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Summary. A new, sensitive, and selective high-performance liquid chromatogra-
phy–tandem mass spectrometric method (HPLC–MS/MS) has been developed for the 
quantification of six flavonoids (sophoricoside, genistin, genistein, rutin, quercetin, and 
kaempferol) in rat bile and urine. The sample pretreatment was simple by liquid–liquid 
extraction. Sulfamethalazole was used as internal standard (IS). During method devel-
opment, the effect of extraction volume, mobile phase composition, column temperature, 
and injection volume were varied to optimize sensitivity and achieve a run time as short 
as possible. Chromatographic separation was accomplished on a C18 column with a sim-
ple linear gradient elution within 9 min. Full validation of the assay was in accordance 
with the requirement of the validation of the method in vivo and implemented including 
specificity, linearity, accuracy, precision, recovery, and matrix effect. This is the first re-
port on determination of the major flavones in rat bile and urine after oral administra-
tion of Fructus Sophorae extract. The method has been used successfully in excretion 
studies of six major flavonoids in rat bile and urine.  
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Introduction 
 

Fructus Sophorae, the dried ripe fruits of Styphnolobium japonicum (L.) Schott 
(Leguminosae), is a herbal ingredient and has been used for thousands of 
years [1, 2]. Flavonoids are the main effective components responsible for 
their activities, such as hemostatic properties, anticancer, antitumor, an-
tiobesity, antifertility action, antioxidation effects, and the treatment of hy-
pertension and hemorrhoids [1–7]. 
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The excretion of medicine is a very important part of pharmaceutical 
research. Studying the excretion of medicine is useful to determine the ef-
fect, side effects, and toxicity of medicine, which can provide the suitable 
dosage and manner of administration of the medicine [8, 9]. In the past, we 
studied the pharmacokinetics of Fructus Sophorae extract in rat plasma [10]: 
flavonoid glycoside (sophoricoside, genistin, and rutin) could achieve the 
maximum plasma concentration at 1 h while flavonoid aglycones (genistein, 
quercetin and kaempferol) could achieve the maximum plasma concentra-
tion between 10 and 12 h after oral administration. The results show that the 
flavonoid glycoside in Fructus Sophorae was absorbed firstly, and then the 
aglycones were absorbed. However, as far as we know, the study of excre-
tion of the six major flavonoids (sophoricoside, genistin, genistein, rutin, 
quercetin, and kaempferol) in Fructus Sophorae extract has been not reported. 
The pharmacokinetic data provided helpful reference for the study of excre-
tion of Fructus Sophorae. 

Several published papers have reported the determination of major ac-
tive components in Fructus Sophorae, such as sophoricoside, genistin, gen-
istein, rutin, quercetin, and kaempferol, using analytical methods including 
high-performance liquid chromatography (HPLC) [11–13], high-perfor-
mance capillary electrophoresis (HPCE) [14], and liquid chromatogra-
phy–mass spectrometry (LC–MS) [15]. However, HPLC and HPCE methods 
suffered from low resolution and sensitivity, long run time, and few ana-
lytes. 

Due to the high sensitivity and selectivity of the advanced method, 
LC–MS has been widely used in in vivo studies [16–19]. Medicine could be 
excreted in many ways, such as in kidney, bile, stool, and so on [8]. In this 
study, we developed a sensitive and selective LC–MS/MS method to si-
multaneously determine sophoricoside, genistin, genistein, rutin, quercetin, 
and kaempferol in rat bile and urine. This was the first time that the six fla-
vonoids had been quantified in bile and urine after oral administration of 
Fructus Sophorae extract. The present in vivo excretion studies of Fructus 
Sophorae in rats will provide helpful information for development of suit-
able dosage forms and clinical references on rational administration 

 
 

Experimental 
 

Materials and Reagents 
 

Sophoricoside, genistin, genistein, and kaempferol were obtained from 
Shanghai Tauto Biotech Co., Ltd., China. Rutin, quercetin, and sulfameth-
oxazole were purchased from National Institute for the Control of Pharma-
ceutical and Biological Products. The purities of the above ingredients were  
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Fig. 1. The product ion scan spectra, chemical structures of sophoricoside, genistin, 

genistein, rutin, quercetin, kaempferol, and sulfamethoxazole (IS) 
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more than 98%, which met the requirements of quantitative analysis. Their 
chemical structures are shown in Fig 1. Deionized water was produced us-
ing a Heal Force-PWVF purification system (Shanghai CanRex Analyse In-
strument Co., China). Methanol and acetic acid (HPLC grade) were pur-
chased from DIKMA Company (USA). Analytical grade ethyl acetate (Tian-
jin Chemical Corporation, China) was used for sample pretreatment.  

