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I. #

Catecholamines 3 43 ol catechol (1, 2-benzene-
dioD#%3} amine o] B &= (L&MW E MES = HE
olc}. fbEBHe 2l ofEld L&YW E Al drlex
o] AT F & Aot BHEAx BEF dy
449 AL catechol & FifHel amine o] iE&E o]
dE B ARETHIA 2 (sympathomimetics)Eo)
v}, 221} catecholamines o] 2} = A/} BER &
e A& 1 16407 Feo]d o] &= AMMRINA E
Hom ARFHI BAT AEMEAS Xz e
epinephrine 3l norepinephrine & F2 gLl ¢

E

Grl Aeleh olel I RiBEHES dopamineo] ik
AmEBR o e HEL FAE /HAI o] A=

H

o] {baHE et stE1A Hgick

o] & L&MW LBEEE HE1UE L ERe oL

Epinephrine & EIFHEY BHK S o2 1899 4o
Abelo] HUEET FBEEE MR RS T Eold,
adrenaline, suprarenine, adrenin % o] 2] 7}x] o] 20 7
EH2 Y BHE Y o] B =3 FANE)
4 BT = 853 FEshe gla chrom-
affin #ijfne] f[EEQ] pheochromocytomadl 4] % &e]
W= v} (Goodman ¥ Gilman6),

T {bEBHEE = Abel?, Firth®, Takaminel?® o
Aldrich® 4 oje{BKEY %)) 3, 4-dihydroxy-
phenylethanolmethylamine(45 1 ED¢le] #s 3 3 Sto-
121209} Dakin®®e] {K3le] ATHIoRE AR 3o
= Flicher®™e] {k3}e] =T NEBHEMERE S
Ak BB A 4= epinephrine & JeBpyo =
Zeletk S (-isomer)o] ] . A:THERRY fEflo] Ak
P Ry (d-isomer) B T} #9 20 5 BB EFLevy ¥
Ahlquist??),

Norepinephrine (arterenol)}& 1904 4E¢] Stolz12®7}
S0 2 K #4pRH epinephrine 3 LT (FAE
AR A ek A dEF ot ool Al
FRGowA st ngd x £ MR BEERE
#EE stugds HHelele AL 40 o] A 1946
s2ef] o] 28 Sweden & Eulert:2] 5% <] Holtz®2]
fERIE PSR kdll s Rk

o] WE %% nor & BEFEANA HEKE Ao=4
n-& Nitrogen, o= ohne, r-& Radikal & B5 34
gHEWN)e Bt givke $elrlk. & norepinephr-
ine(noradrenaline)-- epinephrine ] Z3FH18] N o
methyl E#fe] ¢l Aoz F1EA4 2E uiet
Zre) L {LEEHE¥E:= 3, 4-dihydroxyphenylethanolamine:
olvh. I {kE5Tol+ epinephrine 3} o] TERFR
7b 97 WSt ANy RMEEET TS bR
Ber Aletb RN B (FH] Bk



9 —Z=F#E | Catecholamines o] Bf}e] —

Ha-CHy-NH,
’d '
LN OH OH

OH OH

Catechol Dopamine

CHOH- CH,~NHCHg

CHOH- CH,-NH,
4
X OH OH
OH OH
Norepinephrine Epinephrine

# 1 [@ Catechol 3} catecholamines

Norepinephrine & epinephrine 3} 7o) EIFEH
A F#o s AR5 HE ™ (Euler @ Hamberg®®) &4
o B wel e 2RI o) At A9 B
8 &7H4 epinephrine 2} norepinephrine & 4&
e 8:15 @EAS Wri(Levy ¥ Ahlquist®),
= EIEHEEY TEo 24 epinephrineo] X5 &
R}k v}, Norepinephrine & =3 epinephrine 3}
Zo] FANSY ETRISWE iz EFH dx
chromaffin fifE$] [EHE ]l pheochromocytoma(Euler et
A AT SEel HWIL gk 2 HF &
B AR B Mol o Euler & RW
B = o] M) Smd HEEe b HEs
-2 l-norepinephrine o] &85 o] 1&& B o
REd Bige] wdwd LRMSEBIEERST norepi-
nephrine o]etE EATL HEE 33 cl(Euler 46,40),

R & ) (£ 8 (nerve impulse transmitter)ol] B3}
PiFE 19itia Ry e SJelBEE] HAS T B

Vagus stimulation

'

Hoed fige] HAogtk F 19EfARESY £EXE
Flell & R =x BB #EmEe il
g fERE 7Hal o] dvte AE g3 o] F MHEK
Wil A ol B jt {LERMHe] W e JEhtE
el obd7t e REE A =gl ZrhdllA sl
Elliott®® & epinephrine & fEH =} AR LR
B FRs BBV E ol epinephrine &
Egtsta Jebde R SRMEHRGRIE L
Bzsle FiEst A—3 ¢ BUSlZ TR
o] Z K#olA epinephrine o] WHEs]o] o2 wulgt
oF o ZEsE vebdole BE#E #Earstgcel. Dale®”
& acetylcholine &] fEfo] BIZRMERIERSR R
—3¢ FHT BEIRRRERERR L KA
acetylcholine o] EHEE=e] o] = wu|glol EIATREIHAR
PR vebdobn EiRStg ol o] elge] R
Holl A (LEBRY #pEe] WHEslel 19 frHo 2 WEH
BRI/ Vebdele RS B WiRESS REE
## (humoral transmission theory) == {LEBiyEZE
##(chemical transmission theory)24] 2 ko] HIR
da EEE B RRIAH

o] B il 1921 4F Loewi®™®$] s} .LIEHE
RERAA EH= BRI 5 52 Hel A s o)
FAY BIHOBEERS . fEReE F— Ukl e o
Sfigl REE 2 SRIRE WEAYI 2 LS
BT Wol UM B ES KB 2
T E-OHe) Y XEWR 2 TEMES ER

Vagus nerve

NWhwwrenestle
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2l BIHIE BN PSRN WS Loewi 8 ERSEY FE
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e r FEEIAA BOEERE BESd s 5 XK
RS RIERE o] Mol HEH F—LEY Eel
= I glele] o} G W HlEe] Al BT
DBESE HE & Bigegd e SRS Ry
e B, EOEY Eop] €Y Bt

o] HEAMERE MHSHIEL Roll LA o4 1k
BRyEe] EEEE el o] WEe] WS A3k g
Dol fEse] o EHEEbE dogivte Ae B
T AL 2A Loewi™ = JKEMRFIRE WHtE= = 1k
2By WEE Vagusstoff, ZWRIPRFIEMC] W= &=
L2y #'E S Sympathicusstoff e}2 #4styg ek o]
o Loewi ¥ 2 BREBIFEEES BEPEG %3ty
FiAE Vagusstoff & AP+ acetylcholine(Loewi
Navratil®®)e] 32 Sympathicusstoff ¢] 4%+ adrenaline
{epinephrine) (Loewi® %o e} #4314 o).

