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Background: The purpose of this study was to evaluate absorption and elimination from 

the gastrointestinal tract of glycyrrhizic acid diethyl ester (GZ-DE) which was prepared as a 

prodrug of glycyrrhizic acid (a poorly absorbed compound) in rats.

Methods: After the GZ-DE solution was administered via the intravenous, intraduodenal, 

intraileal, and stomach routes, GZ-DE and GZ concentrations in bile were determined by 

high-performance liquid chromatography. The stability of GZ-DE was estimated from residual 

GZ-DE and GZ produced in GZ-DE solutions prepared with distilled water, a pH 1.2 solution, 

0.9% NaCl solution, and phosphate-buffered solution (pH 7.4) at 37°C.

Results: GZ-DE was eliminated into bile by the pharmacokinetic parameters of appar-

ent distribution rate constant (4.56 ± 0.36 per hour) and apparent elimination rate constant 

(0.245 ± 0.042 per hour). After intravenous and intraduodenal administration of GZ-DE, the 

concentration ratio of GZ-DE to GZ in bile was approximately 4:1, and the bioavailability of 

GZ containing GZ-DE was three-fold higher compared with the bioavailability of GZ after 

intraduodenal administration. GZ-DE was immediately precipitated in pH 1.2 solution and was 

converted to GZ by hydrolysis in pH 7.4 solution.

Conclusion: Improvement of intestinal absorption of GZ was made possible by administration 

of GZ-DE into the intestine where absorption of GZ is lower than in the strong acidic environ-

ment of the stomach. However, because the elimination rate in bile simulated from kinetic 

parameters of GZ-DE was higher than the conversion rate from GZ-DE to GZ by hydrolysis, it 

is thought that the availability of GZ as a revolutionary prodrug was not high from the viewpoint 

of bioavailability of GZ in the liver by intestinal administration of GZ-DE.

Keywords: glycyrrhizic acid, prodrug, intestinal absorption, bile elimination, pharmacokinetics, 

rat

Introduction
Glycyrrhizic acid (GZ, Figure  1A), a main component of the plant Glycyrrhiza 

glabra L, has been used as a treatment for hepatitis for a long time. In particular, 

injections and oral formulations of GZ have been used with high safety and efficacy 

in patients with chronic hepatitis for over 60 years in Japan. The therapeutic efficacy 

of these injections is high in patients with chronic hepatitis,1–4 but there is a need to 

receive the injection while ambulatory, and some problems exist with regard to time 

restrictions, pain on injection, and hardening of the skin as a result of consecutive 

dosing. Therefore, an oral formulation with therapeutic efficacy comparable with 

that of the injection is needed. Absorption of the commercial oral formulation of GZ 

from the gastrointestinal tract is poor,5,6 and the membrane permeability of GZ in 
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Figure 1 Structure of GZ (A) and GZ-DE (B). 
Abbreviations: GZ, glycyrrhizic acid; GZ-DE, glycyrrhizic acid diethyl ester.

the intestinal tract is low,7 because two glucuronic acids are 

included in the structure of GZ.

In order to enhance absorption of GZ from the intesti-

nal tract, a diethyl ester prodrug form of GZ was synthe-

sized (GZ-DE, Figure 1B). GZ-DE (CAS registry number 

1413393-38-0) is a new compound synthesized by Cokey 

Co, Ltd (Tokyo, Japan) in 2012. It was predicted that absorp-

tion of GZ-DE from the gastrointestinal tract would be 

improved compared with that of GZ, and that an enhanced 

therapeutic effect would be seen in the liver in patients with 

chronic hepatitis after conversion from GZ-DE to GZ by 

internal esterase and hydrolysis. Therefore, a study of the 

pharmacokinetic parameters of GZ-DE was needed. In this 

experiment, the pharmacokinetic parameters of GZ-DE 

and GZ were investigated after their administration via the 

intravenous, intraduodenal, intraileal, and oral routes in rats. 

The stability of GZ-DE in various types of solution was also 

studied. Here we present the early data from our in vitro and 

in vivo experiments with GZ-DE.

