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ABSTRACT

The responses of melanophores in isolated scales of Oryzias latipes to five
sympathomimetic amines with an OH group on the phenyl ring, including
octopamine, sympatol, phenylephrine, tyramine and hordenine,were quantitatively
investigated under a microscope. All of the compounds, except hordenine,
strongly induced concentration of the pigment within innervated melanophores.
Relative activities for causing pigment concentration were found to be closely
similar to each other between octopamine and tyramine and between sympatol
and phenylephrine. In these two groups, the former was slightly strong in the
concentrating activity. The concentrating action of hordenine on innervated
melanophores was extremely weak, and increase in concentration of the drug
caused no marked increase in the response. In its high concentrations, the
pigment showed a redispersion after a transitory concentration.

Chronically denervated melanophores were less sensitive to all amines tested
as compared with innervated ones. The reduction in the sensibility after
denervation was small in octopamine, sympatol and phenylephrine, but very
large in tyramine. From these results the following conclusions were made.
1) These amines have both direct and indirect actions on the melanophore
concentrating system. 2) For sensitized response of denervated melanophores,
the phenolic hydroxyl groups on the phenyl ring are of greater importance
than are presence of the alcoholic hydroxyl group on the beta carbon atom of
the side chain, the presence or absence of the latter being of less significant

than are assumed hitherto in smooth muscles. 3) The concentrating activity of
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an amine is made to reduce by N-dimethylation of the terminal amino group.

B ORBERIITIEH L EUEEOMIEE #7223 (Spaeth, 1916) , ZDEEICT: T
DI S »75 b H % (Spaeth and Barbour, 1917 ; Lowe, 1917 ; Wyman, 1924 ;
Verne and Vilter, 1935 ; Watanabe et al., 1962) , SE#EIHICI N TIZEYO VEFREEEOEE
5, YOS & EEEH & OMEMR#EIN TS (Fleckenstein and Burn, 1953

; Maxwell et al.,, 1959 ; Trendelenburg et al., 1962 ; Schmidt and Fleming, 1963) .
Marley (1962) 3%+ 2 DU ThridiEds & OF reserpine NI D BSTHZLITEERE 2 360V T
sympathomimetic amine % 3EBHCOEEL T3, HB 1B OFEEPICOHER2F 5724 3
7272% phenylethylamine ¥{Ta& b, 21 b ORI FHREEE CEIMEE LI, B2
FEBRP, EIEMEO 8 REOWTNPICIEOOHER L SYETH Y, ThbOYH
OBIEIERICT 50 X EId bR E - ER Uc, B3HRFERC2BOOHERZ D
P, EILEFERICIEOOHER L, 35O g RECOHERZ D7 ILT, C
NI U TR BRI L R R 2 R U Tz,

—F, REREAEREETIIC S UirEd» o OFMRRED T, I (1965) &4 X 4D
S A CEGBHRIICIST 5 ephedrine DOfEM % F~, ephedrine XIEHBEFERICH LT
BEERIER 2 § 0N, MREBRILERIE Z DIERIZEALT 5 T & 28Z L, ephedrine 13 #if%R %
HNUTEGHEEREICH ML, CDL ERFEHZRAICHT S sympathomimetic
amine DN Z O F FAPMO ROFEKIEN TSRV LEZRTLOTHY, LD
CLEILIEBHEHT 27 FLr ) AEAEREREORPOBIK 25 A 12, 3R (BH,
1968) Tid catecholamine & DC LT DWW TORER» S 7 ML ¥ Y VESEIERAFIICH 7 2
— W OHEDEEE 2 Ulc, AMTEHEFRIC IEDOOHESR L 27 3 VHItDNT,
%@%ﬂ@%lﬁﬁ' BTG S LEBE L OBBE RN, 2Nk 5T FLrd U o OVERERE
2i8RT 5 BB CTHETOERE 21T - 12,

& HE

MR E UTREER A 2% Oryzias latipes ({£522—35mm) DF5H > 5 CREFEEZ AL
7o HEEAEEERE LA (1949) IC X 2 HKEBREREOIZDOEDTHD, NaHCO; T
PH7 2B Uiz, BB 3T 2 OABIREBFIEBICER U THW I, KCl Bz AE
FHAEEAIR L &R M/7.5) Oy D% NaHCOs ¢ pH 7.2 & UTHERA Uz, MR {bE
AOIEH, RERRORICOMUEIRHROZNL LRALHETH - 12, RBEEMIRO5ET
& - 12, dl-octopamine hydrochloride (Sigma, U. S. A.) , sympatol tartarate (K & K
Lab. Inc. U. S. A)) , phenylephrine hydrochloride (¥fHA¥E2E) , tyramine hydrochlo-
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ride (3¥HH{tZ) , hordenine sulfate (EFH:{LZE) ,

s

S
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Fig. 1. Typical responses of innervated

(empty circles) and denervated melano-
phores (solid circles) tooctopamine. Room
temp. : 20—24°C.