 
 

Instrumentation and Analytical Conditions 
 

For quantitative determination of the six compounds, an Agilent Series 1200 
(Agilent, USA) liquid chromatograph, equipped with a quaternary solvent 
delivery system, an autosampler, and a column compartment were used. 
Detection was performed using a 3200QTRAP™ system from Applied Bio-
systems/MDS Sciex (Applied Biosystems, Foster City, CA, USA), a hybrid 
triple quadrupole linear ion trap mass spectrometer equipped with Turbo V 
sources and TurboIonspray interface. The mass spectrometer was operated 
in the negative mode. The operating conditions for the ESI interface were as 
follows: ion spray voltage, −4500 V; curtain gas (CUR), 25 psi and interface 
heater was on; collision gas, medium; nebulizer gas (gas 1) and heater gas 
(gas 2), 60 and 65 psi; and the turbo spray temperature, 650 °C. Nitrogen 
was used in all cases. All instrumentations were controlled and analyzed 
using Analyst software (version 1.4.2) from Applied Biosystems/MDS Sciex. 
Multiple-reaction monitoring (MRM) mode was used for quantification. All 
the peaks of target compounds were unambiguously identified by the 
comparison of retention time, parent, and product ions with standards. The 
retention time, characteristic MS/MS fragmentation data, precur-
sor-to-product ion pairs, declustering potential (DP), and collision energy 
(CE) are shown in Table I. 

 
Table I. HPLC–ESI–MSn data of the six components from Fructus Sophorae 

Compounds MW tR (min) Precursor-to-product 
ion pairs DP (V) CE (eV) 

Sophoricoside 432.37 5.17 431.1/267.9 −85 −43 

Genistin 432.37 4.78 431.1/267.9 −72 −38 

Genistein 270.24 6.52 269.0/133.0 −61 −44 

Rutin 610.50 5.00 609.2/300.0 −75 −51 

Quercetin 302.24 6.09 301.0/150.9 −55 −32 

Kaempferol 286.23 6.90 284.9/93.0 −70 −52 

IS 253.27 4.49 252.0/155.9 −30 −20 

Unauthenticated | Downloaded 05/19/23 02:06 PM UTC



Six Flavonoids in Rat Bile and Urine after Oral Administration of Fructus Sophorae 

 

37 

Chromatographic separation was performed with an Alltech C18 pre-
column (4.6 × 7.5 mm, 5 μm) and a Diamonsil RP-C18 analytical column (150 
× 4.6 mm, 5 μm). The mobile phase consisted of methanol (A) and water 
containing 0.1% formic acid (B). The following gradient condition was used: 
0–2 min, linear change from A–B (30:70, v/v) to A–B (70:30, v/v); 2–7 min, 
linear change from A–B (70:30, v/v) to A–B (90:10, v/v); and 7–9 min, iso-
cratic elution A–B (90:10, v/v). The flow rate was set at 0.8 mL min−1. The 
injection volume was 10 μL, and the column temperature was maintained at 
room temperature. 

 
Preparation of Fructus Sophorae Extract 

Fructus Sophorae (100 g) was ground into suitable powder and extracted 
three times by decocting with boiling water (1:20, 1:20, and then 1:10, w/v) 
for 50 min per time. Then the extraction solutions were concentrated to  
100 mL to get the Fructus Sophorae extract with a concentration equivalent to 
1 g mL−1 of the raw Fructus Sophorae material. In order to calculate the ad-
ministered dose, the contents of six flavonoids in Fructus Sophorae extract 
were quantitatively determined by external standard method using the 
same chromatography conditions as described above. The contents of 
sophoricoside, genistin, genistein, rutin, quercetin and kaempferol in the 
extract were 8193.92, 2824.43, 2966.79, 5841.59, 239.25, and 716.96 μg mL−1, 
respectively.  

