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Abstract—Four known cardiotonic steroids were isolated from roots of Adonis am-
urensis Regel et Radde and identified as digitoxigenin, cymarin, K-strophanthin and
convallatoxin by chromatography on Amberlite XAD-2 resin and silica gel, high-
performance liquid chromatography and gel chromatography on Sephadex LH-20. In

order to clarify the structure-activity relationship, thirteen related compounds of digi-

toxigenin were tested for the inhibitiory activities for Na*, K+-adenosine triphosphatase

from guinea pig heart. The inhibitory activities of related compounds of digitoxigenin

were dependent upon the dicarboxylic acid and amino acid components. The compound

having both the arginine and suberic acid moiety showed the higher inhibitory activity.
The sulfate and glucuronide of digitoxigenin exhibited much less potency than the

parent genin.

Keywords: Adonis amurensis « Na*, K+-ATPase » structure-activity, relationship -
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Roots of Adonis amurensis

extd. with EtOH

EtOH layer

1) evap. in wacuo, suspend in water
2) extd. with CHCl,

{
CHCI; layer
1) coned. in vacuo
2) chromat. on silica gel

| {

Fr. 1 Fr. 2
1) acid hydrolysis 1) prep. TLC
2) prep. TLC 2) chromat. on
3) chromat. on Sephadex LH-20
’ silica gel 1
Compound 1 Compound 11

Compound IIT

Aqua layer
chromat. on Amberlite
XAD-2 resin
| §
50% MeOH SO% MeOH
|
Fr,' 3 F r.[ 4
1) Prep.. TLC 1) prep. TLC

2) chromat. on
Sephadex LH-20
Compound IV

2) chromat. on
Sephadex LH-20

Scheme I, Separation of Compound L IL,III and IV from Roots of Adonis amurensis.



132

31744 #AAL §uFAL FAAAN LA
silica gel column chromatography2 #)3s}¢] fra-
ction 1,25 Qiglth H,029& 7este] $71
% 4, 20 o] FFEE Aoted HHG
% Amberlite XAD-2 resin column (60 cmX2. 6
em i.d.)E& E3te] AA B $& sleko] Hsss
2 A& 50%, 80% MeOH= & %3lo] fra-
ction 3,4% 99 t}(Scheme I).

Fraction 1€ SiO, columne] o] CHCl;-Me
OH-H,O (13:7:2, lower phase)® L&A1,
preparative TLCE 33} CHCl;-MeOH-H,O
(80:20:2.5) Rf 0.48, C-H,SO,o blue, card-
enolide A A oke] KeddeA] ¢ko] blue violetz

F49 2Y¢ FEFFee T 2AA4L
dole}l. o] 2A Ao MeOH, 0.1N H,SO05 4

Fotote] oAl A 3087 HF, SRS
g}, o] ulLole] ZH4E 7]-%]-1 EtOAcz 3

3 82 2542 A F 2433 preparative

TLCE 33} EtOAc—benzene(l : Dol Rf 0.31,

CHCl,-MeOH-H;0(80 : 20 : 2.5)¢] Rf 0.15,
C-H,S0,0 A, cardenolided] E-o] w4 /K] o
¢l KeddeA] ¢Fel] blue violetz <kl £-3-&
o} 74423} o] compound I (mp 253~254°)E
a3t

Fraction 2, 3, 4% SiO, columnej o] CHCly-
MeOH-H,0(80 :20:2.5)% §%X)# prepara
tive TLCE g3t CHCl-MeOH-H,O(80 : 20 :
2.5)o Rf 0.78, 0.66, 0.21, C-H,SO40f A,
cardenolider] E-o]4lA] 4] k9] KeddeA] ekel] blue
violetz ¢kAel F8& Rol 7HtE 2, Sepha-
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020
Rs3
R0 Rq
R, R, Ry
Compound I H H CH,
Compound II  D-cymarose OH CHO
Compound III D-cymarose- OH CHO
2-D-glucose
Compound IV D-rhamnose OoH CHO

Fig. 1. Structures of compound I, II, III and IV.
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Fig. 2. HPLC chromatogram of standards,
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Nat, K*eo] 555 Bodsle 528 g0
th 2 Ao Axz Nat, K+-ATPase &

serum albuming-



Vol. 21, No. o, 1990

Guinea pig heart

—washed with 0.25 M sucrose containing 5 mM
EDTA (pH7.4 imidazole)

—homogenize in 0.25M sucrose (25,000 r.p.m.)
l—centrifuge at 1,000 r.p.m. for 5min.
Supernatant
l—ultra centrifuge at 105,000% g for 60 min.
Pellet

—suspend in 0.25 M sucrose containing 5 mM
EDTA (pH 7.4 imidazole)

l—~u1tra centrifuge at 105,000% g for 60 min.

