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Abstract

Pharmacometric characterization studies of liquiritigenin have historically overlooked its chiral
nature. To achieve complete characterization, an analytical method enabling the detection and
quantification of the individual enantiomers of racemic (£) liquiritigenin is necessary. Resolution
of the enantiomers of liquiritigenin was achieved using a simple high-performance liquid
chromatographic method. A Chiralpak® ADRH column was employed to perform baseline
separation with UV detection at 210 nm. The standard curves were linear ranging from 0.5 to 100
pg/mL for each enantiomer. Limit of quantification was 0.5 pg/mL. The assay was applied
successfully to stereoselective serum disposition of liquiritigenin enantiomers in rats.
Liquiritigenin enantiomers were detected in serum as both aglycones and glucuronidated
conjugates. Both unconjugated enantiomers had a serum half-life of ~15 min in rats. The volume
of distribution (Vg) for S- and R-liquiritigenin was 1.49 and 2.21 L/kg, respectively. Total
clearance (Cliota)) Was 5.12 L/h/kg for Sliquiritigenin and 4.79 L/h/kg for R-liquiritigenin, and
area under the curve (AUCq.inf) Was 3.95 pg h/mL for Sliquiritigenin and 4.23 ug h/mL for R-
liquiritigenin. The large volume of distribution coupled with the short serum half-life suggests
extensive distribution of liquiritigenin into tissues.
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Introduction

(%)-Liquiritigenin (4/,7-dihydroxyflavanone) is a chiral flavonoid present in liquorice. It is a
potent bioactive compound, demonstrating anti-cancer and hepatoprotective activity as well
as attenuation of the acute effects of cocaine administration (Zhang et al., 2009; Kim et al.,

2009; Jang et al., 2011). Liquiritgenin has also been shown to be an estrogen receptor
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agonist (Mersereau et al., 2008). These properties highlight the potential therapeutic
application of liquiritigenin in human health.

The pharmacokinetics of racemic liquiritigenin via achiral high-performance liquid
chromatography (HPLC) methods has been studied extensively (Li et al., 2007; Kang et al.,
20093, b, 20104, b). However, chirality is an aspect often overlooked in the pharmacometric
characterization of phytochemicals, including flavonoids. Very few studies have been
published on the stereospecific separation of liquiritigenin (Li et al., 1998; Fliegmann et al.,
2010).

Differences in the disposition and activity of individual stereoisomers can sometimes cause
significant or harmful effects in humans (Shah et al., 1998; Hutt, 2007). This study is the
first to develop a stereoselective, isocratic, reversed-phase HPLC assay of liquiritigenin for
detection in rat biological matrices with application to a pharmacokinetic study.

Experimental

Chromatographic system and conditions

The HPLC system used was a Shimadzu LC-2010A (Kyoto, Japan). Data collection and
integration were accomplished using Shimadzu EZ Start 7.4 software (Kyoto, Japan). The
analytical column used was a Chiralpak® AD-RH (150 x 4.6 mm i.d., 5 um particle size,
Chiral Technologies Inc., West Chester, PA, USA). The mobile phase consisted of
acetonitrile, water and acetic acid (50:50:0.05 v:v:v) filtered and degassed under reduced
pressure, prior to use. Separation was carried out isocratically at ambient temperature (25 £
1°C), with a flow rate of 0.6 mL/min and ultraviolet (UV) detection at 210 nm.

Sample preparation

To the working standards or samples (0.1 mL), 25 pL of (£)-pinocembrin (internal standard)
solution (100 pg/mL) was added into 2.0 mL Eppendorf tubes. Next, 1 mL of cold
acetonitrile (-20°C) was added, immediately followed by 1 min of vortexing (Vortex
Genie-2, VWR Scientific, West Chester, PA, USA). Samples were then centrifuged at 5000
rpm for 5 min (Beckman Microfuge Centrifuge, Beckman Coulter, Inc., Fullerton, CA,
USA). The supernatant was collected into 2.0 mL Eppendorf tubes and evaporated to
dryness under compressed nitrogen gas. The residue was reconstituted with 200 pL of
mobile phase, vortexed for 30 s and centrifuged at 5000 rpm for 5 min. The supernatant was
then transferred to HPLC vials and 100 L of it was injected into the HPLC system.

