1

QU 7631001
CU 763-10-01 ,
, 315.85 172-174°c
( 1 .o ?
! 2-propylpentanal acetals prodrug
valproic acid pyridoxine
valproic acid pyridoxine (vitamin B6)
pyridoxine glutamic acid decarboxylase
(GAD) GABA (inhibitory neurotransmitter) vitamin
B6 CU 763-10-01
valproic acid pyridoxine
e
NS on
GHLS1S &
HCl
CU 763-10-01
MW = 315.85
CgHy CeMia
H >g i . H>g i
OH b OH
CHy CH3 _/
HClI HCI
CU 763-14-07 CU 763-14-10
MW = 287 MW = 301
1 CU 763-10-01 (CU 763-14-07 CU 763-14-10)



? CU 763-10-01
( Maximal Electroshock Seizure, MES )
50 ( median effective dose : E150) 100
valproic acid ( EDS0= 320 )

Rotorod test

50 ( median neurotoxic dose, TDjo) 310
valproic acid ( TD3= 430 )
( , 2538)
CU 763-10-01

nonspecific antagonist

Caz ROC (receptor
operated calcium channel ) POC (potential operated calcium channel ) (
, 2539)
CU 763-10-01
state 3 3 NAD+ -linked substrate
(glutamate+malate, a-ketoglutarate p-hydroxybutyrate) dose-
dependent IC50 6.60 pM succinate
CU 763-10-01 ' complex | 1
(oxidative phosphorylation)
? (
, 2539)
CU 763-10-01
CU 763-10-01 1 cu

763-14-07  CU 763-14-10 ( , 2540) 1



CU 763-10-01 CU 763-14-07

clorgyline
(selective MAO-A inhibitor) pargyline (nonselective inhibitor)
nonselective inhibitors eu 763-14-07 CU 763-10-01
? CU 763-10-
01 ? (competitive inhibition) eu 763-14-07
(mixed inhibition) : (competitive-non-competitive
inhibition)
( , 2540)
CU 763-14-10
CU 763-10-01 CU 763-14-10 )
tyramine
1 CU 763-
10-01 ?

Monoamine oxidase (MAO)

(Monoamine oxidase MAO)

integral protein (Schnaitman, Erwin
and Greenawalt, 1967) oxidative deamination
epinephrine, norepinephrine, dopamine, tyramine 5
hydroxytryptamine (5-HT)
catecholamines

méthylation conjugation



(MAO-B)

(spleen)

pineal gland ( 1

Organs

Liver

Liver Parenchymal Cells
Denervated Liver
Kidney

Intestine

Intestinal Mucosa
Spleen

Lung

Testis

Brain

Superior Cervical Ganglia
Pineal Gland
Denervated Pineal Gland
Vas Deferens

Denervated Vas Deferens

(activity)

(Houslay, Tipton and Yodim, 1976)

(isozymes)

Species A Activity
(Percent of total)
40

50

40

70

70

60-70

(o]
o1

8 9 6 8 & 8 8

(multiple forms)

(MAO-A)

denervated

Species B Activity
(Percent of total)
60

50

60

30

30

30-40

50
10
45
10
85
95

65



KOtUjflnnu 1 JVitim
» *m ritn ,,
in vitro in VivO
in itro 1
(Neff and
Yang, 1974)
(sympathetic)
(cholinergic)
(human platelet)
(Collins and Sandler, 1971
Donnelly and Murphy, 1977) ? superior cervical
ganglion
(Goridis and Neff, 1971)
? (human placenta)
(Schnaitman et al., 1967) (purified)
detergent

electrophoresis

polyacrylamide gel electrophoresis

(Yodim and Sandler, 1967)

cellulose acetate



electrophoresis (Kim and D’lorio, 1968)

perchlorate electrophoresis
phospholipid
electrophoresis sephadex ?
(Housley
and Tipton, 1973)
(isozymes)
(multiple forms)
(MAO-A) (MAO-B)
short arm X-chromosome (Levy et
al.,1989)
cDNA cloning
- (Bach et al., 1988 Hsu, 1988)
(MAQC-A) 527
(MAO-B) 520
- (Ito et al., 1988 ; Kuwahara, Takamoto and Ito, 1990)
(MAO-A) 526
(MAO-B) 520
(Powell, 1991)
C-terminus (flavin
cofactor) 406