Table 1.

MR, ABRBEERIC»AL, 20D
10720 LIsSH R 5 12, oD, &iE
BE (5 x1077—1075M) ORERIK % 10731
e %, ZOBRICHELEIN I RIG2iCHEL
oo IEH® & CHREELEAIC DN TORE
B TORE—RIGERO BRI s F 28 1 X
KR LT, REBEEBICL 5 BERBORSE
B R TH Y, WTROBEIC
BNT 10T LURNICEE L T2REER & 5 12,
B 2 EBOEEERIC» A LTcDBITAH
b3 BEEEROESED S ORIEOEIIZIE
BEMRELEATEREIBEY 51T, nor-
adrenaline D2 L HHET % L HRP»ThH -
7o TO& 5 ISHIE 2 BBREIC DOV TI0RILL
Efizw, 2hb > b JZREICEST 2K
JOEEES & CEEBRERRDITEH 1R
HOBE NS HRBREGER Ik 2 RE
FROBKEEREZEHETRUTH 2,
> T100% XEEDROA SN2 -T2l &
%, 0%IISEEBERPRTCLITLS, BE

Numerical representation of the concentration response to various strengths of

octopamine of both innervated and denervated melanophores of Oryzias latipes. In parentheses
are the number of experiments. For details see text. Room temp.: 20—24°C.

Concentration of Mean value of the extent of response
octopamine £S. E. (%) ’ Level of
M) Innervated Denervated significance
5%1077 94.543.42 (11) 94.84+2.96 (11) >0.9
106 74.8+6.10 (A1) 80.9+3.32 (11) 0.5>P>0.4
531076 7.6+3.20 (11) 34.9+3.24 (11) <0.005
1075 2.84+1.52 (11 14.2+3.68 (11) 0.1>P>0.05
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FEIEE T d 3 octopamine
DU SR IER B & OHiREE
{GIEATHIT 5 X100 "MEBET - -
bHolo B1RORIGHE S,
BRE—FGERERD . (B2
K)o 77 7idftEc RGDX
X32ROESOEDE (L
) T, HEICHEEKOBE »
SETRUTH 5, B0
AT % RE— UG IE
HBEADZNOFERICHIE L1,
LDT LidmRERIIC L 3 oc-
topamine T¥9 3 EBE&HFEKOD
BSFPE(E TR (subsensitization)
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Strength-response relation in the concentration

BBLEATZN Z11.82 X
1076M, 2.90x<10°8M& 75 b,
Z DRBEZERELEIZ0.6EL 78D,

response to octopamine of both innervated and dener-
vated melanophores of Oryzias latipes. Perpendiculars
drawn up and down from the circles indicate the
standard errors of the mean. Room temp. : 20—24°C,

K9V DIFEZMEILT 2R LT,
2. sympatoldD{EF

sympatol (p-hydroxyphenylethanol methylamine) MOEFEEEK (5 X10"7—10"4M) %
fL, octopamine & [FRITTEETRENL 120 MDD DL EIZTHAIC 5 1077 M
BETh 2. (1 BRERREIEEEATIIICMTH H, MHBELEATIICAE hEW, &

Table 2.
sympatol of both innervated and denervated melanophores of Oryzias latipes. In parenthees
are the number of experiments. For details see text. Room temp.: 22—24°C.

Numerical representation of the concentration response to various strengths of

Cozc:;i::tt;;n of Mean value of itéle Ee'xte(l;n/io:)of response L ev.e.l of
(M) Innervated Denervated significance
5%1077 97.4+1.14 (11)
106 90.2+3.42 (11) 94.4+2.53 (11 0.8>P>0.7
51076 43.5+5.33 (11) 65.4+6.27 (12) <0.005
1075 19.84+3.96 (12) 50.3+6.99 (12) <0.005
1074 2.9+1.42 (12) 17.1+5.09 (12) 0.05>P>0.02




