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Abstract In order to isolate hyaluronidase (HAase) inhibitor from Astragali radix (AR), dried roots were extracted with
ethanol, prior to sequential fractionations with n-hexane, chloroform, ethyl acetate, n-butanol, and aqueous fractions. The n-
butanol soluble fraction was found to exhibit the most pronounced inhibitory effect (68%) on HAase, and the active
components were separated using various chromatographic methods, including column chromatography and preparative
HPLC. The active component was isolated from the n-butanol soluble fraction' of AR and was structurally identified as
calycosin-7-O-B-D-glucopyranoside by LC-MS, IR, 'H NMR, and '*C NMR analysis. The ICs, of calycosin-7-O-B-D-

glucopyranoside’s HAase activity was found to be 3.7 mg/mL.
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Introduction

Astragali radix (AR) is the root of Astragalus membranaceus
Bunge, an herbaceous plant which belongs to the family,
Leguminosae. AR has been used as an anti-perspirant, a
diuretic, and a tonic in the traditional medicine protocols
of many Asian countries. Studies regarding AR in
pharmacology and clinical practice have demonstrated its
immunostimulatory, cardiotonic, antioxidative, and anti-
inflammatory properties (1, 2). This herbal drug is reported
to contain triterpenoid glycosides and flavonoids, including
astraisoflavans, formononetin, isorhamnetin, quercetin,
and kaempferol. Flavonoids, in particular, have been
established to be one of the more potent beneficial
components present in AR, due to their various biological
effects (3, 4).

Hyaluronidase (HAase) is a mucopolysaccharide-
splitting enzyme, which hydrolyses the B-N-acetyl-D-
glucosamine [1-4] glycosidic bonds in hyaluronic acid
(HA), chondroitin and chondroitin sulfates (5). Depending
on the mechanism of cleavage of HA, HAase is usually
classified into three main types: hyaluronoglucosaminidase
(E.C. 3.2.1.35, testicular, lysosomal and venom HAase),
hyaluronoglucuronidase (E.C. 3.2.1.36, leech HAase), and
HA lyase (E.C. 4.2.2.1, bacterial HAase) (6). HAase
generally exists in an inactive form within sub-cellular
lysosomes, and is released in an active form during certain
experimental tissue injuries and human diseases, including
rheumatoid arthritis. Therefore, HAase has also been
reported to play an important role in mediating
inflammatory response (7-9).

We have previously reported 5 herbal medicines, which,
amongst 42 tested traditional herbal medicines, exhibited
most profound HAase inhibitory activity (10). Thus, we
have been attempting to identify the active components in
such herbal medicines by analyzing the ethanol extracts
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from AR. In the present study, we describe the isolation
and identification of the active compound with HAase
inhibitory activity in the ethanol extract of AR, by using
the Morgan-Elson method. The characterization of active
components in AR can be useful in the development of
natural anti-allergic and anti-inflammatory agents.

Materials and Methods

Chemicals and apparatus Sodium HA (from human
umbilical cord) and HAase (from bovine testes, Type I-S,
608 unit/mg), p-dimethyl aminobenzaldehyde, potassium
tetraborate, and dimethyl sulfoxide (DMSO) were
purchased from Sigma Chemical Co. (St. Louis, USA).
CD;0D was obtained from CIL Co. (Andover, USA).
Column chromatography was carried out using silica gel
60 (Merck Co., Darmstadt, Germany) and C;s (Alltech
Co., Deerfield, USA). Other reagents, and all organic
solvents used in this study, were of analytical grade.
Recycling preparative HPLC was performed using a JAI
LC-908 (JAI Co., Tokyo, Japan) with a JAIGEL GS 310
column (5um, 20x500 mm LD), in-line degassor
CASTORR-152 Double plunger type L-7100 pump, UV
detector, RI detector, and Millennium 32 software. The
analytical HPLC system used was Acme HPLC (Younglin
Co., Seoul, Korea) with a Hypersil ODS column (reverse-
phase type, 5 1, 4.6 X 250 mm LD, Thermo Co., San Jose,
USA) and with a UV detector. IR spectra were recorded
using a KBr disc with an FT-IR Spectrum 2000 instrument
(Perkin-Elmer Co., Boston, USA). Mass spectra were
obtained using LC-MS/MS (HP-1100 High performance
Liquid Chromatography and a QUATTRO LC Triple
Quadrupole Tandem Mass Spectrometer, Waters Lid.,
Massachusetts, USA). NMR spectra were recorded on a
Varian Unity INOVA400 NMR spectrometer (Varian, Inc.,
Palo Alto, USA) in CDCl;,