397



ter-minus

360 (
HAOQ-A 1 HENQEKASIA CHKFDWVIG GGISGLSAAX LLTEYGVSVL VLEARDRVGG
MAOQ-B 1 SKXC: v ciinHAD HDSGL: V
KAO-A 51 RTYTIRXEHV DYVDVGGAYV CPTQNRILRL SKELCIETYK VNVSERLVQY
KAQ-B 42 LT QK K: L: . A E: . EV o
KAO-A 101 VXGKTYPFRG AFPPVWNPIA YLDYNNLWRT IDNMGKEIPT DAPWEAQHAD
KAO-B 92 v P b B =S 5 Lo i KLE
KAO-A 151 KWDKMTHKZL IDKICWTXTA RRFAYLFVNI NVTSEPHEVS ALWFLWYVXQ
KAO0-B 142 ’ B LD:L: (ES: K:L:T : L C::A:T::
HAO-A 201 CGGTTRIFSV TNGGQERXFV GCSGQVSERI HDLLGDQVKL HHPVTHVDQS
KAO0-B 192 ER:: 117t
KAQ-A 251 SDNHIETLN HEHYECXYVI NAIPPTLTAK IHPRPELPAE RHQLIQRLPM
KAO-B 242 R VL: A AR v P TViL
KAO-A 301 GAVIKCMMYY KEAFWKXKDY CCCHIIEDED APISITLDDT KPDGSLPAIM
KAO—=3 292 AV VAY oo E NYA
KAO-A 351 CFILARXADR LAKLHKEIRX KXICELYAKV LGSQEALHPV HYEEKNVICEE
AO-B 342 S HIURA RUT EE'L i L ™\ /2 L E
KAO-A 401 QYSGCCYTAY FPPGIMTQYG RVIRQPVGRI FFAGTETATK WSGYHEGAVE
KAO-B 392
L]
HAO-A 451 AGERAAREVL NGLGKVTEKD IWVQEPESKD VPAVEITHTF WERNLPSVSG
MAO—B 442 1 HAM: IPEDE :os v QP: T L :H . P
KAO-A 501 LLKIICFST- -SVTALGFVL YKYKLLPRS
KAO—B 492 RL LT I F:A: G LA H RG: V.V
Sequences were deduced from cDNA clones. Colons indicate
identity between MAO-A and MAO-B sequences, conserved
amino acid residues differing between MAO-A and MAO-B are

marked by asterisks.

187-230



flavin adenine dinucleotide (FAD)
(cofactor) flavin adenine dinucleotide 1

120,000 - 150,000 (Erwin and Hellerman, 1967; Oreland,

1971) N-tenminus
FADIfl © FAD
8a FAD cysteinyl 406 MAO-A
397 MAO-B (Kearney et al., 1971 Walker et al,,
1971) FAD ( =
Enzyme Residues Sequences
MAO-A (human) 15-45 ov e ViCTelli sisaakiirTeyYev vivie
MAO-B (human) 6-36  pDvvvvCGoG6l GHAA AKLLHDSGc LNvvvLeE
FRDHase-A (£. coiy  8-38 nialveacoacira aAtaanganrsnaklatl
SDHase-A (B. subuiisy  6-34 1 VvGGGLACLHATI KAAES --GHAVKL
FRDHase-A : fumarate reductase-A ( Escherichia coli) ; SDHase-A :

succinate dehydrogenase-A ( Bacillus subtilis ), Boxed amino acids form

part of the predictive fingerprint for a nucleotide binding domain.

