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Abstract

The isoflavonoid puerarin in extracts of the well-known traditional Chinese Radix puerariagroot of the planPueraria lobatg can be
separated from other isoflavonoids by adsorption chromatography on the cross-linked 12% agarose gel Superose 12 equilibrated in distilled
water. The adsorption is totally quenched by the addition of 50% acetic acid. The separation of the isoflavonoids is tentatively ascribed to
interaction with the residues of the cross-linking reagents used in the manufacturing process of Superose 12. Thus, no useful separation car
be achieved with non-cross-linked 12% agarose gel media. Symmetric elution profiles at high sample loadings (16 mg on a 24 ml column)
suggest linear adsorption isotherms for the isoflavonoids.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction port on adsorption phenomena on the tightly cross-linked
dextran gel Sephadex G-10 and Janson [8] published a brief
The adsorptive properties of the epichlorohydrin cross- review on adsorption phenomena on Sephadex gels the same
linked dextran gel Sephadex G-25 for certain low molecular year. To the best of our knowledge, no observations of ad-
weight substances were recognized soon after its introductionsorption of low molecular weight aromatic substances have
in 1959 [1-5]. Aromatic substances in particular showed elu- so far been reported for cross-linked agarose gel media.
tion behaviour that differed greatly from what might be ex- Extracts of the root ofPueraria lobata(Willd.) Ohwi
pected based on molecular size. Thus, Ruttenberg et al. in(Radix pueraria® a perennial leguminous plant native
1965 [6] showed that the separation of the antibiotic cyclic to eastern Asia, are rich in isoflavones and have been
decapeptides tyrocidine A, B and C was based on the dif- widely used as antipyretic, antidiarrhoetic, diaphoretic, and
ferent tryptophan content of the three peptides (tyrocidine A antiemetic agents in traditional Chinese medicine [9]. Re-
lacks tryptophan, tyrocidine B contains one and tyrocidine C cently, they have also been tried as a possible remedy
contains two tryptophan residues) and could be controlled by for alcoholism [10]. Puerarin (daidzein Gglucoside),
the acetic acid concentration of the eluent. At 1% acetic acid daidzin (daidzein ©-glucoside), and daidzein are the major
total adsorption was observed and at 50% acetic acid all threeisoflavonoids inP. lobataextracts [11]. Recently, the sepa-
peptides eluted together unseparated. Optimal baseline sepration and purification of puerarin was achieved by adsorp-
aration was obtained at an acetic acid concentration of 10%.tion chromatography in the presence of 10% acetic acid on
Eaker and Porath [7] in 1967 published a comprehensive re-oligomeric-cyclodextrin covalently attached to Sepharose
HP base matrix [12]. The present report shows that separation
* Corresponding author. Tel.: +46 70 5565088; fax: +46 18 555016, and purification can also be achieved by isocratic adsorption
E-mail addressjan-christer.janson@ytbioteknik.uu.se (J.-C. Janson). Cchromatography on a column packed with the cross-linked
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12% agarose gel, Superose 12, in the presence of distilled2.5. Synthesis of cross-linked and substituted Superose

water or low concentrations of acetic acid. The adsorption 12 prep grade

is quenched by the addition of high concentrations of acetic

acid. Superose 12 prep grade base matrix was cross-liked
and substituted as described in [13,14] using 1,3-bis-
glycidoxybutane and epichlorohydrin as reactants, respec-

2. Experimental tively.

2.1. Equipment
3. Results and discussion

HPLC CR-10A (Shimadzu, Japan), Pump (Beijing Xingda
Company), UV Detector 8823-A (Beijing New Technology The isoflavonoid content oR. puerariae flavone is
Application Institute), Chromatography Control Unit N2000 10-14% (w/v), mainly composed of daidzein, daidzin, puer-
(Zhejiang University), Motor Valve MV-7 and chromatogra- arin, and daidzein‘4/-diglucoside, whose structures are
phy columns (GE Healthcare, Uppsala, Sweden). shown in Fig. 1. The content of puerarin is approximately
4%. The effect of the acetic acid concentration in the eluent
on the degree of adsorption and extent of separation of the
isoflavonoid components of thRadix puerariacrude extract

