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abstraCt

The alkaloid rutaecarpine exhibits antithrombotic and vasorelaxant effects.  To characterize mouse cytochrome P450 (P450, 
CYP)-catalyzed rutaecarpine hydroxylations, the induction, inhibition, and kinetic properties of rutaecarpine hydroxylations were 
determined using liver microsomes of C57BL/6J mice.  In untreated mice, rutaecarpine 10-, 11-, 12-, and 3-hydroxylation had Km 
and Vmax values ranging, respectively, between 11.6~16.7 μM and 62~197 pmol/min/mg protein.  The formation rates of the four 
hydroxylated metabolites were inhibited by α-naphthoflavone and orphenadrine, but not by either sulfaphenazole or ketoconazole. 
3-Methylcholanthrene-treatment increased rutaecarpine 11-, 12-, and 3-hydroxylation activities.  Phenobarbital-treatment increased 
rutaecarpine 10-, 11-, 12-, and 3-hydroxylation activities.  Dexamethasone had no effect on these hydroxylation reactions in mice. 
These results indicated that CYP1A and CYP2B, but not CYP3A, play major roles in rutaecarpine hydroxylations in mice. 

Abbreviations: CYP, cytochrome P450; 3-MC, 3-methylcholanthrene; G6P, glucose-6-phosphate; α-NF, α-naphthoflavone; β-
NADP+, β-nicotinamide adenine dinucleotide phosphate.
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introDuCtion

Rutaecarpine is  a  main quinazol inocarbol ine 
alkaloid isolated from Evodia rutaecarpa (Wu-chu-
yu), which is used as a herbal medicine in the treatment 
of  gas t ro in tes t ina l  d isorders  and  headaches (1 ,2) . 
Pharmacological effects attributed to rutaecarpine 
include antithrombotic, antianoxic, hypotensive, and 
vasorelaxant(3).  Microsomal cytochrome P450 (P450, 
CYP)-dependent monooxygenase is the main enzyme 
system responsible for the oxidative metabolism of a 
variety of endogenous and xenobiotic compounds including 
natural products(4).  The resulting metabolites may show 
adverse effects or either cause a reduction or enhancement 
in parent compound pharmacological activity.  In vitro, 
rutaecarpine is a CYP1A2-selective inhibitor in mouse 
and human liver microsomes without preincubation with 
NADPH(5).  Iwata et al. (2005) reported that rutaecarpine 
was a mechanism-based inhibitor of human CYP3A(6).  In 
vivo, oral treatment of mice with rutaecarpine significantly 
increased CYP1A2 protein level and catalytic activity in 
mice(7).  These results demonstrated interaction between 
rutaecarpine and P450.  However, mouse liver microsomal 
metabolites of rutaecarpine were not identified and 
metabolic rates were not reported.

Rutaecarpine was metabolized using rat  l iver 
microsomal enzymes to form 10-, 11-, 12-, and 3-hydroxyr
utaecarpine(8).  The formation rate of the total rutaecarpine 
metabolites was enhanced following treatments with 
3-methylcholanthrene (3-MC) and phenobarbital but was 
unaffected following treatments with dexamethasone 
a n d  a c e t o n e ( 9 ) .   I n  b o t h  r a t s  a n d  m i c e ,  3 - M C , 
phenobarbital, acetone, and dexamethasone are prototypic 
inducers of CYP1A, CYP2B, CYP2E1, and CYP3A, 
respectively(10-12).  These results suggest that CYP1A and 
CYP2B play main roles in the metabolism of rutaecarpine 
in rats.  However, quantification and kinetic analyses of 
rutaecarpine metabolite formation were not investigated. 
α-Naphthoflavone (α-NF), orphenadrine, sulfaphenazole, 
and ketoconazole are, respectively, inhibitors of CYP1A, 
CYP2B, CYP2C, and CYP3A(13,14).  Thus, we have studied 
the effects of P450 inhibitors and inducers on rutaecarpine 
oxidation to identify main mouse P450 forms involved in 
each metabolite formation.  Hydroxyrutaecarpines were 
synthesized to perform quantification and kinetic analyses.

