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Abstract

Liquiritigenin is a chiral flavonoid present in plant based food, nutraceuticals, and traditional medicines. It is
also an important ingredient present in licorice. The purpose of this study is to explore the pharmacological
activity of racemic liquiritigenin utilizing several in vitro assays with relevant roles in colon cancer and
diabetes. Where possible, the pure enantiomers were tested to identify the stereospecific contribution to the
activity. In vitro antioxidant, anticancer, anti-inflammatory activities (cyclooxygenase inhibition),
antidiabetic activities (alpha-amylase and alpha-glucosidase inhibition) as well as cytochrome P450
(CYP450) inhibitory activities were assessed. Racemic liquiritigenin demonstrated a dose-dependent
inhibition of alpha-amylase enzyme whereas its pure enantiomers did not. Racemic liquiritigenin showed
moderate antiproliferative activity on a HT-29 (human colorectal adenocarcinoma) cancer cell line that was
dose-dependent and potent inhibitory effects on the cyclooxygenase-2 enzyme. The flavonoid did not inhibit
the activity of cytochrome CYP2D6 over the concentration range studied but was a potent antioxidant. The
current study demonstrated the importance of understanding the stereospecific pharmacological effects of
liquiritigenin enantiomers in alpha-amylase inhibition.
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INTRODUCTION OH
Flavonoids are a group of polyphenolic HO o ‘©/

compounds of low molecular weight (200-600 )

g/mol) (1) that present a common benzo-y-

pyrone structure. Flavanones are a class of o)

ﬂ.avonmds that are a,lr_nOSt uniquely present in Fig. 1. Chemical structure of liquiritigenin. Chiral
citrus fruits (2-5). Additionally, flavanones are also center is denoted by *.

present in plant based foods (6-11), multiple
nutraceuticals, natural health products, and
traditional medicines in  widely varying
concentrations (12-14), Some flavanones present
a unique structural feature known as chirality,
which distinguishes them from other classes of
flavonoids. Liquiritigenin (Fig. 1) belongs to
the chiral flavanone family (15) and is an
important ingredient present in Glycyrrhiza
glabra (liquorice) (16) and some Chinese
medicinal herbs. Liquiritigenin has been
reported as an important bioactive ingredient
of the popular Chinese herb Shao Yao Gan
Cao Tang for its analgesic and anti- Access this article online
inflammatory properties (17).

It has also been identified as an important
constituent of heartwood of Dalbergia
odorifera T. Chen (HEF), a Chinese medicine
which demonstrates antidiabetic effects (18).

To more thoroughly understand
liquiritigenin’s pharmacological activity, as
well as its therapeutic and toxic -effects,
especially in light of the lipophilicity, a
stereospecific HPLC method (16) has been
developed and validated to separate and isolate
liquiritigenin’s pure enantiomers and examine
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for the first time the stereoselective
pharmacodynamics of liquiritigenin in various
biological assays. Previous studies have
suggested some pharmacological activity for
liquiritigenin  including anticancer, anti-
inflammatory, antidiabetic, and antioxidant
activities (19-22). However, the role of each
enantiomer in the pharmacological activity has
not been fully evaluated. This study describes
and compares the antidiabetic, antioxidant,
cyclooxygenase (COX) inhibitory, and
anticancer activities of liquiritigenin and its
enantiomers where possible.

MATERIALS AND METHODS

Materials

Materials used in the current study and their
respective suppliers are given in section below.

Racemic liquiritigenin from Extrasynthese
(Genay, France), HPLC grade acetonitrile and
water from J. T. Baker (Phillipsburg, USA),
Phosphoric acid from Aldrich Chemical Co.
Inc. (Milwaukee, USA), Silastic® laboratory
tubing from Dow Corning Corporation,
(Midland, USA), Intramedic® polyethylene
tubing from Becton Dickinson Primary Care
Diagnostics, Becton Dickinson and Company
(Sparks, USA), dimethyl sulfoxide (DMSO),
poly(ethylene glycol) (PEG) 400, phosphate
buffered saline (PBS), alpha-amylase from
porcine  pancreas type VI-B, 4-(2-
hydroxyethyl)-1-piperazineethanesulphonic
acid (HEPES), and 4-nitrophenyl alpha-D-
glucopyranoside from Sigma-Aldrich (St.
Louis, USA), amylase HR reagent from
Megazyme International Ireland (Wicklow,
Ireland), the COX inhibitor screening assay kit
(catalog No. 560131) and the antioxidant assay
kit (catalog No. 709001) from Cayman
Chemical Company (Ann Arbor, USA), and
the Vivid P450 CYP2D6 blue screening kit
from (Life Technologies; Burlington, Canada).