56 B A &

oof b -
< - —
2
2
[ I~ -
Q.
w
- 50 .
G © ©
o - 9 o -]
8. - o
= - O (@] —
-—— < P
e= _
o o Innervated |
b -
= e Denervated

"e

or, 1 | i 1]
51077 1076 5108 1073 1074
Concentration of sympatol (M)
Fig. 3. Strength-response relation in the concentration

response to sympatol of both innervated and denerv-
ated melanophores of Oryzias latipes. Perpendiculars
drawn up and down from the circles indicate the
standard errors of the mean. Room temp.: 22—24°C.
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BRI & 5 BRI X OV
HEEBIRIC» A LI b Dk
b b OEEDHES X
amine DZ N L ZRIFD LN
IS toe BEREICKY 58]
EEE Y, RIGEEES X O
HHEsERRY, H2RIC, I
EE—RGER 2 3 BITR L
2o 50%BEEBEE X ER S IO
MEBEILEATZNZEN 4.0 X
1076M,1.03 X107 5M & 72 b ,
R & » BEFERD sym-
IS e
tion MEEW HNiz, <D EEZ
PEZS(LERIZ0.4TdH - 12,

3. phenylephrine O{EMH

octop—

patol subsensitiza-

phenylephrine (m-hydroxy-
phenyl ethanol methylamine)

OHRTEREW (5 %1077—1074M) 2 FVER 2173 - 12, ERREZER CORERE, BE
DK 3B L EBOEEERIC» A LD bOEEN > OEEZX sympatol ODZhb &
2 P Utoo REEBEICH U TOTISMES & O EHEEE 2 R & 3 RIC, BE—[USEIGR
B ARNCTR Ulzo IRH 3 & O R HEA T D0 % BHEBRE 2 RD 5 &, 2N EN 4.91107°

M, 2.07x10°5M &7z h,

e
%

Table 3.

WEGHE it & » BEFEKD subsensitization PEEH HEN D, TOD
BB ONBEGEP S A RINTE AL ETHY, ZOBZHENFIR0.2875-512
PSR O FEE L sympatol O ZN L h HITHITKTH -1,

Numerical representation of the concentration response to various strengths of

phenylephrine of both innervated and denervated melanophores of Oryzias latipes. In paren-

theses are the number of experiments. For details see text. Room temp.: 22—25°C.

Concentration of Mean value of the extent of response
phenylephrine +S. E. (%) > Levetl of
(M) Innervated Denervated significance

5%1077 100 9
106 88.0+£4.37 (10) © 100 an
5%106 49.6+5.44 (11) 78.8£5.21 (11 <0.005
1075 20.74£7.91 (12) 59.6+£2.84 (11) <0.005
1074 2.1£0.37 (11 29.6+4.00 (11) <0.005
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4. tyramine O/EH

tyramine (p-hydroxyphenyl
ethylamine) OZEEER (5
X1077—1073M) &R TRER
2175512, EREATOERSE
WEEIR S X10TMEBETH D,
107 S M CRERENSTC 5, B
LB, FIEBENERBR
A LICD S DEEED 5 DA
E D 31k octopamine ®ZHh
b EREFBDONIS; T2,

—75, MR AT
FIRIIELUCREEL, BEE
EZI0*MEE & 5512, BB
BT % RUGFI(ES X O
HRERRD (B4E) , BE
—RUGBER 288 5 BIT/R LTz,
IEREARTOD 50% BHERE E 13X
2.3x10°M Th -1z, %R
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Fig. 4. Strength-response relation in the concentration

response to phenylephrine of both innervated and

denervated melanophores of Oryzias latipes.

Perpen-

diculars drawn up and down from the circles indicate
the standard errors of the mean. Room temp. : 22—

25°C.

{LEEARTId tyramine 1C39 2 B DZERD 12, 50%EEBE LB L NIH» -1, 20T,
W EEME Q0% ILEEEICH N T) TRSMEA S &, $bseDED & /512,

5. hordenine O{EMH

hordenine (p-hydroxyphenyl ethyldimethylamine) MO&IEEE (1075— 5 < 10-3M)
ZRCTERUIL, EREATOREN HZI S MEETH S, HEEZISICELILTS,

Table 4.

Nnmerical representation of the concentration response to various strengths of

tyramine of both innervated and denervated melanophores of Oryzias latipes. In parentheses

are the number of experiments.

For details see text. Room temp.: 18.6—23.0°C.