Materials and methods
Materials
Glycyrrhizic acid monoammonium (GZ-NH

4
) and GZ-DE 

(85% purity) were gifts from Cokey Systems Co, Ltd 

(Matsusaka, Japan). GZ as a standard for high-performance 

liquid chromatography (HPLC) assay (GLY0605, Japanese 

pharmacopoeia reference standard) was purchased from the 

Pharmaceutical and Medical Device Regulatory Science 

Society of Japan (Tokyo, Japan). Propylene glycol, L-argi-

nine, 60% perchloric acid, and 25% ammonia solution were 

purchased from Wako Pure Chemicals Industries Ltd (Osaka, 

Japan). Other chemicals were of HPLC or reagent grade.

Animals
The protocol for this study was approved by the Committee 

of Animal Use at Hokuriku University. All animal experi-

ments were conducted in accordance with the Institutional 

Guidelines for Care and Use of Laboratory Animals. Male 

Sprague Dawley rats (aged 7 weeks, body weight approxi-

mately 180 g) were purchased from Sankyo Laboratories Co, 

Ltd (Toyama, Japan), and housed for at least 7 days in a clean 

room. The rats were given free access to commercial chow 

and water, and were maintained according to the Hokuriku 

University animal guidelines. For in vivo experiments using 

the GZ-DE formulations, the rats (240–265 g) were randomly 

divided into treatment groups containing three to four rats 

per group.

Preparation of dosage formulations
GZ-DE is only slightly soluble in water, but is soluble in 

propylene glycol. Therefore, GZ-DE was dissolved in pro-

pylene glycol. The concentration of GZ-DE was adjusted 

to 23.85  mg/mL. This concentration is accepted as being 

equivalent to a GZ concentration of 20 mg/mL. Conversion 

from a GZ-DE concentration to a GZ concentration in the 

test solution was calculated as follows: GZ-DE bulk is 
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composed of 85.0% GZ-DE, 4.4% GZ monoester (GZ-ME), 

and 10.6% other compounds. The molecular weights of 

GZ, GZ-DE, and GZ-ME are 822.9, 878.9, and 850.9, 

respectively. Based on the conversion to molar concentra-

tion, the GZ-DE concentration in a 23.85 mg/mL GZ-DE 

solution is 20.27 mg/mL (23.06 mmol/L). A GZ concentra-

tion of 23.06  mmol/L is equivalent to 18.98  mg/mL GZ, 

and the GZ-ME concentration in a 23.85 mg/mL GZ-DE 

solution is 1.05 mg/mL (1.23 mmol/L). A GZ concentration 

of 1.23 mmol/L is equivalent to 1.02 mg/mL GZ. The sum 

concentration of GZ which is converted completely from 

GZ-DE and GZ-ME in 23.85  mg/mL GZ-DE solution is 

20.0 mg/mL. Namely, justification of the concentration of 

GZ-DE at 23.85 mg/mL is equivalent to GZ at 20.0 mg/mL. 

This GZ-DE propylene glycol solution was maintained at 

20°C until in vivo experiments, ie, intravenous, intraduo-

denal, intraileal, and oral administration. GZ-NH
4
 was dis-

solved in 100 mM phosphate-buffered solution containing 

4% L-arginine (pH 7.4), and the concentration of GZ-NH
4
 

solution was adjusted to a GZ concentration of 20 mg/mL 

(for intraduodenal administration). L-arginine was added to 

prevent gelation of the GZ solution.8

In vivo experiments in rats
The rats were given water only for 12 hours, and were then 

anesthetized with urethane saline solution via the intraperi-

toneal route (2.5 g/mL/kg body weight). The rats were fixed 

in a supine position on a surgical plate maintained at 32°C. 

After the abdomen was carefully opened (approximately 3 cm 

in length) with a surgical knife, the common bile duct was 

cannulated with polyethylene tubing (PE10, 20 cm in length, 

Becton Dickinson, Sparks, MD, USA). After the abdomen 

was closed using a surgical stapler, the opposite end of the 

tubing was placed into a 2 mL sampling microtube.

For intravenous administration, GZ-DE propylene glycol 

solution (GZ dose 2 mg/100 µL per rat) was injected via the 

right subclavian vein using a microsyringe (1710N 100 µL 

SYR, 22 s/s”/2, Hamilton Company, Reno, NV, USA). The 

injection speed was 100 µL over 30 seconds. Bile was col-

lected at 30 minutes and 1, 1.5, 2, 2.5, 3, 3.5, 4, 5, 6, 7, and 

8 hours after injection of GZ-DE. The liver was carefully 

excised using a surgical knife at 8 hours after injection of 

GZ-DE. The bile and liver samples were stored at −30°C 

until assay.