MateriaLs anD MethoDs

I. Chemicals

Rutaecarpine was synthesized using the method 
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desc r ibed  by  Bergman  and  Bergman  (1985) (15) . 
Disodium dexamethasone 21-phosphate, glucose-6-
phosphate (G6P), G6P dehydrogenase, ketoconazole, 
3-MC, 4-methylpyrazole, α-NF, β-nicotinamide adenine 
dinucleotide phosphate (β-NADP+), orphenadrine, sodium 
phenobarbital, quinidine, and sulfaphenazole were 
purchased from Sigma-Aldrich Inc.  (St. Louis, MO, USA). 
Metabolites, 3-, 10-, 11-, and 12-hydroxyrutaecarpine were 
synthesized from corresponding methoxyrutaecarpines as 
described in a previous report(8).

II. Microsomal Preparation 

All experimental protocols involving animals were 
reviewed and approved by the Institutional Animal Care 
and Use Committee of the National Research Institute of 
Chinese Medicine.  Male C57BL/6J mice (5 weeks old, 
weighing 13~16 g) were purchased from the National 
Laboratory Animal Center, Taipei.  Before experimentation, 
mice were allowed a one-week acclimation period at 
the animal quarters with air conditioning, free access to 
commercial food pellets and an automatically controlled 
photoperiod of 12 hr light daily.  3-MC was dissolved in 
corn oil. Mice were treated with a single injection of 80 
mg/kg 3-MC intraperitoneally.  Liver microsomes were 
prepared after 48 hr. Phenobarbital and dexamethasone 
were dissolved in 0.9% sodium chloride.  Mice were 
treated with 80 mg/kg/day phenobarbital or 30 mg/kg/day 
dexamethasone intraperitoneally for four days.  Liver 
microsomes were prepared 24 hr after the final injection. 
Mouse liver microsomes were prepared by differential 

centrifugation at 4°C(16).  Microsomal pellets were stored 
at -75°C and microsomal activities were determined within 
two weeks. 

III. Enzyme Assays

Microsomal protein concentration was determined by 
the method of Lowry et al. (1951)(17).  P450 content was 
determined by the spectrophotometric method described by 
Omura and Sato (1964)(18).  Rutaecarpine hydroxylation 
activity was determined as described above(8).  Each 1 mL 
incubation mixture contained 50 mM potassium phosphate 
buffer, pH 7.4, 5 mM MgCl2, 1 mg/mL microsomal protein, 
a NADPH-generating system, and various concentrations 
of rutaecarpine as indicated in the results.  The NADPH-
generating system consisted of 13.7 mM G6P, 0.7 mM 
NADP, and 0.25 U/mL G6P dehydrogenase. Reaction 
was performed in a 37°C water bath with shaking for 20 
min.  Hydroxylation metabolites were separated through 
HPLC using an Extend-C18 column (4.6 × 250 mm, 5 μm, 
Agilent, USA) and detected by measuring the absorbance 
at 344 nm(8).  The amounts of hydroxyrutaecarpines were 
determined using synthetic standards.  Orphenadrine 
and 4-methylpyrazole were dissolved in water.  α-NF, 
sulfaphenazole, quinidine, and ketoconazole were dissolved 
in ethanol.  For the inhibition study, the concentrations 
of α-NF, orphenadrine, sulfaphenazole, and ketoconazole 
were 10, 500, 10, and 1 μM in the assay, respectively. 
Inhibitors were added simultaneously with rutaecarpine 
into the incubation mixture.  The final concentration of 
ethanol was lower than 0.4%.
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Figure 1. The HPLC chromatogram of rutaecarpine hydroxylations by mouse liver microsomes. Liver microsomes were prepared from 
untreated mice as described in the Materials and Methods section. Incubation was performed in the absence (A) and presence (B) of a NADPH-
generating system. The metabolites 10-, 11-, 12-, and 3-hydroxyrutaecarpine appeared at 15, 17, 28, and 31 min, respectively. Rutaecarpine 
appeared at 57 min. 
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IV. Data and Statistical Analyses

