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ESC AT iy
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BT & BhREIC
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BB BEREY 5
= B E AL % 1L
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OB LEREE (1=23) ORI S5
i e R o & ity B R 1 oD e B I T, A e R e T
noradrenaline (NA) & adrenaline (A) EE 1%, it
BhIRM > M EIR M, ZHFHLEE NA LARE
X, FEARM < FHERIRMCH »7o. 2oz L

GOBHALE (L) THDHZ LERET

5. QEHEE (CE, n=15), LA 7k
I (NB, n=50), EEHF (HF, n=68) »
R NA BEIE, HBE> N#E=s CH,
Ja& NA BE1Z, HES>SNBE>SCHTH - 1.
—7, BHEHEBEIIARE L, 3HETEEZRD
mmote. JAETARE R, HE>NESCHCT
Botc. Fio, BREBEME, HEEI NA L
ABE XM, AR NA L ABEIRLD, »
O, R LS NA BEOTLEX, N
<HBTTh-7. ZOFEL, fad NA »E
BAMKRICBiIs S Sh, EEER NA L2y, 4
%K;ofﬁbnfvéﬂ%ﬁE%L,#O,ﬁ
EH NA BELR FBEDORESE L L §icMmiE
VR ER L, 8E56L, LRy FHEES
ERETIEFO—2E L TRIL->-TW D EEL
s,
TEEER NA 13 & B 0 22 R IR AR FE % I Bk

iz B R SAER EER A —

[ =

*

e
- & B
=80
- H o

*

*
*

e

L, &8 NA BEEI >V TRES i ac
HREREE XMt 5 EHESI R, £, S
B NA o—#ix Ui Thilas I hTuw 24
AR I .

i3 C 8 I

Ifid catecholamine (CA) 358 R! (free) CA
L& (conjugated) CA 7257210, b MR
T, dopamine (%, ¥ X %Z99%, noradrenaline
(NA) & adrenaline (A) i, #970%» 884k & L
TIER LT\ 50, Dopamine [Z&\Cix, FD
FEAENREKDITHPICHFET 5700, §
< HEDEFERNEREER I, %< DFED
fibhTw523, Linl, NA & AnfskizEl
T oHEIADR V), ToAEENERE, HHEAE
RBIIM 6T, el CA 3AEESE2E L
Tuwaw2®, OMEELZEASICERBLY 52
ED, @FRmER, MR Lo MBS, H5\
IR, OB, B FoERICE < EER TV
LY, QMM EFEET IR LA B R
(arylsulfatase) (Z &k » CT/KEBINY, HEER CA
CEBRIhBZ L Ens, AR CA 34EN
RS, LB U CERERIcERER, £
HRERERBE T2 LHEEIN TV 510,

AT, (1)ZHERO N #IR I & B M 3
T 50EHER NA A, BIUHEAR NA LA
R, ALKy 7HRERIFGI L BEFICKIT 5
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Table 1 Subjects in whom plasma catecholamine
levels of antecubital vein blood were

measured

Group Cc N H

Healthy Controls 15

Heart Disease (NYHA class 1~1I)
1) Valvular Heart Disease (mainly AR) 4 13
2) Ischemic Heart Disease 46 55
[Angina Pectoris :| |: 31 25 j'

0ld Myocardial Infarction 15 30
15 50 68

Age (Mean=SE) 43.5+6.4 59.6+1.2 62.7%1.2

AR =aortic regurgitation

Group C=healthy control, Group
N=AVP <35 mmH,0 (well-functioning
left heart), Group H=AVP =35 mmH,0
(poorly-functioning left heart)

Blood Samplings

) @ @ O)

. V. [}
o~ 18 20 232425 39(min)
t

After )
Instrumentation Exercise

Fig. 1 Time schedule of the experiments
Exercise=supine leg exercise, AVP=in-
crements of venous pressure due to exer-
cise

B EB) A& MEFO M AR M EER NA LingH
NA o#&» 5, WEH NA »AEEFNTRIET
BED—REHSHIZLL Y LABR LD TH .

