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Specific binding of glycyrrhetinic acid to the rat liver membrane
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Glycyirhetinic acid bound specifically to a particulate fracticn of rat liver. The binding was dependent on time,
umperature and pH, equilibrium bemg reached after 10 min at 37°C. The equilibrium dissociation constant and
the i jon of the binding site, as determined by Scatchard plot analysis, were 31 nM and 43
pmol /mg protein, respecti indi a single site entity. The binding site was highly specific for
glycyrrhetinic acid, glycyrrlnzm, various steroids, various fatty acids and retinoids showing no or only very low
affinity. The binding was inhibited by boiling or treatment with trypsin or phospholipases. The specific activity of

glycyrrhetinic acid binding was the highest in the liver, followed by in the kiduey. The resuits suggest that
glycyrrhetinic acid plays a significant role in the rat liver through its specific binding piotein.

Introduction

Glycyrrhizin, extracted from the roots of licorice
(Glycyrrhiza glabra), and |ts aglycone, glycyrrhetinic
acid, exhibit various anti: y [1}, anti-allergic
[2], anti-gastric ulcer [3}, aml-hepatms {4] and anii-
hepatotoxic [5] activities. The activity of a licorice ex-
tract is believed to be due to the aglycone, gly-
cyrrhetinic acid, which is released from glycyrrhizin
through hydrolysis [6). The structure of glycyrrhetinic
acid shows a resemblance to that of hydrocortisone.
Glycyrrhetinic acid has been demonstrated to have a
comcmd like acnon [7 8], and mlnbnory effects on the

tat action [8]
and prednisolone-induced inhibition of the growth of
fibroblasts in culture [9]. However, glycyrrhetinic acid
showed practically no affinity for glucocorticoid recep-
tors in mastocytoma P-815 cells [10] and only low
affinity for them in rat kidney [11]. Therefc it is

identification of the target of glycyrrhctinic acid and
the under ding of the h: by which gly-
cyrrhetinic acid interacts with the target to regulate
intracellular metabolic events appear to be of primary
importance. In this paper, we report finding of a highly
soecific binding site of glycyrrhetinic acid in a rat liver
particulate fraction, and also describe its specificities
and tissue distribution. Our results represent the first
demonstration of a specific binding protein for gly-
cyrrhetinic acid in the particulate fraction of rat liver.

Materials and Methods

Materials

[3-*HIGlycyrrhetinic acid (11.2 Ci/mmol), unla-
beled glycyrrhetinic acid and glycyrrhizin were ob-
tained from Minophagen (Tokyo, Japan). The purity of
[3H]glycyn-henmc acid showed 96.9% in thin-layer

anticipated that glycyrrhetinic acid may interact with a
different target(s) from steroid receptors and exhibit a
variety of biological actions, including a steroid action
through the target(s).

hy. Other agents obtained and their com-
mercial sources were as follows: corticosterone, 8-
estradiol, oleic acid, retinoic acid, retinol, arachidonic
acid, phospholipase A, (Naja naja venom), phospho-
lipase. C (Clostridium perfringens), bovine pancreas

T Aand bovme pancwns deoxynbonuclease
1, Sigma; chol tes-

palmitic acid, dithiothreito! and N-ethylmaleimide,

However, the site of action of glycyr inic acid e 1
and the molecular mechanisms of its actions remain
obscure. In an attempt to solve these probl the
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Nacalal Tesque (Kyotu)g h-ypsm leco, neuraminidase
(Cle im. All

other chemlcals were of reagent grade.
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Preparation of subcellular fractions of rat liver

Male Wistar rats (body weight, 200-300 g) were
killed by cervical dislocation and decapitation. All the
following procedures were carried out at 0-4°C, Liv-
ers were homogenized in 5 volumes of 10 mM Tris-HCl
(pH 7.5) containing 1 mM EDTA, 0.25 M sucrose and
0.1 mM phenylmethylsulfony] fluoride, using a Potter-
Elvehjem glass homogenizer with a Teflon pestle. After
centrifugation at 800 Xg for 10 min, the pellet was
washed once by recentrifugation as described above in
the same medium and then the combined supernatants
were centrifuged at 9500 X g for 10 min. The resulting
supernatant was further centrifuged at 100000 X g for
60 min. The pellet of each fraction (Table 1) was
resuspended in 10 mM Tris-HCI (pH 7.5) containing 1
mM EDTA (buffer A) To determine the tissue distri-
bution of {*Hlglycyrrhetinic acid binding activity, vari-
ous tissues of rat were cut into small pieces and frac-
tionated essentially as described above. The membrane
fraction (800-100000 X g pellet) was used in the tissue
distribution experiment. Protein concentrations were
determined by the method of Lowry et al. [12] with
bovine serum albumin as a standard.