Cell culture

HT-29 (human colorectal carcinoma) cells
were obtained from the American Type
Culture Association (ATCC, Manassas, USA).
Trypsin-Ethylenediaminetetraacetic acid
(EDTA), trypan blue, phosphate-buffered
saline (PBS), 4-methylumbelliferone, resazurin,
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cell culture tested sodium carbonate, HEPES,
beta-glucosidase, sodium pyruvate, McCoy’s 5A
medium, penicillin, streptomycin, and insulin
were purchased from Sigma (St. Louis, USA).
Dulbecco’s Modified Eagle Medium/Nutrient
Mixture F-12 Ham (DMEM/F-12) without
phenol red and RMPI 1640 medium were
purchased from Gibco Industries Inc.
(Langley, USA). Fetal bovine serum (FBS)

was procured from Equitech-Bio Inc.
(Kerrville, USA).
Separation and  collection of pure

enantiomers

The limited commercial availability of pure
liquiritigenin enantiomers made necessary the
manual separation and collection of pure
enantiomers using the analytical methods
described earlier (16). The collection of the
pure enantiomers was achieved following
chiral chromatographic separation of multiple
injections of racemic liquiritigenin. The
racemic mixture of the flavonoid is readily
available from commercial sources. Multiple
injections of racemic liquiritigenin were
performed via HPLC. 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. 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, USA)
and the mobile phase consisted of acetonitrile,
water and acetic acid (50:50:0.05 v:v:v) (16).
Enantiomeric peaks were collected in
sequence using separate 50 mL tubes and were
subsequently dried to completion under
nitrogen. This labour intensive process combined
with the relatively high quantities required for
use in pharmacodynamic assays and the need to
perform circular dicroism (CD) spectroscopy on
some of the enantiomers also limited the number
of  stereospecific pharmacological studies
completed. CD spectra obtained for liquiritigenin
enantiomers were consistent with previously
published data (23).

Antidiabetic activity

Alpha-glucosidase inhibition assay
Liquiritigenin was dissolved in DMSO and

serially diluted to concentrations between 0

and 200 pg/mL. 160 pL of 100 mM phosphate



buffer (pH 6.8), 25 pL of 20 mM para-
nitrophenyl-alpha-D-glucopyranoside (PNPG)
in phosphate buffer, and 10 pL of the
flavonoid in DMSO was added to a 96-well
plate (10 uL DMSO was added to the control
wells). The plate was incubated at 30 °C for 5
min and then 10 pL of the buffer containing
0.02 mg/mL of enzyme was added to each
well. Additional incubation for 5 min followed
and 20 pL of 3.25 M sodium hydroxide was
added to each well to stop the reaction. Alpha-
glucosidase inhibition was determined through
the colorimetric assay described by Tadera, et
al. (24). The assay uses para-nitrophenyl-
alpha-D-glucopyranoside (PNPG), which is
hydrolyzed specifically by alpha-glucosidase
into a yellow colored product (para-
nitrophenol). The absorbance of liberated para-
nitrophenol was measured at 410 nm.

Alpha-amylase inhibition assay

Racemic liquiritigenin was dissolved in
methanol at concentrations between 0 and 200
pg/mL.  Subsequent  experiments  with
liquiritigenin used methanolic dilutions of the
racemates and enantiomers at concentrations
from 0 to 1 pg/mL. To assess the inhibition of
alpha-amylase, a colorimetric assay was
adapted and modified from work previously
developed by Tadera, et al. (24). A synthetic
substrate, non-reducing-end blocked para-
nitrophenyl maltoheptaoside (BPNPG7)
commercially prepared as amylase HR reagent,
which is hydrolyzed specifically by alpha-
amylase into para-nitrophenyl maltosaccharide is
utilized. The alpha-glucosidase present in the
assay then converts the new substrate into para-
nitrophenol which has a yellow colour and
absorbance at 410 nm was immediately read at
room temperature (23 + 1°C) using the
Synergy HT Multi-well plate reader and
Gen5TM data analysis software (Biotek®
Instruments Inc., Winnoski, USA). Inhibition

(%) was calculated as % x 100, where, A was
the average absorbance of the control wells

and B was the absorbance of the wells
containing flavonoids.

