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The binding of glycyrrhetinic acid (GLA) to rat plasma, rat serum albumin (RSA), human
serum, and human serum albumin (HSA) was examined by an ultrafiltration technique. Specific
and nonspecific bindings were observed in all cases. The association constant (K) for the specific
binding was 1.34 x 10° M~ ! in rat plasma and 1.56 x 10° M~ ! in RSA. The K value for human serum
(14.91 x 10° M~ ") and that for HSA (15.09 x 10° M~ ') were approximately 10-fold larger than those
for rat plasma and RSA, suggesting a species difference in the specific binding affinity for GLA. The
number of specific binding sites (1) was 2.49 and 1.18 for RSA and HSA, respectively. The linear
binding coefficient () for the nonspecific binding was 7.11 x 10> M~ ! in RSA and 6.57 x 103M ™! in
HSA.

When the rat plasma and human serum protein concentrations are respectively assumed to be
3.5% and 4.2%; (equal to the measured plasma and serum albumin concentrations), n was 1.83 in rat
plasma and 1.31 in human serum, which corresponded fairly well to those for RSA and HSA.
Further, for y in rat plasma and human serum, when rat plasma and human serum protein are the
measured albumin concentrations, respectively,  was 10.97 x 103M ™! for rat plasma and 14.83 x
10°M ™! for human serum, which corresponded well to those for RSA and HSA.

It was concluded that the GLA-binding sites in rat plasma and human serum exist in albumin
and GLA binds to specific and nonspecific binding sites at lower and higher concentrations than
approximately 2 mM, respectively.
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It has been reported that glycyrrhetinic acid (GLA) has many therapeutic effects, e.g.,
anti-ulcer,? anti-inflammatory,? ~# anti-hepatotoxic,’ =7 and interferon-inducing®® actions.
However, there is no report on the binding of GLA to protein. Plasma protein binding of a
drug affects its pharmacokinetic behavior and can provide considerable insight into the drug
dynamics. ,

The purpose of this study was, therefore, to investigate the binding of GLA to rat
plasma, rat serum albumin (RSA), human serum, and human serum albumin (HSA).

Experimental

Materials Sodium glycyrrhetinate (GLA-Na) was kindly supplied by Minophagen Pharmaceutical Co., Ltd.
{Tokyo, Japan). MeOH was of liquid chromatographic reagent grade (Wako Pure Chemical Ind., Tokyo, Japan).
RSA, human serum, and HSA were purchased from Sigma Chemical Co. (St. Louis, MO). Albumin B-test kit was
purchased from Wako Pure Chemical Ind. Ltd. All other reagents were commercial products of analytical grade.

Animals Male Wistar rats (Shizuoka Laboratory Animal Center, Shizuoka, Japan), weighing 240—260 g,
were used.

Binding of GLA to Rat Plasma, RSA, Human Serum, and HSA——Rat plasma, RSA, human serum, and HSA
bindings of GLA were determined by an ultrafiltration technique by using dialysis tubing (Spectrapor 2, Spectrum
Medical Ind. Inc., Los Angeles). The dialysis tubing (15-cm lengths) was prewashed with distilled water and dried
before use. Plasma was obtained by centrifugation, 30 min after i.v. injection of heparin, of fresh blood from a rat fed
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a normal laboratory diet. RSA and HSA were dissolved in 0.25 M sucrose—0.05 M Tris-HCI buffer solution (pH 7.4).
One milliliter of plasma, 3.5% (w/v) RSA solution, human serum, or 4.0%, (w/v) HSA solution containing 0.31 to
2.10mg of GLA-Na was placed in the dialysis tubing sealed at one end after incubation at 37 °C for 5min. The'
other end of the tube was sealed and the tube was bent into a U-shape and hung in a 50-ml centrifuge tube by
using a conical support (Amicon Co., Mass.).!? Ultrafiltration of samples was accomplished by centrifugation
(1000 x g) at 37°C for a period (approximately 60 min) sufficient to produce an ultrafiltrate volume of approxi-
mately 109, of the initial sample. The applied plasma, RSA, human serum, and HSA solutions, and their filtrates
(50 ul each) were used for GLA determination. The adsorption of the drug on the membrane and the leakage of
macromolecular components of plasma, RSA, human serum, and HSA into the filtrate were negligible.

High-Performance Liquid Chromatography (HPLC) Conditions——The apparatus used was a Hitachi liquid
- chromatograph, model 655, with a Zorbax ODS column (250 x 4mm i.d.) and an ultraviolet (UV) detector operating
at 254 nm. The mobile phase consisted of MeOH-0.05M phosphate buffer solution, pH 2.1, (5: 1, v/v). The column
was maintained at room temperature and the mobile phase flow rate was 1.0 ml/min.

Analytical Method——GLA in each sample was extracted by the same method as reported previously.!” The
extracts containing GLA were dried under a nitrogen stream. The residue was dissolved in 200 ul of MeOH, and 5—
10 ul of this solution was injected into the liquid chromatograph.

Determination of Albumin in Rat Plasma and Human Serum——Albumin in plasma and human serum was
determined by using a commercial kit. Albumin contents in plasma and human serum were 3.5+0.19, and 4.2+ 0.1%;
(n=35, each), respectively.

Data Analysis——The rat plasma and human serum binding data were subjected to curve fitting based on Eq. 1
by using a digital computer.'® Data were weighted with the reciprocals of the binding concentrations.

