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Antimuscarine-like Action of Licorice Alkaloidal Fraction on
Intestinal Smooth Muscle

—Studies of Alkaloid of Glycyrrhiza glabra L. M[—
Myung Suk Kim, M.D., Jin Sup Oh, M.D. Ph.D. and Sa Ack Hong, M.D. Ph.D.

Department of Pharmacology, College of Medicine, Seoul Naticnal University

Antimuscarinic agent . like antispasmodic actions of licorice alkaloidal fraction, obtained from the:
Glycyrrhiza glabra L., was compared with that of atropine quantitatively.

For this purpose, the author calculated the kinetic constants and EDso for acetylcholine antagonism by
these drugs on rat ileum and guinea-pig ileum longitudinal muscle according to Paton’s theoretical
equations describing the combination of an antagonist drug with its receptors.

The results are as follows.

1. On rat ileum.

a) Licorice alkaloidal fraction

K, (association rate constant)=4. 078X10? (s~! gm™! ml)
K. (dissociation rate constant) =6, 986X10~¢ (™D
ED5(Ky/KD=1.772X1075(gm/ml)

b) Atropine

K;=5.136 X 10°, Kp=7.714 X107
EDg=1. 408 X107
2. On guinea-pig ileum longitudinal muscle
a) Licorice alkaloidal fraction
K;=1.30X10% Kz=1.25X1073
EDs=9. 58 X107¢
b) Atropine
K,=5,75X108, K2=1.54X107®
EDgsp=2. 681073

Above results present that 1t of licorice alkaloidal fraction has equal potency of acetylcholine anta--
gonism with 8.5X107%r of atropine on rat ileum, 2. 8X107°r on guinea-pig ileum longitudinal muscle.

This facts suggest that the site and numbers of licorice alkaloid receptors of guinea-pig ileum are-
different from that of rat ileum.

Besides, it also gives a suggestion that licorice alkaloidal fraction may be a partial antagonist on guinea--

pig ileam in this experimental conditions.
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I.#% =&
H#E (Glycyrrhiza glabra L) &= #kE2 BEHAA o]

RS & EHEA AEFEEA kil BEMFAL &

BERA B B EEERY e d3 BRAA
+ BFicE WY mEe BMste BRI #oz ¢dA
et

Bae2Es EHWRSS glycyrrhizin, glabric acid,
flavon FL & <3l= liquiritin 3} isoliquiritin, sucrbse,
glucose, mannitol, asparagin, Hfih BT FWEHE, B
15 ®iE 5% 2F% g

19481 ReversVz} B 2 +IRBES HI HE
extract 8] 943 AR FIAE 2aq ol B HE ¥
& Pgee RS Bl sglen, ¢[4 antispasmodic
activity of] IAAE B-E HE HEL A=k B
Neleman?3 Stamperus $-& HERSH liquiritin 4
antispasmodic activity 7} $l©}3l 3, Shibata®E HE
antispasmodic activity 3= liquiritin 3} jsoliquiritin &l Z:R
dotn Baugldy. 28 3 Takagi®t glycyrrhizin & &
A& HE extract 9
ileum o] ¥ A] 353t antispasmodic action & el T
o (RS BE TR 3 papaverine £ X &
553} antihistamine £§, anti-acetylcholine #fEMelelx B,
aFlon] Z#HEY= HE total extract ol 4 rat ileum o]
T IR MRS o4 atropine unit & HH
d @eov o rRWES REsAE 2k

T AHmAA B, FS? F-& HE ethanol extract
%= alkaloid —fi¢ i ke k3l chloroform ol B175 &
#R45& paper partition chromatography 3]-2w RefET
0.91, 0.85, 0.71, 0.67 ¥ 0.5391 ©HA4 spot = 4§
HE e 2exx] &kwl alkaloidal fraction -2 Z3#Es] W
3L o] guinea-pig THIBE Tl Bal HHT HE &
A BEGMEERS BRdn floe o= ik

