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Abstract

A simple, sensitive and specific liquid chromatography—tandem mass spectrometry method (LC-MS—MS) had been developed and validate
for the quantitation of astragaloside IV (AGS-IV)-an active constitueRadix Astragalin rat plasma. Assay method was developed by a
series of operations described as below. The plasma proteins were precipitated with acetonitrile and digoxin was used as the internal stande
(I.S.). The sample solution containing astragaloside IV and the I.S. were obtained and subsequently injected into a LC-MS-MS systen
following by a gradient elution at a slow flow rate combined with a valve diversion during the liquid chromatography. Chromatographic
separation was achieved on a C4 (2.1 k0 mm) column with a gradient mobile phase comprised of 90% methanol in water and 10 mM
ammonium acetate buffer. The analytes were detected with a PE Sciex APl 3000 mass spectrometer using turbo ion spray with positivi
ionization. lons monitored in the multiple reaction-monitoring (MRM) modes wa®785.5 (precursor ion) tavz 143.2 (product ion)
for AGS-IV andnm/z 781.2 (precursor ion) tavz 243.3 (product ion) for digoxin (I.S.). The method was validated over a linear range of
1-1000 ng/ml. The low limit of quantitation was 1.0 ng/ml. Results from a 3-day validation study demonstrated that the developed method
possessed good precision (CV% values were between 5.9 and 7.6%) and accuracy (96.5-102.1%) across the calibration range. The recovel
were 91 and 90% for astragaloside IV and I.S., and no significant matrix effects were observed. QC samples were stable when kept at rool
temperature for 4 h, at20°C for 4 weeks, and after three freeze/thaw cycles.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction protective, cardiovascular protective, anti-inflammatory and
immune stimulating effect§s—9]. But up to now, little is
Radix Astragaliis one of the most commonly used tra- known about the pharmacokinetics of AGS-IV.
ditional Chinese medicines, which was prepared from the  Analytical methods for the determination of AGS-IV
roots of Astragalus membranacewsnd Astragalus mem-  included thin-layer chromatography (TL{)0], high perfor-
branaceuwar.mongolicugLeguminosae). Pharmacological mance liquid chromatography and evaporative light scatter-
tests showed that it possessed hepatoprotective, antioxidaing detection (HPLC-ELSD]11,12], precolumn derivatiza-
tive, antiviral, antihypertensive and immuostimulant activi- tion HPLC[13] and LC-MS with a solid phase extraction
ties[1-3]. Astragaloside IV (AGS-1V), a 9, 19-cycloartane- (SPE)[14]. However, there are some limitations of these
type triterpene glycosidft], has been regarded as one of methods: (1) sample preparation procedure is complicated
the characteristic and active constitueniRafdix Astragali. and could be labor-intensive; (2) the selectivity and specificity
It was reported in recent studies that AGS-IV has neuro- of these methods are limited and the biological sample assay
could not be adequately performed; and (3) long run time and
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and specific assay method needs to be developed to obtairstandards in blank plasma. The standards were prepared by
a better estimate of the pharmacokinetics of this compound. serial dilution the median working solution in blank plasma
As a part of our continuation work of absorption, distribu- to 1 ml. The final standard concentrations in rat plasma were
tion, metabolism and excretion studies for traditional Chinese 1, 5, 10, 25, 50, 100, 250, 500 and 1000 ng/ml, respectively.
medicineg15-18] here we described a LC-MS—-MS assay A 100ug/ml quality control was prepared from a separate
with multiple reaction monitoring (MRM) for the measure- weighing of AGS-IV in acetonitrile: water (1:1, v/v) prior to
ment of AGS-1V in rat plasma. LC-MS—-MS using MRM is  use. Dilutions were performed to prepare the low, medium
expected more specific and sensitive than single-ion moni-and high levels of 2, 20 and 200 ng/ml together with the dilu-
toring (SIM) LC—-MS assay. tion of QC (2000 ng/ml) in rat plasma.