MR EFE

(1) HRESI
(a) & # Kf B & Wk 0 & B 8 Ak L o
noradrenaline (NA) & adrenaline (A) & D
BTE RS 5
HRZ, T_RTEOEREESE 0=23) THY,
JH NYHA “0HsE" 58 class I~ 11 OBEFERI T,
SEHERI362. 242. 25X TH 5.
(b)  BhAYE B & AT RE A B 1 oD R E X 5
stgix, Table 1 icR_+T &<, BEE
(n=15) ¢ E—FNICELEZETIH NYHA “0
BE” 43H class I~ DORBEE n=118) TH
% . BFEEfE (GOT, GPT), & ## (BUN,
creatinine) |2 &% 2RO IEFNIL, ZhHOXE

HHBRA L. F£i, &L 0EF (n=110) T,
SEOF], FIRHK, MEILEAZ £ OORNEERE
EEALTGIA, Zhb0ERFERTIZTRT
DRF 772 - 1.

(2) ELETRERFHEEEFHOSE

WMEZEHHWMEDY LCWBT L, BRES
AR RHEBIRE LA E (AVP) 3£ 0K 7
RERIFLEEL ICRBL, QLR 7HiEE
61X, AVP<35mmH,0 %, QLK 7k
EEEFIZ, AVP235mmH,0 2/RT. Z DK
T Liendi o T, (IBARL o B3 I T T B As 7 fip
EE) (338l 5, #45HE, ¥ 2METS®?) A7
Fnz, ORORMEFHIREERE (AVP) 225,
HREFMOELR Y 7HEE>EL, O
AVP <35 mmH;0 (N, n=50) #E LKL 7
BEEBIFE, @AVP=35 mmH,0 (HE, n=68)
EEEOR Y 7BEEEES L L (Table 1).

(3) m# NA & A OAIE

(a) ZHERFIC SV 2 I EEDR M & B R bk

Swan-Ganz catheter % KhR&IR2>SHEA, %
DI EMBRICALER L, £7o, BRE 2N
BIRICEE Lic. #2075 Moc#E, chthn
&, ffEkm (1@ 14ml) &A&ERm (1@
14 ml) ZREIRECERM L7,

(b)  BHEEE) A FIRFIC 1) B AR FR IR 0 £ 1M

Fig. 1 @RTEBR 7w ba—ic Lichtv,
HIRICEE LIcERE 2 5, O~@D k8 T
L (1 14m), O&xEE OiIO®D 5
b, BiEESAHROmME NA AL L.

(c) FEEER NA & ABEORIEHE

MmiEEHER NA & Ay high performance li-
quid chromatography (HPLC, SHIMADZU
LC-6A ZORBAX SCX-300, RF-500LCA) &
trihydroxyindole fluorimetric (THI) #iz X v jl
E L. UHEBICKT HEHE NA & ARNED
ML, %difference (mean+SD) iz T, #HE
# NA 3+1.816.7%, &R AT —1.516.2
% TH B,

(d) & NA L AEEORIEDE

fo&T NA L AmiE 3ml iz 0.4 M oyElE
FEE Mz, BREALLLEEBERZ 100°C 0lRG
oEH (MMM L Claak, EREl
NA AL LTHIELR.

(e) EHEVFHE OB
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Noradrenaline (NA)
Concentration
(ng/me)

kK - K
2.59 !— LI
: |
= 1
2.04
1.5
1.0
Concentration
o ——
0 8 10 12 14 16 18 20
Boiling Time
(min)
Adrenaline (A)
Concentration
(ng/me) = * == Ir--—-* =
0.251
-%-1 r*
[ !
I
0.204
0. 154
0.104
0.054 § Plasma Free A
Concentration
0~ r 4 T T T T T T 1
0 8 10 12 14 16 18 20
Boiling Time
(min)

Fig. 2 Relationship between boiling time and
plasma total noradrenaline and adrenaline
concentrations (Mean+SE, n=22)
*=p<0.05, **=p<0.01

BiE AV 256, HEER CA ZhnBic X -
THRT 30 BRLEBAEIH, RHP7H0
TRTECRHEBEF T oI, B—E
n=22) omiE (14X 3ml, 74) 2&xHE
% (E& 1mm) icAh, 8,10, 12, 14, 16, 18, 20
SHEOEREMLZ, ThZhoEHA NA LA
ZHEEL, B NA & ADE S ESE &R TEIR
lZ#a L. Fig. 2 icrn3 &<, NA AL,
LhiciepMoBEHB TR EMEER L Eh
5, BigG T 50 0BHEHREIL165H L E
Hic.

