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During the last decade extensive studies on catecholamines have evolved new knowledge in the
physiology and biochemistry of adrenergic mechanism. Cardiac muscle, receiving adrenergic fibres
from the stellate, cervical and thoracic ganglia, has been repeatedly shown to have a specific capacity
to uptake and to store catecholamines. The catecholamine stores in cardiac muscle have also been
shown to be important sites for the action of numerous drugs. Under normal condition, a certain
level of catecholamines is maintained in the stores and serves as the basis for studying the changes
in the catecholamine content of the heart. Because myocardial catecholamines play such important
role in the patho-physiology of the heart, it would be interesting to compare the normal level of
myocardial catecholamines among various species of animals. An occasional study has dealt with
myocardial catecholamines of several species and ages of animals but these have been insufficiently
comprehensive to afford a basis for an understanding of the importance of these amines as related to
species and ages. The present investigation was undertaken to determine whether or not there is any
significance of myocardial catecholamines in the course of the evolution and development of animals.
Seasonal changes, sex difference and regional and subcellular distribution of myocardial catechol-
amines were also examined. The concentration of cardiac catecholamines was determined by the
spectrophotofluorometric procedure described by Shore and Olin.

The results obtained were summarized as follows:

1. As animals phylogenetically progressed larger amounts of catecholamines were present in their
hearts. A negligibly small amount of catecholamine was present in the hearts of the clam, a non-
vertebrate. Among the vertebrates, cold-blooded animals (snake, turtle, frog, eel and fish) had less
myocardial catecholamines than warm-blooded animals, of which aves (fowl and duck) had less than
mammalia (cat, dog, rabbit, rat, cow and pig). The ratio of norepinephrine to epinephrine also was
greater as the animals progress phylogenetically.

2. Examination of the regional distribution of cardiac catecholamines in warm-blooded animals
showed that the content of the auricle ‘was generally higher than that of the septum and considerably
than that of the ventricle, but the differences of contents among these regions were not so marked.

3. In the embryonic chick, cardiac catecholamines were firstly detected on the 4th day of incubat
ion, the time before the cardiac innervation of sympathetic nerves.

The concentrations of these catecholamines increased but not markedly on the 6th day of incabation,
soon after the innervation of sympathetic nerves to the heart. The level of the cardiac catecholamines
fluctuated throughout the remainder of embryonic development.

4. In newborn rat hearts, a considerable amount of catecholamines was present. With the develo-

& HHRe 3 National Heart Institute | Bisegt HE-05264¢) BEf-ABEE: BRLKE PHERE B 92

—_ 1 -



—Z=kt 44t © Catecholamine o] §gsled —

pment of the rats, the concentrations of myccardial catecholamines increased. The ratio of epinephrine
and ncrepinephrine fluctuated within the range of 40 to 60 pervent. However, as development
progressed, the percentage of norepinephrine continued to rise, attaining the adult value of 80~980%
after 45~60 days. In contrast, the total amount of epinephrine remained fairly constant throughout
the animal’s development.

5. No significant sexual differences were observed in the concentration of myocardial catechol-
amines in the develeping rat.

6. The catecholamines in the rabbit hearts increased during the summer seascn (from May to
August) and maintained a fairly constant level in the other seasons of the year.

7. The subcellular distribution of cardiac catecholamines was examined by differential centrifugation
of homogenates of cardiac muscles in rabbits, cats and rats. The catecholamines were found to be
present apprcximately 20% in particles of mitochondrial fraction, 45% in particles of microsomal
fraction and 35% in soluble supernatant fractlon The particle containing - catecholamines in cardiac

muscle appears to be two different sizes.
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Table 1. Cardiac catecholamines reported by various investigators

|

Investigator Arimals l Method Catechoii?n}lllerﬁst gﬁi/ci{n )
Lowi Ficg \ Frog heart 10 ~2.0
Shaw ! Frog i Colorimetry 0.3 ~L.2
Shaw | Rabbit | Colorimetry 0. 015~0. 04
Cannon & Lissak i Cat \ Cat B.P. 0.5 ~0.8
Raab | Rat [ Color 0.3 ~19
Rasb & Humphreys |  Cat ! Color 0.9 ~18
Raab - Man | Color 0.3 ~11

i Cow l Color 1.2 ~2.0
Bacq & Fischer 1 Man Nichtating Membrane | 0.3
von Euler | Cow, Horse, Cat Cat B.P. 5.0

