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The application of macroporous resins in the separation of
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Abstract

Glycyrrhizic acid (GA) and licorice flavonoids (LF) are the two classes of bioactive components in licorice with known pharmacological
effects. But long-term excessive intake of GA may cause sodium retention and hypertension. In this study, the performance and adsorption
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c n capacity
f adsorption
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e nriched LF
e n one run.
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haracteristics of four widely used macroporous resins for the separation of deglycyrrhizinated, flavonoids enriched licorice has bee
valuated. The sorption and desorption properties of LF and GA on macroporous resins including XDA-1, LSA-10, D101 and LSA-20
ompared. The adsorption capacity was found to depend strongly on the pH of the feed solution. XDA-1 offers much higher adsorptio
or GA and LF than other resins, and its adsorption data fit the best to the Freundlich isotherm. XDA-1 also shows much higher
ffinity towards LF than that of GA based on calculated results from the measured adsorption isotherms. Dynamic adsorption and
xperiments have been carried out on a XDA-1 resin packed column to obtain optimal parameters for separating GA and LF. An e
xtract (about 21.9% purity) free of GA, and an enriched GA extract with 66% purity can be separated from crude licorice extract i
2005 Elsevier B.V. All rights reserved.
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. Introduction

Licorice (gancao in Chinese) is the roots and rhizomes of
omeGlycyrrhizaspecies (G. glabra,G. uralensis, G. inflata,
. eurycarpa, G. aspera, and G. korshinskyi) [1]. Besides
eing a popular food additive, licorice is also one of the most
idely used medicinal herbs in China. The two groups of
ctive compounds in licorice are glycyrrhizic acid (GA) and

icorice flavonoids (LF). GA, along with its aglycone, gly-
yrrhetinic acid (GTA), is known to have anti-inflammation
2], anti-ulcer[3], anti-hepatotoxic[4] and antivirus[5,6]
ctivities. Recently, GA has also been applied clinically to

reat patients with AIDS[7]. However, clinical data showed
hat a long-term excessive intake of licorice products con-
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taining more than 1 gram of GA daily for longer than
weeks would induce a syndrome of sodium retention
potassium excretion, causing oedema and hypertensio[8].
The pseudo-aldesterone-like effects are generally attrib
to the GTA, the hydrolytic metabolite of glycyrrhizic ac
which binds to mineralocorticoid receptors in the same
as aldosterone[9]. Different from GA, the licorice flavonoid
(LF) demonstrated significant antitumorigenic[10], antimi-
crobial, antiulcer[11], and antioxidant[12] activities, bu
without the unwanted side effects of GA.

To develop active licorice products without t
mineralocorticoid-like side effects, an effective sep
tion procedure is established to remove GA from the lico
extract. The procedure results in a deglycyrrhizinated lico
product, commonly abbreviated as DGL, composed m
of licorice flavonoids. Several studies have demonstr
that DGL reduces inflammation and is as effective as s
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prescription drugs for gastric and duodenal ulcers[13,14].
In addition, it could enhance the effectiveness of antiulcer
medications such as cimetidine[15]. In fact, some flavonoids
and deglycyrrhizinated licorice extracts have been marketed
as dietary supplement products for ulcer treatment. In
preparing these products, GA was generally removed by
precipitation with acids. Although these methods were
simple and inexpensive, the products still contained certain
amounts of GA and a great deal of non-active impurities
such as saccharides. Recently, separation methods based on
macroporous resin are gaining popularity in pharmaceutical
applications and have also been used for GA separation[16].
The process, however, is good for GA production but not
flavonoids. For the latter species strong alkali solvents would
be needed for desorption, and would destroy the bioactivities
of flavonoids. Towards this objective, experiments have
been carried out in this study to investigate the adsorption
and desorption properties of GA and LF on different
macroporous resins. The information is of significance in the
selection of adsorption resins for the preparative separation
of licorice extract or other herbal materials in general.

2. Experimental

2.1. Reagents
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the pores during the synthesis process. Finally, it was dried
at 60◦C under reduced pressure[17]. Prior to use in the
adsorption experiments, preweighed amounts of adsorbents
were wet with ethanol and subsequently the ethanol was thor-
oughly replaced with deionized water[18].

