22-
( 16 53)
ATPase activity ( 14 94)
22- uncouplertl
(uncouple)
ATP
22-
1. 22- ‘uncoupler’
uncoupler uncoupler
3 (Heytler,
1981)
1) classical uncouplers proton-ionophore uncouplers
pka 4.5-6.5
(lipophilic)
proton channel FOFj complex
permeable DNP, FCCP (carbonyl

cyanide 4-fluoromethoxyphenylhydrazone) TBI (tribromoimidazole)

2) alkali-metal ionophores antibiotics
valinomycin K -ionophore
K transmembrane

electrochemical gradients

cations ATP (Green and Zande, 1981 )
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3) indirect uncouplers L

classical uncouplers
(specific protein)

binding sites uncouplers (Katre and Wilson, 1978) } sulthydryl
groups ' uncoupling } arsenite cadmium
Fj- ATPase
ATP desapidin
indirect uncouplers classical uncouplers indirect
uncouplers ATPase activity classical uncouplers ATPase
activity
3 22-
1. ) state 4 respiration
( 16 53) state 4 respiration
glutamate+malate succinate ( 16 53,
17 55)
2. ) 22~
RCI ADPIO
glutamate+malate succinate ( 20 61, 21 64)
3.) 22- ( 1)
pentacyclic nortriterpene quinone methides phenolic-hydroxyl
classical uncouplers DNP ( 19) (Stockdale and Selwyn,
1971; Kessler ,Tyson and Green, 1976; Kessler et al.,, 1977) Terada (1981)
uncouplers
uncouplers

1) acid-dissociable groups phenolic-hydroxyl, anilino-NH
2) strong electron-withdrawing moiety -CN, -N02 -CH=C(CN)2
3) bulky hydrophobic groups tert-butyl, -C| -CF3

19
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Uncoupler Structure Uncoupling activity
(mol. wt.) .
Respiration ATPase
t-Bu
SF 6847 H 10 nM 3nM
(282.39) HO N
C{CN),
t-Bu
NO2
"
C\
&t N 20 M 70
(383.23) on / /@
1-Bu
C! CH 9 Cl
O Ciy 150 nM 100 nM
(332.67) © N
Cl
FCCP H 70 nM 15 nM
cr3o©n
(254.17) "N=C(CN);

Cl

CCCP DH 110 nM 35 1M
N
(204.62) O -
Cl
TTFB c N 30 1M
(323.92) Cl@[N>-CF3
a H

2,4-Dinitrophenol HO NO 24 jiM 8ni\/|
(184.11) O 4
NO2



22- ATPase
ATPase activity ( 14 94)
2-
uncoupler classical uncouplers 22-
DNP state 4 respiration 54.50% DNP
glutamate+malate ( 19 59) ATPase activity
7279%  DNP (32 98) 22-
DNP ,
22-
«
22-
22-
(16 53, 17 55)
2-
22-
lag period
22-
22-
22-
( . 2535)
22-
state 3, 4 respiration glutamatetmalate succinate (
16 53, 17 55) state respiration intact mitochondria
glutamate+malate
succinate reducing equivalent complex 1 1
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, 22- state  respiration 2
glutamate +
malate 22- state  respiration
glutamate+malate ( 5 66)
22-
complex | complex
osmotic- shocked mitochondria
uncoupling 22- state respiration
3 intact mitochondria 22-
, state  respiration succinate
ascorbate+TMPD tact mitochondria
22- state respiration NADH
( 6 67) NADH reducing equivalent NAD -linked substrate
glutamate+tmalate complex |
(Avers, 1986) intact mitochondria
osmotic-shocked mitochondria
22-
NADH
22-
NADH
22- intact mitochondria
NADH (exogenous NADH) ( 22 69)
intact mitochondria NADH
(Lehninger, 1951) osmotic-shocked
mitochondria hypotonic solution
(swelling) (De Robertis and De Robertis, 1987)
NADH Lehninger(1962)
(swell) hypotonic solution 34
22-
permeability

osmotic-shocked mitochondria NADH
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SWOLLEN