L acetylcholine o] #j38led #Hhig B ohiel R¥=
acetylcholine ol] ]3] A} &l o V= Wk lEFH-L ¢] alkaloidal
fractiono] &j4) friw sk =T BEFEL) 43
£ A%t barium chloride o] ka4 W=l IkkElER
dE= HELEE s ex g A& BEYL

A7 BRES FFE ¥ E FL o B H
# alkaloidal fraction 8] JB&ZEi HI fFRAEHE
antimuscarinic ¥ A o] g}z Rugst g =}

EEEL S old BEFEL T HE alkaloidal
fraction ¢} antimuscarine -2 B} EEHe=z F
FE AEYTe Paton®o] ZRill #ifiZE4ol receptor o
combination g # HirsE BRRN A, HE

methanol fraction ¢] guinea-pig

alkaloidal fraction &] acetylcholine o] %3 #EHEH A
9] kinetic constant @ EDgE HiH#l ylox, o & &
41 antimuscarinic agent & 7}3- B3 atropine 3} [
B st g

Patono] ¥ BMRL the ew od %
3} BB ERE Aleldl diffusion delay = §l& A= F
gt}

D EHZEYsL receptor 7}ol] equilibrium o] Rz &

w¢] receptor occupancy P,

P,= €

- *

z+K,
x(gm/ml): FHHES] BE
K. (gm/ml): equilibrium constant

i) equilibrium o] ©]¢] =7 §ij, onset of antagonism

F52] receptor occupancy P,

‘ P,=P,—P ¢ Kix+tpt @
K;(s-'gm'ml): association rate constant
K,(s71): dissociation rate constant
t: i3I} receptor 7k4] A FA1

i) e BEst o2 & 9 A decline of

antagonism 2] reesptor occupancy
P,=P % €))

iv) —REY 0.2 ojwalle] A 179 receptor occupancy

=

__DR-1
P="pr @

DR: Dose Ratio
BEHgEmE ¥ dsbs o) —%E standard
response & e}l &= agonist 2] dose ¥ T
gy 713 2. standard response ¢} &
RS JelA] 8t agonist dose 914 [

& (Dol A equilibrium constant K. &= K3/K 2A4]
receptor occupancy 7}.0.5(50%)% =]¢] antagonist con-
centration HJ! ED5071— o] Ky/K3} & Zolet,

& (o)A P&  time ¢ #] exponential function o] 2
% P,—P.E :o] sl A semilogarithmic paper o] 2]
W o2 vehA sz o[#¢] slope & antagonism
onset 8] time constant(Kon)sl Kiz+Ky7F gvl.  upi
ARz X @ANAE PE rof Hal4 zeld BERol

=) i slope 7} dissociation rate constant 31 K]},

I. ®&@#E * K&

1. EEmME
HE alkaloidal Mraction:. HE(Glycyrrhiza glabra L.)
100kg ol A P&, HESD 59 Hpio g alkaloidal fraction
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3gm-$ o EHl AR
Atropine: Merck jil %1
Acstylcholine Chloride: Merck it %4
Albino rat: B2 200gm R4 Sparguedowley
Guinea-pig: MERERE R 9lo] B4FE 400~500gm |
R :

2. EEAE

1) Ra:fH! ileum o] #3t EE

B 200 gm A/FS] BEISE albino rat & BIRARIMIE
A7 3 ileem & fEHisE] d PN B YT ¥ 5~6
cm &) FIES wEe] 37°CIEES #4H3t 10 ml magnus
ol W45te] kymography B boll FRHEA. fE
gk 2o Krebs soluion(NaCl: 113 mM, KCl: 4.7,
CaCly: 2.5, KH,POg 1.2, NaHCOs: 25,
11.5)0l 2, 95% O2+5%C0:% HEif AR 2 ek Lever
= load & 0.25 gm/cm deflexion, #KH 8 352 =7l
3+ pendulum auxotonic lever®E { It}