3 % o8 BEEY WIREEFEA epinephrine =
= acetylcholine ¢] v}ul A Fel .0l 4 Balol g}
RS Ex Sl SR olw3 BERelA
X R o] = =} Dale®®-2 adrenergic ¥ cholin-
ergicolele HAEE RESA I THEREA A
adrenaline o] sl o] WIREEIo] s = MhGHAE
& adrenergic fibers, acetylcholine o] Pgis] o] &
o] {HEE v MHEHHEE cholinergic fibersgla #
Ao nH HEMEL A 2] adrenergic fibers &k ch-
olinergic fibers 2 Z34A= o] HIEZR] FEFIEHA 6 HE
T e o] DBl W3 o3 BEEY B BRE
HEiER 24 cholinergic nerve @] {#;EE4(transmitter)
7} acetylcholine o} 2t o] KEHHIs]o] Daled?, L-
OeWiss)Ql WELK BETESRA 9ok adrenergic
nerve &] {H#BEe] BRSld A= = fFMHo] epinephrine
A RS ZLHRT] R AR 1 ke R
# ©nl epinephrine JALIYHe ehn 4 AskA] F e}
##3] Cannon ¥ Uridil®®-& ZSRCHEENEELE AT
BT hell A I3 o] & sympathino]glz
#3837 BEio = sympathin ¢] B3} epinephrine
4 Rl BT #Wstgd 2 Cannon & Rosenb-
lueth® = sympathinel] Zffo] 1-&< FEsa K
TR 2 RES = HBAA EHSE sympathin
& sympathin E(excite 8] FH375), Zimghiske &
P = B A EHE: sympathin & sympathin
I(inhibit & FEar)elw ah4l ok,

B4E #ell Cannon #Zol A sk Bacg!®E sym-
pathin I 7} epinphrine ¢] =, sympathin E 7} norepin-

ephrine ¢ Folzta ke vk dovt, KBS MEF

catecholamine & EH3 HIET + & BN L 4
WEBW Fike] o]t old Aol REMIEEE) HER
2l #HRy] EEs g el 1948 5Eq) o] 28 Eulertt®
B RS B ORISR fhlidrhel A H
el RS E S SRR BIhEte o
Zo] l-norepinephrineo]ele AL FHstmEH 32
SRR Bl . RKMgelA lEEEE v PHEE =2
norepinephrine ¢l € BIF3] 4ok

Gaddum % Goodwin®® = JFigal 4 EH= & symp-
athin & norepinephrine ¢} & #4389 = Z4ftel]l o ¢
S| o] & HIWsle) oWt WAt wd T
TR E R AR Aol 1AW EE norepinephrine
olo] MU= A

&I PR oW w4 = norepineph-
rine =% epinephrine o] R EEHE EM e REST
Wik EE3d Z ch(Salmoiraghiz®, Curtis’®),

%= catecholamines ¢] dopamine & R4 1-di-
hydroxyphenylalanine(DOPA)?] aromatic l-amino acid
decarboxylase of] &3] COOH #:7} "ol = 4] A7
L catecholamine ¢ 24 ©o]7¢] dopamine beta-oxi-
daseof] 1{&3}¢] norepinephrine ¢ & W¥rE] 3 1lols}
epinephrine ¢ &% @zl 2= =2 dopamine-&
norepinephrine 2 epinephrine ¢ &4 E (precursor)
al Aol

AT Fgeel fkEld KSR BN BRI
o 3] K& dopamineo] FEAFESIT 9-&o) uha F o}

& Sano et al.'?2Vef] {k3bd [EZ R %% dopam-
ine 9] 80% Ll ko] #ikEgd EE=e] Festnglcle
Rolw Bl A &= dopamine ¢] & &) norepineph-
rine & &8uc}h # 100 f5} wbrlmidel

McLennan!®®.2. 39ko] 8] EREZ 4] dopamine o]
HEme B dgsl ol Mlstwe R WiiE E BKss
RG] BK(thalamus) S HFEkshd dopamine ] i
Bol #ing & BE &SP o McLennan ¥ Yo-
rki® Bloom et al.?®¥= dopamine & BEMiZdl B
BFGEAsE L #ege] #iHlE claste] dopamine ¢]
2 Bl A RSBz e e HEE S s
FEst el o] e WG Irifiste] Ezest
2 dopamine ¢} E#{i§} norepinephrine @ epinephrine
o MEEHEA ARz RS oW R
ol A e s BEF FHE staydde] U
o} 453 HrkglE A& Parkinson K& el A #R{EEE
(corpus striatum) 3} 2 E (substantia nigra)dl] dopamine
o] kZHE e HFE A (Barbeau'”?, Hornykiewicz™)
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Bl7E parkinson K 5% #4o| dopamine =+ o FiER
B (levodopa) & REslY & KEE AF2 Yr}
£ Zho]tl(Yahr et al.13®),

E3fEEE w9l ze] catecholamines = EEoz4 =
3 RS ELEREA B 2 B #eemgl
EHES %5 SlaglEs £FE: 48 o

HqelA] o] Pl BRY A HLS
e Yol HE glo] A catecholamines = ¥
ob B BEETY WENSGe) Solgel oldl #EY
MFBA catecholamines & [Efs] HSHRAIEY 4 g+
{E8ayTike] MEe] EBRE o] BAFA M2 HE
o #ifit BR=|e] catecholamines FigEel LS ol
3] H9lek. =EF- catecholamines o] ¥fsle] 4EEkSE
fERE 7 Mad Byl Bite BRSA & &
BoERR FHSl= 24 catecholamines o] 8 4n)
FTEA s 28y 1Y AEe aRe
LA FAY meE FHe MRo] Yelz o)
st Eol A& AR 2re Wi stz gtk
IR E BTl BE TN gL BEEY LM
9 fERo B4 HE calecholamines 71 #&Roll A fifasl
HERF 3, £RE catecholamines &= o @A Fyaks|gl
whob nfre) EEE e BRI A olw ¥ (LERY LS
AA @it Hittsl & S ¢4 P &
amines 8] A:iE (history of life)s} #lad ),

& XA E L BEE BAaA] o

2 qe %

L=

calechol-

1. Catecholamines 2| B85y & g (Biosynthesis)

Epinephrine o] X2 RS wlXy o] o)
BAd 4 AgA AREE e Hosd gl

1939 4ol o] 2] Blaschko'®} l-dopa decarboxylase
o] 4% fEAE BIestelsl epinephrine & #8561 4]
amino B3] phenylalanine &+ tyrosine © 2 B8] By
e BREES AA £RE Aoldlx Has il

BUEH] Gurin ¥ Delluva® = Fittetd: phenylala-
niried A F ol H45H5 T BB A KbisEdE epinephrine
& %= 24 Blaschko ¢ HMIE Tk 45 uk

It o8] BEES WEEA catecholamines B
BE2S| 2 Bl BRELS & B} MUEERS) o] 1964
4 tyrosine hydroxylase ¢ L H#E2 o130 ca-
techolamine £ BES] 2571 88 3z 2 BEY
BEE = 2E R His weEzick

1. EEERBR

Epinephrine 3 norepinephrine ¢] B&py4:pt BE-S

3@ Ewyele B e

4

% amino 4] phenylalanine X% tyrosine ol Jﬂv‘izﬁ*
fE3te] tyrosine hydroxylase 9] e oz DOPA
7} ¥ 52 DOPA = aromatic l-amino acid decarboxylase-
ol 1&8le] catecholamine §1 dopamineo] =t}
Dopamine -& dopamine beta-oxidase ¢] #Bi 2 nore-
pinephrine 0. & ##= 3 t}A] phenylethanolamine-
N-methyltransferase ff {%3}¢] epinephrineo] K=
. ¢]9re  catecholamines 8] AL chromaffin
HB(ER EIBEEE ™, Zuckerkandle BiBRE @4,
TREPHERE ¥ RSN o) Rolxich o)A
EBGEEY % Bl HEs e BRE Fishd 98
s} 2ol '

a. Tyrosine hydroxylase

et FEM amino BEQl tyrosine € 1-dihydroxy--
phenylalanine(DOPA) = #fid] 7] = B2 A & cate-
cholamine £ £ Bl B} Bl ok

o] B¥F = Nagatsu et al 190 {ks}e] J, RIBEEE
2R ARG A EUE Qi MR mitoch-
ondria o] H7ESIYE. o] & I-tyrosine o] ¥f3}o
HEEH MR HHEE X2 gler cofactor 24
tetrahydropteridines, ferrous iron & ME=R I} ’