(f) ZF¥hic X 3 NA L AGBokE

165 HDERICE - T, NA FANEDOERES

Noradrenaline (NA)

Concentration *%

(ng/mt) I
3.07 i
T |
2.5 T Z
2.0 ] (8)
1.5
1.01
0.5 =
| ﬁ_l 0
0
(FreeNA ~ @Free J:u Total NA @tmal+ NA
Standard NA Standard NA
Adrenaline (A)
Concentration o 5 —
(ng/me) ! |
0.5 i H
: :
0.4 —_ ///
0.3 /
0.1 (8)
ol L1
(DFreeA @ Free A PTotal A @ r:_tar A
Standard A Standard A

Fig. 3 Effect of 16 min boiling on the break-
down of noradrenaline and adrenaline
(Mean+SE, n=15)

**=p<0.01, Boilig(—)=without boiling,
Boilig(+)=after boiling for 16 min at
100°C

I BICER EINZ I,

H—A =15) LM Lcmifz 44K (14K
3ml, § 12ml) HAE L, 1ng HE## NA
(SIGMA CHEMICAL CO. No. A-7256 Lot No.
28F-0761) & A (SIGMA CHEMICAL CO. No.
E-4250 Lot No. 117C-0374) %, Q¥RfnLig\
HL, QFEMLEBEDIEERTIC KT 2R
NA LADHIEEL, ©OLQr165 AR LIk (@
B NA & ADIEHIKE, @FMEE) o
NA LADBIEEZT-72. A:@—QO, B:@—
@z A, NA L AD [ R (%) =
100—B/A X100] #®®7-. Fig. 3 iR+ &
<, NA O E*Ri%32.1% (100—0.228/
0.336x100=32.1), ADZHi+28.1% (100—
0.247/0.344X100=28.1) TH 7. Z DFEHED
5, 160 HOEBERICE > TETSZ NA LAY
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Noradrenaline (NA)
Concentration
(ng/mt)
26, I NS 1

k%

20

.

J

Free NA  Conjugated NA Total NA
(Free+Conjugated)
Antecubital Vein Blood

Adrenaline (A)
Concentration
(ng/me)
0.3

0.2

0.1

Free A Conjugated A ota
(Free+ Conjugated)

Pulmonary Artery Blood

Free A Conjugated A
(Free+Conjugated)
Antecubital Vein Blood

Fig. 4 Comparisons between free, conjugated
and total noradrenaline and adrenaline
concentrations at rest in antecubital vein
blood and pulmonary artery blood
(Mean+SE, n=23)

*=p<0.05, *=p<0.01, NS=not signifi-
cant

fRERITHI30% & L, ZOfETHIE L THaEE NA
LAZHEE L.

(4) #EHLEE

T XCOfEIZ mean+SE TEHRL, (1)2FH
D H#EG T Student’s t-test, (2)[FA—FiC 1T 5 2 7
LIl E o H# i3 two-way analysis of variance, (3)
fhBER > 2 BELL B T one-way analysis of
variance % A\, Bonferroni iz THE, ¥
hd p<0.05 2% > THAFRICEE & L.

Free NA Conjugated NA Total NA
(Free+Conjugated)
Pulmonary Artery Blood

Noradrenaline (NA)
Concentration

(ng/m2)
3.57
ok —
[k
3.04
2.0
E [ %k————
1
o ]
,—NS
Free NA Conj NA Free NA Conj NA Free NA Conjugated NA
L e —J L e — S|

Group C (n=15) Group N (n=50) Group H (n=68)
Adrenaline (A)

Concentration

i i
| —
I
I NS -l
05 %
I—Ns—ﬁ
o = 7 = 77 =

A Free A Conjugated A
L g
Group H (n=68)

Free A j A Free A
L e —I R —
Group C (n=15) Group N (n=50)

Fig.5 Plasma free, conjugated noradrenaline and
adrenaline concentrations at rest in
Groups C, N and H
Data are expressed as Mean+SE.
*=p<0.05, *=p<0.01, NS=not signifi-
cant