INTACT

It
CHD

-,

(swelling)
A. intact mitochondrion
B. intermembrane space
C.
matrix cristae
D. intracristal
spaces intracristal spaces
E

matrix cristae



114

oligomycin  ; atractyloside
22- oligomycin
DNP ( 23) 22- DNP
state 3 respiration oligomycin
ATPsynthase ' oligomycin
Fo ATPsynthase (Chappell and Croft, 1965;
Senior, 1973) uncouplers
ATP
oligomycin DNP classical uncoupler
(Senior, 1973)
22- DNP oligomycin
22- ATPase activity
oligomycin ATPase DNP
ATPase activity
ATPase activity ~ DMSO ( 15 100) 22-
ATPase activity oligomyecin
atractyloside ATPase atractyloside
adenine nucleotide translocator
carrier ADP ADP
ATP (Lehninger, 1975) atractyloside
ATPase DNP ATPase
22- ( 15) 22 -
atractyloside adenine nucleotide
translocator
pH incubation medium  pH 6.8-7.6
22- DNP pH
incubation medium 22-
( 25 76, 8 17)

DNP DNP
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incubation medium pH ( 24 13,
7 74) ATPase ( 16 102)
pH DNP
(Myer and Slater, 1957)

pH incubation medium 22-
3 pH (
25 16) 22-
( 16 53) pH
ATPase ( 16 102)
ATPase 22- DNP
( 16) . ATPase activizt[yl ATPase
U i cubation mediu-m‘]' pH
DNP | 19) 22- (1)
, functional group acid-dissociable group phenolic-
hydroxyl (phenolic-OH) (Terada, 1981) pH (pH )
phenolic-OH state 4 respiration
ATPase activity DNP NOz
strong electron-withdrawing moiety 22-
bovine serum albumin
bovine serum albumin plasma albumin
22- plasma albumin
plasma proteins albumin globulin
plasma protein albumin affinity albumin
globulin (Gilman,Rail and Murad, 1985) BSA
22- state 4 respiration
( 26 19, 9 80) 22-

bovine serum albumin
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DINB  DTT
DTNB DIT 22-

22- permeability
sulfhydryl group b 22
sulfhydryl groups (-SH)
sulfhydryl groups

(Godinot et al. 51981; Le-quoc and
Le-quoc, 1982; Robillard and Konings, 1982.)

DTNB aromatic disulfide ! state 3 respiration
sulfhydryl groups
(P1) (cytosol)
DNP  (Haugaard et al.
1969)  DTNB state 4 respirations '
22- [S— 82, 10 83)
22-
DTNB sulfhydryl - groups DTNB
ATPase DTNB ATPase
DTNB ATPase 22-

ATPase activity ( 17 104)

DTT sulthydryl groups (Cleland, 1964)
DIT 22- DIT

state 4 respiration ( 28tracing 28D  85)

ATPase activity ( 17 104) DIT
22- DIT
22- state 3 ( 28

tracing 28E) 22-
DIT DIT 22-

22-
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DTT reducing agent 22-

DTT 22 DTT 22-
DTT
22- 99-
sulfhydryl groups 22-
sulfhydryl groups

permeability
NADH DTT 22-
NADH DTT 22-
DTT 22-
NADH
22 -
22-
22- sulthydryl group
DTT
NADH  22-
22 - NADH
rotenone ¢~ 30 91, 13 92)
Site 1 22-
complex 1

monoamine oxidase activity

monoamine oxidase  marker enzyme (Avers,
1986) monoaming tyramine
rotenone endogenous substrate pargyling
monoamine oxidase activity 22-
monoamine oxidase 33 106
18 107 22- monoamine oxidase

activity
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22-
22-
224
} tetracyclin, sodium salicylate, acetylsalicylic acid,
thyroid hormone  }  thyroxine } barhiturates nitrites, nitrates
(Brody, 1955) (amine local anesthetics) } butacaine (Garlid and Nakashima,
1983) halothane (Rottenberg, 1983) (antiarrythmic drugs)
}amiodarone( , 2535)
22-
state 4
respiration ATP
ATPase ATP ATP
(biosynthesis)
(active transport) (Olson, 1982) ATP
ATP
22- (Bavovada et al.,
1990)
22-
sulfhydryl groups
22- DTT
sulfhydryl groups  sulfhydryl groups permeability
ATPsynthase
22- permeability
(swelling)

intact  mitochondria NAD11



22-
22-
complex |
22- NADH
DIT rotenone
site | W
sulfhydryl groups
complex |
22-
(cytotoxicity)
(Bavovada et ., 1990)
22-
22-
sulfhydryl groups permeability
22-
22-
In vivo
In vitro

22-
plasma albumin

119



	บทที่ 4 อภิปรายและสรุปผลการทดลอง