2.3. Preparation of crude licorice extracts

Licorice (Glycyrrhiza uralensisFisch.) root was obtained
from Elion Resources Group Co., 25 g of licorice sample was
minced, ground into 180�m powder by a disintegrator and
extracted with 500 ml of a solution of ethanol/water (70:30,
v/v) by sonication in an ultrasonic bath (SK3200LH, Shang-
hai KUDOS Ultrasonic Instrument Co., Ltd., China) for
30 min with intermittent stirring using a glass rod. The extrac-
tion solution was centrifuged at 6000 rpm for 10 min using
a centrifuge (MIKRO 22R, Hettich Zentrifugen GmbH&Co.
KG, Germany). The supernatant clear extract was concen-
trated to one tenth of the original volume by removing the
ethanol solvent in a rotary evaporator (SBW-1, Shanghai
Shenbo Instrument Co., China) at 50◦C.

2.4. Analytical methods

2.4.1. HPLC analysis of glycyrrhizic acid
Quantification of the glycyrrhizic acid concentration was
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Glycyrrhizic acid (mono-ammonium salt hydrate) w
urchased from Aldrich Chemical Company, Inc., (Milw
ee, WI, USA). Acetonitrile was purchased from Fis
cientific (Fair Lawn, NJ, USA). Trifluoroacetic ac
as obtained from Sigma Chemical Co. (St. Louis, M
SA). Anhydrous aluminum chloride, ethanol obtained fr
hanghai Chemical Co. (Shanghai, P.R. China) wa
nalytical-grade. Rutin was purchased from National In

ute for the Control of Pharmaceutical and Biological Pr
cts. All solutions were filtered through 0.45�m membrane
Fisher Scientific) before HPLC. Freshly deionized w
18.2 M�) prepared by a Millipore Milli-Q50 (Millipore
orp., Waltham, MA, USA) was used in all experiments

.2. Adsorbents

Macroporous resins including XDA-1, LSA-10, D10
SA-20 were supplied by Grancent Exchange & Adsorb
aterial Ltd.(Xi’an, China). Their physical properties

isted in Table 1. The adsorbent beads were pre-treate
emove the monomers and porogenic agents trapped

able 1
hysical characteristics of macroporous resins

rade Surface area (m2/g) Ave. pore diam. (̊A) Polarity

DA-1 800–1000 26–32 Polar
SA-20 420–500 85–90 Non-polar
101 480–550 12–15 Non-polar
SA-10 500–540 13–18 Moderate polar
arried out by HPLC on a Agilent 1100 series HPLC s
em equipped a diode-array UV–vis detector (DAD, mo
1315B). Analysis were performed on a KR100-5C

eversed-phase column (Kromasil®, 150 mm× 4.6 mm, I.D.
�m) (Eka Chemicals AB, Bohus, Sweden). The UV de

or was set at the wavelength of 254 nm with a sensitivit
.1 a.u.f.s. The column temperature was maintained at

emperature (25–30◦C). Gradient elution was used in HPL
uns. The gradients were formed by varying the proportio
ater (A) and acetonitrile (B), each containing 0.05% (w

rifluoroacetic acid (TFA). The elution system was: 0–10 m
0–40% of B; 10–15 min, 40% of B; 15–16 min, 40–50%
; 16–17 min, 50–20% of B; 17–20 min, 20% of B. The fl

ate employed was 0.8 ml/min throughout the run, and
etention time of GA was 14.8 min.

The working calibration curve based on GA st
ard solutions showed good linearity over the ra
f 0.035–0.60 mg/ml. The regression line for GA w
= 12405x− 4.5527 (R2 = 1,n= 6), wherey is the peak are
f GA and x is the concentration of GA (mg/ml).

.4.2. Determination of concentrations of total
avonoids

An aliquot of 2.0 ml flavonoids solution was added t
5 ml flask containing 7.5 ml deionized water and 5 ml 0.
OAc/NaAc buffer at pH4.5. Then 5 ml of 0.1 mol/ml a
inum chloride was added. After mixing, an aqueous s

ion of 70% ethanol was added to the flask and made t
olume. The solution was allowed to stand for 10 min at ro
emperature, and the absorbance at 416 nm was deter
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on a BECKMAN 7400 spectrophotometer. Total flavonoid
concentration was calculated using rutin as the calibration
standard. A good linear relationship was obtained over the
range of 0.0040–0.016 mg/ml, and the regression equation
for GA was:y= 30.361x+ 0.0005 (R2 = 0.9999,n= 6), where
y is the absorbance at 416 nm,x is the concentration of total
flavonoids (mg/ml).