3 FAD-binding fold
flavoenzymes



inhibitor)

(nonspecific inhibitor)

clorgyline (N-methyl-N-propargyl-3-(2,4-dichlorophenoxy) propylamine)

inhibitor
tyramine (substrate for both species)
clorgyline
biphasic inhibition ( 4)
clorgyline
clorgyline
clorgyline

" (Johnston, 1968)

deprenyl selegiline (Fowler, 1982)

(selective

irreversible



10

100 —

SOF—
80—
70—
kS
.;:’ 60—
<
= S0—
>
o
c 40—
b
a 30|—
20—
10 p—
NP U3y | ! | [ | J
1" 10 9 8 7 6 5 4 3 2
—og,0 molar concentration of inhibitor
4 biphasic inhibition clorgyline

tyramine (substrate for both species)

primary, secondary tertiary amines (Blaschko, 1963)

(substrate
specificity) 5-hydroxytryptamine
(Johnston, 1968) benzylamine

(Hall, Logan and Parsons, 1969) tyramine '
(invitrg) '
clorgyline (selective MAO-A inhibitor) MAO-A
norepinephrine serotonin

dopamine



deprenyl (selective MAO-B

inhibitor) dopamine
( 2) serotonin, norepinephrine clorgyline
aromatic ring
polar benzylamine, p-phenylethylamine ? deprenyl
polar hydroxyl p-phenylethylamine tyramine
hydroxyl serotonin tryptamine

(Neff and Yang, 1974)

Monoamine oxidase

Type A Type B
Preferred Substrates Serotonin Benzylamine
Norepinephrine P-phenylethylamine
Normetanephrine
Specific Inhibitor Drugs ~ Clorgyline Deprenyl
Harmaline
Common Substrates Dopamine
Tyramine
Tryptamine
Nonspecific Pargyline* Tranylcypromine
Inhibitor Drugs Isocarboxazid Nialamide
Phenelzine Pheniprazine
Iproniazid

*May preferentially inhibit type B enzyme



one-electron

mechanisms (Silverman, 1980)

(oxidized flavin) amine radical cation

carbon radical

- pathway A flavin radical imine
- pathway B radical combination active site amino acid radical (cysteinyl
radical) p—elimination imine
hydrolysis aldehyde metabolite ( 5)
Floo FIH
vV
Y. H f1. FIH
RCH,NH, - RCHjNH, "=~ RCHNHj RCH= NH1
oL, KL
s
RCH—NH,
5 one-electron
mechanisms
?
one-electron mechanisms ?
(Silverman, 1991) 5
(aminomethyl)-3-aryl-2-oxazolidinones ( 6) R = 3-aryl-2-
oxazolidinone-5-yl ?

analog



13

(oxidized flavin) amine radical
carbon radical
carbon radical imine
aldehyde active site radical
covalent intermediate

stabilize P-N-substituted 2-oxazolidinone

\R

) /_(—NNR A /—(—
RO—@—NYO 3 ’“"—@— \6(
l“
X -
L, ,_(""”" A: AM- [_(=*
Ro@-ur\;g’ -.:A— ‘O_O‘ \0( L'EA—- FO—Q_N\‘S(O
o

alm, o

gecarooxyiatea
product

6 5-(aminomethyl)-3-aryl-2-

oxazolidinones

(FAD)
(Silverman, 1991)

(riboflavin)

(Sagara and Ito, 1982)

? ?



(Smith and Reid, 1978)

(active site)

(hydrophilic)

(hydrophobic)
(Yang, Goridis and Neff, 1972)
?
(human endometrium)
(progesterone) (Southgate et
al.,1968)
estradiol
progesterone (Holzbauer and Yodim, 1972)
Monoamine oxidase inhibitors
1 Hydrazides (hydrazines) C-N-N
2. Non-hydrazides cyclopropyl

amines, allyl amines propargyl amines



Hydrazide
hydrazides (Davison, 1957 ; Patek and
Hellerman, 1974) hydrazides diazines diazines
( ,7 iproniazid
isopropylhydrazine
phenelzine (2-phenylethylhydrazine) hydrazone
(inert hydrazone) diazine (reactive diazine) diazine inactivate

(Hellerman and Erwin, 1968) ( 8)
SCH
(UNHNHCH\CH —
(| A </ >/(‘H:CH_-E
Iproniazid Phenelzine

7 hydrazides Iproniazid Phenelzine

N . nh-nh2
Iproniazid A NH—NH Phenelzine @/\/
=0

|
E
ﬁ\/ll E-FAD
N E-FADH»
leo
>-—NH— NH,
E-FAD
< N-NH,
E-FADH, 0,

>—N=NH : E-FAD
_— E-FAD 4 1O, k

N~

inactive
enzyme

inactive
enzyme

8 7 hydrazides

Iproniazid Phenelzine
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Cyclopropyl amines
cyclopropanimines active site
(Paech, Salach and Singer, 1980 Silverman and