Ethanol, acetonitrile, acetic acid, sodium hydroxide, and IS Shown in Fig. 2. The largest peak is puerarin (daidzein
ammonia solution, were of analytical grade and obtained 8-C-glucoside). The peak eluting at around 240 min in (A)

from Beijing Chemicals Factory, Beijing, China. A crude 'S _daid;in_ (daidzein B-glucoside). The non-glucosylate_d
extract powder ofR. puerariaecalled ‘Radix puerariae daidzein is probably much more strongly retarded (elution
flavone”, and reference puerarin with a purity of >98% data not available due to lack of reference standard). The

were bought from Luye Biology Ltd. Co., Huainan, An- guenching effect of increasing concentrations of acetic acid

hui Province, China. Superose 12, Superose 12 prep grade®” the adsorption is obvious. At 50% acetic acid, practi-

Sephadex G-15, Sephadex G-25, Sephadex LH-20 PhenyFa"y no adsorption occurs. This confirms previous stud-

Sepharose HP were obtained from GE Healthcare, Uppsala,'es on the adsorption of low molecular weight aromatic

Sweden and Superose 12 prep grade base matrix was a gif?ubstances to tightly cross-linked polysaccharide gel media
from GE Healthcare [6—8]. Our studies show that neither Superose 12 prep grade,

nor Sepharose HP base matrix possess the ability to separate
puerarin from theR. puerariaeflavone crude extract as ef-
ficiently as does Superose 12. Tentatively, this phenomenon
is explained by the differences in cross-linking reagents and
) synthesis procedures, respectively, for these three media. The
The best solvent for the crude puerariaeflavone pow-  reagents and procedures for the synthesis of Superose 12 have
der was 20% ethanol. All samples were pre-filtered to re- hoon pyplished [13,14] but details the synthesis of Superose
move possible 'dl',lst before injecting to the ghromatographlc 12 prep grade and Sepharose HP are still proprietory know-
columns. The injected sample volume varied from 0.5 10 6446 |n an attempt to mimic the synthesis procedure for Su-

2ml. The flow veIO(_:ity used_was invariably 1 cm/min and perose 12 using Superose 12 prep grade base matrix as the
the eluent was monitored using a UV detector at 280 nm. A

concentration of 0.5% acetic acid in the elution buffer was R,

chosen to reduce possible growth of microorganisms in the RO O

columns. This concentration in the eluent provided elution ’ OO O OR;
characteristics for the isoflavonoid components almost iden- o

tical to those using distilled water as the eluent. The columns

2.2. Reagents

2.3. Separation of R. puerariae flavone by adsorption
chromatography

were cleaned-in-place using four column volumes of 0.35 M Group

NaOH or four column volumes of 50% acetic acid at a flow Compound X = R

velocity of 1 cm/min. The columns were stored in 20% (v/v)

ethanOI. Daidzein H H H
Daidzin H Glucose H

2.4. Analysis of puerarin by HPLC Puerarin Glucose H H

. . Daidzein-4",7- H Glucose Glucose
Column: Sephasil C-18, jvm reversed phase silica, o
250 mmx 4 mm i.d.; mobile phase: (A) 0.1% trifluoroacetic diglucoside

acid (TFA) and (B) 50% acetonitrile in 0.1% TFA; detector:
UV 280 nm; flow-rate: 0.5 ml/min; loading volume: 20. Fig. 1. The molecular structures Bf puerariagflavonoides.
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Fig. 2. Result of isocratic adsorption chromatography on Superose 12 HR 10/30 in the presence of different acetic acid concentrations. Sa20pte: crude
ethanol extract oR. puerariagflavone, 1 mg in 0.5 ml. Flow rate: 1 ml/min. The eluent was monitored using a UV detector at 280 nm.

starting material, i.e. using a combination of long chain bise- ~ When epichlorohydrin reacts with the agarose gel matrix
poxides and epichlorohydrin as reagents according to the pub-under alkaline conditions, 2,3-epoxypropy! ethers are first
lished procedure, a gel was obtained that gave an isoflavonoidformed by reaction with the hydroxyl groups in the galactosyl
separation pattern similar, but not identical to that obtained residues. The immobilized epoxides thus formed, then react
using Superose 12 (Fig. 3). with water or with an adjacent hydroxyl group either belong-
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Fig. 3. Result of isocratic adsorption chromatography on different cross-linked and non-cross-linked agarose gel columns (10 mm i.d. and 3@leth bed he

in the presence of 0.5% acetic acid. Samplepuerariaeflavone crude 20% ethanol extract, 1 mg in 0.5 ml. Flow rate: 1 ml/min. The eluent was monitored
using a UV detector at 280 nm. (A) Superose 12 prep grade base matrix. (B) Superose 12 prep grade base matrix cross-linked with 1,3-bis-glgcidoxybutan
and epichlorohydrin and further substituted with epichlorohydrin. (C) Sepharose HP base matrix. (D) Phenyl Sepharose HP.