9tk & tyrosine & DOPA & = %:.47] % tyrosine hy-
droxylase 77 ZERITHRS axoplasm o] EZEST Q=
(Nagatsu et al. 1964), o] & 47} norepinepbrine 4 @5
ol A rate limiting ] €8 @}z k. DOPA & C
OCH 7| & fksle] dopamine 02 RA3A|7]1: s3S
Zvl} 5} aromatic L-amino acid decarboxylase 7} 7+
A7 8 cytoplasm o] FFESt T ¢ L (Weiner, 1970),
dopamine-8-hydroxylase 7} Z7+A17 A 3799 Bkl
Fasn glel A (Viveres et al,, 1969) norepinephrine
2 Aol A B0 2 norepinephrine o] A E vt
£ <= ot} Norepinephrine -2 epinephrine © % 7] 3l4]
7]+ phenyl-ethanclamine-N-methyltransferase = 3
EIEBEE At 5250 Y7l wi el @A A epi-
nephrine o] A Fvtu e 77 8 v Wb 24 A
ol Al sl = F# catechclamine <& norepinephrine
olm g2 iR A% LfFdlE &= norepinep-
brine o] &K= e] 91-¢ AE A V4L F+ vk &
IT $E <] epinephrine 3} norepinephrine -& 2383l o] ¢
T3] PIET 4 ¢l = spectrophotofluoremeter 7} #2285
o] (Bowman et al., 1955) {0ffol] 4453 catecholamines
&} X#i4ro] norepinephrine 1.2 oie ALE] k3t
AR abelw, EI HEANeR LMl SRl AR
TRE-S- UIEste o] & RITEMEARD 024 AR A
norepinephrine £ Fo] o 5 1. catecholamines #%3] nor-
epinephrine Eo] A2 EAEIE W alo]vh(Lee &
Shideman, 1859 b).

%453 4l -2 catecholamine & B Es = fFE WB
2 7}A 2 98- Raab @ Gigee(1955 a)7 #iEst Bizk
Axelrod et al(1959)3= H3-epinephrine ¥ =1 {XF%H'E
o B3} A& o)A epinephrine o] 443 AHA L2 L

el mER e BES BRI e catechol-

amine o] A Aol WEH o] AekA 7} A AA v Ry
oz Wpor}lee et al., 1961; Stromblad @ Nicker-
son, 1961). =38+ Friedman et al.(1968), Jacobowitz
(1968), Jonson ¥ Sachs(1969) & A Ao chromaffin
il 2.0 W XM oA ol EelA cate
cholamine o] £M42 TWHEHE #Rsl e 2, Palade(1961),
Sosa-Lucero(1969)% L ERF #5918k 7 WERel o
¢4 catecholamine & AWt MBI gvh ol b3
2+ FEL AT Oe e HHE TR =
= D E e Ko catecholamine o] A =] b= of
—E &Y catechclamine o] {EH A AR &F L 3
Lo Wiger HwEe v JEv I AREEYE e
EEES #BER kol B2 98E g 3 ok
sHWeiner et al., 1971) #} A5 catecholemines 7} 7 4kt
ol A s DB 5ok ks m(lee g Shid-
eman, 1959 a), PHICHTE), (KMt PIBERVIERD, stress 4
PRy RS A ety £y @ FEERo® catech-
clamines o] s 3. HHES catecholamines & mono-
amine oxidase v} catechol-O-methyltransferase 72+.2- & 4
o ksl SR st vk A2ERA ] 4A5 7
= %1}1;]-.
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ok a8l 2 AR catecholamines & #-F == I &
#E B AR wixA o EREES TR %
obok & A2 ERo|v}h o7 x|l WMET FHEE)
el A A catecholamines ¢} A AAE ¥ 4] &
¥, catecholamines o] HEHLS) ERTLR I R
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A kER St TR BEAaEk] HERY Mtz
ERER oz de ERAR vk ¥s) Bowman
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A =gk