Concentration of Mean value of the exjent of response

tyramine (%)

M) Innervated Denervated
5X10°7 99.4+0.60 (10)
1076 93.44+5.11 (11
5x1076 9.5+3.74 (11)
1075 0 (14) 100 (5)
1074 97.6+1.79 (11)
10-3 79.2+3.54 (13)
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Fig. 5. Strength-response relation in the concentration
response to tyramine of both innervated and dener-
vated melanophores of Oryzias latipes. Perpendiculars
drawn up and down from the circles indicate the
standard errors of the mean. Room temp. : 18.6—
23.0°C.

RIGEOHEMIELL 2L, 5
x10™4M X b BB E T3 LEH
BRI THREDSIA R 5,
F 725 X1075M, 1074M TiZAL
HhRDFhREENALNEE
B, - BEKIBAD LN
BN EN D B, EEAER
BRIC AT E, B
Thoizh, IBIZIIHET
Lizh, MIBFRTEILHED S
Nigipo 2B ETY, BIFAE
UCTEENKC AL DT &b
HoNic, MRGRILEARTIE
£ E{EIZI0*MEETH D,
RHEELHETICE b B0 ERR
b¥pFoREL o1, BRAP

TOEEE, SEMEEERKIC »A LTObOEED #TZRBY 5 hish -7, hordenine
DEHBWETORIGERE 5 FIC, BE—RIGEE2E 6 BICR U, BE—FIGBERAEA
EHiT, BENCETESD, BRI 2 EEICAIB LIz, DT LidRERIbIc X 5
BeFBORSHET2RTLOTH 5, MEAIICS0%ERBRERZEONEH» 512 VWEE

RHE (90%FUGME) CTORZHE(LRIIKI2sDWD TH - 72,

% =

fEREEERICHT 2 sympatol DfEA (Ciabatti, 1929) , sympatol 35X ¢ tyramine

Table 5. Numerical representation of the concentration response to various strengths of

hordenine of both innervated and denervated melanophores of Oryzias latipes. In parentheses

are the number of experiments. For details see text. Room temp.: 25.8—29.0°C.

Con;::;t;i::;n of Mean value o:ft St»h% .ex?:/?)t of response Level of
(M) Innervated Denervated significance

1075 99.540.55 (11)
5%107% 90.4+4.13 (11)
1074 81.3+3.66 (12) 100 (7
5x107¢ 82.5+3.51 (12) 97.6+1.82 (12) 0.025>P>0.01
10°3 80.0£6.03 (11) 96.0+2.95 (12) 0.2>P>0.1
531078 69.2+6.04 (10)
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O x5 (FFH, 1965) 1o 100k 7 — ™
TIRTTIHEN D29, 2h B i
bOBSERIE S L OBRHEL 5 | ; ]
DEMHEIC >N TR SN T g i ]
VIRV, AEBICHOIIEDL, g I |
EREERICOWVWTIE, horde- g sol- |
nine %2 FRNT, TRV EEE s L .
R 2RI, 2156 OEERE é’ L hnervated _
i3 octopamine & tyramine, §, ' . Denervated i
sympatol & phenylephrine = | |
LTHEBETH Y, —HHTI ok, o o '
HIEBES DT IR 2R L 1075 51075 1074 51074 1073 51073

Concentration of hordenine

(™M)

7o T o DBAfRZER 7 BITR
Uizo FI2TNTOEML,
FEBALEAITH U T b BrEEIEMA
BRUIZ, COHE, ThbD
7 3 VR TIRNEY R I
T%#72, octopamine, sym-
patol 33X " phenylephrine 139 2 BAEEBOBSZHETIZHTHTH - 7203, tyramine
T 5 2 ISR THE Ui 5 12, 1COICHRERLEAR T, Thb07 3 VEHOE-FIIL
octopamine > sympatol > phenylephrine ) tyramine > hordenine & 78572 (88K,
COLSiT, ARBRICHWIZSEOT 3 v B MRbRIic & 2 BB R (LicEHE2EL &, &
EREEESINCN T 5 FARUICE U TH—BHICEE T2 M TE 3, COC L IRAEE
BREICENTIE, FERCLIEOOHEZ D7 I V3D # REOHE OFEL I3
Rz, BELBEBEO_EEMA2Z L 2EBAE Y IR ANZ DXL, HRE{hic & 2 Bk
WAoo, MEBEERANLIVERZ T I LEHEARBTLENTES, Z2LT, #Fa—V73r
FERFEBRICANICT S VHE OB ST ORI, EEERICELT 2 o 0FR4KE U TOOH
HOPTIIEL, Pl d 2D = 7 —VHEOHENABER SHEERDTE LTES LT
HLERTRBRTEEDTHS 5, BUDICHb~<zk 51, Fleckenstein and Burn (1953)
1% 4 3 OB ChR##EH, Schmidt and Fleming (1962) 13 reserpine LD w4 F D[HE|
JFC, Marley (1962) i3 % 2 QML TR, #5XL0° reserpine ML,
pehnylephrine I3 953 supersensitization »#2L, chbd OEPIEERET I VICE
THCEEMEML, B REOHEDEEM ZIBA I, COT LRAMBEGRIZEEI B
OFFEERBIZIEEREDO—DOTHSEBDNL, UhLahs, BEEGERICONWTS,
octopamine & tyramine, Fij#C® noradrenaline & dopamine DH#EITRT & 51T, B K