Hoffman, 1980 ; Zeller and Sarkar, 1962)
cyclopropanimines flavin-
inhibitor adduct
reactivate # incubate 4-phenylbutylamine (Zeller and
Sarkar, 1962) benzylamine (Silverman and Hoffman, 1980) ( 9)

tranylcypromine ((+) - trans - phenylcyclopropylamine), N- cyclopropyltryptamine

N-cyclopropylbenzylamine

N

N-cx—cH NH,
\—/ lg |
H
Tranylcypromine N-cyclopropyltryptamine

R H
: > NH_<] | E-FAD . NI\',/\J:O
©/\NH)<] g

N-cyclopropylbenzylamine

9 cyclopropyl amines Tranylcypromine, N-cyclopropyltryptamine

N-cyclopropylbenzylamine



7

Allyl amines halogenated allyl amines
cis-3-chloroallylamine
( 10) incubate benzylamine
allyl amines ( 11) tranylcypromine (
cyclopropyl amines) (Alston, 1981)
a NH 2
Br'\/’\/’ b
[
—9
10 allenic amines halogenated allyl amines
Allylamine -2
r E-FAD
inactive
enzyme
LT
\) E-FADH,
l \ N /\///O
/ }-|1 -+ NH3
11 ? allyl amine

benzylamine



Propargyl amines

(Chuang et al.,1974 ; Hellerman and Erwin, 1968) pargyline

(N-methyl-N-(2-propynyl) benzylamine) imine
(reactive imine)i , (Maycock et al, 1976) N,N-
dimethylpropargylamine ( 12) propargyl amines acetyl

(acetylenic amines) clorgyline deprenyl ( 13)

(Tipton, 1994)

E
Il

/E~FAD

N— 7/
| E-F

inactive ~NZ =
enzyme +|
Pargyline N,N-dimethylpropargylamine
12 propargyl amines pargyline N,N-dimethylpropargylamine
( reactive imine )
Cl
CH3
Cl CHy) 3—N—CH—C=Cli
clorgyline
CH3
@E:thhnchch:h
ch3

deprenyl (selegiline)

13 acetylenic clorgyline deprenyl



Tricyclic antidepressants

reuptake norepinephrine 5-hydroxytryptamine

(Roth, 1978)

! 1 monoamine oxidase inhibitors

tyramine oxidase
(Hare, 1928)
adrenaline oxidase aliphatic amine oxidase (Blaschko, Richter and

Schlossmann, 1937 ; Pugh and Quastel, 1937)

1

5-hydroxytryptamine (serotonin) norepinephrine

(Tipton, 1977)

tricyclic antidepressants

selective serotonin reuptake inhibitors (SSRI)

(Parkinson’s disease)

il

(antidepressant)
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levodopa
MAOIs
hydrazides (hydrazines) 1950 iproniazid ( isoniazid)
iproniazid ' ,
(Crane, 1957) iproniazid
hydrazines phenelzine, isocarboxazid
tranylcypromine hydrazines
MAOIs
(nonselective irreversible inhibition)
(hypertensive crisis)
tyramine
“cheese reaction" (Blackwell, 1967) tyramine

2-3



tyramine

MAQIs

12

MAO-B inhibitor

selegiline

MPTP

selegiline

norm*rum M ]

2

!

(reversible)
active site
reversible inhibitor of MAO-A (RIMA) moclobetnide
?
“cheese effect”
(Cerura and Pletscher, 1992 ; Da Prada et al., 1990)

moclobemide lazabemide reversible

(Da Prada et al., 1990)

?
deprenyl (selegiline)
L-dopa L-dopa
dopamine selegiline

? dopamine

antioxidant (Aminoff, 1995 : 425)

selegiline

MAO-A inhibitors



(Ranga Rama Krishnan, 1995 :

Drug

Phenelzine
Isocarboxazid
Tranylcypromine
Deprenyl
Moclobemide

Brofaromine

Selective
No

No

No
Yes13
Yes2
Yes2

'selective for MAO-B at lower dose.

Selective for MAO-A.

3Becomes nonselective at higher doses.

MAOIs
184)

Reversible
No

No

No

No

Yes

Yes
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