2.3. Sample collection and preparation
2. Experimental
A volume of 0.3 mL blood sample was collected into hep-

2.1. Reagents and chemicals arinized tubes (final concentration about 20 IU/mL) at each
time point from rat carotid catheter after administration. The
AGS-IV (purity>95.0%) was provided by the Pharma- Vvolume removed was always replaced with an equal volume
ceutical Research Institute of Chengdu Diao Pharmaceu-of heparinized (10 1U/mL) saline after the sample was col-
tical Company (Chengdu, China). Digoxin (Sigma, USA) lected. Blood samples were centrifuged for 5 min at 45@0
(purity>99.0%) was used as the internal standard. Methanolunder £C. The plasma were harvested and transferred into
and acetonitrile (HPLC grade) were purchased from Fisher tubes in a 96-well plate format and frozen-a20°C until
Scientific (Pittsburgh, PA, USA). In-house deionized water thawed for bioanalysis.
further purified with a Milli-Q Reagent Water System (Bed- ~ The rat plasma samples were thawed to room tempera-
ford, MA, USA). Drug—free heparin treated rat plasma was ture. The rat plasma (38) were transferred into a micro-
provided by Aventis Pharmaceutical Inc. (Bridgewater, NJ, centrifuge tube (1.7 ml) and mixed with 0 of I.S. work-

USA). Other chemicals are all of analytical grade. ing solution to precipitate the plasma protein by the ace-
tonitrile contained in the I.S. working solution. The tubes

2.2. Standard and quality control (QC) solutions were vortex mixed at setting 10 for 1 min and centrifuged

preparation at 10,000« g for 5min. The supernatant (%0) was trans-

ferred into an autosampler vial and mixed with  H®f water

Astock solution of AGS-1V and I.SHig. 1) were prepared  before LC-MS—MS analysis. Standard working solutions and
by dissolving the reference compound in acetonitrile to obtain QC working solutions prepared simultaneously through the
a solution at 1.0 mg/ml separately and stored-20°C. A same procedure before it was injected into the LC-MS-MS
working solution at 1000 ng/ml of |.S. was prepared by appro- system.
priate dilution of the stock solution in acetonitrile and stored
at +4°C before use. 2.4. LC-MS-MS instrumentation

Median working solutions of AGS-IV were prepared from
stock solution by appropriate dilution in acetonitrile-water The liquid chromatograph was an HP 1100 LC system
(1:1, viv), at 100, 10 and Lg/ml daily before preparing the  equipped with a binary pump and a CTC A200S Autosam-
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Fig. 1. Chemical Structures of: (A) AGS-IV and (B) Digoxin.
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pler unit equipped with a Valco valve diverter obtained from by one-way analysis of variance (ANOVA) testing and was

Leap Technologies (Chapel Hill, CT, USA), the injector nee- expressed as percent coefficient of variation (%CV). Accept-

dle and valve were flushed in between sample injections with able accuracy was withi#15% and the intra- and inter-day

a water/methanol (75:25, v/v). Separation was carried out onprecision was<15% CV at every concentration.

a PhenomenékJupiter C-4 column, 50 mm 2 mm, 5um

(Torrance, CA, USA) equipped with a VarfarMetaGuard 2.5.3. Matrix effect and recovery

10 mmx 2 mm, 5w, C-4 guard column (Torrance, CA, USA). Matrix effect was evaluated by comparing the absolute

The column was eluted at 0.2 mL/min with a binary gradient peak areas of the post-spiked standards with those of the

comprised of 90% methanol in water (A) and 10 mM ammo- neat standards prepared in injection solvent. On the other

nium acetate buffer, pH 7.0 (B). Starting conditions were 40% hand, the matrix effect was also evaluated by performing

A and 60% B. The A concentration was increased to 95% in accuracy and precision determination from QC samples in

0.1 min and then held at that concentration for 3 min. The six lots of control plasma (see intra-day validation in Section

starting condition (40% A) was restored over 0.1 min and the 2.5.2. Recovery was determined by comparing the absolute

column flushed for additional 3 min before the next injec- peak areas of the pre-spiked standards with those of the post-

tion. Valve diversion was performed as 0—1.5min to waste, spiked standards. The pre-spiked standards were prepared

