(epilepsy)
(seizure)

(epileptogenic foci)

1-2 20-40
10
(Rail and Schieifer, 1990; Fukuzuko and Jzumi, 1991)
(antiepileptic drug)

L Hydantoins  phenytoin (diphenylhydantom)

2. Anticonvulsant barbiturates  phénobarbital

3. Deoxybarbiturates  primidone

4. Immostilbenes  carbamazepine

5. Succinimides  ethosuximide

6. Valproic acid

1. Oxazolidmdiones  trimethadione

8. Benzodiazepines  diazepam

9. Other antiepileptic agents ~ phenacemide, acetazolamide



Valproic acid (VPA)

Valproic acid (2-propylpentanoic acid, n-dipropylacetic acid)
absence, myoclonic, tonic-clonic partial
seizures (Johnston, 1984; Rail and Schleifer, 1990; Rogawaki and Porter, 1990: Fukuzako
and Zumi, 1991) VPA

(hepatotoxicity) (Katzung, 1995)

v ¢/// .. /
ACH— ¢
['CHZ CH2 oh
ch3
1 valproic acid (VPA)
VPA sodium
valproate (SV.) sodium valproate
prodrug
VPA prodrug
?-

propylpentanal acetals  prodrug VPA



| h& CH 0 — CH2— CH3

CH-C
y ch2~ CH ‘o CH— CH3
ch3
2 2-propylpentanal acetal
Pyndoxine (vitamin By
Pyridoxine (water-soluble vitamin)
jejunum
(grand mal)
pyridoxal-5-phosphate (PLP) :  PLP  coenzyme
enzyme glutamic acid
decarboxylase decarhoxylation glutamic

acid gamma-aminobutyric acid (GABA) (Leklem, 1994) GABA
(inhibitory neurotransmitter)
GABA
( , 2535)



H,0H
HO — H,C : ox
N CH,
3 pyridoxine
(I)' H,OH
HO—IFl—O—H-C : e
N CH,
4 pyridoxal-5-phosphate (PLP)
valproic acid pyridoxal-5-phosphate
2-propylpentanal
acetals pyridoxine hydrochloride CU-763-10-01

CU-763-10-01  (5-Hydroxymethyl-8-methyl-2-(I-propylbutyl)-4H-dioxino[4,5-C]pyridine
a ,3-0-(2-propylpentanylidene)pyndoxine)

CU-763-10-01 315.85 4
172174 °C . ethanol, methanol, chloroform, acetone



H
H
Z
CHy N H
HCI
5 CU-763-10-01 ( = 315.89)
CU-763-10-01
(2538) CU-763-10-01
Maximal Electroshock Seizure (MES)
50 (median effective dose ; ED") 100 /
VPA B0 320 / (Loscher and
Nolting, 1991) CU-763-10-01 VPA
(neurotoxic  effect)
Rotarod test
50 (median neurotoxic dose ; TDH) 310 /
CU-763-10-01
VPA (TD9  CU-763-10-01 = 310 / TDjg  VPA =430 /

)
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(Mitochondrial respiration and oxidative phosphorylation)

organelle (powerhouse
of the cell)
(fatty acid oxidation)
(amino acid oxidation) (Krebs' cycle or citric
acid cycle) ' " (oxidative phosphorylation)
ATP

(aerobic eukaryotic) (Avers, 986)

(foothall-
shaped) (cylindrical) fibrohlasts
(threadlike) (complex  irregular
structure)
ATP (fuel)
(oxidation) (Lehninger, 1975) '
' 2
(outer memhbrane) (inner membrane) 2
(intermembrane  space)
(gel) matrix ( 6)
(chemical
composition), permeability (enzyme content)

(smooth and unfold)
10,000 daltons ADP, ATP, |
sucrose b b monoamine
oxidase marker enzyme

(elastic) (fold) matrix cristae



caidiolipin (polyglycerophosphatides)
(impermeable)
02,C02 H2
(cytosol)
(specific protein carrier or translocators) (Lehninger, 1975; Sartorell, Erecinska and

Wilson, 1981; De Robertis and De Robertis, 1987; Voet and Voet, 1990)

Granule

Outer membrane

Inner membrane
Outer chamber,

F, porticle

(De Robertis and De Robertis, 1987)



(De Robertis and De Robertis, 1987)

Outer membrane
Monoamine oxidase
Rotenone-insensitive NADH-cytochrome-c reductase
Kynurenine hydroxylase

Fatty acid CoA ligase

Intermembrane space
Adenylate kinase

Nucleoside diphosphokinase

Inner membrane
Respiratory chain enzymes
ATP synthetase
Succinate dehydrogenase
|3-Hydroxybutyrate dehydrogenase

