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Abstract: Kushen (Radix Sophorae Flavescentis) is the dried roots of Sophora Flavescens Ait, alkaloids and flavo-
noids are the main active constituents of Radix Sophorae Flavescentis. The influence of Radix Sophorae Flavescen-
tis on the activities of CYP450 isoforms CYP2B6, CYP2C19, CYP1A2, CYP2C9, CYP3A4 and CYP2D6 were evaluated 
by cocktail method. The rats were randomly divided into Radix Sophorae Flavescentis group and control group. The 
Radix Sophorae Flavescentis group rats were given 5 g/kg Radix Sophorae Flavescentis decoction by intragastric 
administration. The six probe drugs (bupropion, omeprazole, phenacetin, tolbutamide, midazolam and metroprolol) 
were given to rats through intragastric administration, and the plasma concentration were determined by UPLC-MS/
MS. The result of Radix Sophorae Flavescentis group compared to control group, there were statistical pharmaco-
kinetics difference for omeprazole, phenacetin, tolbutamide and metroprolol. It indicated that the Radix Sophorae 
Flavescentis may induce the activities of CYP2D6, and inhibit of CYP2C19, CYP1A2 and CYP2C9 of rats. As other 
drugs are always used after Radix Sophorae Flavescentis, interactions between other drugs and Radix Sophorae 
Flavescentis undertake the risk of either diminished efficacy or adverse effects. This may give advising for reason-
able drug use after Radix Sophorae Flavescentis.
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Introduction

Kushen (Radix Sophorae Flavescentis) is the 
dried roots of Sophora Flavescens Ait, alkaloids 
and flavonoids are the main active constituents 
of Radix Sophorae Flavescentis, which mainly 
include benzoic acids, isoflavone glycosides 
and alkaloids. Modern pharmacological experi-
ments show that the alkaloids in Kushen (Radix 
Sophorae Flavescentis) have a variety of phar-
macological activities, including anti-tumour, 
antibacterial, anti-inflammatory and analgesic 
effects [1, 2]. Cytochromes P450 (CYP) consti-
tutes the major drug-metabolizing enzyme sys-
tem in human beings. A large number of drugs 
are metabolized by CYP enzymes in the liver, 
and more than 90% of drug-drug interactions 
occur at the CYP-catalyzed step [3-5]. The 
activity of these enzymes is subjected to a 
great interindividual variability which could 
cause interindividual differences in plasma 

drug concentrations and result in therapeutic 
failure or side effects [6]. To avoid these prob-
lems, it is of great importance to evaluate the in 
vivo CYP activity (phenotyping). 

In this paper, six probe drugs are used to evalu-
ate the induction or inhibition effects of Radix 
Sophorae Flavescentis on the activities of rats 
CYP450 isoforms such as CYP2B6, CYP2C19, 
CYP1A2, CYP2C9, CYP3A4 and CYP2D6 in rats. 
According to the changes of pharmacokinetic 
parameters of six specific probe drugs, it may 
provide rational drug guidance use after Radix 
Sophorae Flavescentis.

Material and methods

Chemicals

Bupropion, omeprazole, phenacetin, tolbuta-
mide, midazolam, metroprolol (purity, all > 98%) 
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and the internal standard diazepam were 
obtained from Sigma-Aldrich Company (St. 
Louis, USA). Ultra-pure water was prepared by 
Millipore Milli-Q purification system (Bedford, 
USA). Methanol and acetonitrile (HPLC grade) 
were obtained from Merck Company (Darm- 
stadt, Germany). 

Animals

Sprague-Dawley rats (male, 220±20 g) were 
purchased from Shanghai SLAC Laboratory 
Animal Co., Ltd. Animals were housed under a 
natural light-dark cycle conditions with con-
trolled temperature (22°C). All twenty rats were 
housed at Wenzhou Medical University 
Laboratory Animal Research Center. All experi-
mental procedures were approved ethically by 
the Wenzhou Medical University Administration 
Committee of Experimental Animals.