[°H]Glycyrrhetinic acid binding assay

The dard assay d 25 oM
[*Hlglycyrrhetinic acid (61500 dpm) and 50 pg of the
membrane fraction in 0.1 ml of buffer A, unless stated
otherwise. After incubation for 30 min at 37°C, the
reaction was stopped by the addition of 5 ml of ice-cold
buffer A, after which the mixture was rapidly filtered
through a Whatman GF/C glass filter (& 2.5 cm). The
filter was then washed three times with 5 ml of ice-cold
buffer A and the radioactivity associated with the filter
was measured in 5 ml of Clearsol (Nacalai Tesque,
Kyoto, Japan). Nonspecific binding was determined
using a 1000-fold excess of unlabeled glycyrrhetinic
acid in the incubation mixture. The specific binding
was calculated by subtracting the nonspecific binding
from the total binding. Alternatively, bound and free
[*Higlycyrrhetinic acids were separated by gel flltratlon
method using of Sephadex G-50 (Ph ia)
in a manner similar to that described previously [13].
Both of these assay methods, glass filter and gel filtra-
tion methods, gave the same extent of [*Hlglycyrrhe-
tinic acid binding. From the simplicity of preparation,
[*Hlglycyrrhetinic acid binding assay was performed by
the glass filter method.

Results

Specific [*H]glycyrrhetinic acid binding to the membrane
fraction of rat liver

Inordertoi the subcellular localization of
glycyrrhetinic acid binding sites in rat liver, various
fractions were prepared from a rat liver homogenate by

TABLE 1

Fractionation of [*Hlglycyrrhetinic acid binding activity from rat liver
The homogenate obtained from 50 g of rat liver was successively
centrifuged at 800X g for 10 min, at 9500X g for 10 min, and at
100000 g for 60 min. [*HIGlycyrrhetinic acid binding activity in -
each fraction was determined as described under Materials and
Methods.

Fraction Specific [ *Hlglycyrrhetinic acid binding
protein  activity yield
(mg) total specific (%)
{pmol) {(pmol/mg)
Homogenate 7567 64860 857 100
800x g pellet 2660 19000  7.14 29
9500 g pellet 1180 15300 6.48 24
100000 g pellet 1120 16640 149 26

100000 g supernatant 3105 nd.® nd. -

 n.d, not detected.

successive centrifugation. Table I shows typical results
obtained with membrane preparations derived from 50
g of rat liver. About 26% of the [*Hlglycyrrhetinic acid
binding activity in the homogenate was recovered in
the (9500-100000) X g pellet, the specific binding ac-
tivity being 14.9 pmol /mg protein, which was the high-
est value among all the fractions. Therefore, we used
the 100000 X g pellet as the membrane fraction in the
following experiments.

Fig. 1 shows the time course of [*Hlglycyrrhetinic
acid binding to the membrane fraction. At 37 °C, equi-
librium was reached after 10 min, the specific binding
amounting to 90% of the total binding at 10 min. Non-
specific binding of [*Hlglycyrrhetinic acid reached
equilibrium in 10 min and was relatively mdependent
of With a d in the

Total (37°C)

Total {25°C)

ic acid bound

Total {0°C)

0 30 80 90 120

LN Time (min)
Fig. 1. Time course and d of [*H]|
tinic acid binding to the membrane fraction. The membrane fraction
was incubated with 25 nM [*Hlglycyrhetinic acid at 0 (a), 25 (@) or
37° C (®) for total binding. The nonspecific binding assay was carried
out at 0, 25 or 37°C, the results for 37°C being shown (0). The
amounts of bound [* inic acid were at various

times as described under Materials and Methods.
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. Relationship between the specific binding of [*Hlglycyrrhe-
tinic acid and the amount of membrane material added to the
mcubatmn medium. Incubations were carried out with the standard
ion mixture as il under Materials and Methods, ex-
cept that various amounts of the membrane fraction were used.
Specific binding (M) was calcul: by subtracting the i
binding (O) from the total binding (e).

temperature, the rate of binding decreased and equi-
librium was not reached within 20 min at either 0 or
25°C. The specific bmdmg of [*Hlglycyrrhetinic acid

d a linear hip with the amount of the
membrane fraction over 90 ug, as shown in Fig. 2.
[*HIGlycyrrhetinic acid binding to the b frac-
tion was dependent on pH, the optimal pH being 7.5
(Fig. 3A). Fig. 3B shows the eifects of monovalent and
divalent cations on [*Hlglycyrrhetinic acid binding.
NaCl, KCl, CaCl, and MgCl, showed very weak inhibi-
tion, the level of which was less than 20% even at
higher concentrations.