Carnitine fatty acid acyl transferase

M atrix
Malate and isocitrate dehydrogenases
Fumarase and aconitase
Citrate synthetase
a-Keto acid dehydrogenases

(3-Oxidation enzymes



10

respiratory chain enzyme

enzyme ATPsynthase ( 1) matrix
DNA, RNA,
ribosome, catalyze transcription translation (Avers, 1986)
cristae
spherical knob headpieces
ATPase (ATP synthase and/or ATP hydrolase) ( 7) F, (coupling
factor one) 360,000-380,000 daltons 9
(peripheral membrane protein) (water-soluble) 6
subumt a3 (3 vy, 5 M2
ATP ADP + Pi ATP
ADP + Pi ( 8) F1 oligomycin dicyclohoxyl-
carbodiimide (DCCD) ATPase FO (membrane
sector) 450,000 daltons
(water-insoluble) 3 subunit a, b C
DCCD-binding proteolipid ~ FO H conducting channel matrix
intermembrane  space oligomycin

dicyclohexyl-carbodiimide (DCCD)  stalk sector
ATPase 2 OSCP (oligomycin-sensitivity conferring
protein) coupling factor 6 (Fg) F1 bind FO (Avers, 1986;
Darnell, Lodish and Baltimore, 1986; Senior, 1988; Stryer, 1988; Futai, Noumi and
Maeda, 1989; Voet and Voet, 1990; Parson, 1993)



%2

Matrix 3
PATRR Y Y,
surface A _‘\’?ﬂﬁ Stalk (50 A)

_,i,__

Outer surface -~

H 220 A

7 ATP synthase
(FgFj-ATPase) (Voet and Voet, 1990)



INTERMEMBRANE
SPACE
H+ H* ADP + P,
CH*
H* H i
: rﬂ
H~ -H‘ H*
Hys H ATP
Aps H,0
#4 ATP synthesis
U
ADP + P,
Hv
H~ H*
ATP + H,C
FOF1-ATPase ATP

(De Robertis and De Robertas, 1987)



(amino acid) (fatty acid)
(sugar) pyruvate

acetyl CoA (acetyl coenzyme A)

(intermediated) (Krebs’ cycle)
acetyl CoA
(H)
(intermediates) (reduce) NAD FAD NADH + H FADFL,
(Darnell et al., 1986) reducing equivalents [
(respiratory chain electron transport chain)
(Lehninger, 1975)
1. Pyridine-linked dehydrogenases P-hydroxybutyrate dehydrogenase,
malate dehydrogenase, glutamate dehydrogenase NAD NADP

coenzyme glutamate dehydrogenase

NAD+ NADP+

2. Flavin-linked dehydrogenases flavoprotein
FMN (flavin mononucleotide) FAD (flavin adenine dinucleotide) prosthetic
groups NADH dehydrogenase, succinate dehydrogenase,
dihydrolipoyl dehydrogenase Flavin-linked dehydrogenases Pyridine-
linked dehydrogenases bound prosthetic
groups bound coenzyme

3. Iron-sulfur protein (iron acid-labile sulfur)

ferredoxin



i

4, cytochromes irons-porphyrin prosthetic groups
dehydrogenase  systems

cytochromes b, ¢, a, a3

5 Coenzyme Q Ubiquinone

(oxidation-
reduction)
' , |-
(9
I I
2 NAD+-linked substrate glutamate, malate,
pyruvate, a-ketoglutarate (2H)
NAD+ NADH + H+ complex |
FAD-linked substrate succinate FAD
FADH?2 complex |l coenzyme Q

(Lehninger, 1975)



PALYSACOHAROES
FATS

PROTEINS
SUGARS
| Stage 11
Fuel FATTY ACIDS AMINO ACIDS
breakdown
PYRUVATE
co,
ACETYL CoA
Oxaloacetate Citrate
Cis-aconitate
Mala(e \!
Isocitrate
e —
CO, [«—
|Stage lj
Krebs cycle a- ke(oglutarate
Fumarate
Succinate
2** 5\2“/ {21)
\_/
NAD
FAD
\ Flavoprolem ]
ADP + P, \ i e
Coenzyme Q
|stage M)
Electron transport < b
and oxidative Cytochrome

phosphorylation

Cytochrome ¢

Cytochrome a

2H+Q H;0

Krebs' cycle respiration chain

oxidative phosphorylation (Avers, 1986)
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4 complexée! (Hatefi, 1985) ( 2)