For intraduodenal and intraileal administration, GZ-NH
4
 

solution or GZ-DE propylene glycol solution (GZ dose 

5  mg/250  µL per rat) was slowly administered into the 

duodenum (lower position, 1 cm beneath the stomach) or 

ileum (upper position, 20  cm from the cecum) after bile 

cannulation using a microsyringe (725RN 250  µL SYR, 

22  s/s”/2, Hamilton Company) before the abdomen was 

closed using a surgical stapler. The intestinal part that pointed 

at a needle was blocked up by a surgical adhesion glue (Aron 

Alpha A Sankyo, Toagosei Co, Ltd, Toyama, Japan). After 

administration of GZ-NH
4
 or GZ-DE, bile collection was 

immediately started. The continuous sampling periods were 

set to be 30 minutes, and 1, 1.5, 2, 4, 6, 8, and 10 hours. The 

liver was carefully excised using a surgical knife at 10 hours 

after administration of GZ-NH
4
 or GZ-DE. The bile and liver 

samples were stored at −30°C until assay.

For oral administration, GZ-DE propylene glycol solu-

tion (GZ dose 5 mg/mL per rat) was administered into the 

rat stomach using a gastric tube with a 1 mL syringe and 

without anesthesia. The rats were returned to the breeding 

cage for 90 minutes. Next, the rats were anesthetized with 

ethyl carbamate saline solution, and PE10 tubing was inserted 

into the bile duct as described above. Bile was collected for 

2–10 hours after administration (at 4, 6, 8, and 10 hours). The 

liver was carefully excised using a surgical knife at 10 hours 

after administration of GZ-DE. The bile and liver samples 

were stored at −30°C until assay.

Extraction of GZ and GZ-DE  
from bile and liver
Bile (20 µL), 50 mM phosphate-buffered solution (pH 7.4, 

180  µL), and acetonitrile/0.6% perchloric acid solution 

adjusted to pH 8.0 with 200 µL of 25% ammonia solution 

(2:8, v/v) were mixed. The mixed solution was then filtered 

using a membrane filter (13HP020 Dismic®, Toyo Roshi, 

Tokyo, Japan). Next, 10  µL of the filtered solution was 

injected into the HPLC system.

Liver (200  mg), 50  mM phosphate-buffered solution 

(pH 7.4, 200 µL), and stainless steel balls (two balls 3.2 mm 

in diameter and one ball 5.5 mm in diameter) were added to 

a 2 mL polyethylene screw vial. The liver tissue was crushed 

at 3,000 rpm for one minute using a cell crusher machine 

(MS-100R, Tomy, Tokyo, Japan). After addition of 1.0 mL of 

methanol to the screw vial, the vial was shaken for 20 minutes 

at 500 rpm using a vortex shaker (VR-36, Taitec, Saitama, 

Japan), and then centrifuged for 10 minutes at 14,000 × g. 

Next, 0.8 mL of the supernatant was transferred to a 10 mL 

glass tube and evaporated to dryness under a continuous 

stream of nitrogen gas on a heat block set to 80°C. After 

cooling the glass tube, 0.3 mL of acetonitrile/0.6% perchloric 

acid solution adjusted to pH 8.0 with 25% ammonia solution 

(2:8, v/v) was added to the glass tube, which was then vortexed 
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for one minute using a touch mixer. The solution was filtered 

using a membrane filter (13HP020), and a10 µL aliquot of 

the solution was then injected into the HPLC system.

