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Determination of glycyrrhetic acid in human plasma by LC–ESI–MS
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Abstract

A sensitive liquid chromatography–electrospray ionization–mass spectrometry (LC–ESI–MS) method for determination of glycyrrhetic acid, the
active metabolite of glycyrrhizin, in human plasma using ursolic acid as the internal standard (IS) was established. Plasma was extracted with ethyl
acetate and separated on a C18 column with a mobile phase of 10 mmol/l ammonium acetate–acetonitrile (10:90). Glycyrrhetic acid was determined
u (SIM) mode
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sing electrospray ionization in a single quadrupole mass spectrometer. HPLC–ESI–MS was performed in the selected ion monitoring
sing target ions atm/z 469.5 for glycyrrhetic acid andm/z 455.5 for IS. Calibration curve was linear over the range of 0.1–400 ng/ml. The
f quantitation for glycyrrhetic acid in plasma was 0.1 ng/ml. The mean plasma extraction recovery of glycyrrhetic acid was 94.51± 3.82%. The
ethod has been successfully applied to study the pharmacokinetics of glycyrrhetic acid in healthy male Chinese volunteers. The assa

o be sensitive, accurate and convenient.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Glycyrrhizin, (3�, 20�)-20-carboxy-11-oxo-30-norolean-
2-en-3-yl-2-O-�-d-glucopyranuronosyl-d-glucopyranosiduro-
ic acid (seeFig. 1I), is one of the constituents ofGlycyrrhiza
labra L. Its marketed preparation, glycyrrhizin capsule, is
sed clinically for the treatment of chronic hepatitis, allergic
isorder and inflammation. When orally ingested, glycyrrhizin

s completely transformed to its active metabolite glycyrrhetic
cid (seeFig. 1II) in intestine by bacterial hydrolysis, and

he parent compound was not detectable in plasma at any
ime, but glycyrrhetic acid could be detected at a considerable
oncentration[1]. So, we evaluated the bioavailability of
lycyrrhizin capsule mainly by the results of glycyrrhetic acid.

Several HPLC with UV detection methods for determination
f the concentration of glycyrrhetic acid in rats or pigs were
eveloped[2–4]. Yoshikazu et al.[5] reported an HPLC method

o determine the concentration of glycyrrhetic acid in human
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plasma, in which the limit of quantitation (LOQ) was 50 ng/
Lin et al.[6] developed a more sensitive LC–MS/MS metho
determine glycyrrhetic acid and glycyrrhizin in human pla
with a lower LOQ of 10 ng/ml. All these methods were not se
tive enough for pharmacokinetic research of glycyrrhizin pr
rations for the terminal phase concentrations of glycyrrhetic
for most volunteers were below 10 ng/ml.

In this paper, we report a more sensitive, accurate and
venient method to determine the concentration of glycyrrh
acid in human plasma, in which the LOQ was 0.1 ng/ml.
method was successfully applied to study the pharmacokin
of glycyrrhetic acid in healthy male Chinese volunteers.

2. Experimental

2.1. Materials and reagents

Glycyrrhetic acid and ursolic acid (seeFig. 1III) were sup-
plied by Chia-Tai Tianqing Pharmaceutical Co. Ltd. (Jian
China). The test preparation was an enteric-soluble ca
E-mail address: dinglidl@hotmail.com (L. Ding). preparation of diammonium glycyrrhizinate, which containing
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Fig. 1. Chemical structures of glycurrhizin (I), glycyrrhetic acid (II) and ursolic
acid (III).

50 mg of glycyrrhizin per capsule (Chia-Tai Tianqing Pharma-
ceutical Co. Ltd., Jiangsu, China). The reference preparation was
diammonium glycyrrhizinate capsule, which containing 50 mg
of glycyrrhizin per capsule (Chia-Tai Tianqing Pharmaceutical
Co. Ltd., Jiangsu, China). Ethyl acetate was analytical grade
ammonium acetate was HPLC grade, both of those were pur
chased from Nanjing Chemical Reagent Co. (Nanjing, China)
Acetonitril was HPLC grade and was purchased from Merck
Company (Dermstadt, Germany).