 
 

Preparation of Standard Solution and Quality  
Control Solutions 

 
Standard stock solutions of sophoricoside, genistin, genistein, rutin, 
quercetin, and kaempferol were individually prepared in methanol at the 
final concentrations of 960, 800, 1200, 1950, 410, and 930 μg mL−1, respec-
tively. Then, the six stock solutions were mixed and diluted with methanol 
to prepare a final mixed standard solution for bile and urine. The final con-
centration of the IS was 525 ng mL−1 for bile (IS1) and 400 ng mL−1 for urine 
(IS2). Quality control (QC) solutions containing low, medium, and high 
concentrations were prepared with methanol at the concentrations of: 
sophoricoside (57.60, 4320.00, and 6912.00 ng mL−1), genistin (400.00, 
30000.00, and 48000.00 ng mL−1), genistein (78.00, 5850.00, and 9360.00 
ng mL−1), rutin (97.50, 7312.50, and 11700.00 ng mL−1), quercetin (164.00, 
12300.00, and 19680.00 ng mL−1), and kaempferol (116.25, 8718.75, and 
13950.00 ng mL−1) for bile; and sophoricoside (11.52, 2880.00, and 4608.00 
ng mL−1), genistin (80.00, 20000.00, and 32000.00 ng mL−1), genistein (15.60, 
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3900.00, and 6240.00 ng mL−1), rutin (19.50, 4875.00, and 7800.00 ng mL−1), 
quercetin (32.80, 8200.00, and 13120.00 ng mL−1), and kaempferol (23.25, 
5812.50, and 9300.00 ng mL−1) for urine. 

 
 

Preparation of Samples 
 

Experimental animals 
 

Male Sprague–Dawley rats (250–300 g) were supplied by Experimental 
Animal Research Center, Hebei Medical University, China. The rats were 
kept at a temperature of 22–24 °C and a relative humidity of 50 ± 5%. This 
projects that all animal experiments were carried out according to guide-
lines for experimental animal management committee of Hebei Medical 
University, China. They were fed with food and water ad libitum and fasted 
for 12 h before urine and bile collections, but had access to deionized water.  

 
The collection of bile 

 
Six rats were given Fructus Sophorae extract at a dose of 2.5 mL kg−1. After 
oral administration, the bile was collected at 0–2, 2–4, 4–6, 6–8, 8–12, 12–24, 
24–30, and 30–36 h, and the volume was determined and stored at −20 °C.  

 
 

The collection of urine 
 

Six rats were given Fructus Sophorae extract at a dose of 2.5 mL kg−1. After 
oral administration, the urine was collected at 0–4, 4–8, 8–12, 12–24, 24–36, 
36–48, 48–60, 60–72, and 72–96 h, and the volume was determined and 
stored at −20 °C.  

 
The preparation of bile and urine samples 

 
A simple liquid–liquid extraction (LLE) method was applied for the prepa-
ration of bile and urine samples. To a 400 μL of bile (or urine), 20 μL of the 
IS1 (or IS2) and 20 μL of methanol (volume of the corresponding working 
solution for calibration curve and QC samples) were added. Then, the mix-
ture was vortexed for 30 s and extracted with 1 mL of ethyl acetate by 
shaking on a vortex mixer for 5 min at room temperature. The upper layer 
was transferred to a clean tube after centrifugation at 10,000 rpm for 10 min. 
The upper organic phase was evaporated to dryness under a gentle stream 
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of nitrogen. The obtained residue was reconstituted in 100 μL of 50% 
methanol and centrifuged at 10,000 rpm for 5 min. Finally, 10 μL of the su-
pernatant was injected into the HPLC–MS system. 

 
 

Method Validation 

Specificity 
 

The specificity of the method was examined by comparing the blank bile 
and urine with the corresponding spiked bile and urine samples, and the 
bile and urine samples were collected after oral administration. Blank sam-
ples from six different batches of rat bile and urine were prepared in the 
same manner as described in Sample Preparation section.  

 
 

Linearity of calibration curve, LLOQ, and LOD 
 

The calibration samples were prepared by adding 20 μL working solutions 
and 20 μL IS solution to 400 μL blank bile or 400 μL blank urine, respec-
tively, and then extracted as described above. Calibration curves were con-
structed using the analyte and IS peak-area ratios via a weighted (1/χ2) 
least-squares linear regression in the form of y = ax + b. The lower limit of 
quantification (LLOQ) of the assay was defined as the lowest concentration 
of the standard curve that could be quantitated (LLOQ, S/N = 10). The LOD 
was defined as the amount that could be detected (LOD, S/N = 3). 