2.5. Static adsorption and desorption tests

The static adsorption tests of licorice extract were per-
formed as follows: preweighed amounts of hydrated adsor-
bent (equal to 150 mg dry resin) were introduced into an
air-tight Erlenmeyer flask. Then, 15 ml of aqueous solution
of licorice extract was added into each flask. The flasks were
then shaken (100 rpm) in a constant temperature water-bath
shaker at 25◦C for 12 h. The selectivity and adsorption capac-
ity of different resins towards GA and LF were evaluated by
their adsorption isotherms, fitness to Freundlich equation,
and desorption properties obtained from adsorption experi-
ments under different conditions including solution pH, ini-
tial solute concentrations and ethanol/water ratios used for
desorption. The adsorption kinetics of GA and LF in the
selected resin XDA-1 was also studied. Preweighed hydrated
adsorbent (equal to 1 g dry resin) was introduced into an
E n of
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Table 2
The effect of pH value of the solution of licorice extracts on the adsorption
ratio of four kinds of macroporous resins towards glycyrrhizic acid (initial
concentration, 0.723 mg/ml)

pH Value Adsorption ratio (%)

XDA-1 LSA-20 D101 LSA-10

5 99.92 93.66 88.69 87.35
6 98.95 78.21 69.84 60.58
7 97.73 65.36 52.21 44.64
8 94.61 56.11 47.99 37.89

E = (C0 − Ce)

C0
100% (2)

whereQe is the adsorption capacity at adsorption equilib-
rium (mg/g resin);E is the adsorption ratio (%), which is the
per cent of the mass of total adsorbate being adsorbed after
reaching equilibrium;C0 andCe are the initial and equilib-
rium concentrations of solutes in the solutions, respectively
(mg/ml);Vi is the volume of the initial feed solution(ml) and
W is the weight of the dry adsorbent (g).

Desorption evaluation

D = CdVd

(C0 − Ce)Vi
100% (3)

whereD is the desorption ratio (%);Cd is the concentration
of the solutes in the desorption solutions(mg/ml);Vd is the
volume of the desorption solution;C0,Ce andVi are the same
as those defined above.

3. Results and discussion

3.1. Effect of initial solution pH

The pH dependence of adsorption is of importance since
the pH determines the extent of ionization of GA and
fl ffin-
i e
a ards
b alue
r ption
r
a ond-
i pro-

T
T ption
r itial
c

p

5
6
7
8

rlenmeyer flask containing 90 ml of aqueous solutio
icorice extract. The initial concentration of GA and to
avonoids were 0.73 mg/ml and 0.4 mg/ml, respectively,
ith pH5. The flask was shaken in a water-bath shaker

espective concentrations of GA and total flavonoids in
iquid phase were monitored at equal time intervals till e
ibration.

.6. Dynamic adsorption and desorption tests

Dynamic adsorption experiments were carried out
lass column(0.5 cm× 30 cm) wet-packed with the select
esin. The bed volume (BV) of the resin was 5 ml. The f
ow rate was 1 BV/h. The GA and the LF in the eluents w
onitored by HPLC analysis of the eluted aliquots colle
t 5 mL intervals. Breakthrough point was indicated when
as detected in the eluent (the HPLC limits of detection
A is about 0.8 ppm). The loading of the sample was stop
he adsorbate-laden column was washed first with deio
ater, and then desorbed with aqueous-ethanol (55:45
olution. The eluents were concentrated and dried unde
um before further analyses.

.7. Sorption and desorption capacity

The following equations are used to quantify the sorp
nd desorption capacities:

Sorption evaluation

e = (C0 − Ce)
Vi

W
(1)
avonoids molecules, thereby affecting their adsorption a
ty. As shown inTables 2 and 3, for all the resins studied, th
dsorption capacities and adsorption ratio of XDA-1 tow
oth GA and LF are the highest. A decrease in pH v
esults in an increase in adsorption capacity and adsor
atio for both GA and LF. The observation of highQe and
dsorption ratio at low pH value suggests that hydrogen b

ng plays an important role in the adsorption/desorption

able 3
he effect of the pH value of the solution of licorice extracts on the adsor

atio of four kinds of macroporous resins towards licorice flavonoids (in
oncentration, 0.366 mg/ml)

H Value Adsorption ratio (%)

XDA-1 LSA-20 D101 LSA-10

93.28 90.73 83.54 79.89
90.85 87.53 80.82 76.25
89.62 77.49 76.78 73.47
83.72 69.10 67.61 59.01
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Fig. 1. Adsorption isotherm at 25◦C for glycyrrhizic acid on XDA-1 (�),
LSA-20 (�), D101 (�), LSA-10 (�).

cesses for both XDA-1 and LSA-10. Both resins have polar
functional groups such as acylamino and phenolic hydroxyl
groups on the surface. At higher pHs, the hydrogen bond-
ing interactions are reduced because the phenolic hydroxyl
groups in flavonoids and the carboxyl groups in glycyrrhizic
acid both dissociate to form H+ and their corresponding
anions. Such ionization processes also reduced their adsorp-
tion on non-polar resins D101 and LSA-20. Thus, the pH of
the solution was adjusted to 5 for all the later experiments.