B A 65 A3 BICH 352 Shore ¥ Olin(1958)
oll #stAst F OfBITd 473l catecholamines
& ERtEwrholl 4 butanol 2 i 5}3 butanol drol] &
H catecholamines ¢ heptane ¢ fi$© 24 butanol o}
He FREE BETAAY. FA BiKBERED cate-
cholamines & B{TAAHK o] A& BbAA Biiko] 3
3l trihydroxyindoles 2 ###14]% Aminco-Bowman ¢}
spectrophotofluorometer % {E#2 catecholamines 3} H#
A 2 B¥HS WEsHE Fdko] v Catecholamines
& W pHal 4 E{bA]% ) & norepinephrine o] 4] 2
B = #EE 2455 epinephrine il 4 FHH
BLEE sMEE R & HEA st Bigl4
i3t catecholamines & ML L #¢) pHE b2 &
£ 24 epinephrine 3} norepinephrine € %4 ZEHIE
T < gl

LA kel FEe] 3zBIste] norepinephrine % epineph-
rine YERIEE FERsE Ggal 2o

4

LFF 2.0gm 2 PIEke] 4.0ml 8 0.01 N HClEW
o] Eo] gl Potter-Elvehjem #5 75! [E#E# homogen-
izer o] ¥ 3 homogenate §}v}, . homogenate 2 0ml
% 35ml 7} =& glass stopper reaction vessel o] ¢ 1,
2gm 8] NaCl sz 20ml ¢] butanol-g Nt # IEBEE
£ FAsSt ISt RSz, # 55H ELLEK
2 /78l oo = A7) butanol LW A 13
ml & H3te] 277 2o vhE glass stopper reaction
vesgel o] %7} 3 15ml 2] heptane 3+ 2ml¢] 0.01 N—
HOIS mash o)A o 557 REBSEL R
7L ¥ #9550 ELIR-E 173l% butanol-heptane 3
s HCl fi5o] SEsivh. Vessel Tifiol 4w HClw
24 1L.5ml-E EfEs EEld 10mlsh == 2.k
BFEA %71z pH 5 &< pH 39 acetate buffer sol-
ution 0. 5ml 8} 1. 25% iodine 0.05ml & pi&tiE 75
3 BEAI L FHES 653% 0.05N-sodium thiosul-
fate 0. 1ml & josled s}l iodineg =13 A7 6Ll
alkali ascorbate solution 0.5ml & #H 7 EAAA Eil@
o} #k@Esle] Erk Alkaline ascorbate solution-& 5,0
N-NaOH 10 mld] 1. 9%-ascorbic acid 7% 5. 0 ml &
et Ao v EEERN e FHED BHESE FRAT
o}, Alkaline ascorbate solution-g- A 7}s}3 4543¢) 7
g F Aminco-Bowman spectrophotofluorometer &
F4FB sl activating wave length 400 my, fluorescence
wave length 520 mu ol A BB S fluorescence S i
pekiig

4% E5viel L# homogenate 2. 0 ml X &} 0. 01 N-
HCl 2ml & Wstd RA—BETA RA—HBFEE T3
blank E# 3l 0. 01 N-HCl o} B#AR —F F=9 &
# norepinephrine ¥ epinephrine ¥ 2ml £ Hyzle]
—B{EE Wete Y HBERS Fd fi7sl
PzESE fluorescence & Hlidk o 24 L catecholamine
2.3}, epinephrine & 9 norepinephrine B-3 &4 &
st EHE). Akl K3 0L catecolamine &9
BBEL 90%0] o

2. D catecholamines B %

Bl A2 UF A4 Lk Aoz EHA
oto} 7. Bk A SIe vh(Lee et al., 1960 b).

