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= Abstract=
Influence of catecholamines on the free fatty acid metabolism in the tortoise

Byong Joo Kim
Department of Pharmacology, Chonnam University Medical School

(Director: Prof. Kyu Chan Cho, M.D.)

1. In the tortoise, Amyda japonica, a cold-blooded animal readily available in this country,
the role of catecholamines in the regulation of free fatty acids(FFA) metabolism was inves-
tigated in both in vive and in vitro studies.

2. Norepinephrine elevated both FFA and glucose levels in plasma.

3. When 50ug/kg of Epinephrine, Norepinephrine and Isopropylarterenol were administered
intravenously, the relative effectiveness of mobilizing FFA was in the descending order of
potency—Epinephrine, Norepinephrine and Isopropylarterenol

4. Tn order to exclude the “tonic influence of the endogenous catecholamines” , reserpine
was given to some animals.. Two days after the reserpine-treatment, glucose showed d signifi-
cant increase over the solely vehicle treated controls, FFA but an insignificant one. Excised
auricles from those animals showed a diminished response to tyramine. Seven days after the
treatment, however, when the depletion of catecholamines from the tissue stores seemed to be
complete, judged from the absence of the response of isolated auricles to tyramine; both FFA
and glucose levels were definitely lowered.

5. In in vitro experiments Epinephrine enhanced the FFA-release from the adipose tissue.
The effect increased proportionately with the concentration until a maximal effect was attai-
ned at a concentration of 1x 10-% g/mi.

6. The order of potency in releasing FFA from adipose tissue in vitro was the same as in
vitro, i.e., Epinephrine, Norepinephrine and Isopropylarterenol, but the differences were much
less marked.

7. Ergotamine exerted no lipolytic action, but inhibited the Lipolytic effect ef Epinephrine
significantly.

8. Nethalide showed a slight lipolytic effect per se but inhibited the Epinephrine-induced
lipolysis significantly.

9. Catecholamines play an important role in regulating FFA metabolism in the cold-blooded
animal, just as in the warm-blooded animals, and the tortoise, Amyda japonica, may be used

in the studies of fat metabolism as well as the rat,
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a) in vivo BER

A g Hhuze EEstd FHE s EER
7he polyethylene & A3 Fx 30 HLE BES
#% o] He W L 0.6% REEAKS =3 0.1ml/
100g o] Zego 2 3he] BefEstych. HEHBREE —ER
B BiFEstd TR A vt T Mm-S vid B
fi5stel £ k<] Heparin jj R0l ol A A glel
BOshe] MmiEE B

o] MigRel A Glucose & FFA & #iEstd = Glu-
cose & Keilin & Hartree®’ o] {48 Glucose oxidase J5
52 FiAs9 z FFA & Dole’ o) J5iko] el Rehberg
burette 2 4 #HERHEETR .

B OBEEAA A S LFEE B Frog Ringer i
ot} fEsted = EEHS B bl HiEdste ¥
Ringer gl o WinstA =t
b) in vitro FE
S ARy BREREAALERS RISl Frog-Ringer
Wol vk A2t BERKE WRigste] # 200mgo] ez
W3 50mlS] =fg flask o} 4mle) EEERel 2
of 25°ColAl 3RFMIESE 120/min 9 MEE IRESH
=2 ¥rhe] FFA & Jista

EEBYRY 2 Glucose = fmslAl 92 Frog-Ringer o o}
ksl FFA 9] “acceptor”2 4] Albumin - fpdlgd o
(Campbell %) 1L s NaCl 6.4g, KCl 0.3g CaCl, 0.
18¢ 4-fn7% Albumin 40g &) MRe 2w Qo % fask
ool FFA Bl A blank(¥)i& fmshd oo 8w
B RS BT % Uk gw gl BE HES S
< M-S mstAl -2 Control(BfER)2 Rkl 2
BE Wme gy HRE FEstd o

in vitro R A= MR FFA & glo] Mgt
E] A Eel @19 KB SHEEo|w ulel
Zetel Al 6 & 12~159) [RiASIAE 2o Bk
of incubate 3}o} fHEEE TR WIE=F Y

s 3L Epinephrine bitartrate (E Merck),
Norepinephrine hydrogen tartrate (Fluka AG), Isopro-
pylarterenol hydrochloride (K & K Lab), Tyramine
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hydrochloride (K & K Lab), Reserpine phosphate
(CIBA), Ergotamine tartrate (Carl Roth), Nethalide
(1.C.Hel¥ BEL =% base 2 #WE3 ) TRsqao
Z1fni% Albumin &Cohn’s Fraction V g4 Sigma it
o A% EESY.