1 complex | NADH : Ubiquinone Oxidoreductase catalyzes
NADH Ubiquinone, ferricyanide NAD
2. complex Il succinate : Ubiquinone Oxidoreductase catalyzes
succinate Ubiquinone (coenzyme Q)
3. complex Ml Ubiquinone : Cytochrome ¢ Oxidoreductase  catalyzes

dihydroubiquinone (QH2

transmembrane proton translocation

translocation complex 1l

4, complex IV

cytochrome C

Ferrocytochrome ¢ : Oxygen Oxidoreductase

cytochrome C

proton

artificial electron donor

ascorbate NN.N'N™-tetramethyl-p-phenylenediamine (TMPD)

phosphorylation)
ATP
NADH FADH?2
2

NADH FADHp,
(free energy)

ATP phosphorylated ADP
(oxidative
3
10 '
ATP 3 ( )
ADP/O ratio (1) ADP/0

catalyzes



(Avers, 1986)

Complex

. NADH dehydrogenase complex

[Il. Succinate dehydrogenase complex

lIl. Cytochrome »-Cjcomplex

IV. Cytochrome oxidase complex

17

4 complexes

Components
NAD
FMN
[ron sulfur (FeS) centers
Coenzyme Q10
Phospholipids
FAD
[ron sulfur (FeS) centers
Cytochrome o ss8
Phospholipids
Cytochrome s
Cytochrome Cj
Nonheme iron protein
Coenzyme Q10
Phospholipids
Cytochrome
Cytochrome a3
Copper
Phospholipids



0, concentration

(Avers, 1986)

= NADH =
s0F .-
0.27V 7—0.2
1 12.2 keal
v i CoQ - 4003
5 bty 5 =
o o 8
s o \ 0.22V =
3 30- B 9.9 kcal dr02 2
2 P as
c : %
H ey T E
& 20F I 4404 &
0.53V
10F 3 238 kcal-+0.6
' Jios
o 02_1
0
(Avers, 1986)
p/o ratio
Substrate l \\\\
0.45 umoles \\\\ i ! = %ﬁg
ADP added AR
\\
0.15 patoms Q
consumed
!
=7
0.9 umoles T\\
ADP added | g~
i ~
|
! 0.3 patoms O ADP - 108
| consumed ~0~ =
|
i
v
Anaerobic - \_
1 1 1 1 1 L
0 2 ) 6
Time (min)
11 ATP ADP/0 P/0 ratio
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(intact mitochondria)
ATP (tightly coupled)
(mitochondrial swelling)
osmotic shock water uptake
: (aging mitochondria),
uncouplers DNP (2,4-dinitrophenaol) CCCP (carbonyl

cyanide m-chlorophenylhydrazone)

ATP
uncoupling (Lehninger, 1975; De Robertis and De Robertis, 1987)
(free energy)
(conserved) ATP

chemical coupling hypothesis,

conformational coupling hypothesis

1 chemiosmotic coupling hypothesis " Peter
Mitchell .. 1961 (Boyer et al., 1977; Mitchell, 1977; Avers, 1986)

Mitchell

4 (Avers, 1986)
L H+ 10H
(impermeable)
2.
proton matrix intermembrane

space

3. ATPsynthase electrochemical

gradient ATP ATP (ATP hydrolase)



ATP hydrolysis proton matrix electrochemical
gradient ATP
4, protein carrier
matrix H+ OH (H+-linked or OH -linked carrier protein) ,
ATP1 matrix ADP 1 Pi pyruvate
matrix H+ protein carrier ( 12)
CYTORCL
Carrier
protein ADP ATP .
QOuter
membrane
— Intermembrane
space rMITOCHONDRION

—+— |nner
membrane

Matrix )

Ho

Pyruvate

12

(Avers, 1986)



2

P et §
=

INNER
MITOCHONDRIAL
MEMBRANE e
AMEM3RANE
7z %7

NADH dehydiogenase

complex
He—"

NADH 4

s
N LT ==
H* ey
Cytochrome b-c,| '/
complex
)
4 .s'ﬁ:ax
¢ i
e
‘“’, 2 )
ohd
.
=t
2 H,0
Cytochrome oxidase complex |,
"‘-’\': ATP synthetase
A
B
s
135377 aseovmin )
B '.:_.A :
2H*
2H* —-
ATP
g
H* 8
st Hl
= HeEsTe <

Elecirochemical \YA IR ERETm
proton Qo % 1A%
* gradient EQSE\Q’F‘:\I”,{:%CM

13
chemiosmotic coupling hypothesis

(Avers, 1986)



2

chemiosmotic hypothesis
(free energy)
(pump) proton (HH) matrix

intermembrane space ( 2 (2¢)
2 (H matrix ATP 1
) pH gradient proton gradient
proton (H) matrix  intermembrane space proton
(positive ion) (positive charge) matrix
membrane potential  electrical gradient proton electrochemical
gradient proton-motive force intact mitochondria
proton electrochemical gradient
matrix ~ F
(free energy) Fl ATP  ADP +Pi
protonmotive force complex
protonmotive force (chemical energy) ATP

