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Abstract

The major flavonoids in rat serum after oral administratioP@lbergia odorifera extract were analyzed qualitatively and quantitatively by high
performance liquid chromatography (HPLC) and its coupling to mass spectrometry (HPLC-MS). Utilizing HPLC-MS technique, 18 flavonoid
including five isoflavones, four isoflavanones, four neoflavones, two flavanones, two chalcones, one isoflavanonol were identified in free forn
serum sample based on comparison with the authentic standards. Furthermore, the amounts of the four prominent flaRpAcidsti{Bxy-
2,3,7-trihydroxyisoflavanone, vestitone, formononetin and sativanone were determined in serum by HPLC-UV with internal standard method. 1
method was validated and utilized in pharmacokinetic studies of these four analytes. This is the first report on identification and determimation of
major flavonoids in rat serum after oral administratioMobdorifera extract and the results provided a firm basis for clarifying the pharmacological
effect of D. odorifera and evaluating the clinical applications of this medicinal herb.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction in Chinese[18]. As a widely used medicinal herb to treat
cardiovascular diseaseB, odorifera is known to be rich in
Flavonoids are polyphenolic substances isolated from a wid#avonoids [19-21] while little work has been done on the
range of plants with many health-related properties, which arenetabolism of the flavonoids db. odorifera. In our previ-
especially based on their antioxidant activity and inhibitory roleous work, we purified 22 flavonoids including 6 isoflavones,
in various stages of tumor developméhi?]. Recently, much 5 neoflavones, 4 isoflavanones, 3 flavanones, 2 chalcones, 1
attention has been paid on the absorption and metabolism @doflavanonol and 1 pterocarpan frabn odorifera, and their
flavonoids. By far, high performance liquid chromatographystructures were listed iRig. 1 These flavonoids showed vari-
(HPLC) and its coupling to mass spectrometry (HPLC—MS)ous in vitro benefits to human health, such as anti-inflammatory,
have grown into the most widely employed techniques for theanticoagulant, antitumor, antihyperlipidic, antinephritic, antiox-
measurement of flavonoids in biological fluids as well as in planidant and vasodilative effectf22—-28] However, to what
materials because of their high level of sensitivity and selectivextent in vitro effects produced by these flavonoids could be
ity. A number of papers dealing with studies on the metabolisnextrapolated to the in vivo situation was poorly understood.
of flavonoids by these techniques have been publifiet/]. Therefore, investigation on the metabolism Bf odorifera
The heartwood oDalbergia odorifera T. Chen. (Legumi- flavonoids in vivo is paramount to understand their role in
nosae) is a traditional Chinese medicine, named as Jiangxiatmyman health and evaluate the clinical efficacy of this medicinal
herb.
The objective of the current research was to analyze the
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Type No. Name R, R, R; Ry Rs Rs
Isoflavone 1 3'-hydroxydaidzein OH H H OH OH H
5 koparin OH H OH OH OCH; H

8 2',7-dihydroxy-4',5'-dimethoxyisoflavone OH H OH H OCH; OCH;
13 2'-hydroxyformononetin OH H OH H OCH; H
15% formononetin OH H H H OCH; H
21 prunetin OCH; OH H H OH H
Isoflavanone 10 violanone OCH; OH OCH; — — —
12% vestitone OH H OCH; — - —
17 3-0O-methylviolanone OCH; OCH; OCH; — — —
18+ sativanone OCH; H OCH; — — —
Neoflavone 3 3'-hydroxymelanettin OH OH — — — —
7 melanettin H OH — — — —
9 stevenin OH H — — — —
16 dalbergin H H — — — —
22 4-methoxydalbergione — — — — — —
Flavanone 2 butin OH H OH OH — —
6 liquiritigenin OH H OH H — —
20 pinocembrin OH OH H H — —
Chalcone 11 butein OH — — — — —
14 isoliquiritigenin H — — — — —

Isoflavanonol ~ 4*  (3R)-4'-methoxy-2',3,7-trihydroxyisoflavanone — — — — — —

Pterocarpan 19 medicarpin — — — — — —

Fig. 1. Structures of flavonoids-22 identified fromD. odorifera (' compoundst, 12, 15 and18 are quantified in serum by HPLC-UV method).