EBR# L

A) in vivo BE

(1) Norepinephrine o] $H& : o] HEBE 9~10 B
WS ek MiERs FRA o s mpss) mEs W
BE 22 990 in vivo BB QAL miER F
FA 9} [igo] Glucose & BT f—gkol Yeh
wpoh ro] olfd EE SAGe FgEATel gelA
o If#ER Glucose fi= F# 142mg%o] 7 FFA &= 544
©Eq/l o]},

(Table 1) Effect of Norepinephrine on plasma glucose

and free fatty acid concentrations in the tortoise.

Dose Time a Glucose FFA
(ug/kg)  (min) (mg%)  (vEq/L)
0 0 6 142+11.1 544445
5 15 5 177+12.6 6361-34
5 30 4 134+12.3 6864-30*
50 15 6 233+29. 1%  822+-114*
50 30 8 1778 4* 854-71%**
50 60 5 154726.0 633+106

Mean+S.E. of the mean. n=Number of -experiments.
#=P<0.05 #**=P<0.01.

Norepinephrine(JAF NE 2} B53) 5ug/kg S $EHIR
o $EA % glucose = 15 4o 177mg% (25%) = Bin
o &S el (P>0.05) 30450l ohA FH(E
2 @fEE = FFA £ 15450 636pEq/l 3041 686
«Bq/l 24 (26% £ #m) HEHENeE FEHD B
& Bolm Prh(P<0.05). BL 10f52 23 A 50pg/
kg & EAEE ol A= glucose = 154p¢] 233mg2s(+

63%) 24 fEHE ol Fx WAt #hfFsted 304 &

177mg % (+25%) & #ms veis FFAE 1547
822(+51%) 30 4>l 854(+55%)uEq/l = #Hhush (P
<0.01) Glucose Bt} %7 HEwEfEe]l TS 2+ 2
. 60 4ol & Glucose s} FFA Y 2% EHfiz %

of+e % 4 glth. Al NEx AFe] 3ejA  Glucose
ol gl FFA & BBAJ & Al d&& €5 dvh
283 o) RS IREREY Hh#iEa BmdE
= 4 gl

(2) Epinephrine, Norepirephrine 22)1 Isopro-
pylarterenol o| {EF2| FeBk : 3 Fe] £4FE 3] Catecoh-
lamine ) Epinephrine (Epi & #g3) NE 283 Iso-
propylarterenol (Isuprel)o| REEAMFEE(ERS HBUHRESSH
o] Ahlquist 7} F3E3F «-, 8- receptor 9}94 Bﬁ%% g Hg
274 Bgrh o ®ES SRRECT BEYS b 1~
2 Bel Rifstach 24tle H—Hol ojAe EE
Metksr 2ot kel A 2ol HRMEA HREVF
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(Fig.1) Comparison of the hyperglycemic and lipolytie
effects of Epinephrine, Norepinephrine and
Isopropylarterenol (Isuprel) in the tortoise.

Animals were decapitated 30 min after intravenous admini-
stration of saline, 5 or 50ug/kg of the three catecholamines.
Glucose and FFA were determined in the blood plasma. The
numbers in the lower columns denote the numbers of animals.
Mean values with S.E. of the mean are indicated.
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(Table 2) Seasonal variations of plasma glucose and
free fatty acid levels in the tortoise.

n Glucose(mg%) FFA(xEq/l)

August-October 6 142.0+11.1 5441+45.0

January-March 10 137.4%15.5 2514+14.3

Mean S.E. of ‘the mean. n=Number of animals.

