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Higenamine Reduced Mortalities in the Mouse Models of
Thrombosis and Endotoxic Shock
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Abstract—Higenamine is a tetrahydroisoquinoline alkaloid which was isolated as a cardiotonic
principle from Aconiti tuber. Lv. injection of higenamine was reported to increase the cardiac
output and heart rate and to decrease the blood pressure and the systemic vascular resistance
presumably by stimulating the adrenergic B-receptors. The anti-platelet and anti-thrombotic effects
of higenamine were investigated in this paper. Higenamine(0.5 mg/m/) showed mild inhibitory effect
against collagen induced platelet aggregation in vitro and the inhibitory effect was increased with
the pre-incubation(5~30 min) of platelet rich plasma(PRP) with higenamine. With the 30 min incu-
bation, the platelet aggregation was almost completely inhibited. And the oral administration of
higenamine(50~200 mg/kg) enhanced the survival in the mouse model of thrombosis and that
of endotoxic shock. The anti-thrombotic and anti-septic effects of hizenamine thus appear to be
due to the [B-agonistic and the anti-platelet effects of this compound.

Keywords [ ] Higenamine, inhibition against platelet aggregation, anti-thrombotic, protection of endo-
toxic shock.
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i HagEe] $4o] odejubdl sm, oo wel w4 AW ohe FzsE, nash whew
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Higenamine(1)-2 - tetrahydroisoquinoline#] alka-
loid24] 2XHAconiti tuber)® & ZAlzt4 g
224 REFEgen, AAl(Asiasari radix) 2 An-
nona squamosa®] U B JIXEREL REejEg]w,
Nelumbo nucifera®] wWjol2¥-e]&= B8tgAx2 R-
(+)-higemanineo] Eel=lo} B v =9} Higen-
amine-> Kosuge$} Yokotaol] ¢sle] Hzje] 7pAl=ta
AEEARA Hugoldl 42 in vito E in vivo
AYS B3td o 28736l #3 AF7t o) FolA
of=ur A wjdeHow =80 2 A
adeny! cyclase A EE F3 3, Ca* "iond) A E)
g Z7HA1E 59 A8 osty AEsEy
AHE SRS, Adesk Sk, "l
AAA G a4 58 7o) B9 o, higen-
amine2 =&k dF c-AMP ¥5& £ g4
SAAAAES Mo RauEdch 2u AW F
ARl 2 AEAIZRE 5~88 08 v #HL Aoz
BuEqly, Fsx =3 G443 AHslgo]l A=
%E}_‘ﬁ*lo)

F*HAconiti tuber)f+2] Aok P = RIZ A
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AlEI|7] Y A|2~NMR-& Varian FT-804, IR-&
Perkin-Elmer 283, centrifugex= Sorvall RT-6000,
Whole blood platelet analyzer+= Texas International
Lab. PLT-4, Whole blood platelet aggregometer+
Chrono-Log 500VSE Al&3lglen] Aleke Aldrich
Chem. Co., Sigma Chem. Co. ¥ Chrono-Log Corp.
o2 HE Pt Al

N-(3’,4’-Dimethoxyphenylethyl)-4-methoxypheny-
lacetamide(2)2} 8tAd — 3,4-Dimethoxyphenethyl-
amine(9.1g, 0.05 mole)& 80 m/2] toluened] o]l
4-methoxyphenylacetic acid(8.3 g, 0.05 mole)-& 7}
Z ukgdg o 72A7 #AFA|7IHEA shdEddok
oju] Dean-Stark trap2 273l AAH= H.0%
AAsted WS FRAFTE wksdE YA F
7ststell A gullg AR Fofdl A= CHClyol
=it} CHCl,2-¢8-2 d-HCl, d-NaHCO; ¥ H,0=
Mol F5o NaSOE Afd ¥ 3hskstedl A
ol & AAsn doin E4-E EtOHZ A Z A3t
E 3.9 amide(13.2 g, 5% 80%)E ¥ et mp. 122~
123C.