and HPLC-MS techniques. Based on HPLC-MS analysisthe four prominent flavonoids in serum, i.e.R}34'-methoxy-

18 flavonoids were unambiguously identified in free form in2',3,7-trinydroxyisoflavanone, vestitone, formononetin and sati-
serum sample by comparing their retention times, UV andranone, were quantified by HPLC-UV with internal standard
MS spectra with those of authentic compounds. Furthermoranethod, so as to a limited view of their pharmacokinetic pro-
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files. To our knowledge, there were no previous reports on the Mass spectra were acquired using a LCQ mass spectrom-
determination of the flavonoid @. odorifera in biological flu-  eter (ThermoFinnigan, San Jose, CA), which is an ion-trap

ids. It was the first report on the identification and determinatiormass spectrometer equipped with electrospray ionization source.
of major biologically active flavonoids in rat serum after oral Nitrogen was used as the sheath and auxiliary gas, and helium

administration ofD. odorifera extract. was used as the damping and collision gas. All the mass spectra
were acquired in the negative ion mode with ion spray voltage
2. Experimental at 5.0kV, capillary temperature at 350, capillary voltage at
—12V, sheath gas flow rate at 50 (arbitrary units), auxiliary gas
2.1. Herbal materials flow rate at 15 (arbitrary units) and tube lens offset 40 V. The

mass spectra were recorded in the single ion monitoring (SIM)

The heartwood oD. odorifera was purchased from Tong mode in the range ofi/z 80—1000 and from 4—45 min of the run
Ren Tang Pharmaceutical Co. Ltd. (Beijing, PR China). Theduration.
crude drug (1kg) was extracted twice by refluxing with 101
of 75% ethanol for 1h, then collected and combined the2.4. Preparation of stock solutions, calibration standards
filtrates. After evaporating ethanol, the residue was pushednd quality control samples
through a preactivated 3 kg macroreticular resin column. The ) o )
column was eluted with 101 of 20% ethanol and 201 of 60% FOr identification by HPLC-MS, methanol stock solution
ethanol, respectively. The 60% ethanol fraction was evaporategP"t@ining known concentrations of all standards (2Qsginl)
in vacuo, and the residue (112g) was stored-20°C until and D. odorifera extract solution with initial mobile phase
administration to rat. To calculate the administered dose of676rg/ml) were prepared and aliquot of b were sub-
(3R)-4-methoxy-2,3, 7-trihydroxyisoflavanone, vestitone, for- jected to the HPLC-MS analysis, respectively. For quantifi-

H /

mononetin and sativanone, their content®imdorifera extract ~ ¢ation by HPLC-UV, standards of g3-4-methoxy-2,3,7-
were quantitatively analyzed by HPLC—UV with external stan-trihydroxyisoflavanone, vestitone, formononetin, sativanone

dard method, which were 10.98, 23.16, 12.70 and 22d¥tng and the |.S. were accurately weighted and dissolved in
respectively.' ' ’ " the initial mobile phase, then diluted to appropriate con-

centrations. To achieve the working solutions for calibra-
tion curves, the standard solution (40 and 1.S. (10Qul)
was spiked to drug-free rat serum (500, the result-

The reference standards of 22 flavonoids were isolated b{)d Serum contained 0.150-3q«@/ml of (3R)-4'-methoxy-

the author fronD. odorifera, their structures were fully charac- 2+ /-trihydroxyisoflavanone, 0.200-4@.9/ml of vestitone,

terized by using chemical and spectroscopic methods (UV, IR0-075-15.Qug/ml of formononetin, 0.222-22,2g/ml of sati-

NMR, MS). The purity of the standards was checked by HPLcYanone and 12.@g/ml of 1.S. Quality control samples were
DAD at three different wavelengths (230, 275 and 350 nm)§|m|larly prepared at high, mid and low concentratlon.s .for the
and the results suggested their purity to be above 95%. Thigur analytes, and used_ to assess accuracy and precision of the
internal standard (1.S.), isorhamnetin, was purchased from th@Ssay method. All solutions were stored a4C4and found to be
National Institute for the Control of Pharmaceutical and Bio-StaPle within 4 days.