1.5-4.5 min to MS—-MS detector. by the procedure described in Sectid3. The post-spiked
The MS—MS system consisted of a PE-Sciex (Foster City, samples were the drug-free control plasma prepared by the

Canada) API 3000 equipped with a TurbolonSpray interface. same procedure and then spiked with working standard stock

lonization of analytes was carried out in positive ionization solutions. The concentrations of 25, 100 and 600 ng/ml for

mode with the settings of the electrospray interface: source AGS-1V and 100-ng/ml concentrations for I.S. were prepared

temperature, 350C; ion source voltage, 5000 V. The flows for matrix effect and recovery assessment.

of nebulizer, curtain and collision gases (nitrogen) were opti-

mized to maximize the signal intens®N ratio. Quantitative

determination of unchanged AGS-1V was performed by using 3. Results and discussion

multiple reaction monitoring (MRM) mode, in order to mea-

sure the following ion transitionsvz 785.5 [M + H]" — mvz 3.1. Chromatography and specificity

143.2 (collision energy, 21 eV) was monitored for AGS-1V;

m/z 781.6 [M + H]" — myz 243.3 (collision energy, 22 eV) Under the developed chromatographic conditions, the
was monitored for digoxin. retentiontimes for AGS-IV and |.S. were, approximately 3.53
and 2.95 min, respectively. The system’s dead volume was
2.5. Method validation around 1 min elution and first 1.5 min was switched to waste.
Therefore the analyte and I.S. were relatively far away from
2.5.1. Calibration curve and quantification of samples the general ions. Gradient elution was necessary in order to

The nine-point calibration curve was constructed by plot- reduce retention time and avoid excessive broadening of the
ting peak area ratioyf of AGS- IV to the internal standard  peaks. [M + NaJ ions were present in the full scan spectrum
versus AGS-IV concentrationg)( The regression parameters  of AGS-IV and digoxin, with higher relative abundance, but
of slope, intercept and correlation coefficient were calculated no production was found by varying the collision gas pressure
by weighted (1¥?) linear regression in Analyst 1.1 software and the collision energy. Therefore, it was decided to moni-
used in Sciex APl 3000. The concentrations of calibration tor the [M+ HJ" and its product ions in order to promote the
standards, analyzed in duplicate, were back calculated. Con-specificity. No evidence of the mass peak corresponding to
centrations for the QC samples were calculated from the the aglyconerfyz 491) was found in the mass spectrum of
resulting peak area ratios and the regression equation of theAGS-1V, indicating this analyte to be stable at the adopted

calibration curve. ionization conditions.
Six blank plasma samples from six lots of rat plasma were
2.5.2. Accuracy and precision processed with and without the internal standard to evaluate

Accuracy and precision were evaluated by determining presence of interfering peaks. The degree of interference was
the AGS-IV concentration in six lots of QC samples at three assessed by inspection of MRM chromatograms. No signif-
level concentrations and one level of dilution QC samples. icant interfering peaks from the plasma were found at the
Dilution QC samples were assayed to ensure that dilution retention time and in the ion channel of either the analyte or
of study samples did not affect accuracy and precision. the 1.S.Fig. 2 showed the typical chromatograms obtained
The dilution QC samples were diluted 1:4 with blank rat from plasma sample and blank plasma spiked with I.S.
plasma prior to analysis and processed as other QC sam-
ples. Six lots of samples at each concentration were ana-3.2. Recovery and matrix effect
lyzed in three separate days. The accuracy of the assay was
expressed as (mean observed concentration/nominal concen- The recovery and the matrix effect on LC-MS-MS detec-
tration) x 100%. Intra- and inter-day precision was obtained tion were evaluated for both analytes and the internal stan-
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Fig. 2. Typical chromatogram aw/z 785.5— 143.2 orm/z 781.6— 243.3 obtained from a plasma sample spiked with 1000 ng/ml of Digoxin: (A) sample
plasma and (B) blank plasma.