Tyrosine & MK | Higdo] FEoR HER] &
1E3ta glew Spector et al.12® ¢ 4k3ld MK ty-
rosine & EEE 10~15mg/l v A}z e} o8-
£ tyrosine-& F 2 Fipol A BEE E7F 5L phe-
nylalanine ¢] FFRgol 4] hydroxylate 8 0 24 B4
BRE 7= ek

Mg e] tyrosine & FEEHE: B EEE (active trans-
port mechanism) o = HIMES RiEsle RRGHER
., B8 2 chromaffin #EIAC] #E#E= s(Spector et
al.129) #FaAel] 4] tyrosine -& ©}A] mitochondria Foi)
# A3l tyrosine hydroxylase 9] fEffo.2 DOPA =
Hdcl, GE4ED

Tyrosine hydroxylaseQJ s K% tyrosine ¢
DOPA [ fE-2- catecholamines 458 Z23@124] A rate
limiting o] 2l gv}. 2 T Z = tyrosine hydroxyl-
ase 7k %/etE MIES® catecholamines &l B
3 W7 Bk 7] # o] SH(Wurtman'®®),

Tyrosine hydroxylase & phenylalanine o] {&3}o] #JI:
#l=lx}, 22l == phenylalanine hydroxylase $] =
o2 ¥ % @Gl phenylalanine o] =+ phe-
nylketonuria Bt 4] B8R catecholamines &
o] EEsl BAOH e AL o] wlfe]rh

Tyrosine hydroxylase &= =3} alpha-methyl tyrosine
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OH OH
henylalanine Tyrosine OH
Hydroxylase Hydroxylase N
CH, {Mitochondrial)
|
HC—COOH e CHz
'!JH HC~-COOH HC—-COOH
2 | |
NH, NH,
Phenylalanine p-Tyrosine DOPA
Aromatic L-omino acid
Decarboxylase
(Cytoplasmic)
r
OH OH OH
Phenylethanol-
OH omine N-methy- QOH Dopamine 3 - oH
. __transferase oxydase
s—'Adc(enosy\methlionine {In specif)ic
in ad I
CHOH medul o) HC-OH grondles CHp
(;,Ha (IZHZ H(|2— H
hI‘H NHo NH»
CHy
Epinephrine Norepinephrine Dopamine

# 3@ . Catecholamines 8] BEREBGRE

3} 2 gl k3] A = Ml o} (Spector et al.12#4),
Ry o 2 Fj4ol| alpha-methyl tyrosine & {443}
= tyrosine hydroxylase 7} i o] AR SRS
H fEell 455l catecholamines 7} A o] 5223 B4R
«}. t}ul Bl Al &= norepinephrine o] # . 42uld] B
45l x) ¢k=rl 23|22 tyrosine hydroxylase & #II
#IgEMHO.  catecholamines Bzl HXhsr EBEHEZA
#FRE Yz =% HEmEIAED fAE EET 22
o] o},

b. Aromatic l-amino acid decarboxylase

L-DOPA & [-dopamine 0.2 @i = BERA]
Holtz et al.™0] 2|8 RS Bile o] BR
O HE HRkie] E3le] vluk -DOPA & dedarboxy-
lation(COOH #: [kl vt BRMg vl QY 4ste] —4
DOPA decarboxylase ®t32 23 ¢} Lovenberg et
al.970] fifre] I BERE X EEIY X F
B o] BEE oiuk -DOPA ¥uk oljzl histidine,
tyrosine, 5-hydxoxytryptophan %8 =& XKKE aro-

5

matic l-amino Fe¢] decarbolaylation & fEE:sHe B
E g A2 dAEe o] BEEE aromatic l-amino
acid decarboxylase 2+ S-2A] H 3k

o BaRE KM, W W B S o REE &
slo] glor EHmoE ol#¥ [ homogenates
o EEESEROLRE AYE REREAA o} BR
Haee BT S ok o] FHE o] B/ HWRE
Wi(cytoplasm)ell  FEFEStR 3-8-& REsHE Aol
w wl2k4] mitochondria Pell 4] wE= 1-DOPA 7} do-
pamine o 2 ##=#"d T4 mitochondria e HiE
ste] cytoplasm Poll kshok o] EERS (EHE L&
AL AA A2 5 )& Ao vh(EE 4HD.

o] E¢ERIEY cofactor 24 pyridoxal phosphate &
DE= §-ch(Green et al.t7), o] B+ alpha-methyl-
dopa, ' alpha-methylmetatyrosine 3+ Z& %Y F 1t
By A% amino ol = fERI8ke] . decarbroxylation
S Bt (Weissbach et al1®), zwlme ol 2|’k
e sy S O ME T Jehde A& 8BA
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- _Blood vessel >
- Tyrosine . Sympathetic nerve ending
Q{:., ——
Tylrosine e

i
Tyrosine-concentrating mechanism

Tyrosine

Mitochondria

Granulated
vesicles

DoPA

Norepinephrine
. by

Dopamine
B-oxidase

+

i
1
[}
]
4

s
.
v .
.
Q”

Dopamine

S

Aromatic 1-amino acid
decarboxylase

85 4 [B : Norepinepkrine &R3820 A o] ol HES MMARE

o] DOPA, 5-hydroxytryptophan %29 FHEES
Fa#.e 2 aromatic l-amino acid decarboxylase o {E
AR Adon HRMOZE o] BEF M
catecholomines #:go] M= 7] = Folelz Qi 313l
t}(Oates et al.105), 71.2]1} Hess et al. ™8] ool &
e qkeR] L e nk KT Aol obde] #Eizith
¢. Dopamine beta-oxidase :
Dopamine ¢ beta fi7i&9 RFEE ELAA norepine-
phrine 0 & ##A] 7] &= BEREA Levin et al. o] EFl
BEEN A, Potter B Axelrod 7} ZZRRFHE KB A
#£% BNL WEEER(Friedman ¥ Kaufman®)o]
k. 7ol cofactor B4 EEFES). ascorbin B-& LMHEE
238} dopamine LlJ}ol] tyramine, epinine Z&e|E fE
Jiste 2 beta £ Y. hydroxylation €& #B#3lc) o]
BRE MlERs NERpd FEstz ok 28
2 HRBERACNA #KE dopamine & /NERIBEA]
Eo] 7loul o] EEEY fEFBE ulol norepinephrine ©
2 e 7o]w Blaschko @ Welch?”, Euler 3 H-
illarp®®2 dopamine ©] BEBIRY BEjEC] {k3le] M
HBRAA PEREE BETCa §Esigdeh
Dopamine beta-oxidase & izl 3y Hla o
o] =] ¢lA ¢strl. Goldstein et al.%-2- disulfiram
(antabuse)o] ¢] BHRE MHT stz HeEdgdx Mus-