ATP synthase complex (  13)

proton

proton - gradient (collapse proton gradient)

(uncoupling) aging  mitochondria
DNP proton - ionophore
proton matrix FgFy-complex
impermeable proton-motive force

proton gradient
gradient
phosphorylated ~ ADP ATP ATP
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Fl ATP (ATP synthesis)
ATP (ATP hydrolysis) H+ gradient
ATP ATPase activity uncoupler
ATPase activity activity
ATP  synthase ATP
(Danishefsky, 1980)
FF1- ATPase
ATP + HD <o > ADP + Pi + H+
(Caze)
proton-motive force substrate oxidation
ATP
ATP
(phosphate)
calciumphosphate
(Ca2+) 12
(H) 1l

(alkaling)
0Smotic pressure  matrix
(mitochondrial swelling)
uncoupling (Avers, 1986; De Robertis and
De Robertis, 1987)



Hatefi, 1985; Abeles, Frey and Jencks, 1992) (  14)

2

(Danishefsky, 1980;

complex | NADH
dehydrogenase coenzyme Q (site |) rotenone (plant
toxin) , amytal ( amobarbital)
site |
succinate succinate coenzyme Q
complex Il cytochrome o
cytochrome ¢ (site ) antimycin A ( streptomyces)
ascorbate + TMPD
ascorbate + TMPD cytochrome C
complex IV cytochrome C
(site 11I) cyanide, carbon monoxide cytochrome

oxidase (cytochrome a-a3

ATP



NAD - linked substrate

succinate_ » FAD

ascorbate + TMPD

14

)

(Hatefi, 1985)

25

NADH
FMN ADP + Pi
@I rotenone
Fe-S ATP
Coenzyme Q
cytochrome v ADP + Pi
Qw Il antimycin
cytochrome c, ATP
cytochrome ¢
ADP + Pi
cytochrome a-a. | site . Ccyanide

ATP
12 0,
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2 b 1 ATP

Oligomycin Dicyclohexylcarbodiimide (DCCD) ATP
FO (channel for proton translocation) ATP synthase
FO Ft (Voet and Voet, 1990)

- Atractyloside adenine nucleotide translocator
(transporter) ADP ADP
ATP (Lehninger, 1975)

DTNB (5,5*dithio-bis-2-nitrobenzoate) ~ aromatic disulfide

Pi sulthydry] groups (-SH groups)
Pi (Haugaard et al,
1969)
N-ethylmaleimide (NEM)  Mersalyl phosphate translocator
(transporter) Pi
ATP P ATP (Sartorelii, Erecinska and
Wilson, 1981)
3 uncouplers H+carrier proton-
jonophores H+

high-energy intermediated electrochemical gradient
phosphorylated ~ ADP ATP
intact mitochondria
ADP ATP (ATP hydrolysis)
(Lehninger, 1975; Heytler, 1981)



2

uncouplers
aromatic ring uncouplers
(Heytier, 1981)
Classical uncouplers DNP-like, true, weak-acid, direct

H -ionophores  uncouplers 2,4-dinitrophenol (DNP) 1 carbonylcyanide-p-
trifluoromethoxyphenylhydrazone  (FCCP)

(weakly acid) pKa 45 65 acidic groups
phenolic hydroxyl Lheterocyclic-NH, amide, hydrazone-NH 1carboxyl, sulfhydryl group
(lipophilic) proton-
gradient (umononize acid) matrix
anion H+ matrix
H+ H+channel
FOF-complex
The alkali-metal ionophores antibiotics gramicidin,
tyrothricin, tyrocrdrn — valinomycin ' : cation
Kt valinomycin

transmembrane electrochemical gradients

transport  cation ATP
Indirect uncouplers ' uncoupling
picratt  desaspidm (Specific protein) -
ATP (H factor) uncoupling
desaspidin phenolic groups 0.7 molc/mg
protein  arsenite uncoupling sulfhydryl groups

ATPase activity
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electrochemical gradient proton
motive force

ATP
(ions) Ca2tlMg2+, Nat, Kt ,
NADPH energy-linked transhydrogenase
transhydrogenation
15 (Lehninger, 1975; Hanstein, 1976; Daniskefsky, 1980)



29

calcium transport energy-linked transhydrogenase

electrochemical gradient
(proton-motive force)

@ @
®

electron transport ATP synthesis

in respiratory chain

energy dissipation

15
(high energy electrochemical gradient)

()
? ATP  ADP +Pi

oligomycin, DNTB
) uncoupling  DNP, FCCP
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CU-763-10-01

CU-763-10-01

CU-763-10-01

CU-763-10-01
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