In vitro cyclooxygenase-1 and -2 inhibitory
assay

Cyclooxygenase (COX) Inhibitor Screening
Assay Kit was utilized to assess COX-1 and

357

Pharmacological characterization of liquiritigenin

COX-2 inhibitory activity of liquiritigenin. On
the day of the experiment, racemic
liquiritigenin was dissolved in DMSO to yield
concentrations of 1, 10, 50, and 100 pg/mL.
Standards and samples used in the assay were
prepared two days in advance. On day 1, the
reaction buffer, COX-1 (bovine), COX-2
(human recombinant), heme, arachidonic acid,
hydrochloric acid, and stannous chloride
(SnCl;) were prepared according to the
manufacturer’s instructions. Inactivated
enzymes (COX-1 and COX-2) were used to
generate background values; active enzymes
were used to asses 100% initial activity for
COX-1 and COX-2. All samples prepared this
day were stored at 4 °C. On day 2, the reagents
for the assay were prepared and COX
inhibitory activity was assessed. The inhibitory
activity of the compounds was tested
individually for COX-1 and COX-2. The wash
buffer, prostaglandin (PG) standard, PG
screening AChE tracer, and PG screening
antiserum were prepared following the
manufacturer’s instructions. COX reactions
were performed in serial dilutions for the
background samples, the 100% initial activity
samples, and the COX inhibitor samples.
Controls, standards, and samples were placed
in 96-well plates and incubated overnight at
room temperature. On day 3, the plate was
developed using Ellman’s reagent for 60 — 90
min. The COX inhibitor activity of the
compounds was measured using Synergy HT
multi-well plate reader (Biotek”™ Instruments
Inc., Winnoski, USA) using Gen 5 software
from Biotek™. Absorbance was read at 405 —
420 nm. The COX inhibitor activity of the
samples was compared to the percentage of
standard bound/ maximum bound (%B/By).
The COX inhibitor screening assay kit directly
measures the level of PGF,, produced from
PGH, after SnCl, reduction. PGF,, 1is
quantified via enzyme immunoassay (EIA)
using a broadly specific antibody that binds
PG compounds. This assay includes both
bovine COX-1 and human recombinant COX-
2 enzymes in order to screen isozyme-specific

inhibitors. For more details see the
manufacturer’s instruction manual. The
inhibition of COX was expressed as

percentage of COX activity.
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In vitro antioxidant activity assay

The Cayman antioxidant assay kit was used
to measure the total antioxidant capacity of
liquiritigenin. On the day of the experiment,
racemic liquiritigenin was dissolved in DMSO
to yield concentrations of 1, 10, 50, and 100
pg/mL. The assay buffer, chromogen, trolox (a

water soluble tocopherol analogue), and
hydrogen peroxide were prepared on the day
of  the experiment following the

manufacturer’s instructions. A trolox standard
curve was constructed using a serial of
dilutions. Controls, standards, and treatments
at different concentrations (1 — 100 pg/mL)
were placed in 96-well plates and hydrogen
peroxide was used to start the oxidative
reaction. The anti-oxidant activity of the
compounds was measured using Synergy HT
multi-well plate reader (Biotek® Instruments
Inc., Winnoski, USA) using Gen 5 software
from Biotek® after five min of exposure to
hydrogen peroxide. Absorbance was read at
750 nm to decrease interference. The
antioxidant capacity of the samples was
compared to that of trolox.

The kit measured the total antioxidant
capacity based on the ability of the
antioxidants in the sample to inhibit the
oxidation of ABTS™ to ABTS™ (2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulphonic acid)).
The antioxidant capacity expressed as trolox
equivalent antioxidant capacity (TEAC) of
racemic liquiritigenin was measured. For more
details see the manufacturer’s instruction
manual.