 
 

Accuracy and precision 
 

Three validation batches, each containing six replicates of QC samples at 
low, medium, and high concentration levels were assayed to assess the ac-
curacy and precision of the method on three consecutive validation days. 
The accuracy was expressed by relative error (RE), and the precision was 
denoted by the relative standard deviation (RSD). 

 
 

Stability 
 

The stability of the analytes in bile and urine was assessed by analyzing QC 
samples at three concentration levels through three freeze–thaw cycles 
(−20 °C to room temperature as one cycle), on the bench at room tempera-
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ture for 24 h (short-term stability), at −20 °C in the freezer for 21 days 
(long-term stability), and in the stock solutions at room temperature for 24 h 
(extracted sample/autosampler stability) [8, 18, 20].  

 
 

Extraction recovery and matrix effect 
 

The extraction recovery of the six flavones was determined at three concen-
tration levels by comparing the peak area of each analyte extracted from 
bile and urine samples with that of post-extraction spiked bile and urine 
blank. Evaluating matrix effect (ME) is a key problem when developing an 
LC–MS/MS method. When matrix compounds and analytes enter the ion 
source at the same time, the ionization efficiency of the analyte might be in-
fluenced [21]. The matrix effect was evaluated by comparing the peak area 
responses of postextraction bile and urine blank spiked with analyte to 
those dissolved in methanol at corresponding concentrations [22, 23]. The 
determination of the extraction recovery and matrix effect of IS were similar 
to that of analytes.  

 
Peak Identification 

 
Identification of each analyte is a prerequisite for successful quantification. 
For structural identification, the information-dependent acquisition (IDA) 
method was used to trigger the enhanced product ion (EPI) scans by ana-
lyzing MRM signals [24].  

 
Results and Discussion 

Sample Preparation 
 

For extraction of flavonoids and IS with quantitative recovery and negligi-
ble matrix effect from bile and urine samples, an efficient extraction method 
was indispensable. Currently, the most widely employed bile and urine 
sample preparation methodologies are direct injection (DI), solid-phase ex-
traction (SPE), and liquid–liquid extraction (LLE) [18]. The DI procedure has 
the advantages of simplicity and universality. However, this technique re-
sulted in strong interferences from the sample matrix and low signal inten-
sity of the analytes and IS. Finally, LLE was applicable to use as it offers a 
pure sample and low matrix effect. Ethyl acetate, chloroform, and diethyl 
ether were all tested, and ethyl acetate was selected as extraction solvent 
due to its highest extraction efficiency and lowest interference. 
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Flavonoids are the main chemical constituents in Fructus Sophorae [1, 6], 
which implied that it would need great effort to find a flavonoid as an ideal 
IS. Finally, comprehensive consideration of the interference in biological 
specimen, stability under this analysis procedure, and consistency with the 
analytes at retention time and extraction efficiency, a chemical synthetic 
drug named sulfamethalazole was chosen as an IS. 

 
 

Chromatography 
 

To obtain the optimal chromatographic conditions, LC parameters includ-
ing the category of column, mobile phase, and flow rate of mobile phase 
were all tested and compared. Finally, the HPLC condition for the six fla-
vones was optimized and shown in Materials and Reagents section. In the 
mobile phase test, the addition of formic acid increased the ionization effi-
ciency of flavonoids. In this study, the chromatographic separation was car-
ried out with gradient elution, so formic acid added to aqueous phase kept 
the ratio of acid in the mobile phase in the process of analysis, which is why 
methanol–0.1% formic acid aqueous solution was chosen as the optimal 
mobile phase. The optimal condition provided higher signal intensity and 
better resolution and allowed the six flavones and the internal standard to 
be suitably separated within 9 min.  

