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Abstract

Astragaloside-1V (39-betap-xylopyranosyl-60-betap-glucopyranosyl-cycloastragenol) is the major active constituent contained in Radix
Astragali. This paper describes a rapid, sensitive and specific assay for quantitative determination of astragaloside-1V in rat plasma. After a lig
uid/liquid extraction (LLE) withn-butanol and high-performance liquid chromatography (HPLC) gradient separation with acetonity@&-NH
solution (0.5umol/L) as the mobile phase, the anions adduct [M +Gl} m/z 819.4 of astragaloside-1V, and [M + Cllat m/z 815.35 of inter-
nal standard (IS) digoxin were analyzed by electrospray ionisation-mass spectrometry (LC-ESI-MS) in selected ion monitoring (SIM) mode.
Chromatographic separation was achieved in less than 9 min and calibration curve was linear over a concentration range of 2—200 ng/ml. Tt
described assay method was successfully applied to the preclinical pharmacokinetic study of astragaloside-1V. After intragastric adroinistratio
astragaloside-1V to rat€;max andI'max of astragaloside-IV were 134.2339.86 ng/ml and 1.5 h, respectively, and the elimination half-lifg) (
was 5.45-0.39 h.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction [9]. Although plenty of works on the pharmacology were
reported, pharmacokinetic properties of astragaloside-IV were
Astragaloside-IV  (39-betap-xylopyranosyl-60-betap-  seldom studied, which is essential for its further research as a
glucopyranosyl-cycloastragenol) is the major active constituerovel drug.
of Radix Astragali used widely in traditional Chinese medicine Many analysis methods, such as high-performance liquid
[1]. It possesses well-documented hepatoproteRivantiviral ~ chromatography (HPLC)10], HPLC with evaporative light-
[3], anti-inflammatonyf4], antinociceptivg5], antihypertensive  scattering detection (ELSO)L1] and a precolumn derivatiza-
[6] and immunostimulant activitieg§7]. Astragaloside-IV, tion[12] method have been developed for the determination of
molecular structure shown ifrig. 1, is a purified saponin astragaloside-1V. However, most of them were developed for the
(molecular weight 784). Studies in vitro have demonstrated thajuantitative determination of astragaloside-1V in the plants or
astragaloside-1V is a strong scavenger for superoxide radicatsedical preparations, in which the content of astragaloside-I1V
and hydroxyl radical$8]. It was evidenced that astragaloside- was taken as a parameter for quality control (QC) according
IV has a neuroprotective effect in the murine model of focalto the Chinese Pharmacopoeia. Considering their poor sensi-
cerebral ischemia/reperfusion and its anti-infarction effectivity, these methods cannot be used for bio-sample analysis.
might be derived at least in part from its antioxidant propertied_iquid chromatography—mass spectrometry (LC-NIS] and
LC-MS/MS with a solid phase extraction (SPE}] had been
established for the measurement of astragaloside-IV. The same
* Corresponding author. Tel.: +86 25 83271544; fax: +86 25 85306750,  €Xtraction procedure has been established during our previously
E-mail address: guangjiwang@yahoo.com.ch (G. Wang). study in our lab. However, the SPE involved high-cost and
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Table 1

Gradient elution program for the separation of astragaloside-1V

Time (min) Solvent A (%) Solvent B (%) Gradient curve
0.0 65 35 Linear

2.8 5 95 -

4.8 5 95 Linear

5.0 65 35 -

9.0 65 35 -

A: NH4CI solution (0. 5.mol/L) and B: acetonitrile.

2.2. Animals

Sprague—Dawley rats (190-210 g) were obtained from Sino-
British Sippr/BK Lab Animal Ltd. (Shanghai, China) and housed
with unlimited access to food and water except for fasting 12 h
before the experiment. The animals were maintained on a 12-h
light/12-h dark cycle (light on at 8:00) at ambient temperature
(22-24°C) and at 60% relative humidity. Animal experiments
were carried out in accordance with the Guidelines for Animal
Experimentation of China Pharmaceutical University (Nanjing,
China) and protocol was approved by the Animal Ethics Com-
mittee of this institution.