'
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Fig. 4. Scatchar4 plot for glycyrrhetinic acid binding to the mem-
brane traction. The membrane fraction (10 ug) was incubated in a
larger assay volume (1.0 ml) for 30 min at 37°C with increasing
concentrations of [*Hglycyrrhetinic acid (1-200 nM) in the presence
(o) or absence (@) of 200 uM unlabeled glyeyrrhetinic acid. Bound
(& inic acid was as il under Materials
and Methods. Specific { *Hlglycyrrhetinic acid binding (W) was calcu-
lated by subtraction of the nonspecific binding (O) from the total
binding with the indicated concentrations of [*Hlglycyrrhetinic acid
(inset). The Scatchard plot was transformed from the value of
specific [*Hlglycyrrhetinic acid binding.

In order to evaluate the binding affinity of
[PHlglycyrrhetinic ac]d m the membrane fraction, we

carried out S I of the bindi

[*HIGlycyrrhetinic acid specifically bound to the mem-
brane fraction in a dose-dependent manner (1-200
nM) and b almost d at higher -

tions (Fig. 4, inset). The Scatchard plot analysis trans-
formed from the saturable specific [*Hlglycyrrhetinic
acid binding showed an apparcnt’y single high-affinity
binding site (K, = 31 nM, B, = 43 pmol /mg protein),
indicating a single binding site entity.

Specificity of the [*H]glycyrrhetinic acid binding site
Glycyrrhetinic acid belongs to a family of steroids.
To evaluate the spccnﬁcny of thc [*Higlycyrrhetinic
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Fig. 3. pH and cation dependencies of [*Hlglycyrrhetinic acid bind-
ing. (A) The buffers used were 50 mM sodium acetate buffer (pH
3-5.5), 50 mM potassium phosphate buffer (pH 6-7), 50 mM Tris-
HCI buffer (pH 7.5-9), and 50 mM glycine-KOH buffer (pH 10). A}l
incubations were performed in the presence of 1 mM EDTA, 25 nM
[*H]glycyrrhetinic acid and 50 ug of the membrane fraction. (B)
Incubations were carried out under the standard assay conditions
except for the presence of various concentrations of MgCl, (®),
CaCl, (m), NaCl (0) or KCl (O). After incubation for 30 min at
37°C, the amounts of bound [*Hlgiycysthetinic acid were deter-
mined as described under Materials and Methods.

acid binding site, various b ids, at differ-
ent concentrations, were added to the incubation mix-
ture. As shown in Fig. 5, specific [*Hlglycyrrhetinic
acid binding was specifically inhibited by glycyrrhetinic
acid, the K; value of glycyrrhetinic acid being about 50
nM. On the other hand, glycyrrhizin and various
steroids tested showed no or only very low affinity.

A family of fatty acid binding proteins exists in
various tissues, including the liver. Therefore, we exam-
ined whether or not various fatty acids and retinoids
could inhibit the binding. As shown in Fig. 6, the
various fatty acids tested had no ability to inhibit the
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Fig- 5. Effects of unlabeled glycyrrhetinic acid, glycyrrhizin and
various steroids on [*H]glycyrrhetinic acid binding. The membrane
fraction was incubated with 25 ||M [3H]glycyrrhelmw acid in the

presence of vamms inic acid
(), (0), (+), (0),

(m), testosterone {a), B-estradiol (D), progesterone (), pred-
nisolone (o), corti (8) or (X). Al values

were corrected for nonspecific binding and are expressed as percent-
ages of the control as described under Materials and Methods. The
specific binding in the control was 14 pmol/mg protein.

binding. Retinol also did not affect the binding, but
retinoic acid fairly inhibited it by 15% at 10 uM.

Effects of treatment with enzymes and sulfhydryl reagents
on [*H]glycyrrhetinic acid binding

In order to determine which membrane component
and functional groups are involved in glycyrrhetinic
acid binding, we treated the membrane fraction with a

TABLE 11

E]]ects of enzymes and sulfhydryl reagents on the specific binding of
hetinic acid to the fraction.