In vitro anticancer cytotoxicity assay

Counted HT-29 cells were seeded at a
density of 5 x 10* per well in a 96-well plate,
then incubated at 37 °C in a 5% CO,
atmosphere for 24 h. On the day of the
experiment, racemic liquiritigenin, was
dissolved in DMSO and diluted with the
corresponding media to yield concentrations of
1, 5, 10, 50, 100, and 250 pg/mL of each
enantiomer. Old media were aspirated from
the wells, and cells were treated with media
containing liquiritigenin racemate at different
concentrations (1 — 250 pg/mL); DMSO in
media and media alone were used as negative
control and blank, respectively. Plates were
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incubated at 37 °C in a 5% CO, atmosphere.
After 72 h incubation, the 96-well plates were
removed from the incubator; 20 pL of 10%
alamar Blue (resazurin) fluorescent dye was
added to the control and treatment groups in
the 96-well plates and the plate was incubated
for an additional 3 h at the same conditions.
After that, the 96-well plates were placed in a
darkened environment for 30 min at room
temperature; then placed into Synergy HT
multi-well plate reader using Gen 5 software
from Biotek”. Fluorescence was read at an
excitation of 530 nm and an emission of 590
nm. The percent cell viability (relative to
control) was measured for each cell line
exposed to varying concentrations of racemic
liquiritigenin.

CYP2D6 inhibition assay

CYP2D6 inhibitory activity of racemic
liquiritigenin was assessed using a Vivid P450
CYP 2D6 blue screening kit. Stock solutions
of racemic liquiritigenin were prepared in
methanol at concentrations of 0.01, 0.1, 1, 10,
50, and 100 uM. Utilizing a 96-well plate, 40
pL of flavonoid, quinidine (positive CYP2D6
inhibitor control), or blank methanol (solvent
control) was added to each well. Twenty
minutes of incubation followed with 50 pL of
pre-mixture (containing  Baculosomes®
reagent, the regeneration system and reaction
buffer) or 50 puL of reaction buffer only as a
background control at room temperature (25
°C). To start the reaction, 10 pL of a mixture
of Vivid substrate and NADP+ was added to
each well. Fluorescence changes were
monitored by immediate reading of the plate
on a Synergy HT multiwell plate reader with
Gen5 data analysis software. Excitation and
emission wavelengths were 415 and 460
respectively. Monitoring occurred immediately
after the start of the reaction and continued
every min for 60 min at room temperature (23
+ 1 °C) as stipulated by the Vivid P450 kit
protocol. The final methanol volume in the
reactions was < 1%.

Statistical analysis

Data were presented as mean and standard
error of the mean (mean + SEM). Student’s t-
test was used to compare unpaired samples



using Excel software. A P-value < 0.05 was
considered statistically significant.

RESULTS

Antidiabetic activity
Alpha-glucosidase inhibition

Inhibition of alpha-glucosidase by racemic
liquiritigenin ~ was  screened using a
colorimetric assay via measurement of para-
nitrophenol at 410 nm. In ongoing studies in
our laboratory we have determined that this
enzyme was inhibited by structurally similar
stilbene compounds (25). The results are
reported in Fig. 2. Racemic liquiritigenin
showed weak and variable alpha-glucosidase
inhibitory activity with apparent induction at

60 -
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the higher concentrations. The lack of
reproducible concentration dependent alpha-
glucosidase inhibitory activity by any of the
tested racemic flavonoids made it an
unattractive assay for further enantiospecific
investigation.

Alpha-amylase inhibition

The liquiritigenin racemate was initially
assessed for alpha-amylase inhibitory activity
at the concentration range of 1 — 200 pg/mL
(Fig. 3). Weak inhibition was observed at 1
pug/mL. Subsequent ascending concentration
point showed induced activity of the enzyme.
It was again decided to repeat the alpha-
amylase inhibition assay again at the lower
concentration range of 0.01 — 0.75 pg/mL.