 
 

Mass Spectrometry 
 

First, for developing the method, the optimization of precursor ions and 
product ions of the analytes and IS for MRM mode analysis by syringe 
pump infusion was a prerequisite. The detected ions and mass parameters 
such as DP and CE were observed by infusing individual standard solutions 
which dissolved in 50% methanol aqueous solution, via the electrospray 
source, into mass spectrometer using a syringe pump at a flow rate of      
5 μL min−1. Flavones in this study were examined in negative ion mode 
since it is known to yield better responses for these compounds compared 
to positive ion mode. The [M−H]− ion of each standard was selected as the 
precursor ions for MS/MS fragmentation analysis to obtain high selectivity 
and sensitivity. In MS/MS analysis, only precursor ion was isolated and 
then dissociated into product ions. Several fragment ions of each analyte 
were observed in the product ion spectra and the predominant fragment 
ions were chosen in MRM acquisition for quantification. The product ion 
scan spectra of the six flavones and IS are shown in Fig. 1. 
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Method Validation 
 
All the analytes and internal standard could be detected on their own se-
lected ion chromatograms without any significant interference (Figs. 2   
and 3). 

 

 
Fig. 2. Representative extract ion MRM chromatograms of (1) sophoricoside, (2) genistin, 
(3) genistein, (4) rutin, (5) quercetin, (6) kaempferol, and sulfamethoxazole (IS): (A) blank 

bile; (B) blank bile spiked with the six analytes at LLOQ and IS; (C) a test bile sample 
collected 2–4 h after a single oral administration of Fructus Sophorae extract 
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Fig. 3. Representative extract ion MRM chromatograms of (1) sophoricoside, (2) genistin, 
(3) genistein, (4) rutin, (5) quercetin, (6) kaempferol, and sulfamethoxazole (IS): (A) blank 

urine; (B) blank urine spiked with the six analytes at LLOQ and IS; (C) a test urine 
sample collected 4–8 h after a single oral administration of Fructus Sophorae extract 

 
 

The calibration curves of sophoricoside, genistin, genistein, rutin, 
quercetin, and kaempferol exhibited good linearity with correlation coeffi-
cients (r) within the range from 0.9952 to 0.9982 for bile and from 0.9952 to 
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0.9994 for urine. The regression equation of calibration curves, their correla-
tion coefficients (r), linear ranges, LLOQs, and LODs obtained from typical 
calibration curves of bile and urine are shown in Table II and Table III.  

 
Table II. The calibration curves, linear range, lower limit of quantitation (LLOQ), and 

limit of detection (LOD) of the six analytes in bile 

Compounds Regression equation r Linear range 
(ng mL−1) 

LLOQ 
(ng mL−1)

LOD  
(ng mL−1) 

Sophoricoside y = 0.0379x − 0.1001 0.9976 0.29–432.00 0.29 0.12 

Genistin y = 0.0064x + 0.1743 0.9979 2.00–3000.00 2.00 0.96 

Genistein y = 0.0372x + 1.3641 0.9952 0.39–585.00 0.39 0.18 

Rutin y = 0.0103x − 0.0874 0.9958 0.48–731.25 0.48 0.24 

Quercetin y = 0.0450x − 1.3262 0.9956 0.82–1230.00 0.82 0.36 

Kaempferol y = 0.0078x − 0.0856 0.9982 0.58–871.88 0.58 0.23 

 
Table III. The calibration curves, linear range, lower limit of quantitation (LLOQ), and 

limit of detection (LOD) of the six analytes in urine 

Compounds Regression equation r Linear range 
(ng mL−1) 

LLOQ 
(ng mL−1)

LOD 
 (ng mL−1) 

Sophoricoside y = 0.3388x + 4.1678 0.9954 0.29–288.00 0.29 0.15 

Genistin y = 0.0365x + 1.8390 0.9959 2.00–2000.00 2.00 1.06 

Genistein y = 9.1949x + 281.12 0.9952 0.39–390.00 0.39 0.19 

Rutin y = 0.0020x + 0.0013 0.9994 0.49–487.50 0.49 0.25 

Quercetin y = 0.0507x + 2.6192 0.9956 0.82–820.00 0.82 0.43 

Kaempferol y = 0.0038x + 0.0608 0.9963 0.58–581.25 0.58 0.27 

 
The results of the inter- and intra-day precision (<15%) and accuracy 

(within ±15%) at QC concentrations were shown in Table IV and Table V, 
which indicate that the assay had remarkable reproducibility with accept-
able accuracy and precision. 

