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An Expermental Study on the Adrenergic Effect of Higenamine in Rabbit
Cardiovascular System
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Chan Woong Pak, M.D., Ph.D, Jung Kyoo Lim, M.D., Ph.D.

Department of Pharmacology, College of Medicine, Seoul National University

Higenamine was isolated originally from Aconiti tuber from Aconitum species
and recently Higenamine was synthesized. The purpose of this study is to investi-
gate the adrenergic effect of Higenamine on rabbit cardiovascular system. Blood
pressure, cardiac output, systemic vascular resistance and heart rate were measured
after intravenous injection of Higenamine (2-100ug/kg/min). The effects of Higena-
mine were compared with those of other sympathomimetic drugs. The changes in
the cardiovascular systems after pretreatment with Propranolol, Atenolol and Hex-
amethonium were also studied. The following results were obtained.

1) Higenamine increased the cardiac output and the heart rate and decreased
the blood pressure and the systemic vascular resistance. Those changes were dose-
-dependent. The duration of action of Higenamine was 5 to 8 minutes.

2) The effects of Higenamine were similar to those of Isoproterenol. The amo-
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unt of Higenamine was more than 100 times the required amount of Isoproterenol
in order to obtain the same cardiovascular effects.

3) The effects of Higenamine were blocked by Propranolol. The increase of
cardiac output and heart rate were blocked by Atenolol. The decrease of blood
pressure and the increase of heart rate were blocked by Hexamethonium.

Higenamine has stimulating action on adrenergic f, and g, receptors. But
Higenamine is much less potent than Isoproterenol.
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Fig. 1. Dose—response curve of higenamine.

— 8



- &871: 6V A1E FH ABE -

AB AE

1) Higenamine?] &3 —uhg 54

Higenamineg 2 ug/kg/minolA 100ug/kg/min &
Z7kN 713, B, Auag, AAAY L duad v
Ae Ee BT F£57 AT oY) ol
&3 Z7tol g} sFE gz, olgr] ¥l uR &
7}ated, @9t (pulse pressure)o] F7is 1, HE ¥

Table 1. Effects of higenamine

e stk £57] ¥4e 50ug/kg/min o] Ao
A, olgt7] et ¥ HE YL 20ug/kg/ min o] Ape]|
A 2ED #2 Alolg el Ao (p<0.05). 4wt
2% £ F7td ot F718493, 2ug/ kg/min o)
oA 2T fodg ZFol7k AATHp<0.01). 100ug
/kg/minol A %7 ¥ 12.0mmHg (10%)7} @
ol m, olgty] ¥ge 17.8mmHg (22%)7} wolR e
o, ¥ €% 15.8mmHg (17%)7} Robxich 4y
ZFe 2%7 27D, AN 8% 7Ba

Dose 0 1 2
No. Control 2 5

3 4 5 6
10 20 50 100/ ug/ 4g /min)

SP.(mmHg) 1140+ 3.0 1150 +54 1140 +54
D.P.(mmHg) 794 +43 794 +36 782 +33
M.P.(mmHg) 90.2 +21 900 +36 89.4 +3.2

C.O( 2/ min) 059008 0.64+008* 067+0.07** 069+ 008" 0734008 0.75 009" 0.78 + 0.08

1136 + 54 1108 +7.4 1052 +65% 1020 +4.1*
774 + 25 73.6 +1.9% 688 +26* 616 +58**

808 + 2.9 860 +21* 814 +27% 744 +42*"
*%

19 248 +22%* 259 + 27

H.R.(beats min)222 +19 224+18 224+ 18 225 + 19 231 +

R.( mr{lH)g/Z/ 154 +22 140+15*  133+13 130 + 13** 118 +12** 108 +12** 95 +12**
min

x :P<0.05 M.P.: Mean blood pressure

=+ :P <001 C.O. : Cardiac output

S.P. : Systolic blood pressure H.R. : Heart rate

D.P.: Diastolic blood pressure R. : Systemic resistance.
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Fig. 2. Effects of higenamine in rabbit with ].V. injection of 30ug/ kg/min with time.
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Table 2. Effects of higenamine with [. V. injection of 50 ug/kg/min with time

|

oY

8min

min

After inject-

Before inject-

3 min 4 min 5min 6 min

2 min

ion 1 min

ion control

af
r

1082 + 49 1084 #+ 5.0 1085 +5.0

107.7 + 4.0

1055 + 5.5

104.6 + 6.6

1005 + 4.9*

108.2 + 5.0 984 + 44**

S.P. ( mmHg )