logical Products (Beijing, PR China). Acetonitrile and methanol
were of HPLC grade (J.T. Baker, Phillipsburg, NJ, USA). The

deionized water was purified by Mill-Q water system (Mil- g gentification of flavonoids by HPLC-MS: 2 ml of ethyl

lipore, Bedford, MA, USA) and was filtered with 0480 5cetate were added to 5Q0 of rat serum, the supernatant
membranes. All other chemicals were of analytical reagenj, a5 evaporated to dryness under a stream of nitrogen, after
grade. 10 min vortexing and 10 min centrifugation at 3000 rpm, the
residue was dissolved in 1@0 initial mobile phase and stored

at 4°C until use. For determination of §3-4'-methoxy-2,3,7-

) ) ) . trihydroxyisoflavanone, vestitone, formononetin and sativanone
HPLC analysis was carried out on an Agilent 1100 Serieg,y p| c_Uv, the serum sample preparation was identical to the

HPLC (Palo Alto, CA, USA) with diode-array detector using gpqve procedure except that the 1.S. (i0)0was spiked in the
a Zorbax SB-Gg column (250 mmx 4.6 mm, 5um) connected ot step.

with a Zorbax SB-@g guard column (20 mnx 4 mm, 5um).

The mobile phase consisted of (A) acetonitrile and (B) 0.3%.6. Animals

agueous acetic acid (v/v) using a gradient elution of 25—-30% A

at 0—20 min, 30-50% A at 20—37 min and 80% A at 37-45min. Male Sprague—Dawley rats (200—220 g) were obtained from
Re-equilibration duration was 10 min between individual runsthe Laboratory Animal Center of Peking University Health Sci-
The flow rate was 1.0 ml/min and the temperature of the colence Center (Beijing, PR China). They were kept in environ-
umn oven was 40C. Detection wavelength was set at 275 nmmentally controlled breeding room for 3 days before starting the
and UV spectra from 190-400 nm were also recorded for pea&xperiments and fed with standard laboratory food and water ad
identification. libitum and fasted overnight before the test.

2.2. Chemicals and reagents

2.5. Sample preparation

2.3. Instrumentation and conditions
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2.7. Method validation for the determination of four Microsoft Excel 2000. The relevant pharmacokinetic parameters
prominent flavonoids in rat serum by HPLC-UV were calculated using the computer program 3p97 (the Chinese
Society of Mathematical Pharmacology).

Calibration standards were prepared by adding appropriate
amounts of stock solutions to drug-free rat serum and then ser3. Results
ally diluting the standards with additional blank serumin order to
obtain various concentrations of the four analytes. Three samples!. Identification of flavonoid aglycones in rat serum by
at each concentration were analyzed. The internal ratios (an&PLC-MS
lyte peak area/l.S. peak area) were calculated for each point,
and calibration curves were constructed by weighteg) (@Ast UV chromatograms at 275 nm and MS total ion current (TIC)
squares linear regression analysis of internal ratios versus conhromatograms of the flavonoid standards (B), odorifera
centrations. The limit of quantification (LOQ) was determinedextract (B), the blank rat serum (C) and the rat serum sample col-
as the lowest concentration of the analyte in serum that coultécted at 30 min after oral administrationdf odorifera extract
be quantified with an inter-assay coefficient of variation (CV)(D)were shownirrig. 2 The corresponding retention times, UV
lower than 20% and an accuracy between 80 and 120%. Thnaxand MS data were summarizedTliable 1 It demonstrated
precision and accuracy of the assay were evaluated by analyttiat there was no significant interference from endogenous com-
ing the QC samples with high, mid and low concentrations. Theonents for the analysis. As showrTiable landFig. 2, based on
intra-day variance was determined by assaying the six replidirect comparison with the reference standards, all 22 flavonoids
cates on the same day and inter-day variance was assayed iaoluding 6 isoflavones, 5 neoflavones, 4 isoflavanones, 3 fla-
four consecutive days. Precision was expressed as the relativanones, 2 chalcones, 1 isoflavanonol and 1 pterocarpan were
standard deviation (R.S.D.). Accuracy was determined by comdentified inD. odorifera extract and 18 of them were identi-
paring the calculated concentration using calibration curves téied in serum sample. Compount®-22 not observed in serum
the known concentration. The extraction recoveries were calcunight be due to their minor amounts ih odorifera extract. It
lated in serum samples spiked with the four flavonoids at threendicated that the majority of flavonoid aglycones could present
levels of concentration (high, medium and low). The peak are@n free form in serum after oral administration Bf odorifera
ratios of spiked serum samples were compared with those of thextract.
standards prepared in initial mobile phase at the same concentra-
tion to provide the recovery values. Stability of the four analytess3.2. Determination of the four prominent flavonoids in rat
in serum was assessed by five replicate analyses of the threeum by HPLC-UV
in-house control samples. The samples were initially analyzed
within 2 h of preparation to obtain reference concentrations, and As shown in HPLC-MS chromatogrambig. 2D), (3R)-
then were used to assess the stability of analytes during storageémethoxy-2,3,7-trihydroxyisoflavanone (peak 4), vestitone
at 4°C after 4 days. Aliquots of the three samples were alsqpeak 12), formononetin (peak 15) and sativanone (peak 18),
stored at-20°C, then thawed at ambient temperature and reaswere the prominent flavonoid aglycones identified in serum
sayed. The three aliquots were refrozen and thawed twice mogdter oral administration, especially KB4'-methoxy-2,3,7-
to provide data from three freeze-thaw cycles for a period of 2rihydroxyisoflavanone, which was the most dominant compo-