Kinetic analysis of mouse microsomal activity 
was performed by fitting velocity (v) values at various 
substrate concentrations (S) by unweighted nonlinear 
least-squares regression in accordance with the Michaelis-
Menten equation: v = Vmax*S/(Km±S), where Vmax equals 
the maximal velocity (Sigma Plot, Jandel Scientific, 
San Rafael, CA, USA).  Variance estimates (denoted 
as ± internal estimates of error) were derived from an 
analysis of individual datasets.  The statistical significance 
of differences between control and treated groups was 
evaluated using the Student’s t-test (Excel 2003, Microsoft 
Co., IL, USA), with a p value of < 0.05, considered to be 
statistically significant. 

resuLts

The  four  metabo l i t es  de tec ted  in  the  HPLC 
chromatogram of rutaecarpine metabolites in mice 
included 10-, 11-, 12-, and 3-hydroxyrutaecarpine (Figure 
1).  To determine the linear range of microsomal protein 
concentrations in rutaecarpine hydroxylation assay, 
researchers measured hydroxylation activity using various 
concentrations of microsomal proteins in the incubation 
mixture.  Rutaecarpine 10-, 11-, 12-, and 3-hydroxylation 
activities were in a linear relationship with protein 
concentrations in the range of 0.5-1.2 mg/mL in the assay 
(r ≥ 0.99) (Figure 2).  Thus, in the following studies, 1 
mg/mL microsomal protein was added to the rutaecarpine 
hydroxylation assay.   

The major rutaecarpine oxidation products in 
untreated mouse l iver  microsomes were  10-  and 
11-hydroxyrutaecarpine (Table 1), with the formation rate 
of 10-hydroxyrutaecarpine significantly higher than that 
of 11-hydroxyrutaecarpine.  Kinetic analysis revealed that 
these hydroxylations followed Michaelis-Menten reaction 
properties (Figure 3).  The plot of rutaecarpine concentration 
versus the formation rates of rutaecarpine hydroxylation 
metaboli tes  showed a hyperbolic  pat tern and the 
Lineweaver-Burk plot of the formation rates of rutaecarpine 
hydroxylation metabolites was in good linearity (r = 0.99).  

The Vmax values generated by nonlinear regression analysis 
for 10-, 11-, 12-, and 3-hydroxylation were 197, 177, 62, 
and 65 pmol/min/mg protein, respectively (Table 1).  The 
Km values for 10-, 11-, 12-, and 3-hydroxylation were 11.6, 
11.8, 16.7, and 12.0 µM, respectively.  We used 200 µM 
rutaecarpine in the following assays of liver microsomes to 
reach saturated substrate concentration. 

In the inhibition study, α-NF, a CYP1A inhibitor 
caused 59%, 70%, 74%, and 68% decreases of 10-, 11-, 12-, 
and 3-hydroxyrutaecarpine formation rates, respectively 
(Table 2).  Orphenadrine, a CYP2B inhibitor, caused 
46%, 45%, 53%, and 39% decreases of 10-, 11-, 12-, 

table 1. Rutaecarpine hydroxylation activity of mouse liver microsomes

Reaction Activitya pmol/min/mg protein
Kinetic parameters

Km μM Vmax pmol/min/mg protein
10-Hydroxylation     159 ± 11b 11.6 ± 1.5 197 ± 5
11-Hydroxylation  114 ± 7 11.8 ± 1.2 177 ± 3
12-Hydroxylation   41 ± 3 16.7 ± 1.6   62 ± 1
3-Hydroxylation   38 ± 3 12.0 ± 1.7   65 ± 2

a Liver microsomal activities were determined at 200 μM rutaecarpine as described in the Materials and Methods section. Results represent the 
mean ± SEM for five mice.