i) Guinea-pig ileum longitudiral muscle el 3k BE

B 400~500 gm ¢] guinea-pig & A EiSH KMmE
A7) % B ileum & HiHiste] mesentery & N3 B
2253 Ambache!®7l ZSEEE Fikell %38t longitudinal
muscle layer 5H- Zr@Esl ek, BN §§H ileum & Krebs
solution © 2 AFAE ok 10em Aol = e} A7 0.6
em &) ¥ wHatel] ez BEY —i Y mesentery -
2F 222w} incision & gk Fol —iel] 4 H-H cotton
pellet =X o] EF forceps ® longitudinal muscle
layer ®+-& EF 4Egste] 353 tension g melwA Y
sheet 2 ¥tels] Wl

o] & 7~8cm & Aelule] ratol] olg Tl Aok F
—ftro 2 #HF magnus A A, A5t =

Dextrose:

pendulum auxotonic lever ¢] load & 0.15gm/cm defle-
xion © 2 A xke] vl

LIk 5 BEolA magnus 3|8 EEMA] agonist
9] acetylcholine & 14 7422 FEASS B
20~301 S AFZEA 3o AYFT EIF antagonist
¢l atropine = HE alkaloidal fraction -2 0.1ml LIF
o AFoR HAYCH

Kymography |- deflexion -& AN A Y-8 THE7LR)
2] Ao]E A o] AL antagonist H AR acetylcholine
o] &%} dose-response curve of] #fiA3}e] DR & 7% o}
2 o] =X receptor occupancy P & skglv}.

Table 1. Kinetic constants for acetylcholine antagonism
by atropine and licorice alkaloidal fraction on

rat ileum

. K, K, K./ K1(EDso)

Antagonist | (51 gamD|  ($D | (g/mD
5.585X10° | 9. 0841074 1. 626X 1070
Atropine | 4.556X10° | 671631074 1. 474X 107
5.267X10° | 7.342X 1074 1. 394X 10710
Mean | 5.136X10° | 7.714x1074 1. 498X 1010
3. 145X 102 | 7.721x1074 2. 4551078
o 5.545X10% | 1.079107Y 1. 946X 1076
Licorice | 3 4g3x107 | 5.368% 1074 1.541 X107
Allaloidal | 3 3885107 | 6.670x1074 1. 978107
Fraction | 3 062102 | 5.394X 1074 1. 7621078
4.140X107 | 7.013X 107 1. 694X 107
5.780X10? | 5.945X 1074 1.029X 107
Mean | 4.078X10? | 6.986X 1074 1.772X107
SE. 0. 465X 10 | 0.771X1074 0. 180X 1078

Fig. 1. Record of contractions of rat ileum, in response to acetylcholine. Figures below tracing indicate the
concentration of acetylcholine in 10 ml bath. Licorice alkaloidal fraction(107%) was present between

arrows.

Time mark: 60 sec.
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Fig. 2. Kinetic analysis of (2) onset and (b) decline of

antagonism to aceiylcholine on the rat ileum
produced by exposure to licorice alkaloidal
fraction 107% for 25 min.
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Fig. 4. Kinetic analysis of (a) onset and (b) decline of

antagonism to acetylcholine on the rat ileum

produced by exposure to atropine 1072 for 15

min.

X7

H. R

1. Rat ileum
a) HE alkaloidal fraction o] ZZEA BEY) 1075
(gm/ml) = Kymography AFel| 4] BiEs}t7] ¥-2 antago-
nism g JElJ o o]u]el Lkineilic constant = K;=

4.078X10%(S! gm™! ml), K.=6.986x107¢(S™Y), K./

. ; 10
L' Atropine, -10'.'° ‘J

Fig. 8. Record of contractions of rat ileum, in respone to acetylcholine. F:gum below iracing indicate the
concentfation of acetylcholine in 10 ml bath. Atropine(107%) was pressnt beiween the arrows.
Time mark: 60 sec.