6

acchio et al. 2?2 disulfiram B4 A3 LER
norepinephrine ¢] BEFsl Btz BESNel o]
23 #§45E +ZE= Sle] Goldstein et al.69-& alcohol
PEEEN A disulfiram 2 BksEle HETERS
dopamine beta-oxidase @] 14| ® norepinephrine &] 4
BRe) EERRE 7] lEolvtm |ET govt ok L
WeEHS max el

d. Phenylethanolamine N-methyltransferase

Norepinephrine, octopamine 3} 0] beta 3ol OH
#H7F gl amine®] N S-adenosyl methionine ¢}
methyl &5 E#A7 =, & norepinephfine % - epine-
phrine 0.2 A7) &= Befol ol

o] BHE Axelrod®rl A& BHY o BEIEHMHEN
BEse] wel FEST dx LM Y Mile FT F
ek MB, BB 2 FE(Wurtman et al ¥7) £9]
Higel = A4 gelx &

3 22 epinephrine ¢ 4 K& & BIEHHEA &
Bse] o] Rl & ¢ F A2o= HEACdA s MRE
#rholl frgeska gt

2. REEREE

RikEl w9} zre] tyrosine hydroxylase & S ¥
BEw e HR 3 gle]l4] tyrosinee] DOPA = =&
Ao] catecholamines £ FRRENA RFIERT 2 Aol
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3L dopamiine beta-oxidase v} phenylethanolamine N-
methyltransferase 7} amino Bgoll fEfSIclE gt
Slox =2 DOPA 7} dopamine 0 8 & Ao thd B
FE7t 2 Aol 2 98-8 KRS dopamine o] A nor-
epinephrine =% epinephrine o' ¥ Ao] FH 4
B sBREqe) Edalch

Axelrod®¥& £7]9] JF microsomeo]4] ]2 mono-
phenols(octopamine, tyramine, "stilbestrol, estradiol,
N-acetylserotonin %)&- FEifkA| A catechol L& 42
BAYe BRE BRI H5EANAS T Kk
2% norepinephrine o] 4RIt FEF Gk o] B
F & cofactor 4] WEFe BT-TPNH = yE= |
=}

2 714 BT A o)A EEAREHR

= vk ErjolAul HHEg S 8 obd A% 9 g2
Bifpoll A e BB R Zitw dokE Aol

3l Wurtman3®d] 31d E7] 9] [Tl = %6 B
| A9} zre] dopamine & epinine 0 B ] = &
%7t gl o7 ¢] epinineo] dopamine beta-oxidase o]
fksle] E#E: epinephrine o] AEREE= BHEK/T oot

I wEshech
3. B4EhE{E;EA2(False neurotransmitter)

Catecholamines, 4%3) norepinephrine ©] ZZRHEH
HelA oJel EEE] BMREKES AA £KE HEA
kel Briks) Sl ohob i Rpe] b W Meafs] el
IREE) S bR Fikshe 8 (transmitter) g -2
JAne] FEEelwk. 18} norepinephrine kAR
BERREA " Bfpo] HAsel EM:EERS nor-
epinephrine I} t}& ojwl 4pHe] M= o] norepine-
phrine EpEERfcol Byigs ¢l v} 7F norepinephrine U5
OB REE BEREE S ERIE U ol
< HES B wekE e T b

B EEERE 2 B FAS Jl2 gAY &
2 9= 3 Ae] EAlelvh IHEER oul B
Bo 2 EMEEERS fZ He s Jehid B
TR A e RS BETEE s
7 Bl A e o] FHEE  a-methylnorepinephrine I}
meta-hydroxynorepinephrine o] t}.

Z- alpha-methyldopa = *]-&¢l|+& aromatic l-amino
acid decarboxylase S #I%A] A catecholamines #:E

OH ) OH
Aromatic
{- Amino Acid D Fabbit Liver
Dec::‘br::;yl:;e z B og::::;ee Enzyme - OH
™
H-C—H -H H-C—OH H—C-OH
i 20 1 ]
H~Cll-C—-OH (IZ H H_Ci—H H-—Cl—-H
NH» NH2 NHp NHp
TYROSINE TYRAMINE OCTOPAMINE NOREPINEPHRINE
£ 5B . Norepinephrine 8 ©}2 4£RER
OH or
Rabbit Lung - Dopamine
Enzyme OH PB-oxigese OH
—_—
H"(ll—H H—(‘:—OH
H—Cli-H H—C—H
|
IIJ-H N—H
[

CH3z CH3

Dopamine Epinine Epinephrine

% 6 B . Epinephrine 8 o & 4%

7
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OH ,
A ti
OH l-l::,nri':\% XCId OH Dopamine
Decarboxylase B ~Oxidase
0 H—C—H H-C-H
\\C | |
—C-—CH H-C~CH
of ! 3 | 3
NH2 NH,

«—Methyl DOPA

0. H-C—H
No— & -cH
- L= 3
ofi I
NH,

Aromatic
OH |_amino Acid

Decarboxylase

a—Methyl Dopamine

a—Methyl Meta-Tyrosine a—Methy! Meta-Tyramine

Norepinephrine

(COMT)

OH"

-

H-C—OH
H—?—CH3
NH,

o~Methyl Norepinephrine

OH Dopamine
B - Oxidase

[:;]—OH

H -('3 —H H—C'I-OH
H—-C~—CHgz H—C—CHs
[ ]
NH, NH,
Meta-Hydroxy Norephedrine
{Metaraminot, Aramine)
%70 BULAEREEY AR '
(Mao)_ HO (HOH mag)  HO- (HOH
HO I(|:-—OH HO (IIH?_
0 ' HN—CHj
3,4-Dihydroxy- Epinephrine
mandelic - Acid
(comT) (comT)

4H3CO CHOH (MAQ) H3CO CHOH '(_MA02H3CO ?HOH
HO ("JH C—OH CH2

NH,

Normet anephrine

l (Conjugase)

Hz CO -GHOH

RO > CHy
Hy

Normetanephrine
Sulfate or Glucuronide

3-Methoxy-4 -~ hydroxy-
mandelic Acid

(Vanilmandelic Acid,
VMA

%5 8 : Catecholamines ¢] U3
— 8§ —

HN—CH3

Metanephrine

‘[ (Conjugase)
H3CO HOH
HN—CH3

Metanephrine
Sulfate or Glucuronide



—W. C. Lee: Catecholamines— 9

< BOAR Arer BmmBE HEd #FAstY o o
o] FE7ENA B wkelde] I HEESF decar-
boxylate 5|0 a-methyldopamine¢] 3 v}A] a-me-
thylnorepinephrine © 2 ##ii=] o] Bi:MRE R4
o] BEE o] WA m(Hess et al ™). mit o] 2 A
o] mEE Tkl vEhle AE ¢# 3 H(Day ¥ Ra-
nd3»),

Crout et al.3-& alpha-methyltyrosine & & g%
RKES AA meta-hydroxynorepinephrine o] 5o B
R EEEE (FRETA BEI Aok

Eg oM7L= fime] W& MACHIH e m
BT Efd st A Kopin et al®®-2 (R
UL WRE 7 Aol |ET 8F Aok e
20l HE B olA WSy B

. Catecholamines®| §7#%(Storage)

Blaschko & Welch?®, Euler ® Hillarp#o] %%

BIBHEES TR KM 4 catecholamines 7}

3 &F% BHE MiERA/NER (cytoplasmic part1cles
or granules) S I Lizk o] BEEe] HERE A
=5t o] HEkio] catecholamines & Bfiisls BES:
Higslol Bimsl =Hglvk of NNEELS BHE MR R
3t o) BTERE ¥ HHEEROIRI K3 5
BHRT & dod 2 EhdE mEE
mines ¢} adenosine triphosphate 7} 4755 o] 9] v}