b Rutaecarpine 10-hydroxylation activity was significantly higher than 11-hydroxylation activity as analyzed using a Student’s t-test, p < 0.05. 
Kinetic parameters were calculated using a non-linear least-squares regression as described in the Materials and Methods section. The internal 
estimates of error (denoted as ±) are presented from analysis of individual sets of data with duplicated determinations.
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Figure 2. The relationships between rutaecarpine hydroxylation 
and protein concentrations in mouse liver microsomes. The 
formation rates of metabolites, 10-hydroxyrutaecarpine (●), 
11-hydroxyrutaecarpine (■), 12-hydroxyrutaecarpine (♦), and 
3-hydroxyrutaecarpine (∆) were determined using 200 µM 
rutaecarpine. Results represent the means of duplicate determinations. 
Lines represent the lines of best fit as determined by linear regression 
analysis. 
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and 3-hydroxyrutaecarpine formation rates, respectively.  
However, the CYP2C inhibitor, sulfaphenazole caused 
decreases of less than 20% in hydroxyrutaecarpine formation 
rates and the CYP3A inhibitor ketoconazole had no effects 
on rutaecarpine hydroxylations. 

In the induction study, microsomal rutaecarpine 
10-hydroxylation activity was raised by 67% with 
phenobarbital-treatment (Figure 4); 11-hydroxylation 
activity by 42% and 53%, respectively, with 3-MC and 
phenobarbital treatments; 12-hydroxylation activity by 
600% and 31%, respectively, with 3-MC and phenobarbital 
treatments; and 3-hydroxylation activity by 33% and 
49%, respectively,  with 3-MC and phenobarbital . 
Dexamethasone was found to have no effect on these 
hydroxylation activities.

DisCussion

It is recognized that species differences occur among 

xenobiotic-metabolizing P450 enzymes(19).  For example, 
the metabolic profiles in rats, mice and humans may show 
differences in regio-, enantio-, and stereo-selectivities. 
Our previous report demonstrated that rutaecarpine was 
oxidized by rat liver microsomes to form 10-, 11-, 12-, 
3-hydroxyrutaecarpine(8).  11-Hydroxyrutaecarpine was the 
most abundant metabolite in untreated rats.  In mice, 10- 
and 11-hydroxyrutaecarpine were the principal microsomal 
oxidation metabolites of rutaecarpine (Table 1 and Figure 
1).  This research is the first to show a quantitative 
determination for rutaecarpine oxidation metabolites 
in mice.  Mouse livers showed higher activity levels 
of 10-hydroxylation than 11-hydroxylation, suggesting 
that the metabolic profile of rutaecarpine does differ 
between species.  Beside the species differences, humans 
show individual metabolic variations caused by genetic 
polymorphism, smoking, diet, and other endogenous and 
environmental factors.  Thus, it will be of interest in the 
future to determine rutaecarpine hydroxylation in human 
liver samples.

table 2. Effects of CYP inhibitors on rutaecarpine hydroxylation activity in mouse liver microsomes

Inhibitor
% of control

10-hydroxyrutaecarpine 11-hydroxyrutaecarpine 12-hydroxyrutaecarpine 3-hydroxyrutaecarpine
α-Naphthoflavone (n = 5) 41 ± 5 30 ± 5 26 ± 6 32 ± 7 
Orphenadrine (n = 3) 54 ± 8 55 ± 7 47 ± 2 61 ± 8
Sulfaphenazole (n = 3) 83 ± 5   81 ± 11   98 ± 12 80 ± 8
Ketoconazole  (n = 5)   89 ± 10   93 ± 11 92 ± 6   99 ± 14

Results represent mean ± SEM of mouse liver microsomes. The number of mice (n) is shown in parenthesis. Rutaecarpine concentration was 
200 µM in the assay. The concentrations of inhibitors used in the assays were described in the Materials and Methods section.
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Figure 3. (A) Plot of rutaecarpine concentration against the formation rates of rutaecarpine hydroxylation metabolites, 10-hydroxyrutaecarpine 
(●), 11-hydroxyrutaecarpine (■), 12-hydroxyrutaecarpine (♦), and 3-hydroxyrutaecarpine (∆). Results represent the means of duplicate 
determinations. Lines show the best fit as determined by nonlinear least-squares regression. (B) The Lineweaver-Burke plot of the formation 
rates of rutaecarpine hydroxylation metabolites, 10-hydroxyrutaecarpine (●), 11-hydroxyrutaecarpine (■), 12-hydroxyrutaecarpine (♦), and 
3-hydroxyrutaecarpine (∆). Lines show the best fit as determined by linear regression.
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Figure 4. Effects of P450 inducers on mouse liver microsomal rutaecarpine hydroxylation activities. Liver microsomes of control (C) (□), 
3-methylcholanthrene (3MC)- (■), Phenobarbital (PB)- ( ), and dexamethasone (Dex)- ( ) treated mice were prepared and rutaecarpine 
hydroxylation activities were determined. Results represent the mean ± SEM of four mice. *Asterisks represent values significantly different 
from the control value, p < 0.05. 