i A 499 BBHALY A5 100 TyE 300749
ARG EHst A —EES] sampleo] = glv
5 o8 AY BpAAE Bt BY 100mg bk
o] & ukE FA4], #HHs) e A& BT homog-
enizerof YW x, ol & ROUESY KHe BmEdeh
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B i3l #2659 0.01N-HCl-& o)d] Insted
homogenate & g ste}. RE homogenate(0. 3~0. 6
mDE FE # ol A& A& WTHDL WHEN &4
homogenate 1.0ml 2 1.0g% 4lds) ¢ 100 but-
anol & gk # ok 147t R\ 3LE, butanol & WR
B 25 o2 4430 &4 old 0.2ml9 0.01
N-HCI 5 1. 2f2¢] heptane -2 fndle] 1037 ©}A] iR
gt} =& butanolheptane & F33l 2 KB pH.
5.09 acetate buffer 0. 07 ml & hgt % IRES LA
ek, 645 dolgl = KES- sodium thiosulfate = B
F3ta 465 Bl KEWESY #HESE Aminco-Bow-
man spectrophotofluorometer & HlESE:, & Eivh
v} F—BE Tl F—iEe 473 blank BBl 71X
& X2 ¥ epinephrine @ norepinephrine ¥5-$ Ersl
o M7 HRERS Tl WEs XES

2 sample 9 AAMNDES #iEste] 100mg #R 4
BE% pug © % catecholamine &4 #Hdvl F A=Az
A 2] butanol fiH# F-E sample -5 copper selenite 25
ml/17} $o13E N34 Loml 2 BkAA S5
2 fnste] 100ml = =HEvh #9150 pg ] A&7t Eel
£+ w29 WS WEld 1L oml 4 kel Sl gl
= Nessler o] &7] 32 15ml 2] Nessler [t 2238 (Hawk
et al, 1947)% gt # 5F4= At 50ml 2 =t
Evh. 150 g #] EHS 47T EEEM ammonium 2
A—3st S W3 BB =T e Eddsle
blank EE-S- FEGol HEfTshe] 490 mpu 9] filter S
3 Evelyn Colorimeter & optical density 2 JiigE3lo 2
# sample T2 A& S FA 8, o] % F#ES S cat-
acholamine Z-&- A) Age},

v oY

]

3. {LBE homogenates FLDEIE

Ether il Toll B2 BHIT # ADZE JilHsz
LEE LB SEEUES] FEMAR KT
e AR 2 BYEE 829 BREstd $55=
Tt % BEES 23 Ao Yl 559 B
gl 0.38M 9 sucrose & 3 % BHIAR blander
(Waring)¢| A1 oF 407/ homogenate gtv}. o] 8} 7o)
fegcst %% homogenate B TH gauze fFoll o FA A
AfzA 4 s A S HigS BREstT BEEO
kRS FIFste] 3~4°Ceol A EOIE-S f73ch

T 600X gl 105 RO 24 EHERL

o)

9] LRSS ool —F sample & Mabm, vhAl I R
WS 15,000 g el 3040H BBt SmEE
EEEEA BRGEECR SEBAR e A4 —F
S Husle] o &3 catecholamine £-& kst 55
Ho = HlEstel. o]l ze] - EBMEEMIELIEL
mitochondria 8 o} MBI o] w&RA Folvh

BRI LEEE vHA 100, 000X g 2 205 i
OIS 1759 vhA B8 (microsome BEIE ) Rl
HILEREe R SHEEstL £/82 catecholamine B8 i
pains

I. B 8 & &

1. & 2 O catecholamines 22| ¥

£BEHS LB catecholamine &8-S Hagsho 24
ol EWEY BEIT 9 A &&7 AAH, LHR
£] catecholamine #&& 3} epinephrine % norepinephrine:
& &% SEERES

Wit B2 SEMER U MBI Ea] AT 9
B AS hipewste iy EHEsA A sdch

FHE MR A R A& 712 (Channa, 500g BT,
Wl Z-o] (Anguilla japonica, 300 g A4V, A A = A
% (Rana nigromaculata, 50 g 51D, E&kEN A= 7
B-(Geoclemys reevesii, 400 g A4}), ## (Elaphe dione,
300g ML), BENAE 27 (Anas plalyrhyncha var.
domestica), = (Gallus gallus domesticus, 2kg R0, I
SLE A WEEY Bt oko] (Felis ocreata
var. domestica 3kg A} 7 (Canis familiaris, 15 kg
AL, EEsEidl B3t 4 (Bos taurus var. domest-
icus)2} = 2 (Sus scrofa var domesticus), g Hol] <+
&l #7 (Mus wagneri var albula, 200 g 442 7]
(Oryctolagus cuniculus domesticus)-& 44 A= stg o
v EHHEYEAE 7HE Al wdse] 4LHEE
ol S4sn e WEEWY Kz (Meretrix
meratrix) 2 At LAREMpS] REEAERD B
HRe H1E 9 H2RAA e