_n(pKC,
1+KC,

b +¥(p)C; 1)

Here, K is the association constant corresponding to n, the specific binding sites; C; and C, are the free and bound
drug concentrations in plasma and human serum, respectively; (p) is the protein concentration. The value of n(p) is
presumed to be the binding capacity and the value of ¥(p) is the linear binding coefficient. The data of binding
experiments to RSA and HSA were subjected to curve fitting based on Eq. 2 by using a digital computer.'? Data were
weighted by the same method as in the case of rat plasma and human serum.
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Here; r is the molar ratio of the bound drug to the binding protein for RSA or HSA, assuming a molecular weight of
69000. The value of ¥ is the linear binding coefficient.

Results and Discussion

Figure 1 shows Rosenthal plots of the rat plasma, RSA, human serum, and.HSA binding
data of GLA obtained by an ultrafiltration technique. The binding parameters were
calculated by using a nonlinear iterative least-squares method without parameter con-
straints.!? Fitting the binding data with a general Langmuir-type equation (Eq. 3, m=2 or 3)
failed to give converged parameters in all cases.

" nKCo
r= ) — 3)
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i

Therefore, Eq. 1 for rat plasma and human serum data and Eq. 2 for RSA and HSA data were
used for curve fitting, considering that the binding curve at higher C, than approximately
2 mM runs almost parallel to x (C,)-axis in all cases. In each case, converged parameters were
obtained. The calculated association constants (K) in rat plasma, RSA, human serum, and
HSA, the number of binding sites (#) in RSA and HSA, the binding capacity (n(p)) in rat
plasma and human serum, and the linear binding coefficients (/(p) in rat plasma and human
serum, and ¥y in RSA and HSA) are listed in Table I. Similar K values were observed between
rat plasma and RSA, and between human serum and HSA. However, the K values for human
serum and HSA were approximately 10-fold larger than those for rat plasma and RSA. The
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Fig. 1. Rosenthal Plots for Rat Plasma, RSA, and Human Serum, and HSA
Bindings of GLA
‘a) GLA binding to rat plasma. b) GLA binding to RSA (3.5%) in 0.25 M sucrose-0.05M
Tris—-HCI buffer (pH 7.4). ¢) GLA binding to human serum. d) GLA binding to HSA (4.0%;)
in 0.25M sucrose—0.05M Tris—HCI buffer (pH 7.4).
C;, free concentration; C,, bound concentration. )
The points represent the experimental values determined by an ultrafiltration method.
The solid lines are the curves simulated by the least-squares method by using a digital
computer.'?
TaBLE I. Binding Parameters of GLA to Rat Plasma, RSA, Human Serum, and HSA Determined
by an Ultrafiltration Technique
n(p)® n? Kx10°9 Y(p)? Y x 1039
(mM) M7 M)
Rat plasma 0.93+0.13 — 1.34+0.71 5.56+0.45 —
RSA — 2.49+0.24 1.56+0.37 —_— 7.1140.80
Human serum 0.82+0.05 — 14.91+1.03 9.24+0.58 —
HSA — 1.18+0.08 15.09+0.84 — 6.57+0.41

The values (+S.D.) were calculated according to Eq. 1 for rat plasma and human serum, and Eq. 2 for RSA and HSA.' For
details, see the text. a) The binding capacity. b) The number of binding sites. ¢) The association constant. d) The linear
binding coefficient. For other details, see in Fig. 1.

results indicate that there is a species difference in affinity for the specific binding of GLA.

As regards n(p) for rat plasma protein binding, when (p) is assumed to be 3.5 (equal to
the measured albumin concentration in plasma), #» is 1.83, which corresponds fairly well to the
value of n, 2.49, obtained from the RSA binding experiment (Table I). In the case of ¥(p), a
similar calculation gave y of 10.97, which corresponds well to s of 7.11 for RSA. As regards
n(p) and Y(p) for human serum protein binding, when (p) is assumed to be 4.2%, (equal to the
measured albumin concentration in human serum), #» and y are 1.31 and 14.83, respectively.
These n and ¢ values correspond well to n and  in HSA and RSA, respectively. Specific and
nonspecific bindings have often been seen in other binding studies, e:g., the binding of
quinidine to rat serum protein'® and the binding of prednisolone to rat, dog, rabbit, and
human serum protein.!#

It was concluded that the binding sites of GLA in rat plasma and human serum exist in
albumin and GLA binds to specific and nonspecific binding sites at lower and higher
concentrations than approximately 2 mM, respectively.

Previously, we reported the plasma disposition of GLA after i.v. dosing (60 mg/kg) in the
rats with biliary fistulization, in which the biliary excretion of the drug was negligible.'?’ By
using the rat plasma binding parameters, we attempted to calculate the unbound con-
centration of GLA at the rat plasma levels (<0.5mg/ml) obtained from that study. The
unbound concentration (C;) of GLA in rat plasma was calculated from Eq. 4:
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where Cy, is total plasma concentration of GLA. From the calculation, it was found that
more than 96.19, of GLA binds to rat plasma protein at lower GLA concentrations than
0.5mg/ml. When the binding parameters for RSA are used and (p) is 3.5% (equal to the
measured rat plasma albumin concentration), a similar binding ratio of 98.09, was calculated.

Further, C; for human serum concentrations of GLA, which is produced from
glycyrrhizin by hydrolysis after oral administration of the drug (100 mg) to normal subjects,’”
was calculated from Eq. 4, using the binding parameters for human serum. From the
calculation, it was found that more than 99.99 of GLA binds to albumin at low GLA
concentrations, e.g., below 5 ug/ml.

Such resuits are important, because it is considered that the extensive binding of GLA to
RSA and HSA can affect the pharmacological activity and general pharmacokinetic behavior
of the drug.
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