HPLC assay
The drug concentration in bile and liver in in vivo experi-

ments was assayed by HPLC as the concentration of GZ or 

GZ-DE. A standard GZ solution (100 µg/mL) was prepared 

with 100 mM phosphate-buffered solution containing 4% 

L-arginine (pH 7.4). The concentration of GZ was deter-

mined according to a previous report.9 Namely, the HPLC 

system was equipped with a LC-10 ADvp pump, an SIL-20A 

autosampler, a DGU-20As degassing apparatus, a SPD-

20A ultraviolet detector, and a CR7A-plus data processor 

(Shimadzu, Kyoto, Japan). A Capcell Pak C18 column 

(1.5 mm inner diameter, 150 mm length) was used at 40°C 

during separation. Detection was performed at an ultraviolet 

wavelength of 254 nm. As the mobile phase, the ratios of 

acetonitrile and 0.6% perchloric acid solution adjusted to 

pH 8.0 with 25% ammonia solution were set to be 2:8 (v/v) 

for GZ assay. The flow rate of mobile phase was set to be 

0.08 mL per minute. On the other hand, the GZ-DE standard 

solution (100 µg/mL) was prepared with 50% ethanol. The 

concentration of GZ-DE was determined according to a modi-

fication of the GZ assay. The different assay condition was 

only for mobile phase, ie, acetonitrile and 0.6% perchloric 

acid solution adjusted to pH 8.0 with 25% ammonia solution 

2:3 (v/v) was used for the GZ-DE assay.

Calculation of pharmacokinetic 
parameters
The target organ for GZ is the liver. Therefore, it was impor-

tant that the analysis was focused on its speed of excretion 

from the liver to bile. The pharmacokinetic parameters for 

GZ-DE after intravenous administration were analyzed using 

a nonlinear least-squares program (MULTI10) with a two-

compartment model following the following equation:

	 C = A exp(−α ⋅ t) + B exp(−β ⋅ t)	 (1)

where C is the bile GZ or GZ-DE concentration at time t, 

A and B are ordinate intercepts, and α and β are the corre-

sponding first-order elimination rate constants in bile. Elimi-

nation half-life (t
1/2

β) was calculated by dividing ln2 by β. 

CLtotal (total clearance) was calculated by dose (2 mg)/AUC 

(area under the concentration-time curve). AUC was calcu-

lated by the trapezoidal rule and extrapolated to infinity. The 

bioavailability (BA) of GZ-DE or GZ was calculated from the 

AUC
non-iv

 for oral, intraduodenal, or intraileal administration 

and AUCiv by the following equation:

BA = (AUC
non-iv

 × Doseiv)/(AUCiv × Dosenon-iv)	 (2)

where mean AUC values for the intravenous, oral, intraduo-

denal, and intraileal dosing groups were used.

Stability of GZ-DE
Each solution (99 mL) of distilled water, 2 mg/mL sodium 

chloride (NaCl) solution adjusted to pH 1.2 with hydrochloric 

acid (pH 1.2 solution), and 50 mM phosphate-buffered solu-

tion (pH 7.4) was incubated at 37°C for 2 hours. One mil-

liliter of GZ-DE propylene glycol solution (GZ concentration 

20 mg/mL) was added to the three types of solution described 

above. Next, 1 mL of each mixed solution was put into a 

1.5 mL microtube and then cooled to 4°C. The solutions were 

used as samples of the initial concentration of GZ-DE in the 

stability study. After incubation at 37°C, 1 mL of each mix-

ture solution was put into a 1.5 mL microtube every 2 hours 

for up to 10 hours. The GZ-DE and GZ concentration in the 

samples was determined by HPLC.

Further, to estimate the long-term stability of GZ-DE in 

aqueous solution, a stability study similar to the above was 

carried out. Namely, 1 mL of GZ-DE propylene glycol solu-

tion (GZ concentration 0.3 mg/mL) and 99 mL of aqueous 

solution (distilled water, 0.9% NaCl solution, or pH 7.4 solu-

tion) were mixed and incubated at 37°C. After incubation, 

1 mL of each mixed solution was taken at 1, 2, 5, 6, 7, 8, 9, 

10, and 20 days. The GZ-DE and GZ concentrations in the 

mixed solutions were then measured by HPLC.

Results and discussion
Pharmacokinetic parameters
Figure 2 shows concentration versus time curves for GZ-DE 

and GZ in bile, and Table  1  shows the pharmacokinetic 

parameters after intravenous administration of GZ-DE (GZ 

dose 2 mg per rat).