682 + 43* 704 + 50% 78,6 + 6.0 79.4 + 45 79.0 + 5.0 80.5 + 6.0 80,5 +50 804 +49

800 % 41

D.P. (mmHg)
M.P( mmHg)

89.6 £5.5

86.7 + 5.7 87.2 156 894 + 6.4 885 + 5.7
0.64 + 0.06 0.61

85.4 + 4.6

80.2 + 4.6*

888 + 45 764 + 4.1**

+0.05

0.70 +007  0.67 &+ 0.06 *
200 +

+ 0.06*

0.79 + 0.08* 0,74

0.70 + 0.07

0.62 + 0.06 0.65 =+ 0.08

C.O.( £/min)

195 +15
146 +14

198 + 14
139 11

15

132 +12

+ 14 210 +14
125 +10*

210

225 +17% 210 + 16

+ 15 210 * 16
10

200

H.R.(beats / min )

142 + 117 + 11** 114 + 10 108 + 9** 117 + 8**

R.( mmHg/#4/min)

M.P.: Mean blood pressure
C.O.: Cardiac output
H.R.: Heart rate

: P<0.05

: P<0.01
S.P. : Systolic blood pressure

*
*k

: Systemic resistance.

R.

D.P.: Diastolic blood pressure

9} 39l : Higenamine 9] E7] 4 ¥ @A ol=dgd &y viile % 83 4894 47 —

ok Ause 29 378 (19%) 7} 37 &9l
(Fig. 1, Table 1). #AA M & £43td 3T ¥ 4
urE ek, AARANY L Auro] oig sloper 242} 13.0,
14.0, 20.0, 22.20] v} Higenamine 50ug/kg/min
g 183 AF3 ANy Ao g s B3
ek Y 18F /b st En, 5-68F 4
to g golgth 4AlgEyge 383 JHE F7HH
Az, 7-82F P9 AutEF g 5yt FUAYL

3o 71 AstEAn, 78230 4 A2 o
stk et 283 7MY FtE R, 5-6 &%
of 9o Autsrg B ch(Fig 2, Table 2).

2 ) elekA] (Isoproterenol, Dopamine, Epinephrine)
oto] ©lw

g4 AexodAM BF At as=odAe
Isoproterenol & A& 317}8l 9 1. Dopamine & ¥}
3}7+o] datej A 3, Epinephrine & 53¢t} (Fig
3). Aut& o] B % Zs}3 3, Epinephrined I¥E
qA ZAad P ol afpdA AFLE Qdo, A
ARGl Frtsle], Hdutz o] B4d A2 AZF
t}(Fig. 4). A4 A& Isoproternol?t Daopamine &
744813, Isoproterenole 1 A&7} A3ttt Epine
phrineg HAAY o] Zasci7l ReEdA F7HEA
T} (Fig. 5). Aut$=+ Isoproterenodl o] AL Z715 ¢
1, Dopamine-& ®3}7} ¢1%li, Epinephrine & &
7Ht a7t 2E ol ZAsk o (Fig. 6).

E} oA 9}o] HjmAPlA Higenamine & Isoproter-
enol 3} 1 /o] o}F H|&¥g @ 4 UM (Table
1, 3~5).

3) F8A a7

Higenamineo] &4 d7& & ¥|Hd4y g &
£ g Proprandol 3 M€ A 5, =84 Ae
A Q) Atenolol @ A7 A 2¢hA| ¢l Hexamethonium &
AHg-stgih

(1) Propranolole] %3 : Propranolol 1mg/kgg
A8 A3, 308F Higenamine FoA] Hige
namine 8] 2& Z§o] dAHAJt F ¥ 7ol o
A= (p0.005), Hut&EF 2717} AT (p <0.005),
AAAY 227t 2T A= Ak (p€0.005). At F
7t% A= Qok(p<0.005). Fig 7,8, 9, 100]A] &2~
Y FAo] dxo Hla) ol e, EEA
&g, AN R Augol e dose ratios 2.8,
6.9, 4.6, 4.0 o] gir;]-(Table 6).