The membrane fraction (4 mg/ml) was preincubated for 15 min at
37°C in the presence of various enzymes or sulfhydryl reagents.
Treatment with neuraminidase and ribonuclease A was carried out
at pH 5 (50 mM sodium acetate buffer), and that with other enzymes
at pH 7.5 (50 mM Tris-HCI buffer). Treatment with phosphotipases
A, and C was performed in the presence of 5 mM CaCly; and for
deoxyribonuclease I, 5 mM MgCl, was included in the preincubation
mixture. Then, aliquots (20 x1) were further incubated in the stan-
dard assay mixture, as described under Materials and Methods. The
results are expressed as percentages of the control. The control was
preincubated for 15 min with 50 mM sodium acetate buffer at pH 5
or with Tris-HCI buffer at pH 7.5 without enzymes or sulfhydryl
reageants. The values shown are the means + S.E. for triplicate experi-
ments.

Treatment Concn. [*HIGlycyrrhetinic
acid bound
(% of control)
Deoxyribonuclease | 500 pg/ml 89.1+06
Ribonuclease A 500 pg/mi WA+12
Neuraminidase 0.1U/ml 87.915.5
Trypsin 50 pg/m) 219+20
Phospholipase A, 50 pg/ml 54103
Phospholipase C 50 pg/ml 259445
Boiled for 3 min nd.?
Dithiothreitol 1mM 99.4+39
N-Ethyimaleimide 1mM 69.0+3.3

2 n.d., not detected.

binding was completely abolished on boiling of the

variety of N-ethylmaleimide or dithiothreitol
(Table 1I). The binding site for glycyrrhetinic acid
appeared to be of a protein nature, since the specific
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Fig. 6. Effects of various fatty acids and retinoids on [*H]glycyrrhe-
tinic acid binding. The membrane fraction was incubated with 25 nM
[Hlglycyrshetinic acid in the presence of various concentrations of
oleic acid (M), arachidonic acid (D), prostaglandin E, (a), paimitic
acid (&), retinol (O) or retinoic acid (#). All values were corrected
for nonspecific binding and are expressed as percentages of the
control as described under Materials and Methods. The specific
binding in the control was 14 pmol /mg protein.

t for 3 min or was markedly reduced with
prior lreatment with a low concentration of trypsin.
Deoxyrib I, =i ,| A and neur-
aminidase all had no appreciable effect on the binding,

h hospholi d d the speclf c hmd-
A,

ing by about 26% and phospholij
reduced the specific binding of the llgand These re-
sults strongly suggest that the glycyrrhetinic acid bind-
ing site may be composed of protein, and that
phospholipids are also important for the interaction of
the ligand and /or the integrity of the membrane struc-
ture. The addition of proteinase inhibitors (20 pg/ml
of leupeptin, pepstatin, aprotinin and 0.1 mM phenyl-
methylsulfonyl fluoride) to the preincubation mixtures

her with the phospholi did not the
actions of the enzymes (data not shown). On the other
hand, dithiothreitol had no effect on the binding, but
N-ethylmaleimide significantly inhibited it, suggesting
that one or more sulfhydryl groups partly participate in
the interaction of the ligand with the binding site.

Tissue di of [*H]glycyrrhetiric acid binding
The tissue distribution of [*Hlglycyrrhetinic acid

binding activity in rat was investigated (Table I1I). The

specific binding of [*Hlglycyrrhetinic acid was the high-



TABLE 11

Tissue distribution of specific [*H]j ic acid binding in rat
Freshly prepared membrane fractions derived from various tissues of
rat were i with 25 aM [ inic wcid for 30 min at
37°C. The amounts of bound [*Hlglycyrrhetinic acid were deter-
mined as described under Materials and Methods. All values were

corrected for nonspecific binding. The values shown are the means +
S.E. for triplicate experiments.

Tissue Specific [*Hlglycyrrhetinic
acid bound (pmol /mg)

Brain 120 +031

‘Thymus 0.0370+0.030

Heart 0.142 +0.12

Lung 114 +089

Spleen nd.®*

Liver 129 1075

Kidney 386 +0.17

Stomach 179 +032

Small intestine nd.
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acid binding site, indi that the 3-hyd fi
is important. We previously reported that gly-
cyrrhetinic acid, but not glycyrrhizin, inhibited the his-
tamine release from antigen-stimulated mast cells (10].
This glycyrrhetinic acid-specific effect is well consistent
with the specificity of the glycyrrhetinic acid binding
site. Concerning the target of glycyrrhizin, a casein
phosphorylating protein kinase prepared from the
membrane fraction of rat liver was demonstrated to be
inhibited by glycyrrhizin [16}. This protein kinase is not
the binding site for glycyrrhetinic acid, because gly-
cyrrhizin showed very low affinity for the binding site
(Flg 5). It has been proposed that various fatty acid
and retinoid binding ins exist
[17). In the rat liver plasma membrane, a 40-kDa fatty
acid binding protein, which binds oleic, palmitic and
arachidonic acids, but has little or no affinity for

® n.d., not detected.

est in liver (12.9 + 0.75 pmol /mg protein), followed by
in kidney. Low but significant activity was also detected
in brain and stomach, whereas the specific binding
activity in other organs appeared to be almost negligi-
ble. These results indicate that glycyrrhetinic acid bind-
ing activity is mainly located in rat liver.