Extraction and isolation of active component The dried
AR was purchased from the Kyung-dong herbal drug store
(Korea). Fifteen kg of dried AR was crushed and extracted

263



264

four times (24 h) with 95% ethanol at room temperature,
using a shaking incubator. The filtered supernatant was
evaporated in order to construct an ethanol AR extract
under vacuum at 50°C. The crude ethanol extract (267 g)
was suspended in water, and successively partitioned with
organic solvents of different polarities, with the resultant
production of n-hexane, chloroform, ethyl acetate, n-
butanol, and aqueous fractions. The fractionates were
concentrated by evaporation or desiccation, yielding #n-
hexane residue (46.1 g), chloroform residue (50.2 g), ethyl
acetate residue (15.8 g), and n-butanol residue (11.4 g),
respectively.

The n-butanol soluble fraction (AR-Bu, 3.8 g) was
subjected to column chromatography on silica gel, using a
step-wise gradient solvent system of ethyl acetate, which
contained increasing amounts of methanol (8:2, 6:4, 4:6,
2:8 and 0:1, 800 mL each), in order to yield six subfractions
(AB-1, 2, 3, 4, 5 and 6, 240 mL each). Subfraction AB-4
(1.3 g) was subjected to re-column chromatography on Cg
{Alltech Co., Deerfield, USA), and eluted with water
which contained increasing amounts of methanol (10: 1, 5:
1, 1: 1 and O: 1), in order to yield four subfractions (AB-
4A, B, C and D). Subfraction AB-4C (148 mg) was
further purified by preparative HPLC (JAI LC-908) with a
JAIGEL GS 310 column (5 um, 20 x 500 mm [.D), and
eluted with 85% methanol to yield five compounds (AB-
4C-1, CII, CII, CIV and CV). The active component, AB-
4C-1V, obtained from subfraction AB-4C (148 mg), was
analyzed by HPLC with a Hypersil ODS column (5 pm,
4.6x250 mm LD). The mobile phase contained 85%
methanol, and was eluted at a flow rate of 0.5 mL/min.
The effluent was monitored by a wavelength absorbance
detector. Finally, active peak components were identified
by their LC-MS/MS, IR, '"H NMR and '*C NMR spectra.
Each sample was prepared by either evaporation or
lyophilization in order to remove the residual solvents, and
the final concentration of test samples was maintained as
10 mg/mL (in 5% DMSO) for the screening assay.

Determination of HAase inhibitory activity by Morgan-
Elson assay HAase activity was determined by two
different methods in vitro. First, the HAase inhibitory
effect was determined by measuring the amount of N-
acetylglucosamine formed from the sodium HA, according
to the Morgan-Elson method (11). 50 uL of HAase (7,900
unit/mL) was mixed with 100 pL of the test samples, and
then pre-incubated for 20 min at 37°C. The control group
was treated with 100 uL. of 0.1M acetate buffer (pH 3.5, 5
% DMSO) instead of with the test sample. The optical
density at 585 nm was measured by a spectrophotometer.
Percentage of inhibition was calculated as follows;
Inhibition (%) = [(OD,-OD;)/OD.] x 100, where OD : the
O.D of the control at 585 nm; OD : the O.D of the sample
at 585 nm. The inhibitory ratio was plotted against the log
concentration, and the dose response data were used to
calculate the ICs;

Determination of HAase inhibitory activity by microplate
assay The HA activity was determined by microplate
assay, according to the method previously described by
Richman ef al. (12). In brief, a plate consisting of 1 mg/
mL HA dispersed in 1.5% (w/v) agarose gel was buffered
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with 0.05 M sodium citrate (pH 5.3, buffer A) containing
0.15 M NaCl and 0.02% (w/v) sodium azide. A stock
solution of 3% agarose in buffer A was stored in 9.5 mL
aliquots. A stock solution of 2 mg/mL HA in buffer A was
prepared by stirring the powder into the buffer overnight at
4°C. A 9.5 mL aliquot of 3% agarose was melted in a
boiling-water bath, cooled to 60°C, and added to 9.5 mL
of 2 mg/mL HA in a 60°C bath with constant stirring. The
solution was stirred for approximately 1 min in order to
ensure complete mixing, and was then rapidly poured into
a 9%x9 cm plastic dish on a leveled surface. After the
setting of the gel, cylindrical holes (2 mm in diameter)
were punched into the plate and emptied by suction. 5 UL
of bovine HAase (5,000 unit/mL) was mixed with 5 pL. of
the test samples (10 mg/mL), and then preincubated for 20
min at 37°C. The holes were filled with each treatment
group, and then incubated for 20 h at 37°C. After
incubation, the gel was covered with 10% (w/v in water)
cetylpyridinium chloride as soon as the circles became
distinct, and the diameters were measured using calipers
and read against a dark background. The mean values for
duplicate determinations of the zone diameter (in
millimeters) were then plotted against the logarithm of the
HAase activities.

