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The three major active isoflavonoids (calycosin-7-O-f-glucoside. isomucronulatol 7-0-5-glucoside. formono-
netin) and two main saponins (astragaloside [. astragaloside IV) in an extract of Radix Astragali were
determined using rapid. sensitive. reliable HPLC/UV and LC-ESI-MS/MS methods. The separation conditions
employed for HPLC/UV were optimized using a phenyl-hexyl cohunn (4.6 > 150 mm, 5 gan) with the gradient
elution of acetonitrile and water as the mobile phase at a flow rate of 1.0 mL/min and a detection wavelength
of 230 nm. The specificity of the peaks was determined using a triple quadnipole tandem mass spectrometer
equipped with an electrospray ionization (ESI) source that was operated in multiple reaction monitoring
(MRM) in the positive mode. These methods were fully validated with respect to the linearity. accuracy.
precision. recovery and robustness. The HPLC/UV method was applied successfully to the quantification of
three major isoflavonoids in the extract of Radix Astragali. The results indicate that the established HPLC/UV
and LC-ESI-MS/MS methods are suitable for the quantitative analysis and quality control of multi-components

in Radix Astragali.
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Introduction

Radix Astragali is the dried root of Astragalis membrara-
ceous (Fisch.) Bge. and Astragaius membranaceous (Fisch.)
Bge. var. mongoficus (Bge) Hsiao (Leguminosae). This
plant has been used widely in traditional Chinese medicine
to tonify the “Qi” (vital energy) and is prescribed to treat
symptoms such as fatigue. lack of appetite. frequent colds.
spontaneous sweating and shormess of breath.! Pharmaco-
logical studies have revealed it to have antiviral- hepato-
protective.” antioxidant” cardiovascular protective’ and
immunostimulant activity ¢ In addition. Radix Astragali has
been reported to increase the resistance to the imumuno-
suppressive effects of chemotherapy.’ Isoflavonoids. triter-
pene saponins and polvsaccharides are the bicactive con-
stituents most often associated with the biological activity of
Radix Astragali® Among these. isoflavonoids have been
chosen as marker compounds for quality evaluations using
HPLC/UV* due to the existence of ¢chromophores for UV
detection. or by LC-MS.'"!= On the other hand. triterpene
saponins. such as astragaloside IV in Radix Astragali. have
been used for quality control in Chinese Pharmacopoeia.’?
Several analvtical methods have been developed for the
determination of saponins in Radix Astragali. However. due
to the lack of chromophores. most of these have been
performed using thin-layer chromatography (TLC).™ high
performance liquid chromatography and evaporative light

# These two authors contnibuted equally to this work.

scattering detection (HPLC-ELSD).'™' precolumn derivati-
zation high performance liquid chromatography'’ and LC-
MS with solid phase extraction (SPE)." Recently. the
simultaneous determination of six isoflavonoids and four
saponins of Radix Astragali by HPLC-DAD-ELSD was
reported.'® However. more rapid. sensitive. and reliable
analytical and quantitative method for the quality control of
Radix Astragali is necessary. Therefore. the aim of this study
was to establish a rapid and sensitive method for the
simultaneous analysis of three isoflavonoids (calycosin-7-0-
F-glucoside. isomucronulatol 7-O-f-glucoside. formono-
netin) and two saponins (astragaloside [. astragaloside IV)
(Figure 1) of Radix Astragali using HPLC/UV and LC-ESI-
MS/MS methods.

UV detection is a convenient and sensitive method for
evaluating the isoflavonoids in Radix Astragali. However. it
is difficult to detect saponins in Radix Astragali using a UV
detector because of the lack of chromophore groups and the
poor absorption of UV radiation. Therefore. LC-ESI-MS/
MS methods were used because they are powerful methods
for rapidly identifving and elucidating the multiple-ingredi-
ents of Chinese medicine on account of their low detection
limit. high specificity and structure elucidation. ™ This study
developed a rapid and sensitive analytical and quantitative
method to simultaneously analyze the three isoflavonoids
and two saponins in Radix Astragali using high performance
liquid chromatography and tandem mass spectrometry. The
proposed method was validated-'~ according to the
linearity. accuracy. precision. recovery and robustness. This
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Figure 1. Molecular structures of the studied three 1soflavonoids
and two saponins in Radix Astragali.

method was found to be suitable for the quality control of
Radix Astragali extracts and its pharmaceutical preparation.