From the concentration-time profile of GZ-DE in bile, the 

biliary GZ-DE concentration was 2,744 µg/mL at 30 minutes 

after administration, and decreased rapidly to 390 µg/mL at 

one hour. However, the GZ-DE concentration at 1.5–8 hours 

decreased only moderately. These results suggest that this 

biphasic change was controlled by two types of elimination 

kinetics, ie, an elimination rate of GZ-DE to bile as first-

pass after intravenous administration and an elimination 

rate of GZ-DE to bile after distribution to other organs via 

the systemic circulation. Elimination of GZ-DE into bile at 
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Table 1 Pharmacokinetic parameters for GZ-DE and GZ after 
intravenous administration of GZ-DE (GZ dose 2 mg per rat)

Parameter GZ-DE GZ

A (μg/mL) 28,964 ± 1342 3,470 ± 425
a (per hour) 4.56 ± 0.36 3.35 ± 0.33
B (μg/mL) 37.5 ± 2.6 36.0 ± 2.7
b (per hour) 0.245 ± 0.042 0.148 ± 0.022
t1/2b (hours) 2.63 ± 0.23 4.68 ± 0.46
AUC (μg ⋅ h/mL) 6,502 ± 428 1,278 ± 142
CLtotal (mL/hour) 0.26 ± 0.03 1.56 ± 0.21

Note: The data represent the mean ± standard deviation of three experiments. 
Abbreviations: GZ, glycyrrhizic acid; GZ-DE, glycyrrhizic acid diethyl ester; AUC, 
area under the concentration-time curve; CLtotal, total clearance; A, ordinate intercept 
in initial phase; α, first-order elimination rate constant in initial phase; B, ordinate 
intercept in second phase; β, first-order elimination rate constant  in second phase.
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Figure 2 Bile GZ-DE (A) and GZ (B) concentration versus time profiles after intravenous administration of GZ-DE (GZ dose 2 mg per rat). The data represent the mean 
of three experiments. Standard deviation bars are shown with each symbol. 
Abbreviations: GZ, glycyrrhizic acid; GZ-DE, glycyrrhizic acid diethyl ester.

one hour and 8 hours after administration was 68.5% and 

72.6% of the administered dose, respectively. On the other 

hand, the presence of GZ became clear from determination of 

GZ in bile by HPLC. It was confirmed that GZ did not exist 

in the GZ-DE formulation before administration. Therefore, 

the result indicates that GZ-DE was changed to GZ in rats 

after administration. From the concentration-time profile for 

GZ in bile, rapid elimination (at 0.5–2 hours) and moder-

ate elimination (2–8 hours) of GZ were observed. The GZ 

concentration in bile at 30 minutes after administration was 

684 µg/mL, suggesting that conversion from GZ-DE to GZ 

occurred rapidly. Elimination of GZ to bile at 30 minutes and 

2 and 8 hours was 12.3%, 16.6%, and 19.4% of the admin-

istered GZ dose (2 mg), respectively. The sum of GZ-DE 

and GZ elimination into bile at 8 hours was 92.0% of the 

administered dose. Namely, the ratio of GZ-DE to GZ in bile 

was approximately 4:1 after intravenous administration.

It has been reported that almost all GZ is rapidly excreted 

into bile via the liver after intravenous or subcutaneous 

administration. Specifically, 85% of the administered GZ 

dose (5 mg/kg) in rats was excreted into bile over 4 hours;11 

93.3% of the administered GZ dose (4  mg per rat) was 

excreted into bile until 8 hours;8 and 80.6% of the admin-

istered GZ dose (100 mg/kg) in rats were excreted into bile 

until 48 hours.12 Comparison of these reports indicates that 

approximately 20% of the GZ-DE administered is converted 

into GZ, which is then excreted rapidly into bile. Further, it 

is interesting that both apparent elimination rate constants (α 

and b) for GZ-DE shown in Table 1 (4.56 per hour and 0.245 

per hour) were higher than those for GZ (3.35 per hour and 

0.148 per hour). From these results, it is suggested that the 

efflux rate of GZ-DE into bile by efflux transporters in the 

liver, such as multidrug resistance protein 2, may be high in 

comparison with the efflux rate of GZ into bile. GZ is one 

of the substrates of multidrug resistance protein 2  in the 

liver,13,14 and the initial elimination rate constant for GZ-DE 

(4.56 per hour) was remarkably high compared with that for 

GZ (1.99 per hour) after intravenous administration of GZ 

in rats.15 Therefore, it was predicted that the efflux rate of 

GZ-DE from liver to bile would be rapid as compared with 

the conversion rate from GZ-DE to GZ after intravenous 

administration of GZ-DE.