&, A 2 AFEAE AYdstne —EHE ERE
Bigd #s AT BERsY LE2EBE B
shgon &9 AR} B HE BRBAA BRER
o) AL skate] ERA HHSE oA, KigEA= =
2w LS Alstde AAAAY BEES T
I 2458] 0,01 N-HCl o]l homogenize 3}¢] Hrrell A 2.0
ml & Eysle] #iuksr Shore & Olin B:oll €] A3} spect-
rophotofluorometer % catecholamines -&- #izg s v} A
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Fig. 1. Phylogenetic tree of animals (from General Zoology edited by Guthric and Anderson, 1957).

Table 2. Phylogenetic relationships of the animals studied

Vertebrata:
Mammalia:
Carnivora: Cat(Felis ocreata var. domestica)
Dog(Canis familiaris)
Rodentia: Rat(Mus wagneri var. albula)
. Rabbit(Oryctolagus cuniculus dom-
esticus)
Artiodactyla: Cow(Bos taurus var. domesticus)
Pig(Sus scrofa var. domesticus)
Avazs: Duck(Anas plalyrhyncha var. dom-

estica)

Fowl(Gallus gallus domesticus)

Reptilia: Turtle(Geoclemys reevesii)
Sanke(Elaphe dione)
Amphibia: Frog(Rana nigromaculata)
Pisces: Fish(Channa)
Fel(Anguilla japonica)
Mollusca:
Lamellibranchiata: Clam(Meretrix meratrix)
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Fig. 2. Mean concentrations of myocardial catechola-
mines in various animals. Black bars represent
the concentrations of epinephrine (E) and
white bars represent the concentrations of
norepinephrine (NE).
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AN Bl g T A $ole giE A4e &
3te] homogenate & =HEHUTH. F2E 9 H3%AA
o} zro] WABMA A ILoko], A, A F EA A
A catecholamine 4 8-& 1. 3~1. 9z g/gol= L 90%¢°]
Aye] norepinephrine o] 3. epinephrine & 10%5 Ao t.
o si A, A 50 EEEAN A £ U5 catecholamine
2847} 1, 0ng/g 3ol A ¢ epinephrine o] I 20~
30%% AAstL gk B A= LEHE catecholam-
ine Bo] L WALENMHS 1/2~1/34 E3E= 2 9
6097} norepinephrine o} 3L 1}e{A] oF 40%7} epineph-
rine & =4 WEELEMAl Hosho] kg &4 epineph-
rine o] &7AE ] 9ot W, Feh, AT, @A, HEA
29 BB L catecholamine 2 1FE RinEYy
ol fhete AAe Ho
ephrine Bt} who] 4AH A dvh FHFETEAN Bite

ZMA A = A catecholamines o] #i=}.

33} epinephrine ¢] norepin-

2. LEEEBGIR catecholamines 55%h

Goodall(1951)& 4% AlA catecholamine Fzgol 4
Dol & epinephrine ] 8~209, norepinephr-
ine o] 92~74%7t &HS < dos LERT LEd

epinephrine 2 norepinephrine o] o] Eeof 9l vii s

stg k. 28k Muschall(1959)-& soFe], =71 & 3
A A HBERT LB catecholamine o] ko]l Eel gl

I —Epe R Faleyr ARLES WS Svta #t
43q k. Kauda(1963)% 7} A1 A4 catecholamine
o] HLEN A 2 ELE, ALE LEFR X

Table 3. Cardiac catecholamine concentration in various species of animals

No. of 1

Cardiac Catecholamines (ug/g)