2.2. Instrument and conditions

HPLC analyses were performed using an Agilent 1100
LC–ESI–MS system (Agilent Technologies, Palo Alto, CA)
with a Lichrospher ODS 5�m 100 mm× 4.6 mm i.d. (Jiangsu
Hanbon Science & Technology Co. Ltd., China). The mobile
phase was 10 mmol/l ammonium acetate–acetonitril (10:90
(v/v)), the column temperature was maintained at 25◦C. A con-
stant flow-rate of 1.0 ml/min was used throughout the analyses
LC–ESI–MS was carried out using nitrogen to assist nebuliza
tion. A quadrupole mass spectrometer equipped with an elec
trospray ionization source was set with a drying gas (N2) flow
of 10 l/min, nebulizer pressure of 40 psi, drying gas temperature
of 350◦C and capillary voltage of 4 kV. The fragmentor voltage
was 200 V. LC–ESI–MS was performed in negative ion selected
ion monitoring (SIM) mode using target ions atm/z 469.5 for
g .
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s
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at −20◦C. These solutions were stable for 2 months at
least. Standard solutions containing 20, 10, 1�g/ml, 100, 10
and 1 ng/ml glycyrrhetic acid were prepared by diluting the
stock solution with methanol. These standard solutions were
used to prepare the calibration standards of glycyrrhetic acid.
A solution containing 5�g/ml IS was also prepared using
methanol.

Calibration standards of glycyrrhetic acid at concentrations
of 0.1, 0.3, 1, 3, 10, 30, 100, 200, 400 ng/ml were prepared by
spiking appropriate amount of the standard solutions in blank
plasma obtained from healthy volunteers. Quality control (QC)
samples were prepared in blank plasma at concentrations of 0.1,
1, 10, 100 and 400 ng/ml for glycyrrhetic acid and stored at
−20◦C.

2.4. Sample preparation

One-milliliter plasma samples were extracted with 5 ml ethyl
acetate after addition of 30�l IS solution (5�g/ml). Following
centrifugation and separation, the organic phase was evaporated
to dryness under a stream of nitrogen in a 37◦C water bath.
The residue was reconstituted in 100�l of the mobile phase,
and a 40�l aliquot was injected into the LC–ESI–MS system.
Glycyrrhetic acid in human plasma at−20◦C was stable for 1
month at least. Glycyrrhetic acid and IS in extraction solution at
a
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lycyrrhetic acid andm/z 455.5 for the internal standard (IS)

.3. Preparation of standard solutions, calibration
tandards and quality control samples [7,8]

Stock solutions of glycyrrhetic acid and IS were p
ared at 1 mg/ml in the methanol, respectively, and st
;
-
.

.
-
-

-

ssay temperature were stable for 12 h at least.

.5. Assay validation

.5.1. Linearity
Calibration standards of nine concentrations of glycyrrh

cid (0.1, 0.3, 1, 3, 10, 30, 100, 200, 400 ng/ml) were extra
nd assayed. Peak-area ratios of glycyrrhetic acid to th
btained from selected-ion chromatograms were utilized
onstruction of calibration curves, using weighted linear le
quare regression (weighting factor was 1/C) [9–11] of the
lasma concentrations and the measured ratios. The lin
f the calibration curve was confirmed by plotting the peak-
atios versus the concentrations of glycyrrhetic acid. The
ration curve was prepared and assayed along with each
f clinical plasma samples.

.5.2. Precision, accuracy and specificity
The precision of the assay was determined at low, medium

igh concentrations of glycyrrhetic acid by replicate analys
he QC samples. Intra-day precision was determined by rep
nalysis of each QC sample on 1 day (n = 5). Inter-day precisio
as determined by repeated analysis on five consecutive

n = 1 series per day). The concentration of each sample
etermined using calibration standards prepared on the
ay. Accuracy is defined as the relative deviation in the
ulated value (E) of a standard from that of its true valueT)
xpressed as a percentage (RE%). It was calculated usi
ormula:

E%= (E − T )/T × 100 (1)
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Assay precision was defined as the relative standard deviation
(S.D.) from the mean (M), calculated using the equation:

R.S.D.% = S.D./M × 100 (2)

The specificity of the assay was checked by analyzing blank
plasma samples of 20 volunteers. Each blank plasma sam-
ple was tested using the proposed extraction procedure and
HPLC–ESI–MS conditions to ensure no interference of gly-
cyrrhetic acid and IS from plasma. The accuracy of the assays
was checked by preparation of QC samples at the start of the clin-

ical study. These QC samples were assayed along with clinical
samples in each run to monitor the performance of the assay and
to assess the integrity and validity of the results of the unknown
clinical samples analyzed.