weeks. nent in serum sample. Thus, the amounts of these four com-
ponents were determined by HPLC-UV with internal standard
2.8. Application of the method and pharmacokinetic study method. Chromatographic profiles of blank rat serum, blank rat

serum spiked with the four analytes and I.S., and rat serum col-

The utility of the analytical method was demonstrated in theected at 30 min after oral administrationf odorifera extract
in vivo conditions. Each rat was administered an oral dose ofvere shown irFig. 3. The retention times of (&-4'-methoxy-
1.5 g/kg ofD. odorifera extract, which indicated that the amounts 2’,3,7-trihydroxyisoflavanonel], vestitone 2), formononetin
of the four flavonoids administered were 16.47, 34.74,19.05 an@8), sativanone4) and |.S. were 10.40, 20.92, 31.13, 34.22
33.59 mg/kg, respectively. Ablood sample was collected attimeand 25.71 min, respectively. A baseline separation of these com-
of 5, 10, 30, 45, 60, 80, 100, 120, 240, 480, 720 and 1440 mipounds was obtained under the specified chromatographic con-
after dosing. Within 30 min after blood withdrawal, the samplesditions. No interfering peaks were detected.
were centrifuged and the separated serum samples were frozenThis method was validated to meet the acceptance criteria of
in polypropylene tubes at20°C prior to analysis. For identifi- industrial guidance for the bioanalytical method valida{i29j.
cation of flavonoids by HPLC-MS, a blood sample collected atAs shown inTable 2 the test range of calibration curve was found
30 min after dosing was performed as described under Sectido be adequate for the concentrations observed from the analysis
2.6and 20ul of the solution was analyzed. For determination by of collected serum samples and the four analytes showed good
HPLC-UV, the blood samples collected at 0-24 h after dosindinearity (> 0.99) in each concentration rangeable 3showed
were performed as described under Sec@i@and 30wl ofeach  the precision and accuracy data for the QC samples. The intra-
solutionwas analyzed. The serum concentrations of the four anday accuracy of the four analytes ranged from 90 to 102% with
lytes at different time point were evaluated by means of lineaR.S.D. less than 10%, the inter-day accuracy ranged from 80
regression analysis. All statistical analysis was performed usintp 100% with R.S.D. less than 10%, which indicating that the
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Table 1
Retention time ), MS data and UW.nax values for the main flavonoids identified by HPLC-MS
No. tr (min) [M—H]~ (m/z) Amax (NmM) Identity
1 7.06 269 220292 "2Hydroxydaidzein
2 7.90 271 232278 Butin
3 8.63 299 340 BHydroxymelanettin
42 10.44 301 280 (B)-4'-methoxy-2,3,7-trihydroxyisoflavanone
5 11.58 299 240290 Koparin
6 12.54 255 230276310 Liquiritigenin
7 13.80 283 294 Melanettin
8P 15.89 283 286350 'Z-Dihydroxy-4,5'-dimethoxyisoflavone
9o 15.89 313 290 Stevenin
10 18.27 315 274310 Violanone
11 19.13 271 262 Butein
128 20.83 285 278312 Vestitone
13 23.64 283 248290 'Hydroxyformononetin
14 29.88 255 240372 Isoliquiritigenin
152 31.13 267 250302 Formononetin
16 31.73 267 232352 Dalbergin
17 32.89 329 232274320 "@®-Methylviolanone
182 34.17 299 230276310 Sativanone
19¢ 35.69 269 228286 Medicarpin
20°¢ 37.42 255 232290 Pinocembrin
21¢ 38.40 283 260 Prunetin
22°¢ 40.97 d 260 4-Methoxydalbergione