Experimental

Materials and reagents. The powder of the dned roots of
Radix Astragali. three isoflavonoids reference compounds
(calycosin-7-0-F-glucoside, 1somucronulatol 7-0-f-gluco-
side. formononetin) and two saponins (astragaloside I
astragaloside IV) were kindly supplied by the Natural
Product Research Institute, Seoul National University (Seoul.
Korea). Acetonitrile. methanol and water used were of
chromatographic grade (J.T. Baker. Philipsburg. MT. USA).
All other reagents used were of analytical reagent grade or
better.

Preparation of standard solutions, The reference com-
pounds. calvcosin-7-O-F-glucoside. isomucronulatol 7-0-f-
glucoside, formononetin. astragaloside | and astragaloside
IV were weighed accurately (2 mg each) and dissolved in
30% acetonitrile to prepare 200 ppm stock solutions. For the
internal standard. epi-aminotadalafil (in case of HPLC/UV)
and byakangelicol (in case of LC-ESI-MS/MS) were weigh-
ed accurately (10 mg each) and dissolved in 30% acetonitrile
to prepare 1.000 ppm stock solutions. The prepared stock
solutions were degassed in an ultrasonic bath and filtered
through a 0.45 sm membrane. These stock solutions were
diluted with 30% acetonitrile to the concentrations required
in the experiment. All the solutions were stored at 4 °C
before analysis.

Jinn Hee Kim et al.

HPLC/UV analysis. The HPLC equipment was a Waters
HPLC system (Waters. Milford, MA, USA) with Waters
600E pumps (Waters). a Waters 2487 UV detector (Waters),
a Hitaclu L-2200 autosampler (Hitachi High Technologies
America. San Jose. CA. USA) and a 10 gL sample loop.
Hypersil GOLD (4.6 x 230 mm, 5 gm. Thermo Electron
Corp.. Waltham. MA, USA). Onyx Monolithic (4.6 x 100
mm. Phenomenex, Torrance, CA. USA) and phenyl-hexyl
(4.6 x 130 mm, 5 g#m, Phenomenex. Torrance. CA, USA)
columns were tested with the guard columns filled with the
same stationary phase. The column temperature was set to
30°C using a Jasco CO-963 colwmn oven (Jasco. Wakavama,
Japan). The mobile phase consisted of 20% acetonitrile in
water (A) and 80% acetomitrile m water (B) using a gradient
elution of 0-10% B at 0-2 mimn, 10-40% B at 2-15 mm. 40-
100% B at 15-20 min, 100-100% B at 20-25 nun. 100-0% B
at 25-35 min. The mobile phase was filtered under vacuum
through a 0.45 #m membrane filter and degassed prior to
use. The analysis was carried out at a flow rate of 1.0 mL/
min with the detection wavelength set to 230 nm and the
mjection volume was 10 L. The total run tune was 35 min.
The chromatograms were processed using an Autochro-
2000 (Ver. 1.0.0).

LC-ESI-MS/MS analysis. The Alliance 2795 HPLC
svstem (Waters) was coupled with the Waters Quattro micro
API (Waters) equipped with an ESI source with a column
temperature set to 30 °C equipped with a pump, an auto-
sampler, a degasser. an automatic thermostatic column oven
and computer software with a MassLynx (Ver. 4.1). The
chromatographic separation was performed on a Capeell pak
Cl8 (2.0 x 30 mm. 3 xm. Phenomenex) column and a
precolumn filter (0.5 gm, Upchurch Scientific. Oak Harbor,
WA. USA). A mixture of acetonitrile and water (40:60, v/v
%) was used as the mobile phase. The flow rate and the
mjection volume were 0.2 mL/min and 10 gL, respectively.

Detection was performed by mass spectrometry in the
multiple reaction momtoring mode (MRM). Ultrahigh punity
argon (Ar) and high purity nitrogen (N») were used as the
collision and the nebulizing gases. respectively. In order to
tune the mass spectrometer. a 1 gg/mL solution of the
reference compounds dissolved in 30% acetonitrile was
pumped continuously into the ESI source at a rate of 10 gL/
nin using a syringe pump. The 1onized chamber was set at
desolvation gas flow. source temperature and desolvation
temperature of 700 L/r. 120 °C and 350 °C, respectively.
The optimal collision energy and precursor ion-product 1on
transitions for the multiple reaction monitoring experiment.
based on peak area. were optimized.