The extraction recoveries and matrix effect for the six analytes were 
listed in Table IV and Table V. The extraction recovery of analytes ranged 
from 64.9% to 81.5% for bile, and from 66.7% to 83.2% for urine, and the ex-
traction recoveries of IS were 82.6%. For matrix effect, the values ranged 
from 85.7% to 105.5% for bile and from 87.4% to 103.0% for urine, which in-
dicates no matrix effect for quantification of the target flavones in the de-
veloped method. 
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Table IV. Intra- and inter-assay precision, accuracy, extract recovery, and matrix effect (ME) values of the six components from  

Fructus Sophorae in bile 

Concentration Intra-day (n = 6) Inter-day (n = 6) Extract ME 
Compounds 

(ng mL−1) 
Mean ± SD  
(ng mL−1) 

Accuracy 
(%) 

Precision 
(%) 

Mean ± SD  
(ng mL−1) 

Accuracy  
(%) 

Precision 
 (%) 

recovery 
 (%) 

(%) 

Sophoricoside 2.88  2.71 ± 0.09 −5.9 4.3 2.67 ± 0.11 −7.3 5.9 80.5 93.4 

 216.00  229.08 ± 6.44 6.1 9.2 209.08 ± 7.32 −3.2 6.0 75.1 91.2 

 345.60  354.55 ± 5.28 2.6 2.6 351.25 ± 12.01 1.6 5.7 74.7 98.2 

Genistin 20.00  20.53 ± 2.83 2.6 10.2 20.67 ± 2.56 3.4 8.9 68.7 102.6 

 1500.00  1456.35 ± 15.25 −2.9 3.4 1534.37 ± 34.85 2.3 6.0 70.8 94.8 

 2400.00  2463.33 ± 65.81 2.6 2.9 2453.73 ± 55.93 2.2 6.4 73.2 88.7 

Genistein 3.90  3.63 ± 0.45 −6.9 12.2 3.97 ± 0.74 1.8 7.2 81.5 97.4 

 292.50  290.93 ± 9.73 −0.5 2.2 308.23 ± 15.17 5.4 4.3 72.7 101.4 

 468.00  493.67 ± 12.27 5.5 5.3 433.54 ± 13.57 −7.4 3.0 74.5 93.3 

Rutin 4.88  4.57 ± 0.25 −6.4 3.6 5.07 ± 0.64 3.9 6.3 66.2 86.5 

 365.63  375.13 ± 15.66 2.6 10.4 379.17 ± 14.53 3.7 7.6 74.2 103.3 

 585.00  563.92 ± 16.65 −3.6 5.3 560.32 ± 18.34 −4.2 10.0 80.2 104.2 

Quercetin 8.20  8.73 ± 0.37 6.5 4.3 7.73 ± 0.69 −5.7 8.3 67.6 101.8 

 615.00  632.33 ± 22.32 2.8 9.7 639.53 ± 20.98 4.0 1.9 74.5 93.7 

 984.00  954.00 ± 47.74 −3.0 4.8 944.00 ± 57.14 −4.1 12.4 73.9 85.7 

Kaempferol 5.81  5.62 ± 0.21 −3.3 3.7 6.42 ± 0.81 10.5 4.5 71.2 87.8 

 435.94  449.58 ± 8.04 3.1 3.8 429.52 ± 7.15 −1.5 8.7 64.9 96.9 

 697.50  639.67 ± 19.43 −8.3 7.7 643.47 ± 20.72 −7.7 14.5 76.4 105.5 
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Table V. Intra- and inter-assay precision, accuracy, extract recovery, and matrix effect (ME) values of the six components from  

Fructus Sophorae in urine 

Concentration Intra-day (n = 6) Inter-day (n = 6) Extract ME 
Compounds 

(ng mL−1) 
Mean ± SD 
 (ng mL−1) 

Accuracy 
(%) 

Precision
 (%) 

Mean ± SD  
(ng mL−1) 

Accuracy  
(%) 

Precision 
(%) 

recovery 
 (%) 

(%) 