Bl Glucose & AE#ET Woho] glovt FFAE: Ag
Aol SlolA EE#EsHA FAHA AA} o1& LHRER]
felie HEEstd £He EENGI AT EHA &
Bl #3) Bd Aoz #u=.

Epi, NE. Istuprel o] #$LE Glucose = NE 7} 73
FESHA #imA 7Y FFA & Epid 714 884 K
S ¥ 4 = 1015 BEeEN JHF &+ KEE
B3t NE =& Isuprel ol & 2vhx| 2 #ghe £ &
flor mE 2 flz ¥ F gk

(3) Reserpine 2| ¥4 : t}-& Endogenous Catechola-
mine & B#8E &) 58e] Reserpine o 2 sl o).
Reserpine fRE+ Reserpine phosphate & 209 ascorbic
acid o 3 QNEES 0.5mle HRo = 3o FENE
BRI Reserpine BEAGE £ HFH L 8&
REE S AW BREA Sz Be o YA
e AL £ 4 A

(Table 3) Effect of reserpine on plasma glucose and

free fatty acid concentrations in the tortoise.

days after treatment
Treatment )
2 7
Glucaose 204.8+13.2) 86.8+15.6
Reserpine (mg2) (12) (5)
FFA(¢Eq/L) 510450 274435
Glucose 128.94:7.8 | 93.5%11. 4
Vehicle : @) 4)
FFA 425+45 447449

Mean=+S.E. of the mean. In parentheses are the

number of experiments.

#=%< Reserpine j#iA ehe] Qo] A2) mrh Glucose
9 FFA 2] gholoh. HEF o2 Reserpine %S [
ERR} BRAN T 2 BT RESAE B
ot

B FFA & pl#gho) 2t Glucose = 2 HE
o 129, 7 Aol & Mme%z WPFE ¥ & gt o

= ofth fifhz T BWHAS sk olo] KA Re-
serpine © 2 PR3 Bio] 1oiME 2 B4 Glucose &
205mg% = HEs) #|mstz FFA & 5104Eq/l = i@
Bavh ¥& HRE Jehid 7 Bl Glucose 7} 87
mg% FFAL: 2744Eq/l 2 W& v 2 B TE &
4 gtk B BB A o Felel E 4 =A Re-
serpine $BARel A & 2 Hikol B2} Glucose & 7
3 Bm(p0.05) % Bolx 7 ol Glucose =
& o Wpstel MIBREE ¥ & o FFAE BER

Glucose
(mg%Y, C: Control
200 R: Reserpine-
1 treated
100} v
B X 7
Fra. | c %
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(Fig. 2) Plasma glucose and free fatty acid-levels
after reserpine treatment in the tortoise.

B HEEIA (00.05) WPpTE £ F A

(4) BHCBRU A2 REE : o7 3 elA Reser-
pine g 2 H#69 Glucose @ FFA 9 #jprt Folol
HEEA ® 7 S FFA S #H7t £ Reserpine of
#£38} Catecholamine o] “depletion”s} BRfR7T & AA
Ae a7 Bt BB ol4] Catecholamine £
A AA fefistE Tyramine o HRE £2.24 Re-
serpine JRES] RIS BEIHA.

H=R AL FEASS MHOBERS] Tyramine of
3} gl Th. Bl S5ug/ml Tyramine of REESH §E
8 =z iRfde]l BmE € £ & 2ot Reserpine BE%
7 A" @& A (E=E B) LEKES REE
FEnd B e Tyramine 20pg/ml2] & iR
Bl As KEsHA ggoh ey Epi & et iR
o] EEEs ML 2 o+ YAt Reserpine BEE 2
A el SlelAE Sug/mlo] Hstel KMol Yol
RiEsit &g Bimste] 20pg/mle] Tyramine-g st
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(Fig. 3)Effects of Tyramine and Epinephrine on the
isolated auricles from normal and reserpinized
tortoises.

A: Auricle from a normal tortoise,
animal. Ty=Tyramine, Epi=Epinephrine. At arrow marks
the drugs are added to the bathing fluid in a concentration
.of ug/ml. Time: Big marks=Imin.