Gastrointestinal absorption
Figure 3 shows the GZ-DE and GZ eliminated in bile ver-

sus the time curves after intraduodenal, intraileal, and oral 

administration of GZ-DE (GZ dose 5 mg per rat).
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Figure 3 GZ-DE and GZ eliminated in bile after intraduodenal (A), intraileal (B), and oral (C) administration of GZ-DE (GZ dose 5 mg per rat). The data represent the 
mean ± standard deviation of four experiments. 
Abbreviations: GZ, glycyrrhizic acid; GZ-DE, glycyrrhizic acid diethyl ester.

Initial elimination of GZ-DE into bile until one hour after 

intraduodenal administration was 54.9 µg/hour. GZ-DE until 

2 hours after administration was excreted into bile at a constant 

level, but elimination over 4–10 hours changed slightly. In 

Figure 3A, the GZ-DE eliminated into bile after administration 

of the dose was 0.65% at 30 minutes, 1.19% at one hour, and 

3.41% at 10 hours. On the other hand, elimination of GZ into 

bile was accepted as a slow curve at 4 hours after administra-

tion, but elimination of GZ was almost maintained in the range 

of 1.8–4.8 µg/hour. Elimination of GZ into bile increased in 

a time-dependent manner, ie, the amount of GZ eliminated 

after administration of a 5 mg GZ dose was 0.013% at one 

hour, 0.10% at 4 hours, and 0.71% at 10 hours. The sum of 

GZ-DE and GZ eliminated into bile at 10 hours was 4.12% of 

the administered dose. To clarify how this value of 4.12% for 

absorption of GZ-DE and GZ from the intestinal tract arose, 

an in vivo absorption study was carried out by administra-

tion of a GZ-NH
4
 solution (GZ dose 5 mg per rat). When the 

GZ-NH
4
 solution was administered via the duodenum in rats, 

elimination of GZ into bile was 1.39% of the administered 

dose after 10 hours. Therefore, intraduodenal administration 

of GZ-DE was improved approximately three-fold times when 

compared with GZ.

On the other hand, there are problems concerning con-

version from GZ-DE to GZ before it was eliminated into 

bile. Specifically, the ratio of GZ-DE to GZ 10 hours after 

intraduodenal administration of GZ-DE was 83% and 17%, 

ie, approximately 4:1. This result indicates that the GZ-

DE:GZ elimination ratio (4:1) after intraduodenal admin-

istration of GZ-DE was the same as that after intravenous 

administration of GZ-DE. On the basis of these results, it 

is suggested that conversion of GZ-DE to GZ might not be 

affected by administration route.

A wide range of esterases exist, with differences in their 

substrate specificity, organization such as in the liver and 

small intestine, and biological function.16 Further, the distri-

bution of esterase in the bowel is different from that in the 

duodenum and colon, and when metabolism due to intestinal 

bacteria participates in de-esterification, the lower portion of 

the intestinal tract becomes important. To confirm the conver-

sion rate from GZ-DE to GZ in the intestinal tract, the ileum 

was the administration site for the in vivo experiments.

The initial elimination rate of GZ-DE into bile in the hour 

after intraileal administration of GZ-DE was 51.2 µg/hour, 

beyond which the elimination of GZ-DE gradually decreased. 

As shown in Figure  3B, elimination of GZ-DE into bile 

increased in a time-dependent manner. Elimination of the 

administered dose of GZ-DE was 1.65% at 2 hours and 2.25% 

at 10 hours. On the other hand, elimination of GZ after intrail-

eal administration of GZ-DE remained constant in the range 

of 9.78 ± 0.99 µg/hour until 10 hours. Elimination of GZ into 

bile increased approximately linearly in a time-dependent 

manner. Elimination of GZ over 10  hours was 1.69% of 

the administered dose (GZ 5 mg). The sum of GZ-DE and 

GZ eliminated into bile until 10  hours was 3.94% of the 

administered dose. The bioavailability (3.94%) was also the 

same as that after intraduodenal administration of GZ-DE 

(4.12%). Interestingly, the ratio of GZ-DE and GZ was 57% 

and 43%, ie, approximately 3:2. The elimination ratio of GZ 

after intraileal administration of GZ-DE was higher than that 

after intraduodenal administration of GZ-DE. As a predicted 

reason, according to GZ-DE administered in the ileum, 

conversion from GZ-DE to GZ might enhance in the ileum. 