Analytical method validation

Selectivity: HPLC/UV and LC-ESI-MS/MS conditions
were determined so there would be no overlap of the
bioactive compounds from the extract of Radix Astragali
and good peak separation.

Linearity: The calibration curves were made by diluting
the stock solutions with 30% acetonitrile. A reference solu-
tion of the three isoflavonoids (calycosin-7-O-F-glucoside,
1somucronulatol 7-0-£-glucoside, formononetin) at concen-
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trations of 200-10.000 ng/mL was analyzed by HPLC/UV.
while the reference solution of the bioactive compounds
(calycosin-7-0-fF-glucoside, formononetin. astragaloside 1.
astragaloside 1V) was measured at 50-750 ng/mL by LC-
ESI-MS/MS. The regression equations were calculated in
the form of 1 = ax + b. where - and x correspond to the peak
area and compound concentration. respectively.

Precision and accuracy: In order to confirm the repro-
ducibility. the mtra- and inter-day precision were estimated
by analvzing five replicates contaiming the standard com-
pounds at four different concentrations in a single day and
repeating tlus analvsis for five days, respectively. The accep-
tance criteria for intra- and inter-day accuracy and intra- and
mter-day precision were < 13% for both bias and C.V.
except at the lumit of quantification (LOQ). for which
accuracy and precision should be < 20%.

Limits of detection and quantification: The limit of
detection (LOD) is defined as the concentration of the
standard solution with a signal-to-noise ratio >3 (S/N > 3),
The limit of quantification (LOQ) is defined as the concen-
tration of standard solution with a signal-to-noise ratio > 10
(S/N > 10). The acceptance criteria for the intra-day and
mnter-day accuracy and precision were < 20% for both the
bias and C. V.

Robustness: The robustness test is considered to be a part
of the validation method associated with precision. The
purpose of this test was to identify the possible sources of
error in the established method that might occur due to the
changes in the specified internal conditions. Robustness
evaluates the influence of changes in the internal factors of
the established analvtical procedure. such as the variations in
column temperature, flow rate and mobile phase composi-
tion, providing an indication of its reliability during normal
use. In this paper. the influence of small variations on the
mnternal parameters of this method. such as the column
temperature. flow rate and mobile phase composition were
examined in triplicate for the each standard compound.

Quantitative determination by HPLC/UV

Recovery: For the preparation of the crude extract. the
powders of the dried roots of Radix Astragali were sieved
through a 30 mesh. The recovery ftest was executed by
mixing a powdered root sample (400 mg) with three control
levels (1 g#g/mL, 2 ug/mL, 3 ug/mL) of the reference com-
pounds. The mixture was then extracted by sonication with
10 mL of 70% ethanol at room temperature for 1 hr. The
extract solution was filtered through a 0.43 #m membrane.
The HPLC/UV analvsis experiments were performed in
triplicate for each control level. The data was compared with
those from the standard solution (assuming 100% recovery)
and extracted sample (400 mg powered root samples without
the reference compounds)

Quantitative determination: The powdered dried roots
of eight Radix Astragali from Korea and ten Radix Astragali
from China were sieved through a 30 mesh. The quantitative
determination was performed by mixing the powdered root
sample (400 mg) with 10 mL of 70% ethanol. Sample pre-
paration was performed as mentioned above.

Results and Discussion

HPLC/UV analysis

Optimization of chromatographic conditions: The HPLC
conditions were selected by the requirement for obtaming
the chromatograms with a better resolution of the adjacent
peaks within a short retention tune. The chromatographic
conditions established m this study produced baseline
separation of the three isoflavonoids in Radix Astragaliin a
simgle run detected at 230 mm. However, this method failed
to detect the two saponins due to the lack of chromophores.
The gradient elution of 20% acetomtrile in water and 80%
acetonitrile in water at various ratios was used as the mobile
phase. The ODS column. monolithic colunn and phenyl-
hexyl columns were examined to determine which was most
suitable. The run time of the ODS column was almost 100
min at 1.0 mL/min. The run time of the monolithic column
was 40 min at 3.0 mL/min with good separation of the 70%
ethanol extract of Radix Astragali. The phenyl-hexy] colwmn
showed good separation with the shortest total run tume.
Figure 2 shows the representative HPLC/UV chromatograms
of the three isoflavonoids and the 70% ethanol extract of
Radix Astragali. The chromatographic peaks were identified
by comparing the retention time and UV spectra of the com-
pounds 1n the extract with those of the standard compounds,
which were eluted n parallel with a series of mobile phases.