2.5.3. Extraction recovery
The extraction recovery of glycyrrhetic acid was determined

at low, medium and high concentrations, respectively. Recovery
was calculated by comparison of the peak areas of glycyrrhetic
acid extracted from plasma samples with those of injected stan-
dards.

F
(
c

ig. 2. Typical SIM chromatograms of blank plasma (A), plasma spiked with g
C), LOQ for glycyrrhetic acid in plasma (0.1 ng/ml) and IS (D), and the high
urve (E).
lycyrrhetic acid (30 ng/ml) and IS (B), plasma obtained from a volunteer after 36 h
est concentration of glycyrrhetic acid in plasma (400 ng/ml) and IS in calibration
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2.6. System suitability test [7,12]

Prior to running each batch of clinical plasma samples, the
instrument performance (e.g. sensitivity, reproducibility of chro-
matographic retention and separation, plate number and tailing
factor) was determined by analysis of the reference standard
of glycyrrhetic acid, IS, blank plasma and plasma spiked with
glycyrrhetic acid and IS.

2.7. Clinical study design and pharmacokinetic analysis

Each of 20 healthy, young, male Chinese volunteers received
two capsules of test or reference preparations containing 100 mg
diammonium glycyrrhizinate, respectively after overnight fast-
ing. Standard meals were provided at 3 and 9 h post-dose. Blood
was sampled predose and at 1.0, 2.0, 3.0, 4.0, 6.0, 8.0, 10.0, 12.0,
14.0, 16.0, 24.0, 36.0 and 48.0 h post-dose for determination of
plasma concentration of glycyrrhetic acid. Model-independent
pharmacokinetic parameters were calculated for glycyrrhetic
acid. The maximum plasma concentrations (Cmax) and the time
to those (Tmax) were noted directly. The elimination rate con-
stant (kel) was calculated by linear regression of the terminal
point of the semi-log plot of plasma concentration against time.
Elimination halflife (t1/2) was calculated from the formula:

t1/2 = 0.693/kel (3)
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Fig. 3. Mass spectra of the negative ion of glycyrrhetic acid (A) and ursolic acid
(B) at 200 V fragmentor voltage.

fragmentor voltages of 50, 70, 90, 100, 120, 150, 200 and 250 V.
The result showed that the highest sensitivity was obtained using
a fragmentor voltage of 200 V. Therefore, a fragmentor voltage
of 200 V was used to carry out LC–ESI–MS in the SIM mode.
At this fragmentor voltage, the most intensive ion of IS was at
m/z 455.5, seeFig. 3B. Therefore, the negative ion [M–H]− (m/z
455.5) of IS was selected as the target ion of IS in the SIM.

3.3. Method validation

3.3.1. Calibration curve and sensitivity
The calibration curves, which relate the concentrations of

glycyrrhetic acid to the area ratio of glycyrrhetic acid to IS,
showed good linearity in the range of 0.1–400 ng/ml. The
typical calibration curve for glycyrrhetic acid had a slope of
0.005523± 0.000114, and an intercept of 0.000122± 0.000075
andR = 0.9995. The lower limit of quantification (LOQ) for gly-
cyrrhetic acid in plasma, defined as the lowest concentration at
which both precision and accuracy were less than or equal to
20%, was 0.1 ng/ml. Those data show that this assay is sensitive
enough for pharmacokinetic study of glycyrrhetic acid. Calibra-
tion curves were prepared with each batch of clinical samples.

3.3.2. Precision and accuracy
The intra- and inter-day (n = 5) precision and accuracy, shown

i ts in
T ssay
a

rea under the plasma concentration–time curve (AUC0–48) to
he last measurable plasma concentration (Cp) was calculate
y the linear trapezoidal rule.