(2) Atenolol 9] %% ; Atenolol 1mg/kg= Aj3] A
F3t3, 302 ¥ Higenamine $oj4] 4w&a Z7}9l
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Fig. 3. Comparison of higenamine, isoproterenol, dopamine and epinephrine on mean blood pressure.
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Fig. 4. Comparison of higenamine, isoproterenol, dopamine and epinephrine on cardiac output
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Fig. 5. Comparison of higenamine, isoproterencl, dopamine and epinephrine on systemic resistance.
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Fig. 6. Comparison of higenamine, isoproterenol, dopamine and epinephrine on heart rate.
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Table 3. Effects of isoproterenol

Dose 0 1 2
No. Control 0.02 0.05

3 4 5 6
01 0.2 0.5

1.0( ug/43 /min)

S.P.(mmHg) 113.0 +55 1124 +42 1150 +59 111.0 +76

104.8 +11.0 100.0 +12.0%* 954 +10.4*

D.P.(mmHg) 740 +71 702 +63 684 +94 642 +9.4** 580 +11.8** 522 + 7.8** 508 + 85**
M.P.(mmHg) 878 +85 8.8 +86 874 +96 818 +86 776 +11.7* 704 + 9.2** 674 + 65**
C.0.(¢/ min) 0.54+0.05 0.59+0.05 0.63+0.05* 0.664-007** 0.68+007* 0.70+0.08* 073+ 0.08*
HR.(beats/min)210 +10 213 + 8 214 =12 218 +9 226 +6** 249 +10*%* 259 + 10 **
R.(mmHg)/e/ 161 +14 147 +24 140 +25 124 +18 114 +19%* 100 +15%* 92 +13 **
min
* :P<0.05 MP.: Mean blood pressure
**x :P<0.01 C.0O. : Cardiac output
S.P. : Systolic blood pressure H.R. : Heart rate
D.P. : Diastolic blood pressure R. :Systemic resistance.
Table 4. Effects of dopamine
Dose 0 1 2 3 4 5 6
No. Control 2 5 10 20 50 100( ug/4g/ min)

SP.(mmHg) 1118440 109.4 +3.9* 1062 £3.7" 1042 37 1022 +£45 1076 +105 117.0 % 90

D.P.(mmHg)

M.P{mmHg)

C.0.(4/min) 0.491+0.05 051+0.08 0551008

H.R.(beats /min)234 =27 235 +26 235 +26
143 +19

R(mmHg/¢/ 171 +21 160 24
min%

68.8 +7.4 66.2+81% 630 £7.8° 6L0 +7.6 588 + 04" 648 +158 714 +132
832 +£56 804 +64% 77.6 £59° 758 458 732 +7.6 792 +135 860 +10.7

* * *k Xk
0.57+0.08 0.59+ 0.08 0.62+ 0.09 0.69+ 0.13
235 +26 236 + 26 238 + 26 241429
*k *% *k *
133 +16 125 +20 125 + 16 129420

* : P<0.05

x* : P¢0.01
S.P. : Systolic blood pressure
D.P.: Diastolic blood pressure R.

H.R. : Heart rate

Aute Z717F oA = Aok (p €0.005, p<0.005). Fig. 9,
10, 11, 12014 A& Yupsol g §F S
Mol thzFol Blg ¢ o)FHAUNT, YAEF E A

vl thgk dose ratior 2.83 1.90]g{tH( Table 7).

o]24 Higenamine ¢} %2} 7|32 B, &3 5,
F&H BFo 9¢g Feudgy fFEA A& 2
AYe ¢ & AUk Propranclol A & &F F7tel
et g Feol P Aoz Bop af & o Ui #
42 e RoE A5 €T

M.P.: Mean blood pressure
C.O. : Cardiac output

: Systemic resistance.