3 2.3. Liquid chromatography—mass spectrometry
Fig. 1. Structures of astragaloside-1V and digoxin (1S).
The HPLC system consisted of a DGU-14 AM degasser, two

LC-10ADvp pumps, a high-pressure mixer, a CTO-10Avp col-

umn oven and a Shimadzu 10ATvp Autoinjector (Shimadzu,
time-consuming procedures. Moreover, all of them required &yoto, Japan). A Shimadzu 2010 liquid chromatography—mass
relatively large volume of plasma samples (%0Dfor extrac-  spectrometer (Shimadzu, Kyoto, Japan) equipped with elec-
tion, which results in the need of considerable rats in phartrospray ionization probe, QoQ system (Q-array-Octapole-
macokinetic study. Recently, Yan and G[i®] established a Quadrupole mass analyzer) was used in the study.
LC—MS/MS method with precipitation of the plasma proteinby  The analysis was carried out on KromasiigCcolumn
acetonitrile. Although this method was simple and sensitive, i{150 mmx 2.1 mm i.d., 3.5u.m, Phenomenex, USA), equipped
might not give the background as clear as the method with SP#&ith an ODS guard column (Security Guard, Phenomenex,
or liquid/liquid extraction (LLE) could give which may affect USA). A gradient elution mode was adopted using two mobile
its sensitivity and might cause damage to the column for thephases: (A) NHCI solution (0.5umol/L) and (B) acetonitrile.
long-term usage. In this paper we described a simple, sensitivehe flow rate was 0.2 ml/min. The gradient elution program is
and reliable LC-MS method using LLE for sample prepara-ndicated inTable 1
tion and electrospray ionisation (ESI) in negative mode for Mass spectrometric conditions were optimized to obtain max-
the quantitative determination of astragaloside-IV in biologicalimum sensitivity. The final ESI conditions used were as follows:
samples. curve dissolution line (CDL) voltage was fixed as that of tun-
ing (15 kV). Probe high voltage (4.5 kV), Q-array voltage of dc
—35V and RF 150V. Mass spectra were obtained at a dwell
time of 0.2s in SIM mode and 1s in scan mode. Liquid nitro-
gen (99.995%, from Gas Supplier Center of Nanjing University,
China.) was used as the nebulizing gas at 1.5 and 2.0 L/min as
curtain gas. LC Mass Solution Version 2.02 worked on Win-
Astragaloside-1V (>99.0%) and digoxin (>99.5%) (internal 90ws 2000. Vacuum in the mass detector was obtained by Turbo

standard, 1S) were obtained from the National Institute for thenolecular pump (Edwards 28, England).

Control of Pharmaceutical and Biological Products (Beijing,

China). HPLC grade acetonitrile was obtained from Fisher Sci2.4. Preparation of stock solution, standards and QC

entific (Toronto, Canada). HPLC grade water was producedamples

by a Milli-Q Reagent Water System (Millipore, MA, USA).

Methanol, n-butanol and others chemicals and solvents used A stock solution of astragaloside-1V was prepared by dissolv-
were analytical grade. ing the accurately weighed reference compound in methanol to

2. Experimental

2.1. Chemicals and reagents
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give afinal concentration of 1 mg/ml. The solution was then seri2.7. Stability

ally diluted with methanol to achieve standard working solutions

at concentrations of 20, 50, 100, 200, 500, 1000 and 2000 ng/ml The stability was assessed at three concentration levels (5,

for astragaloside-IV. A 500 ng/ml internal standard working20 and 100 ng/ml). The freeze and thaw stability study sam-

solution was prepared by diluting the stock solution of digoxin ofples at three concentrations were frozer-20°C for 7 days,