= fiskglel K \5":‘% E 4 vt B Reserpine j&
ﬂﬁ 2 oL ol A = LEME e 258 Catecholamine
9] “Depletion”o) 5243 dojvix] %3tort H7 He

E52de % 4 90 AEBIAE KR TR

Catecholamine &] “Depletion”o] Qdeixt&-2 AR

gk,

B) in vitro B%

1) BIB{ABR R o 2{0{Al2| Epinephrine 2| 38 : in
vivo EEol glojA Catecholamine o] IMmiER FFA &
BN S & F Jdeot 2ok e fEH BR R
Mo 2 HE Y Y Bmel KT ALAFE A B
el FIHE FeRifRRS incubate 3ho EEES = JRMR
< WEstelTh, #iuFEd Qi E Epis gt FelA
JeskE RRMET WREA ofF #EYE MIA &
BMAolA Y BT RS SHH sramFBoE MK
8 Aol B HEF A& 0.280£0.0014Eq/g 9 5&
e ol27 ot Epi 1x107® HI 0.0lug/ml 2] 5
A w EEY P Bins: 2oz BB e JE
WEE BNt 1x107° B 10ug/ml o] EEIA BX
9 RS Rolzm thg 10£5 WE3e 100xg/mle) #&
g T o ke KES #mE BketA ket

B: from a reserpinized

(Table 4) FFA-release by Epinephrine from adipose
tissue' of the tortoise in vitro.

Conc. of Epinephrine

Con FFA release(«Eq/g)
in incubation media

(Increment over control)

1x187¢ 4 =+0.14-0.-056
11077 4 —+0. 364=0- 039
1X107° 4 +0. 4310. 005
1Xx1078 4 —+0. 56-+0. 008
1X10™* 4 +0.5510. 141
Control 3 0. 280. 001

Mean=+S.E. of the mean. n=Number of slices. Slices
of inguinal adipose tissues from a 600g, male tortoise,
weighing about 200mg each, were incubated in Frog-
Ringer-Albumin media for 3 hours at 25°c, with shak-
ing at the speed of 120/min.

Bl Epi & in vitro A % A=kl Feibiiaiel A FFA 2
EHAT = FAS VeI 1X107° 9 EBECA Bk
o HES depich =eEA e % in vitro TR
ShelA Epief fEmpE=A 1X107° & #Eabgl o

2) in vitro WEEM A A2} Epl, NE, Isuprel 2|
R Hdk: in vitroo] olA {t3Emel 3 Catechola-
mine &] JEiFSRERS SMENA 2x whel 2o
old] incubation media ol &= 4% ZEH-S- 1x107° 9] BE
2 msta 25°C ol A 3BEM incubation dhe) Wgks FF
A% oFFAE M 9 BENET BT Re &
Tt BHRES 0.484-0.150Eq/g ¢ AT Aoy
ov Epii #Eucl 0.78+1017¢Eq/g, NE = 0.75+0.
071Eq/g lsuprel 2 0.66-0.23uEq/g v #HES 4o
or gl BEE E>NE>IY EFd S & 4+

ol WEFF: KMk in vivo ol N9 IEFY —FE A

¥ % 95

A,
to

3) Epinephrine 2| JEBS#EERN 01X Ergota-
mine 2| B : o]¢} 742 Catecholamine o] ZHR7} =
gholl glelAE B receptor o S BRAAT St 2
7 Bl Foh a-receptor 2 A
w@e noch. WA Ergotamine Epgse] AL uv
sHFF A 9 o] Ergotamine 1x1075~107* 8] B
glol A} farsse] sEEe] g polxl %3 93 2 uptake
(negative value)el @E VeElz & ol @
Ergotamine Hg= o7]o AT fiENEE M5
Felhmere el ¢182 & & 9dvh g Epi 1X107°
9] #;ot 7o) u]x = Ergotamine 1x107*2 HEHE
nw] Epinto sz $HEBEN T —+0.47+0.066pEq/g o

Ergotamine 2]
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(Fig. 4) Lipolytic effects of Epinephrine, Norepineph-
rine and Isopropylarterenol (Isuprel) in the
tortoise adipose tissue in vitro.