10

Inhibition activity (%)

-100 -

200

Concentration (pg/mL)

Fig. 2. Alpha-glucosidase percent inhibition of racemic liquiritigenin using a colorimetric assay via measurement of

para-nitrophenol at 410 nm (n = 6; Mean = SEM).
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Fig. 3. Alpha-amylase percent inhibition of racemic liquiritigenin using a colorimetric assay via measurement of para-

nitrophenol at 410 nm (n = 6; Mean = SEM).
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Alpha-amylase inhibition activity of
racemic liquiritigenin and its enantiomers was
measured over the concentration range of 0.01
— 0.75 pg/mL (Fig. 4). The dose-dependent
decrease of enzyme inhibition demonstrated
by the liquiritigenin racemate is apparent;
however this dose-dependency is not
statistically  significant. ~ Greater percent
inhibition at the two lowest concentration
points (15% at 0.01 pg/mL and 12% at 0.05
png/mL) was noted when compared to the
lowest concentration point (11% at 1 pg/mL)
of the higher concentration range (1 — 200
ng/mL) assay. This observation is not noted in
the pure enantiomers, which demonstrated
significantly higher alpha-amylase inhibition
at several concentrations than racemic
liquiritigenin (Fig. 4).

In vitro cyclooxygenase activity

The assay measured COX inhibition by the
quantification of PGF,, produced by stannous
chloride reduction of PGH,. Ibuprofen was
used as a positive control for the COX-1 assay
due to its inhibitory activity towards both
COX-1 and COX-2. For the COX-2 assay,
ibuprofen and etodolac were employed as
positive  controls although etodolac is

25

20

Inhibition activity (%)

0.01 0.05

suggested to be a more selective COX-2
inhibitor.

Racemic liquiritigenin was assessed for its
COX-1 and COX-2 inhibitory activity using a
commercially available ELISA assay. The
results are presented in Fig. 5. Liquiritigenin
racemate showed COX-1 inhibitory activity
approximately  equivalent to  ibuprofen
(positive control) at 1 ug/mL, with decreasing
inhibition at the remaining consecutive
concentrations. At 250 pg/mL racemic
liquiritigenin  demonstrated poor COX-1
inhibition compared to the positive controls
(ibuprofen and etodolac). Potent COX-2
inhibition ~was apparent, with percent
inhibition approaching 100% at the lowest
concentration tested (1 pg/mL) as well as both

subsequent concentrations (10 and 250
pg/mL).
In  summary, racemic liquiritigenin

demonstrated COX-1 and COX-2 inhibitory
activity. COX-1 inhibitory activity results
were characteristic of decreasing inhibition
with increasing concentration of the racemates.
COX-2 inhibition assay results consistently
demonstrated potent and COX-2 selective
inhibition over the concentration range tested
by racemic liquiritigenin.

\ Liquiritigenin (racemic)

B S-Liquiritigenin

OR-Liquiritigenin

0.1 0.5 0.75

Concentration (pg/mL)

Fig. 4. Alpha-amylase percent inhibition of racemic liquiritigenin and its pure enantiomers (n = 6; mean + SEM) using a
colorimetric assay via measurement of para-nitrophenol at 410 nm. *Represents a significant difference between

racemic liquiritigenin and its enantiomers (P < 0.05).
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Fig. 5. (A) cyclooxygenase-1 (COX-1), and (B) cyclooxygenase-2 (COX-2) inhibition after addition of racemic
liquiritigenin, ibuprofen and etodolac activity using a commercially available ELISA assay (n = 3, mean + SEM).
Values are expressed as percentage (%). *Represents a significant difference between racemic liquiritigenin and

ibuprofen or etodolac (P < 0.05).

In vitro antioxidant activity

The assay reported here measures direct
antioxidant activity via the formation of the
radical cation ABTS™ from the oxidation of
ABTS by the radical ferryl myoglobin.
Inhibitory activity is assessed by the test
compound ability to prevent the oxidation of
ABTS to ABTS™ compared to the positive
control ~ trolox. ABTS™ is quantified
spectrophotometrically with UV detection.

As shown in Fig. 6, racemic liquiritigenin
did not show antioxidant activity greater than
baseline over the concentration range tested
(1 — 100 pg/mL). Due to the difficulty in
procuring and collecting pure enantiomers as
well as the non-enzymatic nature of the
antioxidant assay, further enantiospecific
testing was not conducted.