Radix Sophorae Flavescentis decoction

These raw materials were obtained from the 
Second Affiliated Hospital & Yuying Children’s 
Hospital of Wenzhou Medical University, China, 
and stored in an environment of normal atmo-
spheric pressure and decoction at 100°C for 
30 minutes, and then the residues were dis-
carded, the final decoction concentration was 
fixed at 2.5 g/mL. The decoction was stored at 
4°C.

UPLC-MS/MS determination of probe drugs

The concentration of bupropion, omeprazole, 
phenacetin, testosterone, tolbutamide and 
metroprolol in rat plasma were simultaneously 
determined by a sensitive and simple UPLC-
MS/MS method [7]. UPLC-MS/MS with ACQUITY 
I-Class UPLC and a XEVO TQD triple quadrupole 
mass spectrometer equipped with an electro-
spray ionization (ESI) interface (Waters Corp., 
Milford, MA, USA) were used to analyze the 

compounds. The UPLC system was comprised 
of a Sample Manager with Flow-Through Needle 
(SM-FTN) and a Binary Solvent Manager (BSM). 
The Masslynx 4.1 software was used for data 
acquisition and instrument control (Waters 
Corp., Milford, MA, USA).

Pharmacokinetics

Twenty rats (220±20 g) were randomly divided 
to Radix Sophorae Flavescentis group and con-
trol group. Radix Sophorae Flavescentis group 
were give Radix Sophorae Flavescentis decoc-
tion (5 g/kg) by intragastric administration. 
Control group were give saline by intragastric 
administration. After 7 days, the Radix 
Sophorae Flavescentis and control group intra-
gastric administration of six probe drugs (bupro-
pion, omeprazole, phenacetin, tolbutamide, 
midazolam and metroprolol, 10, 10, 10, 1, 10 
and 10 mg/kg).

Blood (0.2 mL) samples were collected at 
0.0833, 0.5, 1, 2, 3, 4, 6, 8, 12, 24, 36 h from 
the tail vein into heparinized 1.5 mL polythene 
tubes after intragastric administration of six 
probe drugs. The 50 μL plasma was obtained 
from blood sample after centrifuged at 4000 g 
for 10 min. In a 1.5 mL centrifuge tube, 50 μL 
of collected plasma sample followed by the 
addition of 150 μL of acetonitrile (containing 
50 ng/mL IS). After vortex-mixed for 1.0 min, 
the sample was centrifuged at 13000 g for 15 
min. Then the 2 µL supernatant was injected 
into the UPLC-MS/MS system for analysis. 

Plasma probe drugs concentration versus time 
was analyzed by Version 3.0 Data Analysis 
System (Wenzhou Medical University, China). 
The main pharmacokinetic parameters of the 
Radix Sophorae Flavescentis group and control 
group were analyzed by SPSS l8.0 statistical 
software, statistical significance was assessed 

Table 1. Pharmacokinetic parameters of bupropion and omeprazole in control-group and Radix so-
phorae flavescentis-group rats (mean ± SD, n=10)

Parameters
AUC(0-t) AUC(0-∞) t1/2 CL V Cmax

ng/mL*h ng/mL*h h L/h/kg L/kg ng/mL
Bupropion Control 255.7±297.7 284.7±333.7 2.5±0.5 88.6±65.7 337.0±326.7 131.4±146.2

Radix sophorae flavescentis 151.1±133.9 156.8±135.9 1.6±0.7* 93.2±44.2 225.5±154.5 62.1±59.1

Omeprazole Control 58.8±13.6 62.9±16.4 0.8±0.7 169.0±46.6 182.6±114.9 63.0±22.2

Radix sophorae flavescentis 144.5±59.4** 147.4±61.5** 0.6±0.1 86.5±59.9* 77.9±61.3 213.4±84.8**

