pollen induced asthma (Henderson, Heaton, Dunlop et al., 1983)
allergens Dermatophagoides pteronyssinus (So, Lam, and
Yu, 1982)
5. nifedipine
cold air (Henderson, Heaton, and Costello, 1983)
acetyl choline (Burghuber et al., 1986; Tomioka et al., 1986)
adenosine-induced bronchoconstriction (Crimi et al.,

1988)

nifedipine

' nifedipine )
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FEV] 10 . (Patakas et

al., 1983) 20 . | (Schwartzstein, and

Fanta, 1986) nifedipine 20
(Nair et al., 1984) 10 .(Molho et al., 1987)

nifedipine

salbutamol (Schwartzstein, and Fanta, 1986; Molho et al., 1987)
FEVL 10 %o 15-20 tj
30-40 120

nifedipine

2

tranmembranous Ca++ influx

histamine mediator
mast cells mediators nifedipine
EIA histamine
nifedipine plasma histamine Tl (Barnes
et al., 1981)
nifedipine 1.
theophylline nifedipine cytochrome
P-450 system
nifedipine O serum theophylline
(Garty et al., 1986; Christopher, Harman, and Hendeles, 1989)
(Smith et al., 1987)
nifedipine
dose-response curve terbutaline

(Lofdahl et al., 1984) salbutamol



O 1 m Nifedipine '

Year Author Subject Net Challenge  Bose/ Measured parameters Effect on
Route base challenge
1982 Fauta Guinea pig 8 C'arbachol 3. QM Resting tone, ves ves
et al traehealis Histanine K
Guinea pig 5 30 ug/ Ho ves
kg. IV
1983 Henderson Hume, 8 ACh, lo'4- Resting tone No Ye
et al bronchial Histanine 1G'8H
muscle
Grass ien 8 Grass 20 mg. FEY1 No Yes
sensive pollen Sl.
1383 Brazen Hunan 9 Histanine 2.9 No ves
et al’ traclfalis T
1983 frugman Basenjii- 11 Citric acid 12.5 8y Pulmonary resistance Ho Yes
et al Greyhound Ascaris aerosol  Bynanic compliance
Metacholine
1981 Barnes E1A 8 Exercise 20 mg. PEFR, PC, No Partially
et al Sl
1981 Cerrina EIA 10 Exercise 20 mg. FVC, PEFR, HVER No Yes
et al S|
1981 Patel EIA 15 Exercise 20 mg.SlI FEY1 No Yes
1983 Corris EIA 8 Exercise 20 mg. No Yes
et al Histanine S|
1984 Criai EIA 8 Exercise 20 mg. FEY, No Yes
et al S|
1986 Sharaa EIA 19 Exercise 20 mg. R/C, MFR, FEYY PRA/C No Yes
et al Sl
1987 Rafferty  EIA 11 Exercise 10,20,30 FEY, No ves
et al ng. oral
1982 Patel Allergies 8 Histanine 20 mg. FEY,, PC20 No ves
et al S|
1982 Malik Atopies 10 Histanine 20 mg. FEY 1 Ynaxdo No ves
et al Metacho line Sl
1985 Cuss Mild asthma 6 Histanine 10 mg. pc3s No Yes
et al aerosol

017004 | e



ol

‘fear

1984

1386

1387

1386

1386

1382

1385

1383

1988

1383

1384

1386

1387

No.

ACh

PC20

PDi,0

Other

11 (3 » : , [ Nifedipine

Author Subject No. Challenge  Dose/ Measured parameters Effect on

Route base

Hatthevs Macholine 8 Metacholine 20 mg. FEY1, FVC HMEFR PEFR

et al sensitive S

Hoscato Occupation 9 Metacholine 20 mg. 1. EDI5 No

et al asthma SL.

Perpina Hild ast a 14 Macholine 20 mg. 1, No

et al S

Eurghuber Asthma i Ach 20 mg. FEV1, PVC No

et al jL

Tc-iioh Asthna 8 ACh 10 mg. cumulative dose of ACh No

et al 8 Histanine oral dose-response curve

So et a] Allergens 8 Allergen 20 mg. FEV', PDIO No
induced S

Bussi Ragveed 12 Ragveed 20 mg. SGIV 2/12

et al sensitive oral

Henderson  Nornal 8 Cold air 20 mg. ’ No

et al Asthmatics

Criai Adenosine -:rL Adenosine 20 mg. ® 1 No

et al induced SL

Patakas Chronic 11 No 10 mg. FEV1, PEFR, SGav Yes

et al asthma oral

Nair aoD 15 No 20 mg. FEV1, FYC, FEF 25-75I Yes

et al Asthia 15 L

Schvarzt- Chronic 10 No 20 mg. FEV1 Yes

stein ast a oral

Nolho Asthia 15 No 10 Bg oral FEV1, FYC No

et al 20 Bg oral Yes

Number of subjects; QoPD Chronic obstructive Pulflonary Disease
= Acetyl choline; SI - Sublingual; IV - Intravenous

Dose of histajine causes 501 of m isai constriction
Dose of challenge causes 201 fall of FEV1
= Cumulative dose of challenge causes 201 fall of FEVt

abbreviations see text

challenge

Yes

Yes

Yes

No

Yes

Yg5

Not done

Not done

Not done

Not done

Not done
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! nu (Mblho et al., 1987) #

salbutamol (Patakas et al., 1987)

salbutamol

4.

Nifedipine

Rosenthal, 1985)

nifedipine

(Lever et al., 1984)

(Bursztyn, Grossman, and

N2 .
nifedipine 20 . 2
8 2! FEV] (Henderson, Heaton, and Lunlop et al.,
1983), 3 15 PR (Molho et al., 1987)
2 12 specific airway conductance
nifedipine 20 (Russi et al., 1985)
nifedipine metacholine challenge PaC2
17.1+1.6 mmHg (Ballester et al., 1986)

hypoxemia

nifedipine

nifedipine

23.3%0, 21.6%

nifedipine

(Russi et al., 1985), 3

Fanta, 1986),

(flushing) 2 ”

(Nair et al.,

2
43%,
1984)
2 12
” 10 (Schwartzstein and
11 (Patakas et al., 1983)

8

(Henderson, Heaton, Dunlop et al., 1983)

SM0T
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0 ! (Sharma et al., 1986) '

beta adrenergic stimulating agents

receptor plasma membrane adenylate cyclase $
ATP cyclic AW
cyclic AW (Fanta 1984) ( 3)
1. specific protein kinase phosphorylate MK
1. inactive form O phosphorylation myosin break
down bridges actin-myosin smooth muscle relaxation
2. Cat++-Na+ exchange $ Na+-K+ transport

(Scheid, Honeyman, and Fay, 1979)

3. Cat++ATPase extrusion punp plasma membrane
4. Cat++ATPase punp sarcoplasmic reticulum
mitochondria Cat++ intracellular organelles (Mueller and

van Breeman, 1979)

2 -4 (0] Cat+ cytoplasm active

1:1,000 0.3-0.5 . 5-15

30 2-4

(Tashkin and Jenne, 1985)

, nifedipine adrenaline intracellular

Cat+ (0]
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