K;=1, 772X 10°%(gm/ml)e] = [Table 1] Kon & 4.8X
1073(S™Y), equilibrium dose ratio = 7 ¢]$i v}, Fig. 13-
2¢l] 44 kymography A& 4% 2 kinetic analysis & [B
et

b) Atropine & 107%(gm/ml) EBEE 3l owr] Kinetic
contan: = K;=35,136X10,8 K,=7,714X107* !K,/K;=
1,498 x10718(Table 1), Kon=5,9X10"3 equilibrium
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Fig. 5. Record of contraciions of guinea-pig ileum longitudinal muscle, in response to acetylcholine. Figures
below tracing indicate the concentration of acetylcholine in 10 ml bath. Licorice alkaloidal fraction (2X

107%) was present between arrows.

dose ratin &= 8o] )t}
Kymography 4} 4% 2 kinetic analysis = Fig. 3, 4
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Fig. 6. Kinetic analysis of (a) onset and (b) decline
of antagonism to acetylcholine on the guinea-
pig ileum longitudinal muscle produced by ex-
posure to licorice alkaloidal fraction 2X1075 for
16 min,

Time mark: 60 sec.

Table 2. Kinetic constants for acetylcholine antagonism
by atropine and licorice alkaloidal fraction on

guinea-pig ileum longitudinal muscle

| . K,  |Ky/Ki(EDx)
An‘agonist : (St ml) ) (g/ml)
| 5.52x10° | 1.58x107 | 2.86x107%
Atropine 5.64X10% | 1.67X107% | 2.52Xx10710
5.09%10° | 1.36X107% | 2.67X10710
Mean | 5.75x10° | 1.54x107° | 2 68x10710
| 1.55%10° | 1.53X107% | 9,87X10-5
o L11X10% | 1.03X107% | 9.28X1076
Licorice 1.42x10% | 1.31X107 | 9,23X10°
allaloidal 14 985102 | 1.04x109 | 8.13%10
fraction 1.20X10% | 1.52X107% | 1.27X1075
1.38X102 | 1.28X107% | 9.28X 10~
1.18X10? | 1.01X10-° | 8.56X106
Mean 1.30X10% | 1.25X107 | 9.58X10-6
SE. 0.05X10% | 0.09%10-% | 0.61X10-5

L.

Atropinz, 2 x 1079

Fig. 7. Record of contractions of guinea-pig ileum, in response to acetycholine. Figures below tracing indicate
the concentration of acstylcholine in 10 ml bath, Atropine(2X10~%) was present between the arrows.
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2. Guinea-pig ileum longitudinal muscle

a) Rat ileum ol A ¢}= @] HE alkaloidal fraction
o BEE 2X107%(egm/mDE g4 Bag + U=
antagonism & 1}EF I o] w] €] kinetic constant = Table
26 e} 9= A o] Ki=1.30X10?% K,=1.25X107%
K:/K1=9.58%107%] 3 Kon=3.9X107%,
dose ratio = 3¢]g ).

A A Kymography 471 £3} kinetic analysis 7} Fig. 5,
6l 1o} gl

b) Atropine 9 4] ratol| A o} ZE] REE Fo 2X
107%c.2 P 3 K;=5 75X10% K,y=1.54X10"° Ky/K;=
2.68X10~1(Table 2) Kon=1.3X107?, eguilibrium dose
ratio 89 #HRE Q9rt 94 kymography 471 & H
kinetic analysis &= Fig. 7,83 Zt}

epuilibrium
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Fig. 8. Kinetic analysis of (a) onset and (b) decline

of antagonism to acetylcholine on the guinea-

pig ileum longitudinal muscle produced by ex-

posure to atropine 2X107? for 5 min.