Species of Animals Animals ‘ Norepinephrine Epinephrine Total
Mammalia Cat 10 1. 818-:-0. 091 0. 043=0. 002 1. 86120. 089
Dog 5 1. 470+0. 065 0. 134-£0. 027 1. 6044-0. 086
Rabbit 20 1. 700%0. 106 0. 034240. 007 1.73440. 118
Rat 20 1. 2204:0.114 0. 13340. 020 1.353£0.072
Cow 5 0. 820-:0. 128 0. 177 0. 006 0. 979+0. 131
Pig 6 0. 558-£0. 098 0. 245+0. 016 0. 8044-0. 107
Aves Duck 5 0. 321£0. 096 0. 25720. 023 0. 5782-0. 099
Fowl 5 0. 30240. 029 0. 211:0. 025 0. 513%0. 030
Reptilia Snake 3 0. 320 0.271 0. 591
Turtle 12 0. 160=£0. 096 0. 203=0. 062 0. 3634:0. 022
Amphibia Frog 60 0. 136£0. 068 0. 2601-0. 086 0.396=-0. 073
Pisces Eel 3 0. 030 0.236 0. 266
Fish 12 0. 09440. 017 0.13540. 076 0. 2294-0. 693
Lameltiranch- Clam 60 0. 003-£0. 002 0. 047£0. 038 0. 0500. 038
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Fig. 8. Regional distribution of catecholamines in the hearts of warm-blooded animals.
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o Wl festd BRI & A BARE 2 X
REAL 7 SRR o] olw] A=l ule] o} (Hamilton,
1952, Romanoff, 1960).
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holamines o] 4pH & olv] WHT HES K= TR
RORLAFTS AA AR catecholamines o] 4755
o] 9lA $x/bE ¢34 gk H4EY BIRUKE cat-
BeEslg vl HEMIE = ukek o] ol 5

499 AR 8] A4 100~300/E] RAA-E
HH A A-$ Shore g Olin k9 #pko=z Wed 4
9l sample o] = giv}

B 4FAqL 2e] 7THS EEE fstg o ol fT
= B4 oF 1,100fE% T A4 catecholamine
B 5 1227 pg/100 mgN 24 Kifsl Ao}t KR
BhEez PEd Al fHelvl o] {E
£ reserpine %] 2] A1 4-2] catecholamine 4 & (0. 63 ug/1
00 mgN)oll Hslwd HFrRNe 2 BEH= aRoEH,
Z7H33)  catecholamine o] FE7ESIIL Q&L FHEFo| ).
EZ )9l AL o] catecholamine o] A2 25 epi-
nephrine o] 2 el . Sample o] o] 4

=
]1_
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echolamine -

A
T dE

£ sample

Table 4. Catecholamine concentration of hearts from
4-day-old chick embryos

Myocardial
Number of Number of Catecholamines
Experiment Embryos (rg/100mg of
Nitrogen)

1 100 1.29

2 100 1.03

3 100 1.03

4 100 1.52

5 100 1. 40

6 300 1. 30

7 300 1. 02
Mean+S.E. 1. 227 0. 077

Table 6. Catecholamine content of hearts from various
ages of chick embrycs

Ages Number of ¢ %B%Chd?\rl?ti?: Sen)

(Incubation days) [Experiments |-*& Meet?l%_l-S.E g

4 7 1.2340.08

6 7 1.5040.05

8 7 1. 2040. 10
10 5 2.05+£0. 15
15 5 1. 55%0. 06
18 7 1.85%0. 03

1 after hatching 4 1.9840.15

uleh epinephrine 7 norepinephrine € %4 43 #kHlE st
7 EEEstel o 2 A2 sample ol 4 norepinephrine

< A9 9&% BESG)
theo 2l ZREe] AR 4R #dle oid

RrE wws Rel 69 HRALS BB
E6FEAA B wkel o] 7 EMES TEST 1.50
0,05 #g/100mg N o 24 321 4 B4 A% catech-
Boll wiste] k7 SrHE gk