Sophoricoside 0.58 0.51 ± 0.04 −12.1 8.1 0.50 ± 0.03 −13.8 11.3 79.5 103.0 

 144.00 134.23 ± 8.36 −6.8 4.3 156.78 ± 9.45 8.9 5.6 74.3 95.2 

 230.40 243.67 ± 11.36 5.8 10.3 246.32 ± 10.57 6.9 9.3 73.6 102.5 

Genistin 4.00 4.21 ± 0.23 5.2 3.6 4.16 ± 0.19 4.0 4.9 69.3 101.0 

 1000.00 1029.08 ± 46.44 2.9 4.1 1037.08 ± 45.95 3.7 2.8 71.1 92.5 

 1600.00 1554.55 ± 55.38 −2.8 4.8 1654.55 ± 50.31 3.4 5.4 78.3 101.7 

Genistein 0.78 0.73 ± 0.03 −6.4 7.2 0.70 ± 0.04 −10.3 8.2 80.5 98.8 

 195.00 186.35 ± 10.15 −4.4 6.4 189.35 ± 9.12 −2.9 2.6 73.2 96.8 

 312.00 333.52 ± 17.31 6.9 3.8 339.52 ± 16.20 8.8 4.3 75.5 99.4 

Rutin 0.98 0.87 ± 0.03 −11.2 8.1 0.91 ± 0.04 −7.1 5.8 67.3 94.5 

 243.75 252.93 ± 9.73 3.8 2.3 262.93 ± 12.43 7.9 6.8 77.5 106.0 

 390.00 373.67 ± 10.86 −4.2 5.7 403.67 ± 13.12 3.5 8.8 83.2 96.4 

Quercetin 1.64 1.77 ± 0.11 7.9 7.3 1.67 ± 0.16 1.8 6.3 77.6 101.0 

 410.00 395.53 ± 17.66 −3.5 6.9 385.53 ± 19.73 −6.0 9.7 66.7 91.8 

 656.00 673.92 ± 23.65 2.7 3.2 670.92 ± 21.35 2.3 1.9 74.6 91.8 

Kaempferol 1.16 1.11 ± 0.07 −4.3 2.7 1.26 ± 0.10 8.6 5.3 73.9 87.4 

 290.63 302.33 ± 9.89 4.0 3.6 272.33 ± 10.42 −6.3 4.2 69.4 91.7 

 465.00 444.00 ± 11.74 −4.5 5.6 480.40 ± 15.63 3.3  3.3 73.9 92.8 
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Fig. 4. The accumulation of the six flavonoids excreted in the bile (A) and  
urine (B) after oral administration of Fructus Sophorae extract 

 
 

The stability experiments aimed at testing samples under all possible 
conditions the samples might experience after collecting and prior to analy-
sis. The differences between mean determined concentration and nominal 
concentration were within ±15%. 
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Excretion Studies of Six Flavonoids in  
Rat Bile and Urine 

 
The concentrations of flavonoids in bile and urine were determined by the 
established HPLC–ESI–MS/MS method. The accumulation of six flavonoids 
excreted in the bile and urine after oral administration of Fructus Sophorae 
extract is shown in Fig. 4. In the bile samples, the six flavonoids excreted 
completely in 36 h and the average percentages of six flavonoids excreted 
were 0.058%, 0.712%, 0.966%, 0.026%, 0.261%, and 0.680%. In the urine sam-
ples, the six flavonoids excreted completely in 96 h. The average percent-
ages of six flavonoids excreted were 0.049%, 0.156%, 0.133%, 0.111%, 2.763%, 
and 2.028%. The results showed that less than 3% analytes as unchanged 
drug were excreted via bile and less than 6% analytes as unchanged drug 
was excreted via urine, suggesting that these six flavonoids undergo sig-
nificant metabolism in the body.  

The differences of average percentages between six flavonoids excreted 
in bile and urine samples are shown in Fig. 5. The results indicate that the 
amount of quercetin and kaempferol excreted via urine was more than that 
of bile, while the amount of genistin and genistein excreted via bile was 
more than that of urine. However, the total excretion of the six flavonoids 
via bile and urine was very limited. This suggests that the six flavonoids 
must undergo other excretion or might be transformed into their metabo-
lites. These hypotheses need further investigation.  

 

 
Fig. 5. The differences of average percentages between six flavonoids excreted in bile and 

urine samples 
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Conclusion 
 
In this paper, a rapid, selective, and specific LC–MS/MS method has been 
developed and validated for simultaneous analysis of six flavonoids in rat 
bile and urine. The total analysis time was 9 min. To our knowledge, this is 
the first excretion study on these flavonoids after oral administration of 
Fructus Sophorae extract. The interrelated data for excretion were summa-
rized. These results may offer useful information for clinical application of 
traditional Chinese medicines. 
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