Statistical analysis All results were expressed as the %
mean = standard deviation (S.D), ICs, values were calculated
by linear regression analysis.

Results and Discussion

We have investigated the inhibitory effect of the solvent
fractions isolated from AR ethanol extracts on the HAase
activity (Table 1). Amongst the solvent fractions, the ethyl
acetate and n-butanol soluble fractions exhibited significant
activities, as 52.5 = 0.6% (ICsp = 9.4 mg/mL) and 68.4 +
0.1% (ICsy= 5.6 mg/mL) at 10 mg/mL of the concentration,
respectively. It has been established that the inhibition of
HAase is one of the possible mechanisms underlying anti-
inflammatory and anti-allergy activities. Therefore, the n-
butanol soluble fraction was further tested in order to
isolate active compounds with HAase inhibitory activity.
The active compound was isolated using various
chromatographic methods, as described in the Materials
and Methods section. Qur results suggested that the active
fraction (AB-4C) harbored several compounds, including
AB-4C-1V and some other unknown compounds also (Fig.
1). The strongest active component, AB-4C-IV, was
isolated, and the purity of the compound was confirmed
via analytical HPLC. We obtained an AB-4C-IV yield of
15 mg (0.0003% in root). The product was white in color,
and had the most profound HAase inhibitory effect of all
compounds tested (Table 2). The structural identification
of AB-4C-IV was carried out by analysis of the MS, IR,
'H NMR, and *C NMR spectra. The MS data are as
follows; The ES-MS spectrum showed an M*+H at m/z
447 for the molecular formula C,,H»0,0, and the MS/MS
spectrum showed a 285 m/z (M*+H) (Fig. 2). The IR
spectrum (Fig. 3) indicated the presence of a carbonyl
group with strong absorption at 1730 cm” and a broad
peak at 3422 cm™ due to the presence of a hydroxyl group,
and a strong peak at 1286 cm™ was determined to be an
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Table 1. HAase inhibitory effects of the fractions in AR

. Morgan-Elson Microplate Ic
Sample fractions _assay assay (g /rsr(;L)
Inhibition (%) Clear zone (mm)
n-hexane fr. 35+£01 22
Chloroform fr. 64 +0.1 22
Ethy! acetate fr. 525+0.6 7 9.4
n-butanol fr.#** 68.4 +0.1 ND 5.6
Water fr. 05+0.1 22
AB-1 ND° 22
AB-2 ND 22
AB-3 ND 22
AB-4 *** 67.1+0.1 ND 6.2
AB-5 123 +0.1 18
AB-6 74+02 22
AB-4A ND 22
AB-4B ND 22
AB-4C *** 702+ 04 ND 3.7
AB-4D 16.8 £0.1 16
HAase 22

Data represents the means + S.D.(N=3). The test concentration of each
fraction was 10 mg/mL. HAase (from Bovine testicular) was treated
with concentration of 7,900 unit/mL and 5,000 unit/mL, respectively.
&xk% Active fractions

®ND : not detected
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Fig. 1. HPLC chromatogram of AB-4C fraction in AR obtained
using recycling preparative HPLC (JAIGEL GS column, 20 x
500 mm) by monitoring the eluent at 254 nm. Methanol (86%)
was used as an eluent in 1socratic mode with a flow rate of 3 mL/
min. **Active component