Because, in spite of initial elimination rate (51.2 µg/hours) 

of GZ-DE into bile after intraileal administration was similar 

to that (54.9  µg/hour) after intraduodenal administration, 
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GZ-DE elimination decreased and GZ elimination increased 

into bile until 10 hours. Therefore, it is thought that there are 

two possibilities, ie, enhanced metabolism and/or hydrolysis 

from GZ-DE to GZ and improved absorption of GZ from the 

ileum. In support of the latter hypothesis, there is a report 

indicating that GZ is easily absorbed in the lower small 

intestine and in the large intestine.17

Elimination of GZ-DE occurred at a constant rate 

(3.85 ± 0.41 µg/hour) during the 4–10 hours after oral admin-

istration of GZ-DE. Similarly, elimination of GZ-DE into bile 

increased linearly in a time-dependent manner (Figure 3C). 

Elimination of GZ-DE into bile over 10 hours was 0.72% of 

the administered dose (GZ 5 mg). On the other hand, GZ was 

not detected in bile until 4 hours after oral administration of 

GZ-DE. The GZ eliminated in bile by 10 hours was 0.03% 

of the administered dose. GZ-DE and GZ levels eliminated 

into bile were extremely low compared with those after 

intraduodenal and intraileal administration. The following 

are considered as problems: prolonged retention of GZ-DE 

propylene glycol solution in the stomach; degradation of 

GZ-DE in acidic conditions; and deposition of GZ-DE in 

acidic conditions.

GZ-DE and GZ concentrations in the liver at 10 hours 

after intraduodenal, intraileal, and oral administration of 

GZ-DE were not detected by HPLC. These results suggest 

that the concentrations of both compounds were less than 

the detection limit (0.5 µg/mg liver for both compounds) at 

10 hours after administration.

Stability of GZ-DE
It has important meaning in pharmaceutics that the availabil-

ity of GZ after the oral administration is extremely lower than 

that in an intraduodenal administration in a pharmacokinetic 

model. Therefore, a stability study of GZ-DE in gastric juice 

(pH 1.2) was necessary. Further, as one of several factors 

inducing conversion from GZ-DE to GZ, the influence of 

hydrolysis in an in vivo absorption study seemed to have 

a strong effect on conversion because the time curves for 

elimination of GZ into bile after intraduodenal, intraileal, 

and oral administration increased linearly.

Figure 4  shows the residual GZ-DE and produced GZ 

dissolved in the test solutions. Both compound profiles were 

markedly affected by the components in each test solution. 

When distilled water, 0.9% NaCl solution, and 50  mM 
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Figure 4 Stability of GZ-DE in distilled water, pH 1.2 solution, 0.9% NaCl solution, and 50 mM phosphate-buffered solution (pH 7.4). The initial GZ concentration in each 
test solution at the start was set to 200 µg/mL (A and B) and 3 µg/mL (C and D). The incubation temperature was set to 37°C. The data represent the mean ± standard 
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Abbreviations: GZ, glycyrrhizic acid; GZ-DE, glycyrrhizic acid diethyl ester.
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phosphate-buffered solution (pH 7.4 ) were used as the test 

solutions, their appearance was maintained as a colorless 

clear state. On the other hand, when GZ-DE propylene gly-

col solution was added to pH 1.2 solution, it rapidly became 

turbid with a white color and precipitation was observed. 