In vitro cytotoxicity activity

Anticancer activity of liquiritigenin has
been  observed (22). Screening  for
antiproliferative activity using the alamar Blue
(resazurin) fluorescent cell viability
measurement is relatively simple and accurate.
The non-fluorescent dye resazurin can be
metabolized by viable cells, whereas non-
viable cells cannot. Resorufin is the
fluorescent metabolite of resazurin, and can be
detected using a plate reader. Relative number
of viable cells can be determined using this
measurement.

The anti-proliferative activity of racemic
liquiritigenin on HT-29 cancer cell line is
shown in Fig. 7. This cell line was chosen
specifically because pharmacokinetic studies
characterization revealed elimination and
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excretion predominately by non-renal routes
(liver and feces) which could present high
concentrations in the colon. Additionally,
other flavonoids studied in our laboratory have
been observed to  have  particular
antiproliferative activity against liver and
colon cancer cell lines. Racemic liquiritigenin
showed moderate antiproliferative activity in a
dose-dependent manner. The screen for
anticancer activity utilizing an alamar Blue
anti-proliferative assay of HT-29 cells showed
moderate to poor decreases in cell viability for
racemic liquiritigenin in a dose-dependent
manner. Thus, this particular assay is not
suitable for pursuit in further investigating the
enantiospecific pharmacologic activity of
liquiritigenin.

CYP 2D6 Inhibition

Pharmacokinetic drug interactions include
alterations in drug metabolism. A common
culprit of this type of reaction can be a
compound which inhibits or induces drug
metabolizing enzymes in the CYP450 family.
CYP2D6 is a CYP450 enzyme responsible for
the metabolism of many commonly used drugs
(26). Flavonoids from several subclasses have
been shown to inhibit various subtypes of
CYP450 drug metabolizing enzymes (27).
Liquiritigenin racemates were assessed for
their inhibitory activity of CYP2D6 (Fig. 8).
Here in our studies, no significant inhibition of
CYP2D6 was observed at any concentration of
liquiritigenin. Further, neither inhibition nor
induction appeared in a dose-dependent
manner, leaving weak activity and high
variability the hallmarks of the assay.
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Fig. 6. Antioxidant capacity (trolox equivalent) of racemic liquiritigenin (n = 4, mean + SEM) compared to DMSO
alone (baseline). Measured by direct antioxidant activity via the formation of the radical cation ABTS++ (2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulphonic acid)) from the oxidation of ABTS, quantified with UV spectrophotometry.
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Fig. 7. HT-29 cell viability after administration of racemic liquiritigenin at different concentrations. Measured via cell
counting after alamar Blue antiproliferative assay.
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Fig. 8. CYP2D6 inhibition (%) of liquiritigenin racemate, quinidine (positive control), and blank methanol (solvent
control) from 0.01 to 100 uM (n=3, mean = SEM). Assessed using a Vivid P450 CYP2D6 blue screening kit and
quantified by fluorescence.
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DISCUSSION

In vitro studies of the pharmacological
activity of the stereoisomers of liquiritigenin
are necessary since differences in the
stereochemistry of compounds can impact
their disposition, metabolism, and elimination
by the body and it is also likely that
enantiomers produce different
pharmacological effects in biological systems
depending on their stereochemical
configuration. As was stated in the
introduction, racemic liquiritigenin has been
reported to demonstrate multiple
pharmacological effects. However, as far as
we know, there are no studies examining the
pharmacological contribution of liquiritigenin
enantiomers compared to its racemate.
Structurally similar chiral flavonoids such as
Naringenin (28), hespertein (29), eriodictyol

(30), taxifolin (30), pinocembrin and
pinostrobin (31) have been examined by our
group and demonstrated some

stereoeselectivity in their disposition and
pharmacological effects.

Due to the ready availability of commercial
racemic flavonoids, in vitro studies can be of
significant utility in exploratory pharmacology
for the screening of the pharmacological
activity of these compounds; if the desired
pharmacological effect is obtained with the
racemate, more in-depth studies can be
performed with the pure enantiomers in the
future. It has been previously reported that for
some racemic xenobiotics, a detrimental effect
is apparent when given as a mixture while the
pure stereoisomer may produce a desired
effect, i.e. the teratogenic effect of thalidomide
results from DNA intercalation of the S-
enantiomer in the racemate, but R-thalidomide
does not produce such an effect.