151 &
(1) REEFCH T 3 HERIRIM & fhEHAR M O SR

#) noradrenaline (NA), adrenaline (A)
RECIEATE NA, A RE
Fig. 4 232k <, #HHER (Free) NA LA
X, Wb EIRmC R LT, f#kinCEE
DEEET R LKL, & (Conjugated)
NA * A, Mighirmmictt LT, M#EkmcEE
OEfEER Lic. Z ok, FEIk & fiFk oo
#& (Total) NA L Al BREEERDRM 1.
(2) CH, NB, HEORFRFMFIKMmICSE S
S NA, A L3BAE NA, A BE
Fig. 5 wRT &<, 3BOWARE NA LA
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Concentration
/me.
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Adrenaline (A)
com'éﬁ‘sw("/m Free Adrenaline
Y ] ,—"‘,“‘ﬁ—nsﬁ_“'—"‘j

(ne/mt) .
2.0 Free Noradrenaline
¥ [ |
1.0 [————
JR s i s |
e e el M i B O
07 =pre Ex during £ ANAT post Ex ‘pre Ex during Ex NAT post Ex
Noradrenaline (NA)
cnm’}m‘" Conjugated Noradrenaline
3.0 Aok ¥ ke Aok
ar ’ 1
2.0

07 “pre Exduring Ex ANAc post Ex

pre Ex during Ex ANAC post Ex

Total Noradrenaline
NS~ ——%——y
y—

Noradrenaline (NA)
Concentration
(ng/nt)

3.0

————Ns

pre Ex during Ex ANAt post Ex pre Ex during Ex ANAt post Ex

Group N (n=20) Group H (n=20)

wl _ [1T] = ]I
O 11 1

pre Ex during Ex JAf  postEx

0

pre Ex duringEx AT post Ex

Adrenaline (A)
Concentration
("ﬂ%) Conjugated Adrenaline

[ Wk ek ——y

ws] T M

I'—NS_| 7
ol Fr—gm T ] Z
/
pre Ex duringEx dAc post Ex pre Ex duringEx 4Ac post Ex
Adrenaline (A)
Concentration
(val/g_)
’ Total Adrenaline "N *
02 M
T
0.154
0.1
0.05

PreEx duringEx JAL post EX
Group H (n=20)

0% e kx during Ex JAt  post Ex
Group N (n =20)

Fig. 6 Effects of supine leg exercise on the changes of plasma free, conjugated and total noradrenaline and

adrenaline concentrations (Mean+SE, n=40)

ANAf, AAf=increments of plasma free noradrenaline and adrenaline concentrations due to exercise,
ANAc, AAc=diminutions of plasma conjugated noradrenaline and adrenaline concentrations due to exer-
cise, ANAt, AAt=diminutions of plasma total noradrenaline adrenaline concentrations due to exercise,

*=p<0.05, *=p<0.01, NS=not significant

i, HEER NA LAIRKLT, BE0EEZR
L. BRI NA 13, NBickkl, HETEE
WCEETH e, NEELECHBICEEZ2AD
ehs -1z,

—7%, WA NA 13, HEE> N> CHOIA

CEEZR Licns, HEHMA, 3HMcHEEZ
iRl oto, L, e AR, NELC
BEICEEEZER D~ 1ch, CHENFRCH

L, HEREEBECEBETH - 1.

(3) NEE&E HBERICH T 2 EH B MR
DEREE NA, A L#4% NA, A BE
Fig. 6 (o4 &<, NELHBEOHHA NA
LA, RERICHLT, EHATKICEENS
BERL, EHAMKTI5HHICIZIEERNBIE
BL., —7, TWEH NA LAIZ, WHLLE
BRCH LT, EBHARRICERICEY L, EE)
AR T IS BICIZIZERECE L. = D,
MEEOEEBAMEHC BT 5 NA L Ak, &%

Rricte L, BERA~TE 2R L. NEEEHE
HEWT, EBAMEOHEHER NA HmnE
(ANAf) Lfa&% NA B E (ANAc) 245 &
&, ANAf (ZIN# (0.12640.019ng/ml) ik L
<, HE (0.17340.029 ng/ml) THEICKTH
Y, ANAc %, N# (0.240+0.034 ng/ml) izt
LT, H# (0.389+0.038 ng/ml) THEHEIL KT
Hotle. LrL, EBAMREOEHI AKINE
(AAf) LIBBETIARAD & (AAc) i, WEFRICH
BEETDORI T