Slices of inguinal adipose tissues weighing about 200mg each,
from a 600g, male tortoise, were incubated in Frog-Ringer-
Albumin media for 3 hours at 25°C, with shaking at the speed
of 120 strokes per minute. Drugs were added to the mediain a
concentration of 1x1075. After incubation the FFA in the
media were determined, and the increments of FFA-release
over control slices were calculated as yEq/g tissue. Mean
values with the S.E. were indicated in the figure. Numbers in
the columns are those of the slices.

(Table 3) Effect of Ergotamine on the FFA release
of adipose tissus of the torioise.

FFA release(x#Eq/g)

Conc. of Ergotamine
(Increment over control)

in incubation media

1x107 3 —0.030. 210
1X107° 4 —0.17+0. 060
1X107 4 ~0.090. 153
Control 4 1. 354-0. 260

Mean S.E. of the mean. n= Number of slices.
Legend as in the Tab. 4.

¥epgsl vt Ergotamine 107* 5t o] jmdt 22 +0.16%
0-121¢Eq/g & #9 1/3 2 Z1 &3 29 o ZRE #ist
Byoz FEHTE & 4 Uitk Al Ergotamine &
ek Epidl 1Ml 52238 MHEAE ot EHE
s WHEE AL E 5 I

(4) Epinephrine 0| fEf5%REfER 0l 0] X= Nethali
de2| §g : vh& p-receptors] B4 %232 Netha-

(Table 6) Influece of Ergotamine on the lipolytic -
ac,tion‘.of Epinephrine in the adipose tissue
- of the ‘fortoise.

- FFA relesse (uEq/g)

Agents added
Epinephrine Ergotamine ™ (Increment over control)

1x1075 - 8 -10.47-4-0.066
. i, o (p<0.05)
1X10 1X107™¢ 8 ~0.16--0.121

— (Control) — 4 1.5840.074

MéaniS».E of the mean. N=Number of slices.

(Table 7) Effect of Nethalide on FFA release and on
the lipolytic-action of Epinephrine in the
adipose tissue of the tortoise iz vitro.

Agents added

FFA release(¢Eq/!
Epinephrine Nethalide rale)

-(Increment over control)

z 5

E REEZ ARRIE E
=

=

- 1X1078 4 + 0.05+0.116

- 1X1078 4 + 0.2620.100

— 1X107 4+ 0.18:10.228

1x1078 - 8 + 0.98+0.136
. (P<0.01)

1x107°  1x107* 8 4 0.42-0. 065

— (Control) — 6 1.06-+0. 222

Mean+S.E. of the mean. n = Number of slices.

lide o} #%-¢ B2 &0 Nethalide gfgto = &
Fo Bm HEE 2 B FEET RS®ERAS
Bolx vt
ze]v} Epi 1X107° tto 2 HWgR o} -+0. 9840. 136
iEq/g ) B 2ol Epi 1x107° ot 1x10749]
Nethalide & gt #elX & EE2 +0.4210.065
rEq/g e BnE & 5 doh o] ZR: HETENe
4 Atk B BIEE#Il Ne-
thalide = Epi o] #RE 5223 KL FaAd
BT WS ehdg B S gk

% ®

b WEtiEERe] HakE X oA EEE Energy
Fdol 4R vl k=l A FFA{LRHol BASE 22 B
7t st R on] 458 oAUk BN EREG
Ax A g E3] 23 BREFWA elAds Sym-
pathoadrenal system o] 7}4 TBESH £#%E 3z gL
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<+ Catecholamine o] FFA Y FHEL do7x Zgge
Bmmhole Bl Mol oot e mwsdd. K
BBl slolAle de R#Ee s Fistz &
Bl Aetol kel A WFUESE 7ol FFA Sl ftaol
Catecholamines 7} #§3t BifRE 23 9SS ooz
B Fa grth

WA in vivo BEgel 9lo14 Norepinephrine & 5l
Byl A e LBl stz BHT 4 9l Sug/kg S 4
BozAxE H3 EfEdE RHSz W 30 5%

FERT B FRTE 2iFdz = o HFRE 10

%9 BEo 2 vs EELSE L Ev(E—F).