Pharmacokinetic disposition of liquiritigenin in rats

Male Sprague—-Dawley rats (n = 3, average weight 250 g) were anesthesized using isoflurane
and a silastic catheter was cannulated into the right jugular vein. Rats were dosed
intravenously with 20 mg/kg racemic (effectively 10 mg/kg Sliquiritigenin and 10 mg/kg R-
liquiritigenin) liquiritigenin (Extrasynthese, Genay Cedex, France) in saline and
polyethylene glycol (PEG) 400 (60:40 v:v). A series of blood samples (0.30 mL) was
collected at 0, 1, 15 and 30 min, and at 1, 2, 4, 6, 24, 48, 72, 96 and 120 h. Following
centrifugation of the blood samples in microcentrifuge tubes, serum was collected and stored

Biomed Chromatogr. Author manuscript; available in PMC 2014 November 19.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Sayre et al. Page 3

at —20°C until analysis. Serum samples (0.1 mL) were run in duplicate with or without the
addition of 40 uL of 500 U/mL f-glucuronidase from Escherichia coli type IX-A and
incubated in a shaking water bath at 37°C for 2 h to liberate any glucuronide conjugates.

Data analysis

Quantification was based on calibration curves constructed using the peak area ratio of
liquiritigenin to internal standard, against liquiritigenin concentrations using unweighted
least squares linear regression. Pharmacokinetic analysis was performed using data from
individual rats for which the mean and standard error of the mean (SEM) were calculated for
each group. Pharmacokinetic modeling was completed using WinNonlin® software (version
5.1).

Results and discussion

Chromatography

Separation of liquiritigenin enantiomers and the internal standard, (x)-pinocembrin, in serum
(Fig. 1) was achieved. There were no interfering peaks co-eluting with the peaks of interest.
The retention times of S and R-liquiritigenin were approximately 9 and 12 min,
respectively. The internal standard (x)-pinocembrin eluted at approximately 16 min (Fig. 1).

The performance of the HPLC assay was assessed using the following parameters: peak
shape and purity, interference from endogenous substances in biological fluid, linearity and
limit of quantitation (LOQ). Various compositions of mobile phase were tested to achieve
the best resolution between liquiritigenin enantiomers. Optimal separation was achieved
with acetonitrile, water and acetic acid (50:50:0.05 v:v:v) with a flow rate of 0.6 mL/min.
The present assay is practical to use in pre-clinical applications of liquiritigenin analysis in
which small sample volumes are obtained.

Linearity and LOQ

Excellent linear relationships (r2 = 0.998) were demonstrated between the peak area ratio of
S and R-liquiritigenin to the internal standard and the corresponding serum concentrations
of liquiritigenin enantiomers over a range of 0.5-100 pg/mL. The LOQ of this assay was 0.5
ug/mL in biological fluids.

Stereospecific pharmacokinetics of liquiritigenin in rats

The HPLC method was applied to the determination of liquiritigenin enantiomers in
pharmacokinetic studies in rats (n = 3) (Table 1). Liquiritigenin enantiomers were detected
in serum as both aglycones and glucuronidated conjugates. The Rand S-glucuronidated
conjugates had a serum half-life of around 9 min (ty/, Sliquiritigenin-glucuronidate, 0.159
h; t1/2, R-liquiritigenin—glucuronidate, 0.141 h) and an area under the curve of 1.202 and
1.589 ug h/mL, respectively. Both unconjugated enantiomers had a serum half-life of ~15
min. R-Liquiritigenin had a slightly larger volume of distribution (Vg Sliquiritigenin, 1.492
L/kg; Vg R-liquiritigenin, 2.213 L/kg) than did S-liquiritigenin. Total clearance (Cligtg S
liquiritigenin, 5.123 L/h/kg; Clioa R-liquiritigenin, 4.787 L/h/kg) and area under the curve
(AUCq_n,, Sliquiritigenin, 3.951 pg h/mL; AUCy_,, R-liquiritigenin, 4.226 ug h/mL) were
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similar between the two enantiomers. The relatively large volume of distribution coupled
with the short serum half-life suggests extensive distribution of liquiritigenin into tissues.

Conclusions

In summary, the developed HPLC method for liquiritigenin is stereospecific. It has been
applied successfully in the study of the pharmacokinetics of liquiritigenin in rats for the first
time. Further studies are on-going in our laboratory to further characterize the
pharmacometric profiles of liquiritigenin as well as other flavonoid enantiomers.
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Figure 1.
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(A) Blank serum with the internal standard, pinocembrin. (B) Liquiritigenin enantiomers in
serum (5 pg/mL) and the internal standard, pinocembrin.
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Table 1

Stereospecific pharmacokinetic parameters of unconjugated liquiritigenin

Parameter
AUCy_, (h pg/mL)
Vq (L/kg)

Cliotar (L/M/kg)

Fe (%)

ty> serum (h)

S-Liquiritigenin (mean + SEM)  R-Liquiritigenin (mean + SEM)
3.951 + 0.267 4.226 +0.278

1.492 +0.103 2.213+0.340

5.123 +0.349 4.787 £ 0.316
31.49+1.00 5.02 £0.97

0.202 + 0.0002 0.33+0.07

Biomed Chromatogr. Author manuscript; available in PMC 2014 November 19.

Page 7