Selectivity: The retention time of the three isoflavonoids
and 1.S. in the extract of Radix Astragali were 5.1 min
(calycosin-7-O-F-glucoside). 12.1 min (isomucronulatol 7-

3000 "
2500 . : o A)
20.00 5 = (b)
()
15.00 ||
10.00 ‘
5.00 I8
0.00 |
-5.00 ‘_J|I||,J |\_H_H_/_/—"’“&
0.00 5.00 10.00 15.00 20.00 25.00
i
| (®) ; B)
£ (c)
g
§ 5 g :ll
A I ':I 1
L N |
0.00 5.00 10.00 15.00 20.00 25.00

Figure 2. Chromatograms of the three isoflavonoids in Radix
Astragali using the developed HPLC method. The chromato-
graphic conditions are described m experimental section. A)
Chromatogram of the reference compounds. B) Chromatograms of
the 70% ethanol extract of Radix Astragali. The indicated peaks
from a to ¢ comresponds to (a) calvcosin-7-O-f-glucoside, (b)
isomucronulatol 7-0-f-glucoside and (¢) formononetin, respec-
tively. LS. represents the mternal standard, epr-aminotadalatil.
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Table 1. Results of linear regression analvsis in the determination of the three isoflavonoids using the HPLC/UV method

. ) Correlation LOD (ng/mL) LOQ (nghml)
Analytes Regression equation L
coefficient () Conc. SN Cone, SN
Calvcosin-7-O-f-glucoside v=0001x-0.0798 0.9999 50 3.00 200 1325
Isomucronulatol 7-O-f-glucoside v = 0.0006x + 0.0035 0.9983 50 3.29 200 11.09
Formononetin +=0.0009% - 0.0783 1.0000 50 3le 200 10.32

In the regression equation. » = ax — &, » refers to the peak area, and x refers to the concentration of the reference compound (ng/mL). LOD is the linut

of detection, and LOQ is the limit of quantification.

O-f-glucoside). 17.3 min (1.S.) and 18.2 min (formononetin),
and all peaks were well separated.

Linearity: The linearity of the peak area ratio with respect
to the concentration was exanuned under optimal HPLC/UV
conditions and is described as a regression equation. The
standard curves were linear over the concentration ranges
from 200 to 10.000 ng/mL. The regression equation was
calculated to be 1 = 0.001x - 0.0798 for calycosin-7-0-f-
glucoside, v = 0.0006x + 0.0033 for isomucronulatol 7-0O-/-
glucoside and 1 = 0.0009x — 0.0785 for formononetin. in
where 1 and x correspond to the peak area and concentration
of each compound (ng/mL), respectively (Table 1). Each
coefficient of determination () was > 0.9983. as determin-
ed by least square analysis. suggesting good lLinearity between
the peak areas () and the compound concentrations (x) over
a wide concentration range.

Precision and accuracy: Table 2 shows the precision and
accuracy of the three 1soflavonoids from Radix Astragali
determined in the intra- and inter-day trials (7 = 5). The
results show intra-day and inter-day precision of 0.70-9.39%
and 2.55-19.76%. respectively. The intra-day and inter-dav
accuracy of the three i1soflavonoids are 91.6-110.0% and
94.3-107.1%., respectively. This indicates that the developed
HPLC method 15 accurate and precise for the sumultaneous
evaluation of the three active isoflavonoids in Radix Astragali.