Compared Radix sophorae flavescentis group with the control group, *: P<0.05, **: P<0.01.
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Table 2. Pharmacokinetic parameters of and phenacetin and tolbutamide in control-group and Radix sophorae flavescentis -group rats (Mean ± 
SD, n=10)

Parameters
AUC(0-t) AUC(0-∞) t1/2 CL V Cmax

ng/mL*h ng/mL*h h L/h/kg L/kg ng/mL
Phenacetin Control 376.3±130.5 380.1±127.1 1.4±0.9 28.9±9.6 66.4±57.5 546.5±109.0

Radix sophorae flavescentis 1849.5±1129.7* 1851.1±1129.6* 0.7±0.3 7.5±4.4** 7.2±5.8* 1530.9±658.8*

Tolbutamide Control 52607.0±13518.7 193505.7±148512.1 65.6±50.2 0.008±0.008 0.535±0.260 1893.6±560.8
Radix sophorae flavescentis 56765.5±21022.1 57620.5±21275.2* 5.7±1.7* 0.020±0.007* 0.157±0.059** 5336.6±2942.6**

Compared Radix sophorae flavescentis group with the control group, *: P<0.05, **: P<0.01.

Table 3. Pharmacokinetic parameters of midazolam and metroprolol in control-group and Radix sophorae flavescentis-group rats (Mean ± SD, 
n=10)

Parameters
AUC(0-t) AUC(0-∞) t1/2 CL V Cmax

ng/mL*h ng/mL*h h L/h/kg L/kg ng/mL
Midazolam Control 342.1±154.4 375.1±173.4 1.1±0.2 37.7±32.1 53.3±36.8 214.9±89.3

Radix sophorae flavescentis 300.9±78.1 332.1±89.2 1.1±0.3 31.9±8.7 51.0±21.9 180.6±59.6
Metroprolol Control 1139.5±249.1 1241.6±293.0 1.6±0.2 8.4±1.9 19.2±4.4 606.0±149.2

Radix sophorae flavescentis 538.2±234.0** 551.6±226.8** 0.8±0.2** 22.9±15.0* 31.6±30.9 304.2±133.2**

Compared Radix sophorae flavescentis group with the control group, *: P<0.05, **: P<0.01.
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Figure 1. The pharmacokinetics profiles of bupropion, omeprazole, phenacetin, tolbutamide, midazolam and metroprolol in control-group and Radix Sophorae 
Flavescentis-grouprats (n=10).
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by t-test (P<0.05 was considered as statistical-
ly significant).

Results

UPLC-MS/MS method

The LLOQ for each probe drug in plasma was 2 
ng/mL. The RSD of the six probe drugs were 
less than 10%. The calibration plot of the probe 
drugs is in the range of 2-2000 ng/mL 
(r>0.995). The intra-day and inter-day accuracy 
ranged from 85% to 110%. The matrix effects 
were more than 85% or less than 112%. The 
extraction recoveries were better than 83%. To 
this effect, the established method is suitable 
for pharmacokinetic study.

Pharmacokinetics

The main pharmacokinetic parameters of 
bupropion, omeprazole, phenacetin, tolbuta-
mide, midazolam and metroprolol were sum-
marized from non-compartment model analy-
sis in Tables 1-3. The representative bupropion, 
omeprazole, phenacetin, tolbutamide, midazol-
am and metroprolol concentration vs. time pro-
files were presented in Figure 1. As could be 
seen from Figure 1, the Cmax and AUC of omepra-
zole, phenacetin, tolbutamide in Radix 
Sophorae Flavescentis group is higher than the 
control group, while the Cmax and AUC of bupro-
pion, metroprolol is lower than the control 
group. 

Discussion

As other drugs are always used after Radix 
Sophorae Flavescentis, interactions between 
other drugs and Radix Sophorae Flavescentis 
undertake the risk of either diminished efficacy 
or adverse effects. Drug-drug interactions 
often occur at the active site of these enzymes 
since CYP450 enzymes play a key role in the 
phase I metabolism of the majority of all mar-
keted drugs.