% 2®

&% catecholamine (CA) il & & seic
HZLFEELTVRVY. —7, s CA i
HEIRTCHEHR CA tERT 2 KkMEE
(arylsulfatase) 3% < DIERRICHFELY, Hic, O
i, &b, LBECELRDY, WA CA »
L Thfa 3h, BFIH I TV BAHEEL D
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5. v MNEERERICT, #84% dopamine i
L chifad 3, D dopamine (CEHR I
B ENTHBEINT Y,

APFRICE T, EREIRMA A Lo m® <
& BEBIRM &, Th b RFRR o
# noradrenaline (NA), adrenaline (A) tin&#H!
NA, A olt#E» 5, b hoLEicks T, s
il NA L APBIZE IR TV 0B OREEH
oW THER EML Thl. OB, L
(n=>5) OFHEEIRIM & T AFIRMOEHT NA, A
LA NA, A #HEEE LcER, MEkin
T RBMRMm O BER NA 13 0.2964-0.067
ng/mi, 0.2884-0.065ng/ml, #@EER A3 0.050
+0.015 ng/m/, 0.05310.016 ng/ml, &% NA
1% 1.532+0.313 ng/m!, 1.561-+0.320 ng/ml, 1@
&7 AZ 0.116+0.031 ng/ml, 0.1084-0.028 ng/m/
b, TROORICEERD R LR LT
%. Fh#iRmo BT NA, A ZM&IRLOZh
bryEETHY, faai NA, A ZEETH-
to (Fig. 4). Z oFF, FfiBHIR M & f &k Mo f&
NA, A FAfighiRm & HEIRMO VT THE

Wbl - 1o (Fig. 4).

OB S, DIICkT, 858 NA &
AD—EiEER NA L ACERIA TS0
et R e,

FHERTEDH B0, ROERE =7) T,
T ARBIIRIM & R ERIR I & FRRICERER L,
B rfaaT NA, A &I LIcHER, TRE
BRI FEEER NA (0.56340.159 ng/m/) %, E
TRENNR Moo W EER NA (0.27240.069 ng/ml)
XV EEICEME (p<0.05) THY, EREIRIMO
& NA (0.686+0.108 ng/ml) %, L1TKH
Primo o &% NA (0.98740.187 ng/ml) X v %
EfEoER (p<0.10) THo-1fo. —FH, AlFHE
WEIRIM & T RERIMICEREZZRO R >
fo. Tk oie, DEERLCME TR, BEEER
NA o#aintfasi NA oL 2ED. 5#
DORE R R B0, OIRICT, B
5L, BagERED—>TH S arylsulfatase
FALTIAEE NA »lifasd S h T 2aTREME
PR Tl & Bbh .

RS L EaT NA oEiICk\VT,
R NA (ALK 7HEEREEGICS V- TE
BEnRL, BEELLOR, 7HERIFAIRICE

RRDR o1 L, BER NA REE
LEOLR Y FTEERTFAIORICEEZRD, faagH
NA REFEE LR TEERTHZRFI L
(Fig. 5). — 4, HAMAKCR - TiF, HEEHIAK
TR Lz ot LRy 7THEERIG L EE
%, &AM L (Fig. 5).
wEfaE B8 T, ERFROEHERN NA
EAREFEADOEERTICE b BT, FEHRME
BEOIAATI NA LARELVAEEEZRT LY,
<5 Y vHBOETE NA L AR NA LA
DERICILT, EFL{AEEEZTRTILVMLN
TW3E, X6z, AAE NA LA, R
NA LArKLT, meFErR-C &9 &
Ez L%, RHEOEREN NA &, TokR
DR REFREREL RTOICK L, BFkOE
£ NA 13, BRI L TES Shicao R
FORREER R L, BEELEOR Y 7RERT A
OEICEN E UL b D LHEEIh, “BHER" 38
AR R AE 2 R LT TREME S R S 05 .
AZBWTHRBEOEFE HEEINS.