Euler et al.50¢] {&s}® olul= ATP ¢ phosphorus
Ffizell catecholamines 7} k#5402 catecholamines
4 FEES et gl Aelekm s ATPo
catecholamines #}9] K& # 1: 437 §o)

o] Bk 2 ) Mol wel chEe EIEEE)
S 9l & Bk (chromaffin granules) Ei® 500~
4000 A 0. 24 713z (Lever et al.%) 71 7l & mi-
tochondria ®rl® F-7 th(Blaschko et al.2®) FEERTF
ol Al SEET BRI Holsb # 1300 Aol (Pelle-
grino et al ), A= mitochondria 15 7p»d -9l
microsomes W vl T4 1 WREMRER stz
e BHE /M3 2w Helst #9400 A o) 2 (Lever
% Esterhuizer®, De Robertis @ Pellegrinot?), A
%3t} (Potter & Axelrod!l®), o]
Ehiol = dopamine beta-oxidase 7} &H= ] ¢ .o
<dopamine ¢ F£fkA]# norepinephrine & st B
B3k Qlek BPRES) catecholemines &= I YWEI)
BIRRE oA EgpERye = JRIEMe) L ®=3F cate-
cholamines & ZBIES fERE 1A SAR. 27

catechola-

X microsomes £} ¥)

ool e 2 Bris & HRAE 4] catecholamines
ST 7 e EEERARS] catecholamines & &
Wil (effector celDdl]l fEAE < JAIS o] was 4
weE fEls 4orlAl o =3t ARl 5ERERe
fERZ whol #E= 712 ol

o] HRIE-L W% catecholamines H4F & JEAEA
ez BR(uptake)ste] JRiEH: s ksl

B gefie) gol 4By = catecholamines ¢ {FfE
< BIEA Y =l BETD &EE dz -k

ZEaEr 9 A{bBEy Bl #Ebd catecholamines
o BPREERAL Sl SRR KMl FEdtw Y
techolamines ByGHifze] HEE F—3x g2 3 01 =
@ PR FEENE ESY 5 um @ o
o WmEIBm HEENe e ENT F oz v}ﬂ& é
WY B RS LEE Sk R’ BREREA
6]Z ¢ pool 1 ¥ poot 285 ¥-23 9} Pool 1-&
tyramine ¥ 1.9} U ol K3t = ADE
iy WERe fkste] KA PEHES] & catecholamines & Jy
Bz 24 —% tyramine releasable pool =& easily
releasable pool o] 2} 2% &c}l. Pool 14| ¢+ catechol-
amines = 3] & (turnover rate)o] zl(Whithy et
al. 139y, ukzkr] (half-life)7} R el =X S &
2 COMT o fksted BiE=l =H(Kopin et al.??)

Pool 2 & tyramine %o k3l A& MM S
catecholamines 8] sl -&o| H#EH @@ s+
% 24 B3R BEEVE Hof —# tightly bound
pool o] gl % 3} ¢] poolell §lE& catecholamines &
= monoamine oxidaseel] 3t #E#EES M (Kopin
et al.81), )

Pool 13} pool 2 & FFEIRAES HiFst 314 po-
ol 14 catecholamines 7} {5 ¥ pool 2414 xR
2

HEY0 2 tyramine & ol KEEAISHE  EiEK
tyramine & MEELF fERle) WAslz malWE T2
3 Jeldx gech 2Ey old & bl Y
catecholamines & ##sbd HEREGI% L)l 7
RS & 5 Y rh(Potter et al 12), o] FHEL tyra-
mine releasable pool &} catecholamines 7} tyramine off
fkstel @l o] o] & wulgtol MEE LRl vENIA
He Ao n% FEdste ol pool‘—}‘catecholamines 7}
s 9l & ¥ tyramine & fEAS) YEA
o]t} L “H Wbl 3o}yl = catecholamines & tyr-
amine 0 2 ¥HEs] %] ¢ tightly bound pool ] cate-
cholamines 2l7 A 2-& 4 glv}. I EZ tyramine

¢] pool &
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S REESEA tyramine 8 fEFe] YEhiA $g
w] norepinephrine & #ifell 4] #Bsl= tyramine re-
leasable pool ¢ norepinephrine o] FFH o] Al tyr-
amine ¢ fEflo] YERUA] Fel(Lee H Yoo?®). 7
1) §73kEk wke} o] catecholamines pool £ o1F EJ)
¢ 4 e EEN REE A= Qo o B A
b olw] pool 3, pool 4 &¢ FRE BEEY #
&= ok

V. Catecholamines 2| #&f(Release)

BEifiE catecholamines & FEFHREBANE PBY &
o 2 dEs ) (Lee ¥ Shideman®), MiEE, &
i, PIBEEY EE), stress %9 £EH FE =v £
B BpY PRez B A BES vazk
EAHT £EM (FHE dosldl A5 28z MK
the] catecholamines BEE HIEst 2w FHERAE
A sl HRololA EHes] WEY EEER 2
stress, PUBBHY BB 49 4BWR BBl & Hde
Zws mpd BES LRYE BEd 5 g

Catecholamines &} BAlI%H M8t #iE-2 REHSl ace-
tylcholine 9] 4 & EHEERIA calcium FA B
e ohn #EWEks 9ok (Douglas 2 Rubin®®),

—H catecholamines 7} WE=E" 2 BEEG =&
i 768l Eo]7F P38 adrenergic receptorsel]l fEH
3t xE cyclic 3’,5'-adeﬁosine monphosphate ] &
B& #mA A (Sutherland et al. %) EHT RS
QosAl "t 29 ARl BERY (FHoE (LB
oz B E/ 2 Bigel HH(uptakeds o] JEiE
L= &7 ek

Catecholamines 7} 2. BB £HEBH fEFHEE 42
ke AL catecholamines 8 4T/ EHERS M
Ja % effector cell(ZahMBM)A fEfstE HRebx A
2+t 4 gheb, v obA El 8 sndke] HIRES Y
oA MR oW el old Mok WM LBH
RS 4o7&/tE & 22z vt ¥4 iR
9 ol B =E W40l catecholamines ZF7t
HET Anke EUYE FRoldh ez KR
A= F3a @R o Ros SR 284
I F7EE 18%sle] adrenergic receptor(Z AL
et

53T Sutherland ¥ I BREFFEELLVOEL cate-
cholamine 3} receptor &+ HE fEAS #HR vehte
L8y KREA ¥5ke] cyclic 3/,5'-adenosine monoph-
osphate ¢8| A& WET ¥ Qo o EHEH FEWL

FEete). ¥ v MRV o2 adrenergic receptor Sf
FES BUsle EEEY BR HRe 889 gn
=¥ O EEE BEToEd RE EHT catechol-
amines & 4B fEHE MR Bgsty) A #
s RBY ¢ Yo HA o] adrenergic receptors:
£ Aol WL A9 S E B ohizh
Ahlquist®¥ epinephrine, norepinephrine, isoprote-
renol 9] FREMRH: BYHE K8 TR o B
Boll fEAAA L fFH BES Hir Bmsigdd 9,
norepinephrine_>epinephrine >isoproterenol & JEF =
el 289l isoproterencl>epinephrine>norepine-
phrine 8 JHFZ Jelde HBHEzZ E5d 5 4%
< gkm = FadA fiEd Bshe R4 E
catecholamines 7} #EH o = fEASa(BEFL At
wE), thEd Bt Ml A £ catecholamines 71 #
Hez EAZWHES AISE Ge)E @tk o
WREE 1% 3o Ahlquist®¥ adrenergic receptors:
of Z#&e] glelx £iEFn jiEd Bl RS 3L
£ adrenergic receptor % alpha &, ¥4 B3l B