(3) Hexamethonium ¢] 93 ; Hexamethonium 4
mg/kgs A3 A F3, 308 % Higenamine Fof
Al et shzket Adkg b7 AlE ATH(p <0.05, p<
0.05). Fig. 7, 8,9, 10014 ¥, Auaz, DAY
Aubeo] e A M S 45 W, Sloper 242109,
18.8,16.6, 5.40] itk ¥ Y dAE AHE %
Z7t2 ddgo] sbssln, 3% o2 Higenamine 9]
B w&A FE BAYS Jel £ 4ure S7F 9
As= o2 Hol, Higenamineo] 2§ Auts F71e)
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Table 6. Effects of epinephrine

Dose 0 1 2 4 5 6
No. Control 0.02 0.05 0.1 0.2 05  1.0(ug/ kg/min)
SP.(mmHg)  107.0240 1056 +40 1056 45 100.6+46% 1120 +49 1186+ 60™" 1366+ 7.3**
*k ok
D.P.(mmHg) 720 432 710 +30 703 +38 630+38" 753 +38 820 +43 953143
MP.(mmHg) 8.3 +41 850 +50 B840 £58 78845 908 +41 97653 11L6+81"
C.0.(£ /min) 053009 0594008 0.614008 0.63+008 0654007  0.67 + 008" 0504009
HR.(beats/min) 20012 208 +14 210 +14 20 +15° 225 +15° 219 £18  186+15
R(mm})Ig/e/ 164421 147 +19 140 +14 12516 139 +16 145 £15 222425
min
* :P0.05 M.P.: Mean blood pressure
x+ ;P (0.01 C.O.: Cardiac output
S.P.: Systolic blood pressure H.R.: Heart rate
D.P.: Diastolic blood pressure R. :Systemic resistance.
Percent of
Control
__________,__--——-——-X ’("/x\’(\
100 é\\\\ — "
A
a B} L\
\ A
a
90 F o ‘Higenamine 0
A Propranolol -+ Higenamine
a
a Atenolol+ Higenamine
X Hexamethonium + Higenamine
Qo
80 ’ 1 1 1 ] L
2 5 10 20 50 100

Higenamine dose(ug/kg/min ), log scale

Fig. 7. The influence of higenamine on mean blood pressure after pretreatment with propranolol, atenolol

and hexamethonium.

FEygel ¥ ol 4 /1A A%z Asdd
(Table 8). &4 ATNA HlAE 544 FEB
AU g FAY F AUD, ol EteFA e HlmolM F
e Ry YA 3HH( Table 1, 6 ~8).

4 ) Isoproterenol #¢] Y]

Higenamine 2] 28 ¥ 7}, Isoproterenol ¥} v) w3}
W, BT "ok 3ol el 1/280, AutE 2l o)
8 1/210, ARG 7ol tisl 1/220, Aurs 27}
o s 1/150 0] gic} (Fig. 11).
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Percent of
Control
O Higenamine
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/%o/
P

o
110} o n/ A/
x /374A

o
100 N i . i 1 1
2 5 10 20 50 100

Higenamine dose(ug/kg/min), log scale

\
p\

Fig. 8. The influence of higenamine on cardiac output after pretreatment with propranolol, atenolol and
hexamethonium.
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100 ,

A
x§
\
0\
\\\ \
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4 Propranolol + Higenamine \

o Atenolol+ Higenamine

60 + x Hexamethonium- Higenamine

I H i i |

2 5 0 20 50 100
Higenamine dose(ug/kg/min), log scale

Fig. 9. The influence of higenamine on systemic resistance after pretreatment with propranolol, atenolol
and hexamethonium.
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Percent of
Contro!
120
O Higenamine
4 Propranolol+ Higenamine
o -Atenolol + Higenamine
X Hexamethonium +- Higenamine
110
O~ ——
100 f & & .
i 1 L 1 i i
2 5 10 20 50 100

" Higenamine dose(ug /kg/min), log scale

Fig. 10. The influence of higenamine on heart rate after pretreatment with propranolol, atenolol and
hexamethonium.