. Result and discussion

.1. Conditions of chromatography

Ursolic acid was selected as an internal standard (IS) be
ts chemical properties and mass spectral fragmentation
imilar to those of glycyrrhetic acid. Several tests were
ormed for optimizing the components of mobile phase
rder to achieve good chromatographic peak shape an
lution. The test results showed that the solvent syste
mmonium acetate could improve the peak shapes of
yrrhetic acid. Good separation of target compounds and
un time were obtained using an elution system of 10 mm
mmonium acetate–acetonitrile (10:90 (v/v)). Represent
hromatograms are shown inFig. 2 in which the retentio
imes were about 2.7 min for glycyrrhetic acid and 5.4
or IS.

.2. Conditions for ESI–MS

The ESI mass spectrum at a fragmentor voltage of 2
howed that the negative ion [M − H]− of glycyrrhetic acid wa
tm/z 469.5.Fig. 3A shows a typical full-scan ESI-negative m
pectrum of glycyrrhetic acid at a 200 V fragmentor voltage
rder to determine the optimal fragmentor voltage, the inten
f selected ion of glycyrrhetic acid atm/z 469.5 was compared
n Table 1, were satisfactory for our purpose. Those resul
able 1demonstrate that the precision and accuracy of this a
re acceptable.
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Table 1
Precision and accuracy of the assay for determination of glycyrrhetic acid in plasma

Added to plasma (ng/ml) Intra-assay measured concentration
(mean± S.D.) (ng/ml)

RE% R.S.D.% Inter-assay measured concentration
(mean± S.D.) (ng/ml)

RE% R.S.D.%

0.1 0.101± 0.0108 0.97 10.65 0.104± 0.0106 3.91 10.17
1 0.990± 0.0337 −1.01 3.41 1.00± 0.0386 0.26 3.85

10 9.99± 0.151 −0.06 1.51 9.83± 0.145 −1.68 1.48
100 100.3± 1.4 0.28 1.43 100.1± 1.5 0.07 1.53
400 402.6± 6.2 0.64 1.53 397.5± 5.8 −0.63 1.47

Fig. 4. Mean plasma concentration of glycyrrhetic acid–time profile in 20
healthy volunteers after a 100 mg oral dose.

Table 2
Pharmacokinetic parameters of glycyrrhetic acid for 20 volunteers after admin-
istration of a single dose of 100 mg diammonium glycyrrhizinate (mean± S.D.)

Parameters Test capsule Reference capsule

t1/2 (h) 8.8± 2.3 8.0± 2.2
Cmax (ng/ml) 68.0± 37.2 65.2± 26.7
tmax (h) 12.9± 1.8 11.5± 2.3
AUC0–48 (h ng/ml) 1018± 429 1006± 426

3.3.3. Extraction recovery
Ethyl acetate was chosen as the extraction solvent for its

higher extraction efficiency to the two target compounds. The
mean extraction recovery of glycyrrhetic acid from human
plasma with ethyl acetate was 94.51± 3.82%.

3.4. Application

The method described above was successfully applied t
the pharmacokinetics study in which plasma concentrations o
glycyrrhetic acid in 20 healthy, male Chinese volunteers were
determined up to 48 h after administration of 100 mg diammo-
nium glycyrrhizinate capsule. The mean plasma concentration o
glycyrrhetic acid–time curve is shown inFig. 4. The mean phar-
macokinetic parameter values are calculated and summarize
in Table 2. The relative bioavailability of test preparation was

103± 13%, based on the test–reference ratios of AUC. Results
of variance analysis and two one-sidet-test showed that there
was no statistical significant difference between the two prepa-
rations in the AUC andCmax. In the case ofTmax, comparison
between the two preparations was carried out by the Wiloxon-
ranked sign test for the matched pairs, and the statistical result
showed that there was significant difference between the two
preparations, and comparing with the reference capsule, the test
preparation, an enteric-soluble capsule, showed a one and a half-
hour delay toTmax.

4. Conclusion

This assay achieved higher sensitivity and better specificity
for analysis of glycyrrhetic acid in human plasma. No significant
interference caused by endogenous compounds was observed.
This simple and rapid assay can be successfully used in phar-
macokinetic studies of glycyrrhetic acid in human.
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