Limits of detection and yuantification: The LODs (S/N
>3) of the three isoflavonoids were 30 ng/mL. which
indicated high sensifivity under these HPLC conditions. In

Table 2. Intra-, inter-day precision and accuracy of the bioactive
components in Radix Astragali using HPLC/UV method (n = 5)

Intra-Day Inter-Day
L Cone. — —
Analytes (ng/mL) Precision Accuracy Precision Accuracy
© (CV.%) (%) (CV.%) (%)
200 740 108.3 14.13 103.6
Calvcosm- 500 6.08 91.6 725 952
7-0-f-glucoside 1000 375 94 .4 397 99.1

10000 1.66 935 4.77 101.0

200 9.3% 108.0 19.76 101.1
[somucronulatel 500 471 101.7 4.51 100.0
7-0-F-glucoside 1000 5.01 100.0 314 979

10000  4.09 95.5 4.15 99.9
200 332 110.0 729 107.1
500 541 97.5 2.55 974

Formenonetin 1000 0.70 976 262 943

10000 278 %4.9 320 954

addition, the LOQs (S/N > 10) of the three isoflavonoids
were 200 ng/mL. This shows that the acceptance criteria for
the intra- and inter-day accuracy and ntra- and inter-day
precision were < 20% for both the bias and C. V..
Robustness: The robustness was determined in order to
evaluate the reliability of the established HPLC methods.
Briefly, the expernmmental conditions, such as the column
temperature, flow rates and composition of the mobile phase
were purposely altered. The area precision (C.V). relative
retention time (RRT), peak tailing factor (T) and theoretical

Table 3. The robustness test for the HPLC/UV method (n = 3)

Analvtes Conditions CV., RRT T N

- 30 091 031 095 2236

e’“(‘ig?}‘““ 5706 031 115 2382

d 400190 030 116 2295

Calves e 09 042 033 095 334
alycosm- Qw rate

: . 14 091 031 095 2672

7-0-f-glucoside  (mLA

O-fglucoside (mLimin) "\ 030 g3 o6 2361

p (@ 711 028 108 2511

"{fa‘_‘f‘l‘ (h) 091 031 095 2256

e () 275 033 110 2555

30 241 071 101 39313

Te‘“(‘i?‘f}‘““ 50796 071 123 37300

400 421 071 1.14 34280

09 113 071 115 40966
[& 241 071 1.01 39343
11 388 (.68 126 29890

(@) 342 065 131 39609

Isomucronulatol  Flow rate
7-O-B-glucoside  (mL/min)

U:dﬂ‘f‘}‘ (b) 241 071 101 39343

o (c) 348 074 116 6068l

30 202 105 152 40809

Te"‘(lﬂg‘;t“re 35 242 105 127 49660

40 322 104 131 36051

09 196 106 136 49816
Formononetin F‘]‘]’j ey 202 105 152 40809
Lm0 106 135 43260
o (@) 385 105 1 4132
Gradient ) 5 105 152 40829
POlleT 249 105 125 55007

C. V. represents the area precision. RR| represents the relative retention
time, | represents the peak tailing factor and N represents the thearetical
plate number. : Gradient profile 15 as follows: (a) 10-30% B at 2-15 min
(b) 10-40% B at 2-135 nun (¢) 10-50% B at 2-15 min and the others are
same as shown in the abave text.
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plate number (N) were then evaluated. The changes in
column temperature and flow rates were 35+ 5°C, and 1.0 +
0.1 mL/mun. respectively. All the results listed in Table 3
show the average of at least three independent experunents.
The area precision (C.V) was < 7.96% and the other para-
meters were mamtained so there would not be any inter-
ference with the other peaks for the Radix Astragali extract.

LC-ESI-MS/MS Analysis

Optimization of chromatographic separation condi-
tions: For LC-ESI-MS/MS analysis, a Waters 2795 HPLC
system was connected to Waters Quattro micro API svstem.
The best conditions for ionizing the active constituents in
Radix Astragali in the mass spectrometer were obtained with
ESI positive 1omzation mode using a nuxture of aceto-
nitrile and water (40:60, v/v %) as the mobile phase. How-
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ever, it was difficult to detect isomucronulatol 7-0O-g-gluco-
side in Radix Astragali using LC-ESI-MS/MS due to a lack
of 1onization. Figure 3 shows the mass spectra produced by
LC-ESI-MS/MS under the above mentioned chromato-
graphic conditions. In the mass spectra, the [M+H]" of the
two 1soflavonoid and [M+Na]™ of the two sapomns can be
easily observed. In the MS” spectra, the fragment ions indi-
cating the loss of glucose. xylose and CH;OH were observed.