After centrifugation (14,000 × g, 10 minutes) of the mixture 

of GZ-DE propylene glycol solution and the pH 1.2  solu-

tion with precipitation, the GZ-DE in the supernatant was 

not detected by the HPLC system, ie, all of the GZ-DE in 

the pH 1.2 solution was precipitated under acidic conditions 

(pH 1.2). GZ was not detected in the pH 1.2 solution because 

the GZ-DE was precipitated (Figure 4B). This result sug-

gests that almost all of the GZ-DE dissolved in propylene 

glycol may be solidified under acidic conditions after oral 

administration in rats. In contrast, distilled water, of the three 

test solutions tested, was the most amenable for stability of 

GZ-DE. Residual GZ-DE levels in distilled water were 79.3% ± 
3.0% at 10 hours (Figure 4A) and 83.7% ± 9.8% by one day 

(Figure 4C) after incubation at 37°C. GZ levels produced in 

distilled water were 0.05% ± 0.01% at 10 hours (Figure 4B) 

and 13.2% ± 0.02% after 20 days (Figure 4D). When the pH 

7.4 solution was used as the test solution, the residual GZ-DE 

levels were 52.7% ± 2.2% at 10  hours (Figure  4A) and 

12.5% ± 0.1% at one day (Figure 4C). GZ levels produced in pH 

7.4 solution were 4.85% ± 0.47% at 10 hours (Figure 4B) and 

22.1% ± 0.5% at one day (Figure 4D) after incubation. Further, 

the GZ level produced in pH 7.4 solution was maintained at 

approximately 90% after 5 days (Figure 4D). When 0.9% NaCl 

solution was used as the test solution, residual GZ-DE levels at 

one day and 20 days were 65.3% ± 0.4% and 0%, respectively 

(Figure 4C), and GZ levels produced at one day and 20 days 

were 0% and 81.1% ± 0.3%, respectively (Figure 4D).

From the results in Figure  4C and D, it seemed that 

disappearance of GZ-DE was dependent on a one-order 

linear equation and production of GZ was dependent on a 

zero-order linear equation, because the disappearance pro-

files of GZ-DE decreased depending on half-life (4.46 days 

for distilled water, 1.97 days for 0.9% NaCl solution, and 

0.43 days for pH 7.4 solution) and production of GZ in the 

three test solutions increased linearly in a time-dependent 

manner (Figure 4D). With the exception of the pH 1.2 solu-

tion, it was clear that there was a difference between the rate 

of decrease in GZ-DE concentration and rate of increase in 

GZ concentration in the test solutions. A question occurred 

in production rate of GZ being slow for disappearance rate 

of GZ-DE. It could be that the difference occurred between 

the disappearance rate of GZ-DE and the production rate of 

GZ. It is necessary to think carefully about the processes 

involved in conversion from GZ-DE to GZ. Because GZ-DE 

has two ester sites, it seems that a GZ monoester is probably 

involved during conversion from GZ-DE to GZ. Therefore, 

it guessed that the conversion speed from GZ-monoester to 

GZ might pose the difference between disappearance rate of 

GZ-DE and production rate of GZ. The existence of a GZ 

monoester was not addressed in this study, so will need to 

be investigated in future research. From these results, it is 

concluded that GZ-DE has very poor stability in pH 7.4 solu-

tion and converts to GZ in a time-dependent manner.

Conclusion
Improvement in bioavailability of GZ in the liver after oral 

administration of a GZ formulation is expected because of 

increased absorption of GZ-DE from the intestinal tract. 

Total bioavailability of GZ-DE and GZ after intraduodenal 

and intraileal administration of GZ-DE was three-fold higher 

compared with that after intraduodenal administration of GZ 

in rats. However, the conversion rates from GZ-DE to GZ were 

approximately 20% and 40% after intraduodenal and intraileal 

administration, respectively, from GZ-DE and GZ eliminated 

into bile until 10 hours after administration. As the reason 

of insufficient conversion from GZ-DE to GZ in rats, it was 

clear that GZ-DE was rapidly excreted into bile faster than GZ 

in pharmacokinetic parameters calculated from intravenous 

administration of GZ-DE. Further, our results strongly suggest 

that GZ-DE was converted to GZ mainly by hydrolysis in the 

pH 7.4 solution. From the pharmacokinetic characteristics of 

GZ-DE in rats, it is thought that the availability of GZ as a 

revolutionary prodrug was not high from the viewpoint of the 

bioavailability of GZ in the liver by intestinal administration 

of GZ-DE. Although the result with expected utility was not 

provided, as a future study, the synthesis of compound which 

has high absorption from the intestinal tract and can convert 

into GZ in the liver or before arriving at the liver is expected 

in a development of the prodrug of GZ.
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