a8 Compoundst, 12, 15 and18 were quantified in serum by HPLC-UV method.

b Compounds and9 had the identical retention time.

¢ Compoundd9-22 were not be detected in serum sample.
d MW =270, while the molecular ion is not detectable by ESI-MS.

Table 2

Calibration curves for the four flavonoids bt odorifera in serum ¢=7)

Analyte® Regression equatién 2 Linear range ¢g/ml) LOQ (ug/ml)
1 y=0.1206+0.00024 0.9975 0.150-30.0 0.050

2 y=0.1456+0.00138 0.9914 0.200-40.0 0.067

3 y=0.1628+0.00051 0.9924 0.075-15.0 0.015

4 y=0.1309+0.00364 0.9979 0.222-22.2 0.074

a1 =(3R)-4-methoxy-2,3,7-trihydroxyisoflavanone&, = vestitone 3 = formononetind = sativanone.
b In the regression equatiore ax + b, x refers to the concentration of the analyte in serpm/nl); y refers to the peak area ratio of the analyte and 1.S.

Table 3

Validation of the intra-day and inter-day assays

Analyté®  Spiked {.g/ml) Intra-day ¢ =6) Inter-day ¢ =4)
Measuredgg/ml)  Accuracy (%) Precision (R.S.D., %) Measuredi(ml)  Accuracy (%) Precision (R.S.D., %)
1 30.00 29.05+ 0.23 96.84 1.8 28.94 0.45 96.46 2.6
6.00 5.69+ 0.17 94.82 3.0 5.5% 0.23 91.88 4.2
0.60 0.56+ 0.03 93.05 6.1 0.54 0.03 89.92 55
2 40.00 38.19+ 1.35 95.48 35 36.6% 1.73 91.72 4.7
8.00 7.74+ 0.12 96.78 54 7.6% 0.30 95.09 6.8
0.80 0.73+ 0.06 90.89 8.7 0.66 0.05 82.39 9.3
3 15.00 15.18+ 0.46 101.19 3.1 13.968 0.59 93.07 4.2
3.00 2.93+ 0.05 97.65 5.0 2.7% 0.17 92.31 6.1
0.30 0.29+ 0.01 95.36 4.2 0.2% 0.02 91.01 5.9
4 22.20 20.34+ 1.04 91.63 5.1 20.16- 0.92 90.53 4.5
4.44 4.25+ 0.10 95.71 25 4.1% 0.26 93.09 6.3
0.44 0.40+ 0.03 91.05 6.8 0.3& 0.03 84.84 5.7