The molecular 1ons of calycosin-7-0O-F-glucose, formono-
netin. astragaloside I, astragaloside [V and byakangelicol
were fragmented at collision energy of 25, 38, 90. 90 and 26
eV. respectively. Figure 4 shows the multiple reaction moni-
tormg (MRM) chromatograms of calycosin-7-O-f-glucose
at nrz 285.0 from the MS/MS scan precursor ion at m:z
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Figure 3. Mass spectra of A) calveosin-7-0-S-glucoside, B) formononetin, C) astragaloside I and D) astragaloside IV produced by LC-ESI-

MS/MS.
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Figure 4. LC-ESI-MS/MS chromatograms of A) calvcosi-7-0-F-glucoside, B) formononetin, C) astragaloside I, D) astragaloside IV, E)

bvakangelicol (I.5.) and F) total ion chromatogram (TIC).

with m:2 891.5 — 711.5. astragaloside 1V with #2z 808.5 —
628.0 and bvakangelicol (I.S.) with mz 317.1 — 230.7. The
peaks obtained for all compounds using the LC-ESI-MS/MS
technique had good shapes with good separation. Under
these conditions, two 1soflavonoids, two sapomns and an
internal standard. byvakangelicol were analvzed within 7 min.

Selectivity: The retention times for the extract of Radix
Astragali were 0.76 min (calycosin-7-O-f-glucoside). 1.30
min (astragaloside IV). 2.82 min (formononetin). 3.03 min
(astragaloside ) and 4.37 min (1.S.). and all peaks were well
separated.

Linearity: The linearity of the peak area ratio with respect
to the concentration using the developed LC-ESI-MS/MS
method was examined and the results are shown as a regre-
ssion equation. The standard curves were linear over the
concentration ranges from 50 to 750 ng/mL. The regression
equation was v = 0.0114x + 0.4142 for calyvcosin-7-O-f-

glucoside. v = 0.0170x + 2.0764 for formononetin, v =
0.0017x - 0.0576 for astragaloside 1 and v = 0.0005x -
0.0156 for astragaloside IV, in where v and x correspond to
the peak area and concentration of each compound (ng/mL).
respectively. The high correlation (+°>0.9913) indicates
good linearity between the peak areas (') and concentrations
(x) over a relatively wide concentration range (Table 4).

Precision and accuracy: Table 5 shows the intra-day and
interday (n = 3) precision and accuracy of the two iso-
flavonoids and two saponins from Radix Astragali. The data
shows that the intra-day and inter-day precision were 1.03-
5.24% and 3.77-19.77%. respectively. The inwra-day and
inter-day accuracy of the two isoflavonoids and two
saponins were 86.8-117.6% and 87.0-116.2%. respectively.
This indicates that the developed LC-ESI-MS/MS method is
accurate and precise for the simultaneous evaluation of the
two isoflavonoids and two saponins in Radix Astragali.

Table 4. Results of linear regression analysis of the LC-ESI-MS/MS method

) . Correlation LOD (ng/mL) LOQ (ng/mL)
Analvtes Regression equation i 3
coetticient () Conc. SN Cone. SN
Calvcosin-7-0-Fglucoside v =0.0114x + 04142 0.9949 125 397 30 3532
Formononetin y=00170x + 2.0764 0.9980 125 3.66 30 32,70
Astragaloside | 1 =0.0017x - 0.0376 0.9920 123 3.66 30 1332
Astragaloside 1V ¥=0.0003x - 0.0156 0.9913 1.25 3.97 30 14.26

In the regression equation. 3 = ax — b. v refers to the peak area. x refers ta concentration of the reference campound (ng/mL). LOD is the limit of
detection and LOQ 1s the lmit of quantification.
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Table 5. Intra-, inter-day precision and accuracy of the bioactive
components in Radix Astragali using LC-ESI-MS/MS method
n=3)

Table 6. Results of the robustness test of the LC-ESI-MS/MS
method (n=3)

Intra-Day Inter-Day
. Cone. — —
Analytes (me/mLy Precision Accuracy Precision Accuracy
(CV.%) (% (CV.%) (%
30 1.65 86.8 18.66 90.8
Calvcosm- 100 2.32 882 8.46 103.6