In general, changes in pharmacokinetics are 
thought to be caused by drug-drug or drug-food 
interactions [8]. In pharmacokinetic interac-
tions, approximately 65% of drug-drug interac-
tions occur in metabolic sites, and drug meta-
bolic enzymes are considered to be the most 
important interactive sites. Similarly, supple-
ment-drug interactions involving CYP activity 

are occasionally found to cause considerable 
adverse events. For these reasons, we evalu-
ated the effects of Radix Sophorae Flavescentis 
on the activity of CYP enzymes in vivo. We 
selected CYP isoforms CYP2B6, CYP2C19, 
CYP1A2, CYP2C9, CYP3A4 and CYP2D6, which 
more than 90% of drugs are known to be 
metabolized by these 6 CYP enzymes [9-13].

As can be seen from Table 1, the pharmacoki-
netic parameters of bupropion and omeprazole 
have changed, AUC(0-t) decreased (P>0.05), CL 
increased (P>0.05), Cmax decreased (P>0.05) 
for bupropion, compared Radix Sophorae 
Flavescentis group with the control group; 
AUC(0-t) increased (P<0.01), CL decreased (P< 
0.05), Cmax increased (P<0.01) for omeprazole. 
It indicates that the Radix Sophorae 
Flavescentis on rats may not inhibit or induce 
the activity of CYP2B6 enzyme and inhibit 
CYP2C19 enzyme of rats. The above results 
showed that when Radix Sophorae Flavescentis 
used incombination with other drugs which 
metabolized by the CYP2C19, the potential 
herb-drug interactions would be pay more 
attention so as to reduce some adverse reac-
tions due to high plasma concentration.

As can be seen from Table 2, the pharmacoki-
netic parameters of phenacetin and tolbuta-
mide have changed, AUC(0-t) increased (P<0.05), 
CL decreased (P<0.01), Cmax increased (P<0.05) 
for phenacetin, compared Radix Sophorae 
Flavescentis group with the control group; 
AUC(0-∞) increased (P<0.05), CL decreased 
(P<0.05), Cmax increased (P<0.01) for tolbutami- 
de. It indicates that the Radix Sophorae 
Flavescentis may inhibit the activity of CYP1A2 
and CYP2C9 enzyme of rats. The above results 
showed that when Radix Sophorae Flavescentis 
used incombination with other drugs which 
metabolized by the CYP1A2 and CYP2C9, the 
potential herb-drug interactions would be pay 
more attention so as to reduce some adverse 
reactions due to high plasma concentration.

As can be seen from Table 3, the pharmacoki-
netic parameters of midazolam and metropro-
lol have changed, AUC(0-t) decreased (P>0.05), 
CL decreased (P>0.05), Cmax decreased (P> 
0.05) for midazolam, compared Radix Sophorae 
Flavescentis group with the control group; 
AUC(0-t) decreased (P<0.01), CL increased 
(P<0.05), Cmax increased (P<0.01) for metropro-
lol. It indicates that the Radix Sophorae 
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Flavescentis could not influence the activity of 
CYP3A4 and may induce the activity of CYP2D6 
enzyme in rats. The above results showed that 
when Radix Sophorae Flavescentis used in 
combination with other drugs which metabo-
lized by the CYP2D6, the potential herb-drug 
interactions would be pay more attention so as 
to the failure in treatment due to low plasma 
concentration.

Conclusion

In our study, Radix Sophorae Flavescentis (5 g/
kg) may induce the activities of CYP450 iso-
forms CYP2D6 of rats, and may inhibit of 
CYP2C19, CYP1A2 and CYP2C9 of rats. These 
results would give us valuable information 
regarding the interactions of Radix Sophorae 
Flavescentis with drugs, drugs used after Radix 
Sophorae Flavescentis might cause pharmaco-
kinetic interactions, which required dose 
adjustment to avoid over dosage or reduced 
plasma concentration.
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