Figure 5. Rutaecarpine hydroxylation by mouse P450 forms. 
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Kinetic analysis  showed that  Vmax values for 
mouse rutaecarpine hydroxylation ranged from 62 to 
197pmol/min/mg protein (Table 1 and Figure 3); Km 
values for rutaecarpine hydroxylation ranged from 11.6 
to 16.7 μM in untreated mouse liver microsomes; Vmax 
value for 10-hydroxylation was slightly elevated over 
11-hydroxylation value; and Km values for 10- and 
11-hydroxylation were similar.  A Lineweaver-Burk plot 
revealed a linear pattern without the presence of a two-
phase pattern of high and low affinity enzymes (Figure 
3B).  In rats, CYP1A and CYP2B play major roles in 
catalyzing rutaecarpine hydroxylation(9).  Similar to 
hydroxylations in rats, our induction and inhibition results 
also demonstrated that CYP1A and CYP2B were the main 
P450 forms involved in mouse rutaecarpine hydroxylations.  
We have also identified the P450 forms that participated 
in each hydroxylation.  3-MC-inducible 11-, 12-, and 
3-hydroxylations were highly sensitive to the α-NF 
inhibition (Table 2 and Figure 4); phenobarbital-inducible 
10-, 11-, 12-, and 3-hydroxylations were inhibited by 
orphenadrine (Table 2 and Figure 4); and phenobarbital-
treatment increased both CYP2B and CYP3A activities(20). 
Dexamethasone and ketoconazole were found to have 
no effects on rutaecarpine hydroxylation activity (Table 
2 and Figure 4).  These results indicate a crucial role for 
both CYP1A and CYP2B in rutaecarpine 11-, 12-, and 
3-hydroxylation (Figure 5) and a crucial role for CYP2B 
in rutaecarpine 10-hydroxylation. In untreated mouse 
liver microsomes, CYP1A2 was the only CYP1A member 
detectable by the immunoblot analysis(7).  Our previous 
report showed an IC50 value for rutaecarpine in human 
CYP1A2 much lower than that in human CYP1A1(5). 
Among CYP1A members, CYP1A2 may play a primary 
role in mouse hepatic rutaecarpine hydroxylation. On the 
contrary, 10-hydroxylation was inhibited by α-NF but 
not induced by 3-MC.  In addition to CYP1A, α-NF was 
found also to inhibit other P450 forms such as CYP2C(21). 
However, rutaecarpine hydroxylation activities were not 
affected by sulfaphenazole, a CYP2C inhibitor, at 10 μM 
(Table 2).  Increasing the concentration of sulfaphenazole 
to 100 μM, we obsereved rutaecarpine 10-, 11-, 12-, and 
3- hydroxylation activities were at 88%, 104%, 113%, 
and 84%, respectively, of control values, indicating that 
sulfaphenazole at 100 μM did not significantly inhibit 
rutaecarpine hydroxylation activities either.  The reasons 
for inhibition inconsistencies with induction data are not 
clear. Additional studies, such as immunoinhibition, may 
provide further evidence for the involvement of P450 
forms.

 In  summary,  our  resu l t s  show tha t  10-  and 
11-hydroxyrutaecarpine are the major microsomal 
oxidation metabolites of rutaecarpine in mice (Table 
1 and Figure 1).  The results of our induction and 
inhibition studies demonstrated that mouse rutaecarpine 
hydroxylations were mainly catalyzed by CYP1A and 
CYP2B (Figure 5).  To obtain a better application 
of E. rutaecarpa ,  the pharmacological  effects  of 

hydroxyrutaecarpines must be studied further to assess the 
possible influences on these effects of P450 modulators 
(e.g., flavonoids, barbiturates, and cigarette smoking).
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