Table 6. Effects of higenamine after pretreatment with propranolol

Dose 0 1 2 3 4 5 6
No. Control 2 5 10 20 50 100( ug/kg/min)
S.P.(mmHg) 105.2 +48 1074+68 1060+53 1072+ 4.2 106.4 +5.2 107.01+6.0 107.2 +11.7
D.P.(mmHg) 694 +53 69.4+58 680 +6.1 67.84+5.8 67.0 +6.3 65.6 +7.1 60.8 +10.5
M.P.(mmHg) 838 +46 838+51 838+56 83.61+ 5.6 83.2 +6.0 82.2 +6.3 798+ 7.4
C.0(#/ min) 0.47 +005 0.49+006 051007 0.51-+0.07™* 053 +0.06"* 0.55+0.09"* 0.56 +0.08**
H.R.(beate/min) 177 +23 177 +23 177 +23 177+ 23 177 +23 177 +23 187 +22
R.(mm}_lg/) ¢/ 175 £25 172+27 165 +29% 165+27*% 156 +29"* 151 +30™* 144 +28™*
min
x : P<0.05 M.P.: Mean blood pressure
= : P<0.01 C.O. : Cardiac output
S.P. : Systolic blood pressure H.R. : Heart rate
D.P. : Diastolic blood pressure R. :Systemic resistance.
He FEY JiEE 8 10999 HRE B3 47
) & Aot el A ZA F olme EHoz, BAe o

€50 1, SHo] 4 Aoz UdA Uk

ZAuMZAAY HA9 2 Z(plant) 27 E H2&F
ol /2E Zfe BTk ZAFEo] dowAy Yol

akus ¥Rl SH2FY FBIols HEL A
A% +84 42l 24280 Jee BTSFADT
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Table 7. Effects of higenamine after pretreatment with atenolol

Dose 0 1 3 4 5 6
No. Control 2 5 10 20 50 100( ug/kg/min)

S.P.( mmHg) 109.4+ 3.0 1066+ 1.4 1066+1.2 1062+ 22 1048+ 17* 103.0 +20* 98.6+ 3.1**

DP.(mmHg) 66.0+54 642+46 63.0+48% 624+59% 60.2+47% 528 +37* 512+ 3.0*

M.P.(mmHg) 8l.8+47 79.0432* 782 +35*% 77.4+40* 752+22* 718 £24% 6743 23*%*

C.O(£/min)  052-004 0537 0.03 0.55+0.04 0.57 % 0.04** 0.59+ 0.04** 0.63 +0.04**0.66 + 0.03**

H.R.(beats/min) 183 +24 183+24 183 +23 183 +24 187+24 200 +26** 202 + 29%*
155 4+ 9 146+ 8*f 141 +10™ 135 +10** 126+ 8%** 112 + 7** 101 + 4**

R.(mmHg/¢/
min)

* : P<0.05 M.P. : Mean blood pressure
= : P01 C.O. : Cardiac output
S.P. : Systolic blood pressure H.R. : Heart rate

D.P.: Diastolic blood pressure R.

: Systmic resistance.

Table 8. Effects of higenamine after pretreatment with hexamethonium

Dose 0 1 3 4 5 6
No. 2 10 20 50 100( ug/kg /min}
SP.(mmHg) 96.4+63 98274 1024457  1066+46" 1068+80 1004446 992 + 3.6
D.P.(mmHg) 580+66 590+64 596+31  590+41 57.2+58  560+57  56.0 + 83
M.P.(mmHg) 788+27 748 +36 77.0+28 77.0 +17* 770 +£34 76040 746 + 68
C.O(£/min)  050+0.04 053 005 057 +005" 059006 0.62+0.06" 0.66+009" 070 + 010"
H.R.(beats/min)227 +16 229+16 231 +10 233 +10 237 +11 241 + 9% 245+ 6"
R(mmHg/¢/ 146 £14 140413 134 £10 130 +16" 123 +15" 115 +14° 106+ 12"
min
* : P0.05 M.P. : Mean blood pressure
*xx : P<0.01 C.O. : Cardiac output
S.P. : Systolic blood pressure H.R.: Heart rate
D.P. : Diastolic blood pressure R. :Systemic resistance.
Ee AAFEE Y BF0] n—2EE3 (nBFA) inephrine 3 H]$:3}ctn oy, oA u

°oZ ]sg%l% %23tk =3 Epinephrine 3 dj&:

£3-wg THg Y S, 357 &
5e nBFAn A 2550 104, Ouabain Bt} J
W Zzel E2Ehe Aol BT, £58 Z1EES
wagn g ®. Alge nBFA 7} Ouabain
4 microsomal Na-K—ATPase o] &84S JA 3t
Fged®™, 32 Keswsd g2 434ass

o] Wy} mnjste) Kej&Ho] ojde 7gdtgn ™™
8, or=o actiomycin ATPase o nBFAQ} g3ke
gATT AP, Y5e $5vxo B2& nBFA
8] <&2 PIEA(positive inotropic effect of activa-
tion)o] g & :o]uf, o] Ouabain ¥t} Norep