2 1=(3R)-4-methoxy-2’,3,7-trihydroxyisoflavanon = vestitone 3 = formononetind = sativanone.
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mAU j Table 4
1404 (A) Recovery of the four flavonoids @1. odorifera in serum = 3)
1204 -
1004 Analyte? Spiked ug/ml) Recovery (%) R.S.D. (%)
80 4
60 1 30.00 93.5H1 3.08 3.2
gg: 6.00 89.33:4.93 25
0 4+—A 0.60 90.28:5.17 5.7
0 10 20 30 2 40.00 86.81£4.11 4.7
mAU B) 8.00 87.78:2.81 5.2
140 ( 0.80 82.06% 6.40 7.7
1004 % 2 3 15.00 87.86:4.91 5.9
ok 3.00 91.65t 6.08 6.6
40 3 1S 0.30 84.214.62 5.4
20 ) A
04— e = : : 4 22.20 86.69 5.63 2.9
0 10 20 30 4.44 84.617.91 35
mAU 4 0.44 83.30+5.43 6.2
E C
128_ © 4 a 1=(3R)-4-methoxy-2,3,7-trihydroxyisoflavanone, 2 =vestitone,
1004 3 =formononetind = sativanone.
80 3 5 3
60 4 IS \
404 f '\
A o S l .
0 10 20 30 min

Fig. 3. Typical chromatograms for the determination &f)(&@ -methoxy-2,3,7-
trinydroxyisoflavanonel(), vestitone 2), formononetin 8) and sativanonedj

in serum samples: (A) chromatogram of a blank rat serum sample; (B) chro-
matogram of a rat serum sample spiked witp4) and I.S.; (C) chromatogram

Concentration (ug/ml)

0 20 40 60 80 100

Concentration(ug/ml)

Time(min)
of the rat serum sample collected at 30 min after oral administratién efor-
ifera extract.
0 = ., -] ——
i 0 100 200 300 400 500600 700 800 900 1000 1100120013001400 1500
overall reproducibility of the method was acceptable. As shown Tiistei]
ime(min

in Table 4 the recoveries for the four analytes ranged from 80 to
100%, while R.S.D. values were lower than 10%. The stabilityrig. 4. Mean serum concentration—time profile for the four analytes in rat serum
results suggesting that there was no significant degradation efter oral administration oD. odorifera extract to rats. Each point with bar
the four analytes for 4 days when stored a€4and for up to 2 represents meah S.D. (2=5) as the percentage of the administered dose.
weeks when stored at20°C (Table 5.

This validated analytical method was employed tomean serum concentration—time profiles oR)-&'-methoxy-
study the pharmacokinetic profiles ofRB4’-methoxy-2,3,7-  2/,3,7-trihydroxyisoflavanone, vestitone, formononetin and sati-
trihydroxyisoflavanone, vestitone, formononetin and sativanonganone g =5) were shown irrig. 4. These four analytes exhib-
in rat serum after oral administration®f odorifera extract. The  ited consistent tendency in serum concentration—time profiles,

Table 5
Stability of the four flavonoids ab. odorifera in serum

Analyte? Concentration{g/ml) Storage at 4C Freeze-thaw cycles
Mean concentration obtainegd/ml) R.S.D. (%) Mean concentration obtaingdy(ml) R.S.D. (%)
1 30.00 29.14 34 29.62 5.1
6.00 6.11 4.7 6.13 3.0
0.60 0.56 5.6 0.53 7.9
2 40.00 39.43 6.5 36.73 6.8
8.00 7.26 6.1 6.65 7.5
0.80 0.69 7.9 0.70 9.4
3 15.00 15.08 4.4 13.65 6.7
3.00 2.77 4.8 2.53 6.1
0.30 0.28 6.5 0.27 7.2
4 22.20 21.14 4.0 22.32 4.4
4.44 4.32 5.7 4.10 6.0
0.44 0.40 4.3 0.40 7.3

a 1=(3R)-4'-methoxy-2,3,7-trihydroxyisoflavanone&, = vestitone 3 = formononetind = sativanone.
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Table 6 was chosen as the eluting solvent system, since with it not only
Mean pharma_ct_)kine_tic parametgrs for the four flavonoids in rat setand)( the desired separation was achieved but also less damage to the
after oral administration . odorifera extract column. For the separation of all target compounds from the
Parameter Valife matrix, gradient elution was used. Based on the UV absorption

1 2 3 4 maxima of most flavonoids obtained by HPLC-DAD, the moni-
toring wavelength chosenwas 275 nm. These preliminary exper-
iments also showed that the separation could be improved with

tmax (Min) 20.97 22.31 21.27 21.56

Crnax (g/ml) 26.31 6.67 5.40 10.35 )
AUCO— 0o (g min/ml) 5930.87 1332.42 501.00 2841.27 column temper_ature at 4C andthe flow rate of 0.8 ml/min.