7-0-P-glucoside 230 245 90.2 13.36 879
750 344 87.5 14.71 93.0

30 105 1053 19.77 978

_ 100 2.18 98 5 677 99.9
Formononstin 250 141 1122 5.84 101.0
750 4.53 981 13.16 934

50 271 1162 774 1162
, 100 311 905 377 870
Astragaloside 550 598 g0 4.98 936
730 174 1132 725 1113

50 351 1176 748 1153
o 100 264 952 649 912
Astagaloside IV 550 131 1123 884 1119

750 524 108.1 9.73 100.3

Limits of detection and quantification: The LODs (S/N
> 3) of the two isoflavonoids and two saponins were 1.23
ng/mkL and 12.5 ng/mL, respectively. which indicates a high
sensitivity under these LC-ESI-MS/MS conditions. The
LOQs (S/N > 10) of the two isoflavonoids and two saponins
were 30 ng/mL, which show that the acceptance critenia for
intra- and inter-day accuracy and intra- and inter-day
precision were < 20% for both the bias and C. V.

Robustness: The reliability of the established LC-ESI-
MS/MS methods was examined by testing the robustness.
Briefly, the experimental conditions, such as column temper-
ature, flow rates and composition of the mobile phase, were
altered purposely. The area precision (C.V)). relative reten-
tion time (RRT). peak tailing factor (T) and theoretical plate
number (N) were evaluated. The changes in the ¢olumn
temperature and flow rates were 35 = 5 °C and 200 £ 20 uL/
min. respectively. The changes in the mobile phase were 40
£ 2% acetonifrile. All the results listed in Table 6 are the
average of at least three independent experiments. The area
precision (C.V) was <12.08% and the other parameters
were maintained so there would not be any interference with
the other peaks in the Radix Astragali extract. Based on
these results. the LC-ESI-MS/MS method developed in this
study was found to be acceptable for the simple. rapid and
simultaneous determination of the two isoflavonoids and
two saponins in Radix Astragali.

Quantitative determination by HPLC/UV

Recovery: The extraction recovery test was performed by
extracting a known amount of the isoflavonoids from the
Radix Astragali powder samples. A known amount of each
standard compound at three different levels was mixed with
the sample powder and extracted. as described in the experi-
mental section. The % recovery of each standard ranged
from 96.36 to 99.27%. and the RSD was <3.0% (Table 7).

Analytes Analytical Conditon  CV. RRT T N

30°C 348 018 1.13 98

‘lemperature 35 °C 302 019 133 129

40°C 325 020 141 180

Calycosin- 80 ul/min 10.3 018 129 144

7-0-p- Flow rate 200 uL/min 534 0.8 122 200

glucoside 20ul/min 320 018 149 17

Grad 3% 125 017 145 185

;,“‘ ‘.‘]3‘" 40% 575 018 121 157

rotile 2% 232 017 13 140

30°C 230 064 170 675

‘lemperature 33 °C 143 064 165 622

40°C 334 064 130 670

Formono. 180 uL/min 1208 064 148 690

netin ! Flow rate 200 uL/min 526 064 139 709

220ul/min 3.17 064 172 665

s 3% 024 064 137 775

Gra f“lﬁ" 40% 308 064 141 683

profile 42% 1.87 064 161 63l

30°C 265 116 128 1621

‘lemperature  33°C 236 135 127 2224

40°C 034 133 146 2368

| 180 uL/min 088 116 151 1978

{'_’.‘;‘“I‘é'a ® Flowrate 200ul/min 129 117 158 1608

side 220 ul/min 582 117 137 1952

s 38% 034 125 143 1436

Gra I‘,‘lﬁ" 40% 246 116 139 1735

prolile 2% 077 123 120 1260

30°C 149 031 119 110

‘lemperature  33°C 028 .35 1.36 168

40°C 097 040 138 363

P 180 uL/min 740 031 106 132

s Flow rate 200 uL/min 230 031 L1l 115
side IV

220ul/min 576 030 138 149

s 38% 259 030 152 88
Gra I‘flﬁ" 40% 622 030 091 122
prolile 42% 530 030 152 95

C.V. represents the area precision. RRT represents the relative retention
time, T represents the peak tailing factor and N represents the theoretical
plate number