Kuntz(1910), Abel(1912), Szepsenwol @ Bron(193
5% o7 FalEe] BRAANE Sk 5 H Lk
TR HEET ohstte AL BUE Jenz
& EEAlA B 2 56 A BRADNE TR
fiRe] H8s S gosT ol A=, TRHE
o) Zpfi=lgjom o] o4 catecholamine o] A:ERE]
o] LA catecholamine Bo] & A3 #ingd Aoz
Zzag. 2 ERERT TRMESMIY Y
2 409 BHRAAY catecholamine Z & il
HAAG S 1A Zetgsh aEze & EEel

olamine 4;

Table 5. Catecholamine content of nor-innervated and innervated chicken hearts and hearts from ncrmal,

reserpine-treated and bilaterally sympathectomized cats

Animal

4-day-old chick embryo
8-day-old chick embryo
18-day-old chick embryo
Adult chicken

Normal cat
Reserpine-treated cat*

Bilaterally sympathectomized cat®*

Number of Experiments (ﬂg%ggﬁédif\l}itgagt:g? 011\%21?6;5_15.
7 1.23+0. 08
7 1.200.01
7 1. 98£0. 18
4 1.85+0. 03
10 6.7010. 25
10 0.6320. 13
9 1.1720.08

|

* Measured 18 to 20 hours after intravenous injection of 0.5 to 5.0 mg/kg of reserpine.
** Measured 15 to 26 days after bilateral sympathectomy.

9
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Fig 4. Four-day-old embryonic chick heart, showing
no nerve fibers. Stained with silver. (X100)

Fig. 5. Six-day-old embryonic chick heart, showing clear
~ nerve fibers. Stained with silver. (X160)

B e 485 F6 0 B RS
WINEE R Bt ARSBHRES 4o

Ome===NE Concontretion
t200F Om.= = a0 NE Amount /
N [ &o—maadE Concentrefion :
2 w00 Lo = et £ Amount /"ﬁ—'/
£ .
2 -
& eoo o
£
L2
2600 P
(3] f’
@ 2
° y
O 400p £ P
£ o
o .-
ey ey
2007, _,O'
Il _,_4--9’/""‘
A-.ﬁn.ﬂﬁ:"ih—vm---d—— )
05 1015 23 20 45 80 30
Age(day)

Fig. 6. ;Concentrations and total amount of norepinep-
hrine (NE) and epinephrine (E) of the heart
in developing rat.

Hat Eapz E6ud BBRATE PiHstd 10%-
formalin ygoll EEAA HEHECung)E st HigsH
el vk &4 2 85 Bl 4 B uke} o] IR 4
Y BEAA A= BEAFE ZE T ddod Mo
H6pY BRAAAAE FAT WL HE HES -
ol 2 8 H Lifgdlx {5 catecholamine &
o] &3 F715 v B 6T o] L catechola-
mine &% %09 FEE Holn yhEA] Ll Hd F
HAsle wBmsd g4 &E v F 38 BI0E7

o] . fF catecholamine B2 szl %15594 B

‘catecholamine BR v} vkow )] LA o] E4E

wmeh F3 A5 g eote] L catecholamine &2
el #I18HS) IR UAS catecholamine &3 o= 320z

Table 7. Myocardial catecholamine concentration in the developing rat

Age No. of Weight Cate:-holamines (pg/g)

(day) Animals Body (&) Heart (mg) Norepinephrine Epinephrine Total
41 5.020. 41 22.0+1.7 0. 25:+0. 012 0. 17:0. 038 0. 42240. 030
5 27 7.1+0.74 35.0x+4.1 0. 370. 033 0. 19:40. 031 0. 56-£0. 011
10 47 10.8+1. 04 41.0+4.7 0.4040. 042 0.-2640. 020 0. 66-0. 036
15 14 18.8243.93 91.0+4.2 0. 34+0. 019 0. 37£0. 021 0.71240. 010
20 17 20.0+4. 35 88.0+14.1 0. 51£0. 094 0.3240. 042 0. 83:£0. 017
30 14 32.5£1.9 137.0+10.8 0. 832+0. 018 0.26+0.016 1. 0940. 023
45 9 50. 0£12. 52 199.0+42.1 1. 00+0. 033 0.24+0. 011 1. 2440.029
60 11 100. 827. 56 380.0422,8 0. 984-0. 044 0. 2840. 019 1. 26£0. 03¢
90 7 150. 0+9. 92 543.0%38.0 1.18240. 038 0. 2640.018 1. 4440. 034