f1/2 @ (Min) 19.45 17.80 15.69 16.76 For MS analysis, the negative ion mode of ESI was selected
t12 B (min) 436.32 110258  260.01  526.23 in the present study, as it easily provided flavonoid fragmenta-
Vg (ml) 83.50 555.28 35350  386.66 tjgninformation. Underthe multiple optimized chromatographic
CL (ml/min) 0.67 6.32 9.22 2.86

conditions, a good separation of all target 22 flavonoids could
be achieved within 45 min (sd€g. 2).

al= (31_?)—4’—met_hoxy—2,3,7—trihydroxyisoﬂavanone2:vestitone; 3 =for- It was also worth mentioning that the UV detector was
mononeting = sativanone. chosen for quantitative analysis as the detection potential pro-

vided sufficient sensitivity and accuracy for the four prominent

which mlght be due to their SIml'arlty in structure features. Theﬂa\/onoids in serum Samp]es, whereas the ESI-MS detector
pharmacokinetic characteristics of the four analytes compliegvas used for qualitative analysis due to its high sensitivity
with the two-compartment model with the first-order absorptionand selectivity in detecting flavonoids from complex biological
and the pharmacokinetic parameters were listetalle 6 The  matrix. The HPLC-ESI-MS technique showed great advantage
four analytes were rapidly absorbed with peak concentration the present study as the following examples: compounds
occurring at around 22 min, and S|OW|y eliminated as the Serung and 9 were identical in retention behavior or}lé:(;ommn
concentration of each analyte was still much higher than LOQtr =15.89 min). If only UV detector was used, these two com-
after 24 h. The values of clearance (CL) of the four analytes indipounds could not be distinguished even the authentic compounds
cated that compoundsand2 were more easily cleared fromthe \yere available. By ESI-MS, the different [M—H]Jons in mass
rat body than compoundsandd4. The apparent distribution vol- - spectra permitted us to distinguish these two compounds. Com-
ume (V) of the four analytes were much larger than the bloodyoundsl5 and16 are a pair of isomers with the same molecular
volume of rat, hence it could be speculated that they were wideljons in mass spectran(z 267) and adjacent peaks in UV chro-
distributed in the organs. The pharmacokinetic results could bﬁhatogramsré 15=31.13min/r 16=31.73 min). Based on com-
aid in clarifying the pharmacological effect bf odoriferaand  parison with the standards, these two isomers were distinguished

Lag time (min) 0.92 0.33 4.08 3.34

ensuring the clinical efficacy of this medicinal herb. by UV spectra by means of the diode-array detector. This study
demonstrated that LC/UV-DAD/ESI-MS analysis was an excel-
4. Discussion lent technique for identifying flavonoids in complex matrix.

In a word, the ability to simultaneously analyze different

For an efficient clean up of the serum sample and a quantitaypes of flavonoids, the convenient and easy-to-use extraction
tive analysis of the target compounds, various sample prepargrocedure, efficient clean up, and no need of sample radio-
tion method were tested, such as deproteinization with methanébeling revealed that this newly developed method was appro-
or acetonitrile, liquid—liquid extraction with different organic priate for rapid screening and structural characterization of
solvents such as ethyl acetate, ether and acetone, and solid-phfiagonoids, and suggested its profit to the biological and phar-
extraction with various sorbents such agsdbd Gg cartridges  macological research.
(Alitech Associates, Deerfield, IL, USA). Liquid-liquid extrac-
tion with ethyl acetate was chosen for it not only to ensure
the simultaneous extraction of all target compounds but also to-cknowledgements
cause lessinterference from the co-eluted endogenous materials.

" . . : We thank the Ministry of Science and Technology of China
Additionally, the simple extraction procedure and satisfactory,
extraction recovery made it feasible for quantitative analysis. (2002BA906A29, 2002DEA 20021 and 2001BACO1A56) and

The chromatographic conditions were optimized to ObtainNat|0nal Administration of Traditional Chinese Medicine

chromatograms with a good resolution of the target compound@ooA'ZXOl) for financial support of this work.

within a short analysis time. Different types of chromatographic
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