The average recovery is represented by the formula: R (%) =
[(amount from the root sample spiked standard —amount from
the root sample)/amount from the spiked standard] x 100.
Analysis of Radix Astragali: The developed HPLC/UV
method was then applied to the simultaneous determination
of the three major isoflavonoids. calycosin-7-O-f-glucoside,
isomucronulatol 7-0-fF-glucoside and formononetin, in the
Radix Astragal extract. Figure 2 shows chromatogram of
the reference compounds and the 70% ethanol extract of
Radix Astragali. As shown in Figure 2b. there was good
chromatographic separation of the isoflavonoids in the extract
of Radix Astragali using the established method. Eighteen
commercially available Radix Astragali samples were obtain-
ed from Korea and China. Table 8 summarized the concen-
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Table 7. Results of the recovery test by HPLC/UV

Spiked Recovery (%) Recovery RSD
Analytes Al .

: grade 1 2 3 mean (%) (%)
Calioosi Low 9566 9472 9929 9656 24l
73?‘1“1 ige Middle 9970 9963 9848 9927 068
AZEMOSIEE heh 9948 9868 9933 9916 042
omueromlao] 0N 9385 9606 9949 9713 205
;*"(’;“;““l"l‘}‘ “o. Middle 9940 9876 9764 9860 089
ZEWOSIEE heh 9741 9697 9592 9677 077

Low 9962 9630 9847 90822 133
Formonenstin ~ Middle 9683 9926 9671 9760 144
High 9743 9784 9974 9834 123

"Low: | gg/mL, Middle: 2 gg'mL. High: 3 gg'mL

Table 8. Quantitative analvtical results of the various Radix Astragali
samples

Mean concentrations of compounds (zg/g")

No? Calycosm-7-0-6-  lsomucronulatol Formononetin
glucoside 7-0-f-glucoside
K1 207.02 198.006 37.54
K2 100.01 97.76 20.32
K3 44.64 84.20 2721
K4 125.82 40.00 144.25
K3 21593 22344 37.90
K6 396.90 97.82 67.14
K7 98.49 7768 43.36
K8 29572 96.17 63.99
Cl 116.81 64.16 83.09
Cc2 26325 154.35 97.37
C3 169.62 47.13 69.56
C4 27.28 46.63 364.65
C5 7351 4332 23577
Co 230.93 63.02 135.64
C7 193.84 18.81 83.26
C8 144.69 26.71 134.51
CY 12723 28.70 331.10
Cl10 28.60 4238 N.D.

"Refers to dry weight of Radix Astragali. N.D.: not detected. No™ K refers
to Radix Astragali of Korea and “C™ refers to Radix Astragali of China,

trations (#g/¢). The data presented in Table 8 shows that the
concentrations of three isoflavonoids. calycosin-7-O-f-
glucoside, 1somucronulatol 7-O-f-glucoside, and formono-
netin in the extract of Korean Radix Astragal were 44.64-
39690 pug/g. 39.97-223.44 ug/g. and 20.32-144.25 uglg.
respectivelv. The amounts of those isoflavonoids in the
extract of Chinese Radix Astragali were 27.28-263.23 ug/e.
18.81-154.35 ugfe. and 69.56-364.65 ug/g. respectively.
The formononetin was not detected in “C10” (number 10.
the Radix Astragali of China).

Conclusions

Many papers have reported that 1soflavonoids and saponins
are the active constituents in Radix Astragali responsible for
its biological activities. Therefore. techniques for the simultane-
ous quantitative and qualitative analysis of Radix Astragali

Jinn Hee Kim et al.

are of great importance. This study examined the feasibility
of HPLC/UV and LC-ESI-MS/MS methods in evaluating
the quality and quantity of Radix Astragali. These methods
successfully analyzed and quantified the three 1soflavonoids
and two saponins from Radix Astragali. The baseline
separation of the three 1soflavonoids and short analysis time
were achieved using the HPLC/UV method. However. it
was difficult to detect the saponins in Radix Astragali using
a UV detector due to the lack of chromophore groups. The
analysis of trace amounts was achieved by LC-ESI-MS/MS
on account of its low detection limit and high specificity. In
addition, the method showed good linearity, imit of detec-
tion, accuracy and precision. Overall. these simple. rapid,
sensitive. reliable HPLC/UV and LC-ESI-MS/MS methods
are suitable for the routine quantitative analysis and quality
control of Radix Astragali.
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