V. £ £

BlLE EERBEE A A A3 kinetic constant 4] H{E
g analysis & #HEfs] B o rat ileumellA HE alka-
loidal fraction ¢} antagonism potency = alkaloidal fraction
1r 7} atropine 8.5X107°r ¢ & B8}

oldl HEHEL =i s} HHMF atropine unit B rat
jejunum ol 4] HE total extract 1r -} atropine 6X107°r

3 B3 REAHGRE Zeeke #iEe RS &
H 9 70459 ERE bz vk Zely olgge
potency &) 2R Shibata® $o] -HEe] antispasmodic
activity ¥= flavon ERfEREe] B3l liquiritin 7} isoliqui-
ritinel]  ZEEI o fEAEIRE  papaverine o] X,
potency & liquiritin ©] papaverine &] 14%, isoliquiritin
o] 136%°l APl ugt kel Takagi®¥ o] guinea-
pig #EH ileam 3} rat stomach ¢] spontaneous movement
% methacholineol] a4 FBHL= IKk#EL atropine
sulfate &= %3] &SI HE Fy(Methanol fract.)-&-
2% 25 Row 24 Fy(Methanol fraction)?] an-
tispasmodic activity & S-E papaverine BifE o] I fra-
ction T &F=Ee] ¢ = liquiritin 3} isoliquiritin of] #
ER . $i%3 HEES BT o =B B2 H
& total extract ¥ atropine £EfEFH°] ¢l fraction 3}
papaverine 8 fEMo] 34 liquiritin, isoliquiritino] g+
A vell = BEEHEE —#53le atropine wnit 24 &
HiZE ol Eolaba o Ax}, '

%+ guinea-pig lieum longitudinal muscle o} 4 &= -
alkaloidal fraction 1r[7} 2. 8X10-5r atropine 3 -2 po-
tency 7 [F]—3t= o] A& rat ] 7ol Hisl4] potency
7F 1/3 Yol 95 Zelth. o]¥ potency L9 rolel
A8 4 & atropine & F-EA ] & o] speciesel] wek o
i3] o] 7} gl A W5} F-Eol whe) atropine receptor
7 AR d2es B S dE e E 4 HE
alkaloidal fraction ol effective 3} receptor ¢ # & =1 4
7t rat o} guinea-pig ol A HEZ Aolelzm HZ4E 4
E Yo = gsosr oful fEHY antimuscarinic
agent Foll {KiEEN A agonist, &R A= antagonist
2A 2EEAS Ve = AolgdEte @& 2 R
EHEpolA HE alkaloidal fraction ¢] dissociation rate
constant 7} rat(6. 486 X104 2.t} guinea-pig(1. 25X107%)
o] Ay & 4 Foi B &k ERJAA AN BE
(2X1075)¢] H2Z alkaloidal fraction ¢] guinea-pig ileum
longitudinal muscle o] 4} &= partial antagonist & FAE#:E
dete A& AR S FEE Y4

o]9}Fo] species 7t TR FEEAA o] alkaloidal
fraction ] e}l antagonism potency 9] EEe] o
HAE Fo o sEHsizel B FASz BEEH.

V.% &

H# (Glycyrrhiza glabra Lol A] £-Eks] A alkaloidal
fraction ] Z-¥Ef5e ¥ antimuscarine # HE{EH-&
atropine 3} EEMC 2 HE HEtsHg ek

Acteylcholine o] rat lieum % guinea-pig ileum longi-
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tudinal muscle sl A #Frkste WkEfRfel B4 o) &
gitpo] Vel = #HifEAY kinetic constants(K;, K,)
2 EDsE ##12849) receptor combination B 7
+ maaskol A% Raieh
2 BRe 33 2l
1. Rat ileum
a) H alkaloidal fraction
Ki=4.078X102(S™ gm™! ml),
K,=6.986x1074(S™D)
EDs=1. 772X 1075(gm/ml)
b) Atropine
Ki=5.136x10%, K,=7.714X107%,
EDso=1. 49810710
2. Guinea-pig ileum longitudinal muscle
a) ‘{2 alkaloidal fraction
K;=1.30x10%2, K,;= 1.25X1073
EDgp==9. 5810~
b) Atropine
K;=5.75x108, K,=1.54X10"2
EDs=2. 68 X101
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