ester. The aromatic ring was shown by the presence of a
signal in the 1380-1624 cm’ spectrum. The 'H NMR
spectrum (Fig. 4) of the active compound manifested 7
proton signals at 7-8.5 ppm of the aromatic region. Two
proton signals exhibited singlets at 8.232 ppm (H-2) and
7.011 ppm (H-2"). Anomeric proton signals were detected
at 5.139 ppm, and the proton signal of methoxgll (OMe)
resonated as a singlet, at 3.909 ppm. The “C NMR
spectrum showed the signal of an oxygenated aromatic
ring at 120-140 ppm. The active component, AB-4C-1V,
was identified as calycosin-7-O-B-D-glucopyranoside by
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Fig. 2. ESI-MS (A) and ESI-MS/MS (B) spectrum of the active
compound (AB-4C-1V) of AR. The spectrum was recorded on
LC-MSMS (HP-1100 High Performance Liquid Chromatography,
QUATTRO LC Triple Quadrupole Tandem Mass Spectrometer).
The ion source was ESI positive ion mode.
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Fig. 3. FT-IR Chromatogram of the active compound (AB-4C-
IV) of AR. The IR spectra was recorded on spectrum 2000
explore.

comparing its spectroscopic data with the literature (13,
14); however, this study is the first to assess the HAase
inhibitory effect of this compound. This component
exhibited high inhibitory activity towards HAase (Table
2). At a concentration of 10 mg/mlL., the component was
measured to have an inhibitory ability of 70.0 = 0.8%
(ICs, =3.7 mg/mL). However, further research should be
carried out to increase the yield by optimal extraction
process, because the yield of active component is too low.

Traditional herbal medicines have long been used in the
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Fig. 4. '"H NMR (A) and *C NMR (B) spectrum of active
compound (AB-4C-IV) of AR. Sample was dissolved in MeOD
(methy-d3 alcohol-d/) and was recorded on high resolution NMR
zgeozét)rometer (Varian Unity INOVA400 operating at 400 MHz and

Table 2. HAase inhibitory effects of several peaks isolated
from AB-4C by preparative HPLC

Sample Compound Name aggﬁ;t?%) (mIgC/rSr(;L)
AB-4C-1 Unknown 26702
AB-4C-II Unknown 421+05
AB-4C-1IT Unknown 233+03
AB-4C-IV* Calycosin-7-O-B-D-glycoside  70.0 £ 0.8 3.7
AB-4C-V* Unknown 50.1 £0.2

Data represents the mean + S.D.(N=3). The test concentration of each
fraction was 10 mg/mL. Results are shown as mean + S.D (n=3)
*Active fractions

prevention or cure of a host of diseases, and most of them
contain compounds which exert various physiological
effects. These compounds, in fact, have been demonstrated
to possess antioxidative, anti-inflammatory, antiaging, and
antimicrobial capacities. Some studies have also reported
the isolation of two isoflavone glycosides, 7, 2’-dihydroxy-
3, 4 -dimethoxyisoflavan-7-O-B-D-glucoside, and calycosin-
7-O-B-D-glucopyranoside from AR. These components
exhibited profound inhibitory effects on COX-2, an
enzyme implicated in inflammatory reactions (2). Moutan
Radicis Cortex and Uncariage Ramulus et Uncus also
exhibited profound inhibitory effects against HAase
activity, and their active components were identified to be
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ursolic acid and monoterpenoid glycosides, respectively
(15). Clematis mandshurica, Trichosanthes kirilowii and
Prunella vulgaris exhibit analgesic efficacy, antioxidant
activity, and HAase inhibitory properties (16). Other plant-
derived materials, including flavonoids, tannins, curcumines,
and glycyrrhizin, also exhibited inhibitory effects against
HAase activity, and some of these compounds and their
synthetic derivatives have been used as anti-inflammatory
drugs (17-19).

In conclusion, AR has been classically employed as a
diuretic and tonic in Oriental medicine. It has been
established that AR contains various active components,
including sucrose, astragaloside, formononetin, calycosin,
(3R) 7,2’-dihydroxy-5",6’-dimethoy-isofalvan-7-O-3-D-
glucoside, [-sitosterol, palmatic acid, isorhamnetin,
quercetin, kaempferol, polyamine, and daucosterol. Of
these compounds, flavonoids are especially promising,
exhibiting a variety of biological effects, including
antioxidative effects, immunomodulatory activity, and
even anticancer activity. Hence, not surprisingly, our
findings indicated that the HAase inhibitory ability of AR
was due to isoflavone glycoside compounds. These
components, as HAase inhibitors, are expected to be
useful in the development of multi-functional preventive
agents against inflammation and /or allergic reactions.
Also, our findings scientifically support the use and
efficacy of herbal medicinal plants in treatment of
inflammatory disorders.
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