™2 Reserpine ¥ =24 Endogenous Catecholamine
£ Br3E3ke] “Tonic effeet of Catecholamine™ S [rsb-st
&9 i FFA g Glucose o #E)$ EE3 Hhol
9101 A] Reserpine ek 2 Hol & FFA Sl #F9
9k Glucose o] BEET BME RSk olu BHLE
BEARe] #i5t Tyramine o] %= HT HWHAJA L E
F e Bz Mot M#Nel k" Catechola-
mine o] HEE7F ERA For 938E —Ee FEHE
Wated ] Catecholamine & EEs Told oz ®
1A st A A

olBig bl HEZE FHOLBER oA
Tyramine o] #H#-S Fol A Endogenous Catechola-
mine o] 79} 523 WAATE HET + dE £ 7
Bel® FT9 Glucose o] 4> 4 FFA S HFEHI #
P BRI Belvh. B FFA S B elA
Endogenous Catecholamine & ##&jo] Z-& w3tz 9

t}. o|wie] ¢lo] A Reserpine fiEgo] A2 AR

ARezz fEkel KT HEE 2 RS RS B

T EEIA GE 7 ot 2E BETAA BARA
1 ElERE Sl 7 HM] HEHES #HT B
= oA FFA & (4% 8ol glichs Aoz dof
fetozE zoh 8 FFAS 3 MA7 ox @
C g 2y Fa v
oj¢} 7ol Catecholamine o} |fHh#ZgkEst 7] FFA
9 B FASHE BE oW e Randle 492
Ep FFA RS 83 R E“Glucose-Fatty acid
cycle” 24 stz v, 2o {ketw RIS
ol b H%ahEe] Bol £ 59 L-glycerol-3-phosphate
9 fffol EolAA Triglyceride 2] HA&Re] #Hs
o2 Glycerol & FFAZ} Mirpo 2 Hisgd Yotz
&ch. —J% Wiechmann®’ [k Epinephrine o] S#35
Bl Ao BEHS FAE B G # Wt 2

oAy K

[

oHELs* BiH). K] HRc FHEEY LR F
FAfH} LR %fele = HagEel TR 92 72
o] sted FFAVE EfmfEol B8-& nodFch wepd NE
4 FFA LE{fEAC] BEES FHBL d wa2s ZX%
B9l AdAE etk BEER in vivo BRgElo 2= of
e WS BEL < girh. 2814 Catecholamine
9 fEfel Tkl Aol ob=h, 238 WMoz
Melffafkol A1 FFA o Wate (R¥EA 2 o 24 Murhigrs
= BAZ e HER BT i vitro BEjol BT
sto] Fv @) EWEES HSA o g el 3l
A Epigs gt Aol A #ER = 94 w5 FFA
o EEEE dov 2 HEE IX10%6A kel 2
38k ol 712 Dose Response Bi{#RE ez 9l et

ol 9}7k-2 FERi SR wEtA AA ] geiAet 7
o] Epinephrine o] FR5#RfkAIS] lipase o) JEIHES &
A oz® o] Folx Aolstx #MWT + Ut

“t}-2 Ahlquist?® 7} 45483 “a-receptor”o] Xz FEH
3 NE, “S-receptor”o] fEfist Isuprel, 28] o Wi
7ro]l YEHsE Epl =9 RBHHRE in vivo 2 in
vitro ol A Jhigake] BSErh. in vivo BERel SlolAl fE
e =719 JEFE Epi>NE>Isuprel o]t} Epio]
Flol %3] =z NE. Isuprel F5&e] S Fnol 3%
EeaE glovt, i vitre BRI T 2 JEFE K
W—Feht EEE 3R Gk .