Fig. 6. Strength-response relation in the concentration
response to hordenine of both innervated and dener-
vated melanophores of Oryzias latipes. Perpendiculars
drawn up and down from the circles indicate the
standard errors of the mean. Room temp. : 25.8--
29.0°C.

sympatol,
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Figs. 7 and 8. Comparison of the strength-response relation in
the concentration response to tyramine group on the innervated
(Fig. 7) and denervated melanophores (Fig. 8) of Oryzias latipes.
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renaline & OEFFRIZ, {LEMERICTIE octopamine & sympatol & OEE{RITH b, noradre-
naline—adrenaline BN T, BEEE BIEZCARZBEENEALN TN, 5T,
7 LU AFHO Nomethyl [biz BEFBEEELICK S 525D, ELALLS

ZNRHIFIVHEEALTIV, U LM S, hordenirne & tyramine DELEIART & 5

ic N-dimethyl (i3 RERBEEEE 2 ZW Sz, COC LR EBERERICIERD
Kb, FEMEREAUTOMBMICS, 7 3 AMERAPEELBEHEFERLTOET L%

RTEDTHAH,

Trendelenburg et al., (1962) i3 reserpine ALIEEZED F 2 DEEEICOWT, para & meta
o OHILAY) 5 BOTEY: 2 K3 L, meta-OH 75 para-OH X h HEIFAICH L TEETH
3T E®TUR, Ui Uhin, Schmidt and Fleming (1963) 0%+ *EBH TORBTH,
meta & para (IO OHEDEEWOERIZML H T 12, A X HBEFERTOD sympatol
& phenylephrine #E5E § para & meta fIOOHEDHGAIEERIZIHE S H»TIX b - 12,
T DFAICEE U Tid /2 B BIEEEY DI S TTRIC R I { TR B0 T25 5,

= #

L. X755 CRERBZAV, FERC1EOOHE R b 2ET O EERIHE
7 2 v (octopamine, sympatol, phe;nylgaphrihe, tyramine % & 0% hqrdenine) LCS(ET'Q‘ B{E
PR, BYOLERE L BHEEE L OBENRE NI, S

2. [FEEGFEMICH LT, octopamine, sympatol, phenylephrine %35k F tyramine 3
BOBHESIR 2R U, Z2h 5 OERGEFEIESEEMER octopamine & tyramine & TIX[FARERE
Tdh b, sympatol b T wicd -7, £72, phenylephrine |3 sympatol ERIUTh - 12,

S 3. LD OFEMNITELRUERICE U T b BEER 2Ho0, MBLREERIEOINSG
FEHT AEEEIROTNEET UL, COC LBk 2 BZEERcE 7 a—
W ABRRE 21ET 2 EBbhh b, B D E&id octopamine, sympatol, phenyl-
ephrine TiZHThTh - 72h3, tyramine D ZNIEIHD TKTH - 12,

4. hordenine IIEFH & OMiRE(LRBRIMCHL, WO THOEREMZ b 2iIKTE
Istr o 12e IEWBERICH - TIXERE TOMEF, FEICHO THREDET 72, COFEYT
b, MEERINIT X 3 BREETBA 5 M,

5. ZhbH07 3 UHIREGERELCH U TRESL ) MEEAN L VEBOREATY 3
LAHizsha,

% #

AEEICE U, HIEBU I EE 2L Y, TR ?’fiﬁlfiﬁ@ﬁ—f: I 5 ZIRBREEER OB EY
BICHE L BT 5o 7545, BBRICH 12 » TIRITANMFEOHA 2B TLTHRMOE2ET 2,

X OBFR  BEREEFMEESE
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