The major finding in this study was a specific bind-
ing protein for glycyrrhetinic acid in the particulate
fraction prepared from rat liver. As shown in Fig. 4,
the bmdmg mteractmn of glycyrrhetinic acid with the

was ble, and Scatchard analy-
sis of this binding at equilibrium gave a K, value of 31
nM, indicating an apparently single high affinity bind-
ing site entity. Monovalent and dwalent cations falled
to influence the hmdmg at physiol

hol yl esters, has been shown to play a role in
membrane free fatty acid transport [18). Various fatty
acids, which can bind to the 40-kDa fatty acid binding
protein in rat liver, and retinoids failed to inhibit the
binding of glycyrrhetinic acid to the membrane frac-
tion, excluding the possibility that the glycyrrhetinic
acid binding protein is a fatty acid binding or retinoid
binding protein. Recently, glycyrrhetinic acid has been
shown to inhibit i id 118-dehyd of
mt kidney and liver, and alm mhiblt cytosolu: SB-le-
and mi
genase [19,20]). Flmhermore, it has bcen reported ﬂut
glycyn'henmc id-oxidizir and gl
ities were d dina
fraction of rat liver [21} Although various steroids
failed to inhibit the binding of glycyrrhetinic acid, the
possibility that the glycyrrhetinic acid binding sites are
enzymes involved in steroid metabolism could arise.
Purification and further characterization of the binding
sites will be required.
The binding site for glycyrrhetinic acid in the mem-

but slightly inhibited it at higher i indi-
cating that the binding of glycyrrhetinic acid does not
basically require either monovalent or divalent cations.

‘We next studied the specificity of the glycyrrhetinic
acid binding site. Glycyrrhetinic acid contains a steroid
structure. As shown in Fig. 5, various steroids tested
had no or only very low affinity for the gk h

brane fi may be of a protein nature, since the
binding was abolished by boiling or treatment with
trypsin (Table II). Thcsc properties are similar to those
of for dins and various

mitters [22-24]. The inhibition by phospholipases sug-
gests that membrane phospholipids may also play a
role m the binding of the ligand, as reported for

acid binding site, indicating that the glycyrrhetinic acid
binding site is neither steroid hormone receptors [14]
nor sterol carrier proteins [15). In turn, it has been
shown that glycyrrhetinic acid has a low but definite
affinity for mineralocorticoid receptors but has no sig-
nificant affinity for glucocorticoid receptors in rat kid-
ney [11). Therefc inic acid binding protein
and steroid h are lly different
entities. Glycyrrhizin, the glycoside of glycyrrhetinic
acid, showed very low affinity for the glycyrrhetinic

E in the adrenal medulla [22]
and thyroid gland [25]. These inhibitory effects appear
not to be due to proteinases contaminating the com-
mercial phospholipase preparations, since they were
notaffectedbythepresenceofthemmmofpm—
teinase itors in the preincub

Glycyrrhetinic acid exhibits anti-hepatitis [4] and
anti-hepatotoxic [5] activities. Furthermore, gly-
cyrrhetinic acid has been clinically tested for gastric
and duodenal ulcers [3]. Glycyrrhi: have also
been reported to have sodium and water retaining
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properties, probably through an action on the kidney
tubule [26]. Because the specific binding activity of
glycyrrhetinic acid was detected in stomach and kidney,
as well as liver, among various tissues (Table III), the
actions of glycyrrhetinic acid in liver, stomach and
kidney mentioned above, i.e., anti-hepatitis, anti-gastric
ulcer and I ticoid-like activities, may be me-
diated by the binding site for glycyrrhetinic acid. How-
ever, liver showed the highest binding activity of gly-
cyrrhetinic acid, suggesting that the main target of
glycyrrhetinic acid is located in liver and that this
binding site may play a role in the function of liver.

It remains to be clarified what the function of the
membrane binding protein for glycyrrhetinic acid is
and how it accomplishes the function. Although purifi-
cation of the binding protein and elucidation of its
physiological role is now in progress in our laboratory,
our present knowledge on glycyrrhetinic acid in the
liver suggests that glycyrrhetinic acid binds to a specific
site in the liver particulate fraction, where it exerts
some regulatory function.
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