1-(4-Methoxybenzyl)-6,7-dimethoxy-3,4-dihydro-
isoquinoline hydrochloride(3)2| &4 -PCl; 2.7¢
(0.013 mole)8& CHCl; 10miell =]zl CaCl,
wbe? %7149 WA W3e7) ol $lolA
2%} amide(?) 3.17 g(0.01 mole)-2- CHCl; 15 m/of]
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ol £ ice bathZ W7+ A|7|mWA] x1A3) 7}s)
oF 16417F A&l A X1°1T°1 HheE ok A

}—?‘ vk ‘”7‘1 Rl 04 45}"% Hhg-A
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ol A de EAF #sle] EtOHi ANAA s ] E
X 9] dihydroisoquinoline ¢34+4(3.11 g, & 93%)2
deirh mp. 146~150C.
1-(4’-Hydroxybenzyl)-6,7-dihydroxy-1,2,3,4-tetra-
hydroisoquinoline (1, Higenamine) hydrobromide2]
Bt — 99} 34-dihydroisoquinoline G4F3A(3)& A
ol 2Jsle] sodium borohydride® sHA|A 1-(4'-
methoxybenzyl)-6,7-dimethoxy-1,2,3,4-tetrahydroiso-
quinoline hydrochloride(4, m.p. 188~190C )Z <14}
o $lo|A] -2 tetrahydroisoquinoline <34Fs3(4)
3.5 g(0.01 mole)2- acetic acid(10 m))¢} 47% HBr(7.5
m))e] EgA oF 47k AFAFIHA ld stk
WS R WA F oA3lste] FAS dgien P-
rOH= %37 MeOH=E 2172 A4 5}o] higenamine(1) hy-
drobromide(29 g, =% 82%)F <I¢ich mp. 262~
265C .
HAESHE AMEE ZHM'Y—Sprague-Dawley A
4 8#(200% 20 905 CHCL o2 u3 A7) & 22%
trisodium citrate(l volume)Z 2-& plastic TA7]&
ol g-3te] Ao g Hel(9volume)E HF 5}
200X goll A 1047 A4 E-e)ste] Aol dag 94
(PRP, Platelet Rich Plasma)& 13 @¢&22 700
Xgoll 4] 307t oA iAld-eiste] dagt A A I
(PPP, Platelet Poor Plasma)E o] Ag3s}eic)
Platelet Analyzer& o]43}ed PRPY dHig &
A Ae)rdez sMsle] da 58
10/m/ 2.2 gtio] Apgaloic) Haog 43 SA7|&
o]-8-3le] PRP(0.45 m/)Z 0.05m/ higenamine2] A
2 A 8- mg/m) 3 AAA7F 37C ol A ikt
% ADP =% collagen 4948 ¥ 1000 rpmo.2
stirring3FH 4] 37C o 4] wljo}S Adsloe], FE w9
Hit2 A d4ag A E AA51¢ich ADP ¥ co-
llagen?] 2% ¥%E= 717 2~3X10 S g/m/ 2 6~10
X10 Sg/mizA 7} PRP7} #1834 o7l ¥
SZolla] Agatglon 7 A5 SAHAAEE REA
T-Ehdch
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S A4 $o38}1 collagen¥} epi-
nephrine &3H8- "—‘.‘( 900 ug collagen+9 ug epineph-
rine/10 m/ saline/Kg)2 ze] <ol FA}3hE 1557+
wiele] 2, Al wy wpulE FE]9] 38 o Y-F
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mine?} ir, nmr data $& T4 data®} FU3}
o)\it}_.l“)
Higenamine2 1-substituted 1,2,3,4-tetrahydroiso-

quinoline®-& 7t= 5 7ragt dagk 37 A4S

E4 9] trimethoquinol®} T24 o 2 vf$- FAlsh,
in vitroell A collagenoll 9lste] fres= i %

g

Aol wstel obgh oJAlabg-g shale]l HwEg)
1)