3.2. Adsorption isotherms

Equilibrium adsorption isotherms were obtained by con-
tacting 15 ml of aqueous solution of licorice extract at differ-
ent concentrations with the resins in a shaker bath controlled
at 25◦C. TheC0 of GA in the solutions were 0.305, 0.723,
0.942, 1.322, and 1.757 mg/ml, respectively. TheC0 of total
flavonoids in the corresponding solutions were 0.172, 0.366,
0.494, 0.656, and 0.867 mg/ml, respectively.

As can be seen fromFigs. 1 and 2, for both GA and LF,
the adsorption reached the saturation plateau when the initial
concentration of GA was 1.322 mg/ml and the corresponding
initial concentration of LF was 0.656 mg/ml. Thus, the con-
centrations of GA and LF in the feed solution were selected
at 1.3 and 0.7 mg/ml, respectively.

Fig. 2. Adsorption isotherm at 25◦C for licorice flavonoids on XDA-1 (�),
LSA-20 (�), D101 (�), LSA-10 (�).

The experimental data were fitted to the Freundlich Eq.
(4) to describe how solutes interact with the adsorbents:

Qe = KFC1/n
e (4)

whereKF is the Freundlich constant that is an indicator of
adsorption capacity, and1/n is an empirical constant related
to the magnitude of the adsorption driving force[19].

A linearized form of Eq.(4) can be written as:

lg Qe = lg KF +
(

1

n

)
lg Ce (5)

Freundlich isotherms can be plotted using Eq.(5). TheKF
and1/n values can be obtained from the intercept and slope,
respectively, in the linear regression line from a plot of lg
Qe versus lgCe. The Freundlich parameters are summarized
in Table 4. Among the four kinds of resins, the isothermal
adsorption equation of XDA-1 correlates the best with Fre-
undlich equation. The correlation coefficients for LF and GA
are 0.9744 and 0.9937, respectively. Compared with other
resins,KF of both GA and LF on XDA-1 are high, indicating
its high adsorption capacity towards both species. Moreover,
its 1/n value for LF is the largest and1/n value for GA is the
smallest compared with those of other resins. Differences in

T
F roporou

LS

L Qe

0.
0.

G Qe

0.
0.
able 4
reundlich adsorption parameters of LF and GA on four kinds of mac

XDA-1

F Freundlich equation Qe = 145.8Ce
0.4259

Correlation coefficientR2 0.9744
1/n 0.4259

A Freundlich equation Qe = 191.8Ce
0.1347

Correlation coefficientR2 0.9937
1/n 0.1347
s resins at 25◦C

A-20 D101 LSA-10

= 78.0Ce
0.2887 Qe = 56.1Ce

0.2656 Qe = 44.9Ce
0.214

911 0.8371 0.9018
2887 0.2656 0.214

= 217.2Ce
0.2774 Qe = 190.1Ce

0.5372 Qe = 141.8Ce
0.4312

9595 0.8539 0.8667
2774 0.5372 0.4312



22 B. Fu et al. / J. Chromatogr. A 1089 (2005) 18–24

Fig. 3. Static desorption ratio of glycyrrhizic acid on XDA-1 (�), LSA-20
(�), D101 (�), and LSA-10 (�) resins at 60◦C. Desorption was by elution
with different concentrations of aqueous ethanol solution.

the1/n value indicate that the affinity of XDA-1 for LF is the
highest among all resin types. On the other hand, the driv-
ing force for adsorption by XDA-1 is the smallest among all
resins, i.e., its adsorption towards GA is the weakest. The data
thus illustrate that XDA-1 is the resin of choice for separating
GA and LF.

3.3. Static desorption

The adsorption process was conducted by the procedure
described in Section2.5. After adsorption equilibrium was
reached, the adsorbates were desorbed for 6 h in shakers at
60◦C using 15 ml of 5, 25, 45, and 65% aqueous ethanol
solutions, respectively.

Figs. 3 and 4show that with the increase of the ethanol con-
centration, the desorption ratios of both LF and GA increase.
GA is highly polar because of the presence of three carboxyl
groups, resulting in its highly adsorptive interactions with the
XDA-1 resin. It could not be eluted even by 65% of aque-
ous ethanol solution. In contrast, the desorption ratio of LF
on XDA-1 by 65% ethanol was 96.4%. As a result, GA and
LF were well separated on the resin. No such separation was
achievable on other resins.