Pellet
—suspend in H,O (5 mM Na; EDTA, pH 7.4),

l—ultra centrifuge at 30,000X g for 30 min.

Pellet
' —washed with H,0 (6mM Na, EDTA)
—ultra centrifuge at 30,000% g for 30 min.
l (repeat 3 time)
Pellet
—suspend in H,O (5mM EGTA, Tris, pH 7.4)
—store at —20°

Enzyme

Scheme II. Preparation of Nat,
guinea pig heart.

K#*-ATPase from
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AR A steroide] AL =437 AT Mg
A 7)Ao 2AL Assay medium (NaCl 100 mM,
KCl 5mM, MgCl, 5mM, EDTA-tris 1mM,
Tris-HCl buffer pH 7.4 50 mM) 200 gl ZA
&4 (10~39 pg protein) 50 ul @ AFxT o

sz 22
Ay
al

and add 6.6 M Nal, stirring slowly for 30 min.
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RO A

Compound I R=H
Ia R=suc-L-Arg-OH
Ib R=sub-L-Arg-OH
Ic R=seb-L-Arg-OH
Id R=dec-L~Arg-OH
Ie R=dod-L-Arg-OH
If R=sub-L-Gln-OH
SuC:—CO(CH2)2CO’_‘
glu=—CO(CH,);CO—
sub=—CO(CH,);CO—
Fig. 3. Structures of

compounds.

Ig R=sub-L-Glu-OH

Th R=sub-Gly-OH

Ii R=sub-L~Pro-OH

Ij R=sub-L-Tryp-OH

Ik R=sub~bradykinin-OH

II R=S0;Na

Im R=glucuronyl
seb=—CO(CH,)sCO—
dec=—CO(CHy,);,CO—
dod=—CO(CH,);,CO—
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Xigo

X; :in the prescence of an inhibitor

column-&
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a8 Z1 ¥ D
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o 24 Kedde A ¢ko] blue violetd] 0.2 okAn
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Table I} 4] w1 ulel 7to] compound I9]
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107°M)Evt 2% A 5494555 Ve
9.om, o]F compound Ic (19.2x10""M)>} 7}
A E2EA9A B35 dedi g
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Table 1Io} A B = 69} o] compound Ib (36.0
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Table 1. I5 of compound I and its homologs having
different dicarboxylic acids

Compound Iso(x 10" M)® Relative potency®
Quabain® 15.7+ 1.63 1.00

I 47.2%+ 6.24 | 0.33

Ia 134.0%12.0 0.11

Ib 36.0t 6.41 - 0.43

Ic 19.2+ 0.40 0.81

Id 21.8% 2.42 0.72

Ie 20.7+ 4.12 0.75

a: Mean+SE (n=3)
b: potency relative to ouabain
¢! reference compound

Table II. I, of compound I and its analogs having
different amino acids

Compound Iio(x 107" M)= Relative potenéy"
Ouabain® 15.7% 1.63 . 1.00

I 47.2+ 6.24 0.33

Ib 36.01% 6.41 0.43

If 290.0%:28.6 0.054

Ig 600.0+50. 6 0. 026

Th 423.0%28.0 0.037

I 428.0:66.5 0.036

Ij 100.0::14.7 0.157

Ik 43.618.10 0. 36

a. Mean+SE (n=3)
b: potency relative to ouabain

c: reference compound

Table III. Iy of compound I and its analogs having
sulfate and glucuronide

Relative potency®

Compound Tso(Xx 1077 M)?

QOuabain® 15.7% 1.63 1.00
I 47.2+ 6.24 0.33
11 674.0:61.0 0.023
Im 446.0+13.3 0.035

a: Mean®SE (n=3)
b: potency relative to ouabain
¢: reference compound

compound I (47.2Xx107"M)2t} 78 F2TA
qA&HAE detlglert & analoge A& Ij
SIHSIh>li>Ig 402 compound I Ruoj= <F
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