Bl Qe AL beta # o)t m A9t zElY 2

e BESY HHE ¥R Zdtxn drist Powell ¥
Slater!!® 7} = dichloroisoproterenol(DCI)& A Ea
I EEEBY (P& WSt Ablquist 7} F£iRd =
adrenergic beta receptor W& 4575314 #H#EI oI F
e o2 Ahlquistd] o] vhi BRd BB
3] o = wHE WA Hyldh

V. Catecholamines 2] {{#(Metabolism)

Catecholamines &] 4:4p284 Friftkfbe oh&9] 48
o] fgste] o] Fol vk L shllA M BEF
B2 EBARER(uptake)e] o}, BEHRHE catecholamines:
= R old RS HASY owt RyBE (B
e dosx] REPoIA I B (LEMCR BL
2 AL olrh

Catecholamines 71 8R4 (LB #LE JoHA
I Aol ekslE Bl RE BRI KT R#=
A o] RS TS B¥EE monoamine oxidase
(MAOQ)S} catechol-O-methyltransferase(COMT)o] &}
4 8 el epinephrine Tl norepinephrine o] o] E#FE}
kel RAAE e BEE BRsh

1. Monoamine oxidase(MAO)U| K8l L

MAO ¥ Hare™7} tyramine ¢ £-Fell ¢l amine
BE MLt BREA BRT Ao 2 Bl-
schko et al.?0, Richter!!® 2] T Pgeal fkélod

i

14
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o] BYEL tyramine ¥ulo] o} 2} epinephrine ¥ nor-
epinephrine & #&3% XE monoamine {L& 4] ox-
idative deamination & gl HIEF H/Ee]
Al o]24 MAO X catecholamines & fi3fe] B
Hile EEY R4 AL FA HAge

o] BERE A9 EE ffg = SHEel god
mitochondria Rol] FEsm ¢l o} (Blaschko®®), 4%3)
RS = FEL MAO 7L TR ol & BEs #E
L ke Aolel o] & Rl A catecholamines
FAER 9 Bz dohe S8 ¥4 EBEE A
MAO 7} catecholamines Qafel] BET &% -$ dtelel
= #HE v5 ZAsd

2y 5% MAO #M4l4EQl  iproniazid(Zeller
2 Barsky!®)3) - choline p-tolyl ether(Brown = H-
ey?)7t &4 BEER BAS o] BHE FiMs
catecholamines fZilo] =|3& MAO Y B S Figst
T OER, o EEM He W 0e 2 sgl
B epinephrine ¥ norepinephrine ¢] MAO ¢ {3}
Rtz shd MAO & 5223 MHERIZRS 4 epi-
nephrine ¥ norepinephrine & fE fjo] s w {E R
B E Aozl AAelt. 2R E Tiwstn Gri-
esemer et al.®®, Furchgott®®, Goldberg @ Sjoerdsm-
a% H Lee et al.?? £.2 MAO & %23 @48 %
¥ BEY MAO gy & HHEI % tyramine 9
{F F-&. B58=) 1) epinéphrine @ norepinephrine ¢} g
Al obFal #krt Q&S WEslgz Corne ¥
Graham®, Friend et al.5?, Celender ¥ Mellander3®x
MAO HZEy & BT % B3 catecholamines ¢
Pl kel 49 EAEEC %S #brt ¢leg
#458te] MAO 7| epinephrine 4 norepinephrine €]
fLHl -t RES ROoisigdeh s Axel
rod®= MAOd] Bigt e BEstz &EHRE
epinephrine, norepinephrine ¥ dopamine¢] MAO &
EEQAE ERo] glor} o] E catecholamines 71 §&
Aol A o] Bl REN MAO 7 BHRSI=A B
3 HifREel gles wSo] m¥ETel TEEInE
catecholamines &) fU#ioll = MAO 7} {f%9) gL 5
A Rgeta s

oy ERAve = MAO Mgy s M % 4
B8] catecholamine £Ee] WAt WEI &
-t} B Crout et al.3®-& 4 f2) MAO #HZ&4y< 25
o] HEAT % LY B catecholamine #o] EiiEo|
BnAoE HES $iHd93z Muschol'®,  Pletsch-
ert® v 5} 3, Guinia pigedl MAO IHZENHE

HA3E % O catecholamine & &o] Wmxrlw #
435193t} Carlsson et al.22& MAO &g 9] ipro-
niazid = reserpine © 2 ¥ .LFF catecholamines {54
& BirstetaEte &% LAY 253 AR cate-
cholamines 7} 2 MAOJ] K3l R#D L REsl
A}, #53) Crout et al.?0.& 9 FE 2 LK cate
cholamines 7+ COMT #4384, ]] pyrogallol o] k3t
Al gEe] §-2-% RG] HEsla AEE catechol-
amines 8] ft3ell = COMT nt} MAO 7 T2 [
5}¢] deamination A 71 vhar FAESFG L o]l K3k
Spector et al.12®, Vogti®= A9 mofo] | 4 catech-
olamines 7} MAO #I#IZssyel] kel Es= %+
vl #Hdrslg o= Brodie et al.?, Leroy 4l Schaep-
dryver®® MAO #p#igm=z =719 A9 LW cate-
cholamine &) BINE A $-4¢ BN 13
Axelrod et al.l?, Pepeu et al.}%.& MAO Mg
catecholamines 8] WHEE pribste fEM] & &
Bstm MAO jisese] %A A catecholam-
ines o] Hinst BHRSERAL o)d HEITvha, HE
gt :
L EREE o #BEE Hastd BRd &
) epinephrine B norepinephrine o] MAO ¢ #E]
L Eaged =¥ &8 A 2ol amine o] Eh{LEk
%3le] 3,4-dihydroxymandelic acid 2 ghee FE
o)t el muRell jJeesl epinephrine X nor-
epinephrine, - MRl 1818t catecholamines 7+
MAO| k3t A Ragdce Biks msl A
c}u} Axelrod et alino] FEIF: [kl o] A
COMT o fk3] O-methylation & REEHS % 8 Eol
A8} 7re] deamination Az e AL Hiel vk s
s MAO Mgy < #Hsts 5% R wet £
BE g ok MMBA catecholamine &H&°] g &
FEe)™ L o] MAO & il EFEAE AE
sEElel B genE t}ul A catecholam-
ines 7} L BFRGAION A MMl  mEETERA o7t
2 Lol o —#7t MAO] fkate] Ragaeta 4
Zetedel BEIT

Z o = dopamine-& MAO B2 A epinephrine
% norepinephrine Xt} B3t BAA £= MAO
o fk#te] oxidative deamination Elrhe A& of 2| B
EEd) thete] FWR bl vh(Kopin™).