OERBBEICBREER AR &L 1ok, F#R
moBEEER NA L A—BlicEmzy, el
NA L AR—BHICEEEZR L. EB)AGR,
TREHRERTUHE N E U, SRR 5 NA
BHBEAOETSZ LirL<MohT 5 LT
H5. KHRICET 5 :EE A MRFEHEL NA o
LR, coBFIcE-THENLEbDERT &
Bbhsn, ARFICRERE NA L A»ED &R
Lz &ix (Fig. 6), &AM LY, REH
NA & AiZ, HHEH NA L A~—IBEER LT
BAREMS R S, BRI NA L Ao—#ic,
BREgIhi-fasg® NA LADMb-»>TW\5H
HEMED H 5.

—7, EBARROEEE NA HhELfas
# NA BAEE, Wwihd, LORy 7HKiEE
EHZ B\ TKTH -7 (Fig. 6). EBAMIT X
D, RIBEVRESHIEFIAHTHY, £h
M, EORy TEEEES TG KE R B
iz o\ Tl HEsw O & Hi 72\~ Arylsulfatase
OEEZFEHITBEAICS VTR THBE LW HID,
BIOHMIcT, pH ZIETT 52 Lm0
Tk o®, EEAML, OHMRICT Y F=Y 2
®FEZHY L, arylsulfatase {EE2 EmE v, Bita
ETTHE LTS E 2 6h 5.
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XS, aeT CA i3, B CA o ‘i
BE" kel FE L, #nLcEEE CA #fg
SR CA L LTEX DD, LBRLL, Bladx
F TR CA B L, Tolifagogsod
e Eb RO TH Y, Lo arylsulfatase
7, BifaaicBas LCu 2 A VR S hute.

¥ & &

e M4 &% noradrenaline (NA) X, #
BRI NA DR Lz BEZELLLRS
THEERIFROEBEEEZFIIL, £, LI
%< & hBHin4EE3E, arylsulfatase %, a4
B NA #5EEER NA ~#gi, EHHAMo—@k
HEHER NA HEICEHS LTV 5REE R &
.
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Site and Dynamics of the Plasma Noradrenaline Deconjugation
—with Special Reference to the Left-Sided
Pump Dysfunction and Dynamic Exercise—

Masao Kakami, Hiroyasu Ito, Shinya Minatoguchi,

Kiyoji Asano, Yoko Imai, Masatoshi Koshiji,

Yoshihiro Uno, Hitomi Yokoyama and Senri Hirakawa

The 2nd Department of Internal Medicine, Gifu University
School of Medicine, Gifu, 500, Japan

To investigate the variations of conjugated
noradrenaline (NA) and adrenaline (A) with
dynamic exercise and pumping function of the
left heart, we compared plasma levels of free
and conjugated NA and A before and during ex-
ercise in control subjects (group C, n=15), car-
diac patients with a normally functioning (group
N, n=50) and a poorly functioning left heart
(group H, n=68). To study the possible site of
deconjugation, we compared plasma levels of
free and conjugated NA and A between
antecubital vein blood and pulmonary artery
blood.

1) Plasma levels of free NA and A were
higher in the pulmonary artery blood than in
the antecubital vein blood. Plasma levels of
conjugated NA and A were lower in the
pulmonary artery blood than in the antecubital
vein blood.

2) The relationship in the plasma levels of
free NA was group H>group N=z=group C.

The relationship in the plasma levels of con-
jugated NA was group H>group N>group C.
There was no difference in the plasma levels of
free A between the 3 groups. Although there
was no difference in the plasma levels of con-
jugated A between groups N and C, it was
significantly higher in group H than in group C
or N. Plasma levels of free NA and A increas-
ed during dynamic exercise, and the increment
of plasma NA was greater in group H than in
group N. Plasma levels of conjugated NA and
A decreased during exercise, and the decrement
of conjugated NA was greater in group H than
in group N.

These findings suggest that, while plasma
free NA reflects the instantaneous sympathetic
nerve activity, plasma conjugated NA may
reflect the time-integrated sympathetic nerve
activity. It is probable that the plasma con-
jugated NA can be deconjugated and converted
into plasma free NA in the heart.

Key words: plasma conjugated noradrenaline and adrenaline, left-sided pump dysfunction,

dynamic exercise, site of deconjugation
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