—7150 —
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Qo ankA WA vl
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«catecholamine &9

Al Z A catecholamine 49 %7} 2 norepinep-
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BEAE HEBEeR Fasle MG ook G
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Fig. 7. Relationship between the catecholamine content
and the wet weight of the heart in developing
rat.
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Table 8. Sex difference in myocardial catecholamines (ug/g)

Male Female
Age (day)
Epinephrine | Norepinephrine Total Epinephrine | Norepinephrine Total
5 0.24 0.33 0.57 0.25 0.31 0. 56
15 0.37 0. 33 0.70 0.45 0. 29 0.74
0.34 0.36 0.70 0.32 0.38 0.70
20 0.24 0.74 0. 98 0. 38 0. 36 0.74
0. 40 0. 36 0.76
30 0.25 0.75 1,00 0.23 0. 86 1.09
0. 26 0.82 1.08 0.22 0. 88 1.10
0.25 0. 86 111
0.33 0.85 1.18
45 0. 26 0.93 1.19 0.25 0. 90 1.15
0.26 1.04 1. 30 0.24 1.05 1. 29
0.20 1.05 1.25
60 0.35 1.05 1. 40 0.30 0.98 1.28
0. 22 0.90 1.12 0. 28 0. 82 1.38
0.23 1.04 127
0.28 0.82 1.10 :
90 0.20 1. 26 1. 46 0.22 117 1. 41
0.26 1.08 1.34 0.28 1.29 1.57
0. 32 1. 06 1.38 0.28 L.21 1.49
o sl o BEES HaE ER sl &

!
[e]
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n
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Fig. 8. Myocardial catecholamine content of normal
rabbits. n indicates number of experiments.
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4591 —F3=], Hagen(1954), Blaschko et al. (1955)=.
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&% homogenate & fE st BLILBOE AL ol
mkro] catecholamine o] HEDL FYilz =8 Fit
L@ = catecholamine o] WEEfZ o B FER I HE
3L} &9 catecholamine <] 4515 BHY WRZHES
BAthReL S o).

olell HEE .U catecholamine o] ofwl HHEEAA] of
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Table 9. Subcellular distribution of cardiac catecholamines in rabbits

Low-speed centrifugation*® 'High-speed centrifugation**
No. of Exp. Sediment J  Supernatant
Supernatant (ug/g)
vglg % l rglg %
1 0. 48 0. 36 77.5 0.11 23.0
2 0. 42 0. 30 71. 4 0.11 26. 2
3 0. 54 0.43 79.6 0.09 16.7
4 0.72 0. 66 91.6 0. 10 14. 2
5 0. 48 0.36 75.5 0.13 271
6 0. 30 0.24 80.0 0.07 23.3
7 0.42 0.30 71.4 0.11 26. 2
8 0. 60 0.54 90.0 0. 10 16.7
Mean 0. 50 0. 40 79.4 0.10 217
+S.E. 0. 045 0.048 7.5 0. 006 1. 60

* Low-speed contrifugation: 600X g for 10 min.
*#* High-speed centrifugation: 15, 000X g for 30 min.

Table 10. Comparison of subcellular distribution of cardiac catecholamines in rabbits, cats and mice

cerl;ggigp:ggn* High-speed ceﬁtrifugation**
Animals |No. of Exp. Supernatant Sediment l Supernatant
Ge/e) gl % J 1glg %
Rabbits 8 0.50 0. 045 0.10 217 0. 40 79.4
Cats 8 0.57 =0.073 0.09 15. 8 0.48 82.9
Mice 5 0. 0492-0. 058 0.09 18.8 ] 0.39 80.1

* Low-speed centrifugation: 600Xg for 10 min.
** High-speed centrifugation: 15, 000X g for 30 min.

EREBHEE @ET =71 Qkeg A, o] (2.5~
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