2. Catechol-O-methyltransferase(COMT) 0| *
B A
COMT = epinephrine, norepinephrine 3 HAh ca-
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techol {L&%4 3-OHEE methylfk A7 E MR
A Axelrod®, Axelrod ® Tomchick¥d] 8] A-&.o
2 BRI e Gaudette et al.5, Leeper et al P %
I ERY FEs MHEERsty

o] Bt £EERH €8 A= o #39
I Bl BE8 60 BRIR B P
R Wi = Festa o m¥E, B, R
el = Eol gle),

o] EERY MNIA microsome o] FEFESE Q3 HE
2A] norepinephrine, epinephrine, dopamine, 3,4-
dibydroxyphenylalanine, 3,4-dihydroxymandelic acid,
dihydroxyphenylacetic acid W &8 & catechol
fegtme]l 25 of MRS feAE Luclh o HE
KEs = S-adenosylmethionine 5+ Mg**+ (Ca*t Mn*+
Cd** Fe** Nit* %8 Z{f Bol-2)% 2E=IH
S-adenosylmethionine off 4] methyl & LI HE9
®3MrESY OHAEZ Efsle] methylfk ARk 2
B% pHE 7. 5~8.2 24 pyrogallolo] o] Ez3e] Misl
3ol o}

Axtlrod et al.1?, LaBrosse et al.®9.2 Mg Rl 5
¥k epinephrine 3l inorepinephrine fU#¢] + &L
COMT ¢l 48 O-methylation ©.24] %% metaneph-
rine 3} normetanephrine © & vk g},

Metanephrine 3} normetanephrine & 448y A
o] K5l #4553k 2 catecholamines 7} COMT o] %
3ol O-methylation 5 & BE-L —E] BH BE R
<2 JREEMALARE Higo] ol

Metanephrine 3} normetanephrine € $£3]# epine-
phrine ¥ norepinephrine Bt} 44 MAO 9 #%H&
wtol 3-methoxy-4-hydroxymandelic acid & ¥ v} (Leep-
er et al.?”) K#¥g MAO {3} deaminate & epi-
nephrine ¥ norepinephrine & 3, 4-dihydroxymande-
lic acid = COMT 9] #&ol 5+ o] BB Bl
3-methoxy-4-hydroxy mandelic acid(vanillylmandelic
acid, VMAD® #k5cl. 22]= 2 epinephrine I
norepinphrine o] &) MAOJ g Bet ®e
COMT ¢ fER& HES ol HRL MBEEY 58
S ol BRERBEHDESN VMAJL Ho) Fa Hips

£

Armstrong et al. ¥ 3-methoxy-4-hydroxymandelic
acid(VMA)7L. AL 8RS - [ER K Fo] = norepinephrine
®-L 3, 4-dihydroxymandelic acid & HE&1E 1%, =
pheochromocytoma A L fite] EEEsl #in
Al W|&Esta VMA 7} norepinephrine &) FIESH

ﬁ%{%ﬂ o] =5} deamination ©] O-methylation ®.e} AL
A bz F@Eads Lehd Axelrod?E FHdA4
metanephrine & normetanephrine o] F& o2 R
HEEs] =] epinephrine @ norepinephrine & 4T &
ERas] e & BZ&sla O-methylation ¢] deaminat-
jon Br} LTI S om o]e] Axelrod R L
# A% Hiepinephrine & A IR EH
o AR S E RE B REHES
B v, S HRateE] 87%7t Rl Phlts]
AL 1% 55%% metanephrine, 12%7} 3-methoxy-4-
hydroxymandelic acidol= #&sl A&e] 3, 4-diby-
droxymandelic acid ¢} & #IF o 24 catecholamines
4] f%e 2 COMTd ¥ O-methylation o] I,
MAO o @ deamination-& Zrix] BEZL RHBRE
o] opJelm RN =T o] HAEEL metane-
phrine & Aol HEarstn Rl Pl & REBE &
#3194l 9} epinephrine & HAEHA & 9} 3Fo] me-
tanephrine 3 VMA 7} W2 PhEd & Bgstx
VMA X metanephrine dl A gzl gt &

@35}e] iproniazid & A B34 epinephrine B

metanephrine & {EgH8HE vhuk metanephrine dko] R
o] He® & TSt catecholamines 9 A HAMH =
% 2] O-methylation 5= Ao} £l 2 MAO & O-
methylate 5 catecholamines ¢] deamination o] B8t
B2 $E38 . =3 Axelrod ¥ L BRFHEESSY
E-¢ metanephrine % - normetanephrine o] E#HOE
Frholl BElEE Bolusl RRMES ML #ES A,
B Sol4 s EHom Fastn Yo @R A
P4 catecholamines © O-methylation vy 8hg ¢
28} Ak catecholamines 7} 3 B O-methyl-
ation ¥ & & oA e}

CLES o8 HEgEE et COMT 7t catech-
olamine {R#d] BED £HE e BERIL F
Folwl 3 ks ERolA RSl mMEERA &
A%t catecholamines =i MK #H 4 catechola-
mines 7+ 2 COMT ol %8¢ O-methylation g-& 3t
By Ffgele A

3. 334 (Conjugation)

ol 5 7] Richter!n»1®% K8&< epinephrine & W
£ ol 7.9 sulfa WAK] HHEYE WEdgde
= Udenfriend et al. 1302 o] A& Al A HeEst gt -
=% 27]d] epinephrine & WO e B HHF & of
Re] glucuron BEs+ MEH R2 Phsi=Adx #Y
gtk o] 24 A (conjugation)L catecholamine {X
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ol BEE BRIk vl el BIF Euler
gl Luft’®, Euler et al.??, Schayer'?® 9] Hee] K
3le] catecholamines ] 4HE) HES HH3 % K
ol Hefk=s] & catecholamine #A -2 sl DB
Eie] welA o aeEe BE —fMeR AR
E R-L catecholamines, O-methylation 3 {434 (meta-
nephrine 2 normetanephrine), deamination ¥ &%
(8, 4-dihydroxymandelic acid), & VMA &o] BR
ol A .glucuron f§ & gzl A (phenol el 9=
OH )" 4 glo) o] ¢] catecholamine fRE] %5
B Aol ohva =3 BEEYG MEBEE AXE AX
obelis Felvh 75k ool BAfsle EER: HE
microsome o] FESLT 9) & EYHEERIFR conjugase
ol 3} (Brodie et al.?®),
4. B{HR(Uptake) ¥ #4Binding)

Catecholamines, #53) norepinephrine o] ZZRLTHRRL]
Kol A s o] HEEEIS KRR HEA e
FLER (transmitter)] & Fine] FEo) ol MISEE)E
EREA AfE= ok & HHY hivc BREDHS &
Fae o kKRS FEHI(refractory period), K
B Htar —B, DR wE =x JEEkEY ok
Frbe Aoleh 2¥A] shef okl vhi IEEE] ©h
Al R 9] e Eo) v

Catecholamines 7} COMT % MAO £9) gEd &
Bho] REE L FEe v nebe ERM A Bt
o] Fel vk %S st ¢k
o]} norepinephrine & Eipoll HEhfsled = FEHE &
FEHY B-& IR fFHo] Ve, o (EHY B
R HEE Fetd & A=bavh #iE B9 Lepi-
nephrine 0.4mg & 3 ity FEDS nELE
o] yEhh, TE—4E FAgel MERF-L 4
vl o] HE-L M iEM: epinephrine 7 T} 4k
el HEEHE A S Eote Aojvh 28y cate-
cholamines & Ptk =& KRB E o] &2 LI Aol
o] Fo =] Eqrl, 2= 2 catecholamines & 45
By fERS] I8 B oYl Bt o8] BEEY W
#o] =Heosieh