=3t Higenamine A= 3R] Al2p5 gl ’h“’#
T FEAE, AER S, "geiibel, Al
& Aarg 55 dehie 2 AEARE 580
2 e ge Aow HuEg o mghEEalAld)
45 c-AMP9] w7t A3 Fv18he 10~ 158
gl "ata 2 F A3 ghashd 2417 &
A AAHcl 22 cAMPAE A Te] =3 23
7] o k-8 higenamined} vl oF3k o d 4w
SAlell A= e FAstoch 3Fe] daw
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3 2HPRP, platelet rich plasma)& higemanine(0.5
mg/ml)# 387 ket F o AL F=E o9,
ADPel 9J3te] S =5+ dad S Hstel= 192
%, collageno] &J3le) FE=HE A% SAo| st
o= 31%°] oFat | zH4-& HdrKTable I). wiF
A7FE 5~30%e2 A wel ADPel &3t
SEsE a4 A dstde JATEo] i
= A Hal ¥bd, collageno] 23l fEEHE
Yool g oA zHg- wofaze] Aol
uwe} Z7hge FRE F dslen 208 ol wie
shod v 90% o) Abel 73et I A 2H4-& Bir). Higen-
amine©] in vitroo| A A ggAd bl A 2L
& 7o g vles A vl a7E #3
sladc). vl$-2o) collagen} epinephrine?] &84
(CoEp soln)g AWFALEd o dFaAulo] Ao
HFAE 1 o]l 2]5te] HlFWo] AP oA, FAE
18o]ue] tj¥io] ululse] g2lo]x] X3lA
230l AAW FFo| A =Hx, ARl Hok
2n 5% °]"H°ﬂ oF 70%<] vh$-27 AbgEta v
A% ohRE 158 o)Wel APRsAY 153 o) vl
v 7} 2]]—"‘—511:]-“) Higenamine-4 775913 3 CoEp

$-28 PAste] e e
Aro) A7 sl =715 Fabsledti(Table 11). CoEp
o]l 79%7} A}
hert gle w,
higenamine 50 mg/Kg Fo15 127 g 247}
CoEp soln.& Falslel-gu, FAF & 6% ool <
25%7} 3EEo] afgo] F2Gow 158 o]l

0%} 3EEgT 58 ojule] APFELS o 50%
A dAFae] A3 AREHATE & 5 Ao
Higenamine¥°] ¥ 34]7}to} CoEp soln.& FA3F

&), 15% ool 29%7} 3 EHRAI 53 o]l 53
%7} Abukste] o 2E R ols ZA4be] A7rE gl o) hi-
genamine®] FHF JAMEA7} FF 1A ==

Table I—Inhibitory effects of higenamine against
platelet aggregation

aggregating pre-incubation time (min.)

agents 3 5 10 15 20 25 30
ADP 19.2 164 57 — — - -
collagen 310 59.7 754 810 900 94.8 988

*Inhibition(%) with 0.5 mg/m/ of higenamine; ADP, 2~
3X10~% g/ml; collagen, 6~10X107° g/m/

Table TI—Protection of mice from thrombotic challenge with oral administration of higenamine

total no. of mice

recovered within 6 min. recovered within 15 min.**

killed within 5 min

tested no. % no. % no. %

control 19 0 0 0 0 15 79
1hr 17 4 24 7 41 8 47
2hr 16 4 25 7 44 8 50
3hr 17 1 6 5 29 9 53

*Higenamine(50 mg/Kg, p.o.) was given at different hrs prior to the thrombotic challenge(900 pg collagen plus

90 ug epinephrine/Kg, 1.0.).

**The number of mice included those recovered within 6 min.

Table III—Protection of mice from thrombotic challenge with oral administration of higenamine

dese total no. of mice  recovered within 6 min. recovered within 15 min.**  killed within 5 min
(mg/Kg) tested no. % no. % no. %
control 27 1 4 3 11 19 70
100 23 16 70 20 87 2 9
50 15 4 27 7 47 4 27
25 23 2 9 6 26 15 65
12.5 23 1 4 4 17 16 70
aspirin 32 1 3 18 56 8 25

*Higenamine or aspirin(50 mg/Kg, p.0.) was given 1hr prior to the thrombotic challenge(900 yg collagen plus

90 ug epinephrine/Kg, i.z.).