However, some chiral drugs like ibuprofen
that have a carbon chiral centre, are usually
marketed as the racemic mixture because of
the expense and time consuming nature of
making the pure active S-enantiomeric
compound. Furthermore, some studies have
demonstrated that an isomerase converts R-
ibuprofen into the active S-enantiomer,
making the production of pure S-ibuprofen,
which is costly, unnecessary.
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Therefore, in vitro studies of each
stereoisomer of liquiritigenin are needed.
Although the isolation of stereoisomers is
possible with the validated HPLC method
(16), the cost resources of isolating them is
often a limiting factor to extensive studies in
an academic laboratory. In addition, it is a time
consuming process, taking between two to six
weeks to collect the amount of individual
enantiomers necessary for one single assay.
Consequently, as many assays were performed
with pure compounds as possible within the
inherent time and cost constraints. In addition,
for the stereoisomers that are commercially
available, issues with stereochemical purity
must be taken into consideration. Therefore, it
is important to consider the commercial
sources of the pure stereoisomers to ensure the
purity of these compounds. In this study, one
in vitro drug interaction assay and four in vitro
pharmacologic activity models with relevance
to chronic disease pathology were chosen to
assess bioactivity in liquiritigenin, and explore
the contribution of the flavonoid enantiomers
to any observed pharmacological activity.
Liquiritigenin racemates were tested first in
each assay to confirm or refute reported
activity.  Assessment of  alpha-amylase
inhibition of racemic liquiritigenin as well as
their pure enantiomers is reported for the first
time. Alpha-amylase inhibition was seen by
liquiritigenin racemate with a characteristic
decline in enzyme inhibition as concentration
increased. Interestingly, the decline in enzyme
inhibition and apparent induction in enzyme
activity was not seen in the pure enantiomers
of each flavonoid. This suggests possible
differential pharmacologic behaviour and/or
differential physiochemical characteristics of
racemate compared to its enantiomers.
Here, we demonstrated moderate to weak
alpha-glucosidase inhibition by racemic
liquiritigenin.  Since  performing  these
experiments, alpha-glucosidase inhibition was
observed by pure S-liquiritigenin extracted
from a Chinese medicinal plant in one study
(18). However, this was not compared to the
racemates, which could have different enzyme

inhibition  characteristics as well as
physiochemical properties than the pure
enantiomers. A previous study reported
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liquiritigenin to possess overall moderate
CYP2D6 inhibition (32). However, at 10 uM
liquiritigenin showed around 60% activation
of CYP2D6, similar to the effect seen at 1 uM
in these studies. After screening racemic
liquiritigenin for CYP2D6 inhibitory activity,
the results suggest that liquiritigenin is likely
not an inhibitor.

CONCLUSIONS

Overall, this study has demonstrated that
liquiritigenin exhibits pharmacological
activities in a variety of exploratory and well
established in vitro assays. Interestingly, these
investigations have revealed that chiral
differences in the chemical structure of
liquiritigenin  may result in significant
pharmacological effects. In the alpha-amylase
antidiabetic assay, racemic liquiritigenin
demonstrated a dose-dependent decline in the
alpha-amylase inhibitory activity as the
concentration  increases, while its pure
enantiomer did not. Liquiritigenin’s pure
enantiomers demonstrated significantly
higher alpha-amylase inhibition at several
concentrations than racemic liquiritigenin.
Further studies are necessary with the pure
stereoisomers of liquiritigenin to elucidate
their potential differences in anti-inflammatory
and antioxidant activity.

The validated HPLC methods described
elsewhere (16) was successfully used to isolate
the stereoisomers of liquiritigenin that are not
commercially available. Nonetheless, the
expense and time needed to collect enough
quantity of the compounds limited the number
of investigations able to be conducted. A
number of technical issues require further
experimental scrutiny including: purity of the

compounds obtained from commercial
suppliers, and solubility.
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