“adrenergic receptor”o] JEEBIE . (FHE FEE
o] A= WA a-receptor & EHjsI = Ergotamine HiSE
&3 RS B £ v f9h. 2EY Epid] kK
RS Y 9 1X107°5Y EES EEsA M
BT, oo 2L He DAl Yol EWHLS Schotz
& Page®s’, Goodman & Knobil'> =25 Mc Elroy &
Spitzer®® 2] #ERY} —FIL E F . 2Ey 2 F
o w “a-receptor” BTl Phenoxybenzamine 3+ Di-
benamine & 29} 7L HRE E & Y& HEIA
th. 8k Love %92 Dichloroisoproterenol 24 Epi
o WEE EEHT 4 Yo shw Lilkington 508
Nethalide 24 5223 MIHT 4 P& Hikstz Scha-
sterova %532 Dichloroisoproterenole] %5} Nethalide
o R Atz fEsta glvh ol F BT A 8l
oA R Azt UolM S RERHERE T —H
e B 4 Y

Bl Nethalide &2 FT wRIFSELHMRET 2
21} Epid] %RE FEES e & 5 Ao
Epi¢} %)%= Ergotamine % Nethalideo] {&3}¢]

23] WEEA s gov EHES HnEE & o+
Ak

O

¥ ol
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LA L adrenergic receptor €] g EEREE 2 3
& Catecholamine 8] ZRE E=A4RSAY FEEHEE

1l A FFA o ghR A ME receptor =Ahlquist 7} 5}-'

$3u} a,Breceptor o= FrbA o] HaThm A2
o2l e} thet JRpFEMRS] 9ol M & receptor ] AMEst
dojuvtr egkAY FFAEjE $olA R receptor 7}
BE MBS QAN §¢ ENT & gk A Bo
B VA [REERC Y SmEwe IEPERe] v
£ D EWEHSEC Zow oEAx AR
Wt YA BRENA  £4A sk@} Qe Azt
N7 2R F= KRHWA #HY £ 3L T 4
ieh.

Aete] e FFA g7 Glucose RS 2] &

Btk B AHes) Agel Wt EEA RRA A
BESg T olBe kISl = meh FFAS) pudt
= 288 Glucose 9] W2 BHRATE HEEGE)
a+ HigEsel ¥ o SoRolE Qolth =R ol g WK

& ol BUER Byl oINS BEHe BRHRE
J BAS BHRE Zu Quww w R 2R
Sl BEIEHEE] BRI AEp AHe dx
Arhe Foh ohe) AAEd ARl FFA S Fsl
7 A kel FAUKE BRE gee @
% 9.

ojFz

2] &

Aete] 9lojA in vive R in vitro i 2N Cate-
cholamine S FERRAAMS BURE smTet o3t 2
£ HRE A9

1) NE & m¥ER 9 @ FFA B& #mA o

2) in vivo £ Epi, NE, Isuprel € 50ug/kg HiEAE

AR 30 ol mbE R FFA & WET #F FFAE

BEER2 Epi>NE>Isuprel 9] JERFo) 9=}

3) Reserpine o2 QI Aeto] lojAdw 2 Bkl
= MREES] ERe Belvt, FBIHLEER o Ty-
ramine o] ¥gF KfEC] 55238 WAHE H7HAE F
FAS BEEY BPE 29

4) in vitro WEol el 4 Epi& IaisEiA FFA 9
We BmAT Y 2 MRS BE Histd WA
7' 1X1075g/ml 8] WA BRBES e

5) in vitrool|A 3%&2] Catecholamine &} FFA JEE(E
¢ HErste Epi>NE>Isuprel o) JEfFel v & %R
= 99 '

6) Ergotamine & IRUSASMIERS 23 A gout
Epi 9 WepFomfeme mgs.

7) Nethalide & =z Higz T IsPAMIER 2

o} Epi o) ERBFHMIERE Mg

8) Catecholamine-& i fuE#el A & 2ol & Mgl
gl M = fsEEfeHel FEmCl ol BEAY #EE =
Qeov, Azt fERftie Wk QoA 1A XAY
A ERY £ 98¢ ¢ 5 doh
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