Table 1
Recovery and matrix effect of AGS-IV and I.S. in rat plasma
Nominal concentration ng/ml) Mean peak araz6) Recovery (%) [C.V.9%8{ Matrix effect (%) [C.V.%F
Pre-spiked Post-spikefl Neaf
AGS-IV
25 44900 50600 52400 88.9[9.4] 96.6 [2.7]
100 192000 208000 218000 92.417.8] 95.5[5.2]
600 1060000 1160000 1260000 91.8 [8.6] 92.0[5.3]
1.S. (1=15)
100 14600 16200 17900 90.1 [8.1] 90.2 [3.0]

2 Pre-spiked is the standard spiked into control plasma before prepared.

b post-spiked is the standard spiked in the prepared control plasma.

¢ Neat is the standard in injection solvent.

d Calculated as [(mean pre-spiked peak area/ mean post-spiked peak 20635.
€ Calculated as [(mean post-spiked peak area/ mean neat peaka@yo.

dards. Five replicates were used for AGS-IV and each of was—1.47%, along with the maximum percentage deviation
the nominal concentrations of 25, 100 and 600 ng/ml, which observed was-14.5%. The regression coefficien?) for
generated 15 replicates of I.S. at 100 ng/ml working concen- the four runs were greater than 0.99 (data not shown). The
tration. The mean recoveries were 88.9, 92.4 and 91.8% foraccuracy and precision results obtained for six lots of QC
AGS-1V and 90.1% for I.S., respectivelygble J). Less than samples were shown ifable 2 The intra-day precision was
10% matrix suppression was observadlfle 1. Based on within 7.6% and the inter-day precision was within 5.9%.
this result and the intra-day precision and accuracy valuesThe assay accuracy was 96.5-102.1% of the nominal values.
obtained from six different lots of plasma sampl&alfle 2,
the matrix effect should not have a significantimpacton assay 3.4. Lower limit of quantitation
performance.
The lower limit of quantitation (LLQ) was evaluated by
3.3. Linearity, accuracy and precision spiking AGS-1V at a concentration of 1 ng/ml with six differ-
entlots of drug-free rat plasma and assaying them as unknown
A nine-point calibration standard curve ranging from 1 samples against the standard curve and QC samples. The
to 1000 ng/ml of AGS-IV was performed in duplicate in mean concentration of LLQ for six lots was 1.05 ng/ml. The
four analytical runs. The average percentage deviation of mean deviations for all six LLQ samples were withiA.5%,
the 72 standards across all four runs for all nine standardsthe maximum deviation of the predicted concentrations for

Table 2
Accuracy and precision for the assay method of AGS-1V in rat plasma
Nominal Mean observed Accuracy (%) Inter-day Intra-day N Number of runs
concentration (ng/ml) concentration (ng/ml) precision (% CV) precision (% CV)
2 2.0 102.1 4.9 5.9 18 3
20 19.3 96.5 5.9 7.0 18 3
200 193.8 96.9 5.7 7.6 18 3
2000 1946.1 97.3 3.4 7.0 18 3
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Fig. 3. Typical chromatogram at/'z 785.5— 143.2 for AGS-IV obtained from: (A) rat plasma sample spiked with 500 ng/ml of Digoxin and (B) rat plasma
contained AGS-1V at LLQ (1 ng/ml) and I.S. at 500 ng/ml of Digoxin.

all six LLQ samples was not more than 13.0% of the nomi- Chengdu Diao Pharmaceutical company for the laboratory
nal value. A typical chromatogram at the LLQ was shown in facilities support and also grateful to Mr. Yongyi Luo, Mr.
Fig. 3. The deviations from the individual lots were within  Liduo Shen and Mr. Jie Wang from the Sanofi-Aventis Dis-
the acceptance criteriorc0%) for the LLQ samples rec- covery MPK Analytical Team for helpful instructions and
ommended by the FDA Guidan¢&9]. Given the fact that  suggestion during these experiments.

the analyte and its internal standard were structurally similar

but differed in their proton affinity, the LLQ data obtained
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