L |

I

ol AT
5& nBFA7} Ziuigdige & 7jde
£2 vgdgn A UG,

Kosuge 59 9}# nBFAQ] /3 4 E<l Higenamine
o] Balg ¥, 19814 o]¥¢9 d7& Higenamine g
ALgRch FEE JHES Ao A2AxTe #ZF
£92 %Aste £2< Lanthanum 3} Verapamilg
2 x)8 3%, Higenamineo] &% &M oz 4 IFH
8¢ 3j8A7 g #Esn, Higenamine o] 428
71Ae gRrEe AELE ¢ ZERd 1Y Aoz
F23gY A5 B A2 858 2430 B
3t oA}, Higenamine o] Catecholamine} H]4:
s gTigd e S B
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Fig. 11. Comparison of isoproterenol and higenamine on blood pcessure, cardiac output, systemic

resistance and heart rate.
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%37 PIEA9 ¢ 7701 84T, Shen 5
& Higenamineo] 7te] NADHE R4z oz o4
g2 BAEHYT, A5 ¥ mitochondrial MAO-A

of el B¥ tgH oiAg AT
Han$ 2 i3 3 AAMEA  Higenamine &
#59 g Adukg Frtd] pixl= §%7F Pindolol 2
dAEe BRAYPD. vEe E7 FAte 3}
o] 1oj4] Higenamine®} Epinephrine 2] Propranolol
o g PA,x& 8583 7.50 08 H]%sly] wj o
Higenamine o] 4]#¢] adrenoceptoro)] 2}&3%tc} 1 3}
Q. o)t} AT-g wobx), Higenamine 9] 287)
@" Bolzeldd &A0 B4 Ao F2HY
E AN Autzg 232 93 x4 Ee

o] &8 Ak 2= HE Fegler o] o5 kg o)
E, HAIE71 7 &olstm, AN ( reproducibility) ¢]

Hojur @ol] Al u}‘s’ wmcﬂ A7t
By, dg ¥g dast gu, ANAE B A}
g3, ¥ wEs avgzl ¢ leFHd H
4", 5§ HEUd 2% (thermister)E T3, 4
dtzakg AAsY, e £ Aol o FasicPt
53 E72e 24 2N 0 233 440
=7} ohlstx, Aee 2E2H 5, A7
S22 G AEAHe] BEHJIY. Aol
ARFEE AZRES a9 27 AL 98 AR

H3 ,\lc}“ %ol 2 FHo UM s 75y 3,38)’
£ Fa ¥ERY 2AL slxaigo i,

nBFA ¢} Higenamineo] thgt 4] A¥e 2= o
gtk Hong5& nBFA 50-400mg/kgg E7jol %
FA $37] @ oY g BEAYTF®. Huang
$¢ Higenamine 5 ug/kg g 7ol B34 ¥ 542
ol AR, ¥ 372 Propranclole] ojs) oz s
Ao HPF®. KimEe nBFA 10-100mg/ kg E
7l BFA et 83 2 e ¥€F Fvls pas
QeiP. Chenz e Higenamine 5 pg/kg £ 7o RFA)
P ¥y &7, AutEar 27}, AARE A, A
T F7h A 7Y E7h 44 WY dP/de
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max 2 —dP/dt max Z7t2 B, Liu &
21544 A28 3z} A Higenamine 15-25ug/min
£ 6057 AF3HA, cardiac probe & Al83l o
AA 715 e BE3lA, J4A T2 E(left ventricu-
lar ejection fraction) 3} Al¥l4 Zvls BT, o
E Fo] B 108F o/d IdE AHGATGL S
. e E7j] Higenamine 1-100ug/kg/ming 3
FA], olg7] E &7ge] 57 Y A RT A
35, 259 ¥FFo] FrHdz st

2 A¥or+= Higenamine 1-100ug/kg/ming 1
£t E79 Al$8rc} Higenamined] 2817t o
& Catecholamines 3§ #skth £3Fo] Frhol walbA,
$27] 9 olgy] U o] AL, FE7RY o]
&7] "¢ el o A, Wte Frtek HA
¢ apde Vel ok AdtEage] 39 Ftol
g} 271 gk AAAYL FaHT, A 71
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