20 pg/ml with methanol. The quality control samples were pre-then thawed at 37C. After complete thawing, the samples were

pared in a similar way at concentrations of 2 ng/ml (lower limit refrozen for 24 h under the same conditions. This freeze-thaw

of quantitation, LLOQ), 5ng/ml (low), 20 ng/ml (medium) and cycle was repeated for three times before these samples were

100 ng/ml (high). analyzed using the method described above. The stability of
astragaloside-IV in processed plasma aC4during storage in

2.5. Sample preparation

Int. ] 819

Each collected blood sample was immediately centrifuged
at 1500x ¢ for 5min and plasma was transferred into a
clean Eppendorf tube. The plasma samples were stored at
—20°C until analysis. Aliquots (100l) of the plasma, spiked
with internal standard working solution (1.0), were vortex-
mixed for 30s and then extracted witk-butanol (1 ml)
for 2min using a vortex mixer (Scientific industries, Inc.,
USA). After centrifugation at 12008 g for 5min, the upper -
organic phase (800l) was transferred into clean tubes and 25000
evaporated to dryness in the Thermo Savant SPD 2010
SpeedVac System (Thermo Electron Corporation, USA). The 20000
residue was then reconstituted in JOmethanol immedi- : §
ately before LC—MS analysis. After centrifugation at 21609 150001
for 10 min at #C, the supernatant was transferred to 1.5ml ]
autosampler vial. A 10l of the supernatant was used for
analysis.
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2.6. Calibration curves and assay validation

The calibration curve consisted of seven concentration lev- mo 500 600 700 800 900 il
els (2, 5, 10, 20, 50, 100, 200 ng/ml of astragaloside-1V in rat
plasma). The calibration curve was constructed by adding 10  Int.
of IS and varying the concentrations of astragaloside-IV to blank
rat plasma. Plasma samples were quantified using the ratio of the 110e3
peak area of astragaloside-1V to that of IS. Peak area ratios were
plotted against concentrations and astragaloside-1V concentra- e
tions were calculated using a least squares linear regression. gp;
Linear regression analysis was performed using Microsoft Excel
2002. 80e3

The precision and accuracy of the assay were obtained by
comparing the predicted concentration (obtained from the cal-
ibration curve) to the actual concentration of astragaloside- 6oe3
IV spiked in blank plasma. The lower limit of quantitation
was considered as the concentration that produced a signal-
to-noise (S/N) ratio of 10. The recovery was calculated from 4.3
the ratio of the peak area of astragaloside-IV after extraction
from plasma to the peak area of an equivalent amount of the 30e3
standard solution. The precision and accuracy were determined -
by back calculation of spiked plasma samples at four concen-
trations with respect to a calibration graph prepared each day. 10e3
The precision was express as the inter-batch and intra-batch
coefficient of variation (%). The accuracy was calculated as
the mean deviation of each concentration from the theoretical * 0 600 70 800 200 s
value. Fig. 2. Mass spectra of astragaloside-1V and digoxin (1S).
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Fig. 3. Representative chromatograms of blank plasma (a); blank plasma spiked with astragaloside-IV(b-1) and IS(b-2); and plasma sampéafexhwitt tr
astragaloside-1V (c). Tha/z 819.4 for astragaloside-IV and/z 815.35 for IS.



792 C. Huang et al. / Journal of Pharmaceutical and Biomedical Analysis 40 (2006) 788-793

Table 2
Intra-batch precision and accuracy of measurement of astragaloside-1V when using negative ion detection with selective ion nonpring (
Astragaloside-IV nominal Astragaloside-IV (meatt S.D.) determined Accuracy (%) Precision (% R.S.D.)
concentration (ng/ml) concentration (ng/ml)