3.4. Adsorption kinetics on XDA-1

LF
o n
c rium
i that
i tics
c n for

Fig. 4. Static desorption ratio of licorice flavonoids on XDA-1 (�), LSA-20
(�), D101 (�), and LSA-10 (�) resins at 60◦C. Desorption was by elution
with different concentrations of aqueous ethanol solution.

both GA and FL. The adsorption behavior is consistent with
Langmuir monomolecular layer adsorption theory. The fast
initial step is likely due to the occurrence of adsorption in
the easily accessible mesopores of the particles, proceeding
with low mass transfer in the bulk solution. The later slower
uptake, on the other hand, is indicative of processes with high
intraparticle mass transfer resistance.

3.5. Dynamic adsorption on XDA-1

Table 5 summarizes results from dynamic adsorption.
The highest adsorption capacity is observed when the initial
Adsorption kinetics curves were obtained for GA and
n XDA-1. As can be seen fromFigs. 5 and 6, the adsorptio
apacity increases with adsorption time, reaching equilib
n about 4.0 h for both GA and LF. The adsorption rate
s the slope of the tangent at different time on the kine
urve decrease rapidly, and then levels off after 200 mi
 Fig. 5. Adsorption kinetics curve for GA on XDA-1.
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Table 5
Breakthrough volume and mass of GA and LF adsorbed on XDA-1 at different feed concentrations under dynamic adsorption conditions

C0GA (mg/ml) C0LF (mg/ml) Breakthrough volume (ml) Mass of GA adsorbed (mg) Mass of LF adsorbed (mg)

1.08 0.542 150 162 81
1.5 0.75 158 237 118
1.85 0.946 85 157 80

concentration of GA and LF are 1.5 and 0.75 mg/ml, respec-
tively. When the feed concentration was low, the amount of
the adsorbate relative to active sites is low, and adsorption
increased proportionally with increasing concentration of the
GA and LF. However, with further increase of feed concen-
tration, the amount of other impurities also increased, and the
active site-to-absorbate ratio reduced. These species would
compete for active sites on the resins with GA and LF, each
in their own concentration-dependent rate, resulting in the
observed lower adsorption of the target solute. Furthermore,
the lower diffusivity of GA and LF into the micropores of the
resins at high feed concentrations also affected the adsorption
of GA and LF.

3.6. Dynamic desorption on XDA-1

Fig. 7 illustrates the HPLC profile of the raw feed solu-
tion. Peaks of GA and individual flavnoids (the flavnoids
with retention times of 5.3, 7.4, and 8.1 min correspond to
liquiritin, licuraside, and isoliquiritin, respectively[20]) are
marked.Fig. 8 shows the HPLC profile of the desorbed
licorice solution after XAD-1 adsorption. As shown, GA
is completely removed from the extract while the major
licorice flavonoids peaks remain in the sample. The des-
orbed solution was freeze-dried after removing ethanol. The
fl the

Fig. 7. HPLC profile of the feed solution of licorice extract monitored at
254 nm.

DGL powder, and the estimated recovery of total flavonoids
are 21.9 and 74.8%, respectively, comparing to 2.86 and
64.9%, respectively from conventional acid precipitation
method.

Afterwards, the remaining GA was eluted off from
the column by washing continuously with 80% aqueous
ethanol solution containing 1% NaOH. The HPLC-UV purity

F 5%
a

avonoids purity, defined as the wt.% of flavonoids in

Fig. 6. Adsorption kinetics curve for LF on XDA-1.

ig. 8. HPLC profile of the DGL solution desorbed from XDA-1 by 4
queous ethanol solution and monitored at 254 nm.
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of GA was 65.6%, and the mass recovery of GA was
52%.

4. Conclusion

In this study, the performance and separation charac-
teristics of four widely used macroporous resins for the
preparation of deglycyrrhizinated, flavonoids enriched
licorice (DGL, have been critically evaluated. Among the
four resins investigated, XDA-1 provides the best fit to
Freundlich isotherm. It offers the highest adsorption capacity
for GA and LF because of its higher surface area, optimum
average pore diameter and appropriate surface functional
polarity. The adsorption affinity of XDA-1 towards LF is the
highest while its affinity towards GA is the lowest among all
four resins. XAD-1 thus provides the best separation power
for the two classes of compounds in licorice. The adsorption
rate curves indicate that the adsorption on XDA-1 fits the
Langmuir monomolecular layer adsorption theory. DGL can
be obtained in high yield and high purity by resin adsorption
followed by desorption with 45% ethanol aqueous solution.
Compared to the conventional acid precipitation method, the
adsorption method is advantageous because of its procedural
simplicity, low cost, high efficiency, and ease in upscaling.
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