ing to the same galactosyl residue or to a substituent in thehigh concentrations at regular repeating distances on the sur-
same residue. Alternatively, the hydroxyl group could belong face of the gel, allowing cumulative cooperative interaction
to a galactosyl residue in another galactan polymer chain orwith the aromatic ring system of the isoflavonoids, and thus,
to a substituent in that residue. This last reaction would lead providing a sufficiently high total interaction energy to give
to the formation of an interchain cross-link. Subsequently rise to chromatographic retardation. This type of short-range
added epichlorohydrin molecules will react with hydroxyl aromatic adsorption requires intimate molecular contact be-
groups formed by water hydrolysis of already coupled epox- tween exposed benzene rings of the solute and the cross-link
ides creating polymeric side chains of different lengths. The residues of the gel. The different extent and type of gluco-
cross-linking and substitution procedures for agarose gels us-sidic conjugation of the isoflavonoid ring system (Fig. 1) is
ing epichlorohydrin would thus, lead to a very large number thereby believed to affect the degree of adsorption, thus giv-
of different structural elements, both cyclic and non-cyclic, ing rise to differential retardation of the varioRs puerariae

and introduce a variety of polar groups, such as ether bonds,soflavonoid components on the gel matrix.

as well as hemiacetals and primary and secondary hydroxyl As delocalized electrons are also present in acetate ions,
groups. Tentatively, these groups are considered to occur ina tentative explanation for the quenching effect of high con-
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Fig. 4. Result of isocratic adsorption chromatography on different tightly cross-linked dextran gel columns (10 mmi.d. and 30 cm bed heigketentieepr
0.5% acetic acid. Sampl&. puerariaeflavone crude 20% ethanol extract, 1 mg in 0.5 ml. Flow rate: 1 ml/min. The eluent was monitored using a UV detector
at 280 nm. (A) Sephadex LH-20. (B) Sephadex LH-20 dry sieving fraction (particles passing througmesétfve). (C) Sephadex G-25. (D) Sephadex G-15.

centrations of acetic acid would be that these compete with and substitution procedure used in the synthesis of the latter
the aromatic ring system for binding to the cross-linking sub- gel. In contrast, Fig. 2C and D, show the separation patterns
stituents present on the outer and inner surfaces of the strucobtained with Sepharose HP base matrix, cross-linked ac-
tural network of Superose 12. cording to a proprietary procedure and Phenyl Sepharose HP,
In order to demonstrate the unique adsorptive charac-respectively. These data suggest that neither of these gel me-
ter of Superose 12 for the separation of fRepuerariae dia possess the cross-links or substituents that give the desired
isoflavonoids a series of comparative separations were car-adsorption characteristics required for efficient separation of
ried out with crude 20% ethanol extracts using a variety of theR. puerariagsoflavonoid mixture.
cross-linked and non-cross-linked polysaccharide gel media  Fig. 4 shows the results from experiments with a variety
equilibrated and eluted in 0.5% acetic acid. The results of of well-known highly cross-liked and substituted Sephadex
these experiments are shown in Figs. 3 and 4, respectively.media that in previous publications [2—6] have been demon-
Fig. 3A shows the separation obtained using a non-cross-strated to have separation power for aromatic low molecu-
linked agarose gel, Superose 12 prep grade base matrixlar weight substances. However, no useful separation was
No useful separation was obtained. However, as shown inobtained for theR. puerariaemixture of isoflavonoids. Al-
Fig. 3B, after cross-linking with 1,3-bis-glycidoxybutane and though unexpected, one must bear in mind that the average
epichlorohydrin and further substitution with epichlorohy- wet particle sizes of these media are considerably larger than
drin, in order to mimic the synthesis procedure for Super- that of Superose 12, and their resolving power is thereby con-
ose 12 [13,14], a similar separation to that with Superose 12 siderably lower due to lower efficiency.
(Fig. 2A) was obtained. This indicates that the adsorption ~ The aromatic adsorption property is especially advanta-
characteristics can be ascribed to the unique cross-linkinggeous and useful because the adsorption isotherms are lin-
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360| mV a crude extract dissolved in 20% (v/v) ethanol. The compo-
320 — sition of the mobile phase is an important factor affecting the
280 separation of the isoflavones on this agarose gel. For the pre-
packed column Superose 12 HR 10/30, distilled water and
240 0.5% acetic acid gave the best separation of puerarin from
200 neighbouring peaks at a flow rate of 1 ml/min. At a crude
160 sample load of 16 mg in 2ml (0.7 mg/ml adsorbent) a 97%
120 pure puerarin could be recovered with a yield of 94%.
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