**The number of mice included those recovered within 6 min.
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Adelstelel. & higenamine 100 mg/Kgs §olstds
W6 ool 70%7} HEEo] SAPen 153 o]
el 87%7h H¥F o Afzo) FH ww, 5%
oJlel AFEL 9%EA TixFe) wlste] Zabe]
7Y /ﬂo] wedslel on) ok refEa AL4-8} aspirin

50 mg/Kg Foiit it 63 oy 3E-& 2w 158 oy
358o] @A Z7HE Ryla sEol Abg w3t
FHE 4405 8ok 50mg/Kg FoI4] 1540
3 5-& 2 5% o|ul AlY&S aspirin Fo} T -
Abetd o, 6% o]l 3E-8-S 27%E A aspirin F
ofFuel 453 =9rh 25 2 125 mg/Kg FoiE
ol A= 157 oWl 3| B8 x| wjsle] I3t
F7Fstd ot 5% oW Ab-g-2 ANAIEA] sl
a3 S 999} xRl Lipopolysaccha-
ride(LPS)= 434, a4, F43 daiabst
T wHbeke #54 dahy 2 (DIC) 2 olef u}
2= dELE &3 58 sk AEE St

2T LPSol| &3te) 3 TXBZQ} 6 kPGF. 2| w7}

Aol ¥uslelw, TXBo 23 47 £3589
do9 $4Ago] LPSo /m &34 QAH A
ool whE HUF WA VL T Aow F
Yelelom LPSe] ¢)g 2] DIC Ayeedos] o
A A FEEo) 240 MAETE sxle] ma
BIHGCEI w5 Lo LPSE AW FAste) 228
FHAZE o] 3041k ool Afbiro] Wz
Aeont, vh320) B5e} LPSS) ER(EUE A

o g

ol2h batchell wet zjo}7} 9lgd gyl we} 2=
do7le el Ao)rh Zew 7} batchel] Wb &
ol A xAde] b 8sted LPS 25~30 mg/Kg< ICRA
uhg-of] A Al gl 30417 o)Wiel] oF 90%9)
oh¢-27b AbERtS aelsich Higenamine®] %
Folol ojatel LPSel 2|3t Apubge) rslsrts
AEs}glon] Table Vel Helsbeict. LPSuHE
Abah o zte] 7S 13%Re) 30417 o)A AEshY
27, higenamine% LPSFoI A 14]7}ell Fofslsd e
74~ 200, 150, 100, 50, 25 =+ 12.5 mg/Kg Foid
o1ste] 30417k o)Ak & go] 2k 100, 71, 63, 59,

54 R 42% 2+ 4§33 higenamine?] mEgF =
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Table TV —Protection of mice from endotoxic challenge
with oral administration of higenamine or
aspirin

comp. dose total no. of no. of mice % of

(mg/Kg) mice tested survived survivor

control 32 4 13
higen- 200 13 13 100
amine 150 24 17 71
100 32 20 63

50 32 19 59

25 24 13 54

12,5 24 10 42

aspirin 200 16 8 50
150 24 14 58

100 24 14 58

50 24 12 50

25 24 9 38

125 24 6 25

*Higenamine or aspirin was given 1 hr prior to the
endotoxic challenge(lipopolysaccharide, 30 mg/10 m{
saline/Kg, i.v.).

odFoll A dfxTrell vlsted LPSel thdk Abggk whe)
EdE Bylct YAAHEE AFE-E aspirin ool
A% 125~200 mg/Kg F932 =54 25~50%<]
AEES Bo] LPSo| thsted odAaxs nejo
100~200 mg/Kg®] Fol-&3fefl 4] $-gko) ?7].3}045
2hg-o] ST B dRey 289 Fhashs AEs
Hoirh el aspirine] #Fe] DICRdos] oA
SeFo)slo A= DICEAS AAdstdod w2 g8
Mz 2go] yepxlche Mol UxI® He
A& ey E o449 isoproteneol#e] ¥|wAl
ol A jsoproteneol-& P& FEoAE higenamine
o] oF 10vie] olgtANE Reolu F& FLME
o)tT: FF9 AR dlv A4-E 24l W, hige-
namine: F= JEHZ AR v olHaL
vepdoe] R ixglow!” higenamineo] of=#viwl
F&Ao 2hg-she) o)habE-g AT FAE Y
w2} higenamineo] ol=e#jvi@l B8 =}
24 i §4 A& A d ol
7431624 collagen®} epinephrineol] 2J3F
g @ LPSol 23 W54 &z mdeli] A
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