2 2.25£0.11 112.7 4.68

5 5.19+0.11 103.7 2.07

20 21.03:0.50 105.2 2.37

100 99.59+ 1.06 99.6 1.06

the autosampler, was performed by repeated injection every 4 h Visual inspection of the plotted five calibration curves and
foraperiod of 24 h. The stability of astragaloside-IV in plasma atcorrelation coefficients (>0.999) confirmed that the calibration
ambient temperature was assessed by processing and analystgves were linear over the concentration ranges 2—200 ng/ml.
plasma samples in triplicate after storage for 24 h on the laboraFhe following equation was obtained:

tory bench. y = 0.0235c — 0.0027

2.8. Pharmacokinetic study The LLOQ was 2 ng/ml for determination of astragaloside-I1V

in 100l plasma and is sufficient to support its pharmacokinetic
After oral administration of astragaloside-IV (10.0 mg/kg), studies. A gradient elution mode was used to obtain baseline
which was suspended in 0.5% sodium carboxymethyl cellulosgeparation of the target analytes in the column. HPLC elute was
(CMC-Na), 0.2 ml of blood samples were collected from rats airected to a waste container in the first 4 min of the chromato-
0.25,0.5,0.75,1, 1.5, 2, 3, 4, 6, 8, 12, 24 h. Blood samples wergraphic run and then was switched to MS for detection by a
centrifuged immediately to separate 10(lasma, which were  six-portswitching valve, which assured the target analytes eluted
stored at-20°C until analysis. inamore cleanway, and thus, with less matrix effects. Therefore,
the sensitivity with this method was comparable to the method

3. Results and discussion with SPE.

3.1. Specificity, linearity and sensitivity 3.2. Accuracy and precision

Resolution, sensitivity and mass number calibration were Tables 2 and 3hows a summary of intra- and inter-batch
optimized by auto tuning program using polyethylene gly-Precision and accuracy at the LLOQ and at low, medium and
col mixture, before analysisFig. 2 shows mass spectra of high concentrations of astragaloside-1V in plasma. The results
astragaloside-IV. Mass spectra for astragaloside-1V and digoxiahown inTable 2indicate that the assay method is reproducible
were dominated by the [M+Cl] ions. Results of LC—MS for replicate analysis within the same day. The results shown in
analysis of the blank plasma samples showed no interferingable 3suggestthatthe assay method is reproducible on different
peaks present in six different randomly selected samples ot days. These results indicated that the present method has a
drug free mice plasma used for analysis at the retention timeg@tisfactory accuracy, precision and reproducibility.
of either analyte or internal standarBid. 3). Thereforem/z
819.40 and 815.35 for astragaloside-IV and digoxin, respecd.3. Recovery
tively, were chosen for quantification. Sensitivity of the method
was further improved by addition of ammonium chloride to ~ The absolute recoveries of astragaloside-IV at concentrations
the mobile phase. Digoxin was selected as an internal sta®f 2, 5, 20 and 100 ng/mk(=5) from rat plasma were deter-
dard because of its similar ionization condition, appropriatemined to be 92.03-0.08%, 93.52t 0.07%, 97.12: 0.05% and

mlz value, and good recovery efficiency (95%) as compared t§4.69+ 0.04%, respectively. The mean recoveries of them were

astragaloside-IV. more than 90%(= 5).
Table 3
Inter-batch precision and accuracy of measurement of astragaloside-1V when used negative ion detection with selective ion menipring (
Astragaloside-1V nominal Astragaloside-1V (meatt S.D.) Accuracy (%) Precision (% R.S.D.)
concentration (ng/ml) determined concentration (ng/ml)

2 2.20+0.19 110.0 8.59

5 5.20+0.25 104.0 4.81

20 21.01+1.10 105.0 5.24

100 102.45:4.11 102.5 4.01
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200 4. Conclusion

180

:ig The method described here is simple, rapid, and specific for
£ 120 the determination of astragaloside-1V in rat plasma. The method
S 100 can be applied successfully to pharmacokinetic study in the rat
O 80 and may be adequate to measure the drug concentration in other

60 bio-samples, such as in tissues, urine and bile, etc.

40
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Fig. 4. Plasma concentration—time profile of astragaloside-1V in rat after admin
istration of a single dose of astragaloside-IV.
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