95> Lund®% epinephrine ¥ norepinephrine &
2718 Bk A EHT % 10509 84 mige A
HEE & BESE o)A L catecholamines 7} Mi¥Eel A
Bigo v i (diffusion)s] 7] =)-Fe|elzn HBsY =)
Axelrod et al.!®-& H3-epinephrine & 3ko]] FHHER
ol WHSHE MiF epinephrine & BIFESIH v miF
epinephrine JBE = 57 A ZH3] T Lund

*3} epinephrine

3 kel = el &Y epinephrine o] 285 7R
= MERY FESHe AolH, @il M epine-
phrine BE7H E T+ AL i FEREw AR
o] COMT ol #3}le] metanephrine 0 2 #fas]s] o}
Tolehx sty ek

o]u] Raab % Gigee!l4119 epinephrine ¥ norepin-
ephrine & Bi¥poll LR OFFE A RERew
B o] M 9 catechalamine & &) BHEs) 1
mA ek W4T vk 93 Dengler et al 40 LABYIA
a4, Axelrod et al'®= Bl .04 &4 catechola-
mines 7} BB e 7 WEE & HElw, 1 Fhe B
BEE Bt o] R4 & B
o Mgk A OEERE EEc BEN BEEEC K3
I #4535k o}, Dengler et al.#”-2 catecholamines 9]
BEENY E)-L ouabain ol k3] WEl=Ew —RNXE
Michaelis-Menten kinetics of] #:3kebm #8384 ok

Hertting et al. -2 KL VIEsle 2 XBE
SEf7EEA 719 catecholamines &) EHus} BiEs) Wb
& #Hstgdaz, Marks iet al. -2 radicautography
2 catechelamines 7} S o] BEE Y #ioh
TS & o KIS 'Rl A  catechol-
amines & #HEle] A WER e #iie 2
BEERe] BEMMC oha Iz SMnel ZRREHE Ry
o] BiFs H v}

=g BTEMASEOSL BB kebd
ARl BEELE] catechelamines & HINEA /NEERIp
dl st Ja Ao v JEEMEC (LEMW
2 25 #kile e HEREE s gl
wa sl =3 EEEel MR Bkl BrEtE cate
cholamines &= AP catecholamines, Bl AZR&IEEE K S
o] A 4= catacholamines ¢} [§—3}= (Potter 8 Ax-
elrod!®), ZFREHIRHIEL © & (Hertting ¥ Axelrod™,
Rosell et al. 1), x1= reserpine(Hertting @ Hess™),
tyramine(Chidsey ¥ Harrison®?) 8] #E4fe|| k3l
W=l o] ARE: catecholamines 9} [F—3 454y
fEAS 4o = waizich

DLES EBRHES FE3hd ARME catecholamines
7t ks €71 % catecholamines & y&tsl-E71 sb
B 2 —if7 COMT, %= MAOJ] {#3lo] His] =
ul 2R E RS AR BE B (uptake)s]
¢} catecholamines & BN fERS] #&iE0] o] Fof
Ak Aoleh

Ell catecholamines ¢ #H##%A #BHt= catecholamines
9o EEEM FAL BEAZE MY BES REMNL

catecholamines
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o] tl(Iversen ¥ Whitby™, Whithy et al.139),

#EEE catecholamines & MM catecholamines 7}

o1 s ez SREE BeREE s ot
M catecholamines 9} [F—31A] EEE=le] EHY
TN EAE YA Hrk

TR RS flEA Bkl #ERE £ catecholam-
ine B¢ 1 AEMARBW ¥ Mm-S catecholamine &
Bl HAskAul —ER o] MR=E FRiot fak
REBE ol Fo] 2 Lk BREX Rdle AL 44 &
2 = ul=ch(Gillis® ™),

V. # &

Epinephrine, norepinephrine & dopamine %] cat-
echolamines + 4EAC4A EX¥oR £R=EH, = 4
REfLE chromaffin (2 EIFFEHI = Zucker-
kandle lE22 = ®E), LTRIHEXH 2 I8 Sl
2 #ell A epinephrine & £8 EIFHBEAA &K 7
W] E8o 24 (AR, norepinephrine & F 3
ZREE R A =] WS iRl frE
3] dopamine - norepinephrine U epinephrine ¢}
BB E W 2 AEEZPd 28 %=
RES HEBes Ak dagd-

o} & catecholamines 9] £pUBES BRY TEERS
o2 BES Fastn Q& aminofEQl tyrosine o]
B B BRRES AR olFolAs. Al tyrosine
o] tyrosine hydroxylase 8] g2 DOPA 7} s )
o}7} aromatic l-amino acid decarboxylase¢l] {k3ted
dopamine 0 2 ###is v o] ¢] ©}A] dopamine beta-
oxidase ¢ #Bfi{E norepinephrine o} 4=l BiFes
BollAe 2 2% Bl ##S 13+ phenyl-
ethanolamine N-methyltransferase ¢l f&&¢d norepine-
phrine o] epinephrine ¢ & Xt}

LB E catecholamines = MER /IERichd] g
el gk o] JEERS ETEME =t BEERL
whel kst MfaRe ol Ko sl Y
T o o] Efudl+ ATP/ 8538 45 =
%3}t dopamine beta-oxidase & o] kiR Bo] 9t}
o] /pEKIE  catecholamines & fEAMREES BrREslo
SRERE H5 REE S R BEEREN
% E&#E catecholamines 7+ 72 #H{HLsle sty &
HE FkRlz ek

Hr#i® catecholamines &= £ AEAFIE S iy
fRete] MEEERICh L EEEE-S TS AL acetylch-
oline 8] HAE ¥ calcium HAZSD FEHHYStE

Bishel —

3=

JEBE catecholamines 70 F&= =3J TRGHHR S-S
o FENE AV B ERY FHoE {LBH BLE
doA FiEHE RHEDE Efsd B il

Catecholamine 133l BHER3)l = B|ES B2 MAO
oL COMT o}x}.

MAO = catecholamines ¢ oxidative deamination €&
1Bt 3l = BY¥E 2 A epinephrine I  norepinephrine &
o] EERS e 2 3, 4-dihydroxymandelic acid 2 5
v}, 21} epinephrine ¥ norepinephrine o] =]
MAO-«] fik3lo] - R vl HiFEe #HHs ok
catecholamines 7} s BHEEGIN A Mg Sof
7F71 Bl —#R7F MAO o} {k3ke] deamination B I [fi
#he catecholamines m¥= 3k catecholamines 2]
Rl = MAO 71 Jl2 BRERstx] & tobesde] BE
7219 EE BRIk

COMT + catecholamines®] =7 &l 3= OHES]
f@ﬁ"ﬁ' B¢ = A epinephiine: Y nor-
epinephrine & £4%& metanephrme
o2 vk I £HBgy (RS BEAZ). Catech-
olamines £ =2 COMT] tkshe] R@=" K8 m
%9l catecholamines & %3] COMTdl| 2}3}e] O-
methylation §l = = —#e 4 MAOY fEfies
VMA = 5 &7} =& {84 (conjugation)d] & 5} glu-
curon it =& HEI WEse ks cl

Catecholamines 8] £ #BWIEHA S BRI 713
BEER Wi WBE - catecholamines 0 74 #RA %
H(uptaked) 2 4] T2 TR S GNA o] FoiA
=, :

RS catecholamines 77 T+ BRI Al A£RE cate-
cholamines ¢} 7o frigslz o4 W=}

methylation &

normetanephrine
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