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ABSTRACT—The compound herbal medicine Wu-chu-yu-tang is used for the treatment of migraine and

vomiting accompanying a cold. To assess the interactions of herb and drug metabolism, effects of Wu-chu-

yu-tang on hepatic and renal cytochrome P450 (CYP), UDP-glucuronosyl transferase (UGT) and glutathione

S-transferase (GST) were studied in C57BL /6J mice. Treatment of mice with 5 g /kg per day Wu-chu-yu-

tang for 3 days caused 2.5-fold and 2.9-fold increases of liver microsomal 7-ethoxyresorufin O-deethylation

(EROD) and 7-methoxyresorufin O-demethylation activities, respectively. However, CYP activities toward

7-ethoxycoumarin, benzphetamine, N-nitrosodimethylamine, erythromycin and nifedipine, and conjugation

activities of UGT and GST were not affected. In kidney, Wu-chu-yu-tang-treatment had no effects on Cyp,

UGT and GST activities. Among the four component herbs of Wu-chu-yu-tang, only Evodiae Fructus (Wu-

chu-yu) extract increased EROD activity and CYP1a2 protein level. In E. Fructus, rutaecarpine, evodiamine

and dehydroevodiamine are the main active alkaloids. At the doses corresponding to their contents in Wu-

chu-yu-tang, rutaecarpine-treatment increased hepatic EROD activity, whereas evodiamine and dehydroevo-

diamine had no effects. These results demonstrated that ingestion of Wu-chu-yu-tang elevated mouse hepatic

Cyp1a2 activity and protein level. E. Fructus and rutaecarpine contributed at least in part to the CYP1a2

induction by Wu-chu-yu-tang. Patients should be cautioned about the drug interaction of Wu-chu-yu-tang and

CYP1A2 substrates.
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Due to the increase in the use of herbal remedies, physi-

cians and pharmacists are very much concerned about the

toxicity and drug interactions when using herbal medicines.

Several medicinal herbs such as Ginkgo biloba and St

John’s wort have been reported to show interactions with

pharmaceutical drugs (1, 2). Modulation of drug-metabo-

lizing enzymes is one of the main causes of drug inter-

actions (3, 4). Oxidation and conjugation are two main re-

actions involved in drug metabolism. Cytochrome P450

(CYP)-dependent monooxygenases are the primary oxida-

tion enzyme systems involved in the detoxication and bio-

activation of a number of drugs and environmental pollut-

ants (5). The oxidations catalyzed by the monooxygenase

system require a CYP enzyme, NADPH-CYP reductase

and phospholipids. The CYP family comprises a group of

enzymes with broad substrate specificity. This substrate

specificity leads to the herb-induced drug interactions with

selective CYP substrates. For conjugation reactions, UDP-

glucuronosyl transferase (UGT) and glutathione S-trans-

ferase (GST) are important enzymes, which catalyze the

glucuronide and glutathione conjugates formation, respec-

tively. Changes of conjugation activities can also affect the

detoxication and excretion of drugs (6).

Wu-chu-yu-tang (Goshuyu-to in Japanese Kampo medi-

cine) is a traditional Chinese prescription for the treatment

of migraine and vomiting accompanying a cold (7). Wu-

chu-yu-tang contains Evodiae Fructus (Wu-chu-yu, Evodia

rutaecarpa), Ginseng Radix (ginseng, Panax ginseng), Zin-

giber Rhizoma (ginger, Zingiber officinale) and Zizyphi

Fructus (Tai-Geui, Ziziphus jujuba). The powdered extract

of Wu-chu-yu-tang is commercially available and has been

commonly used in Taiwan and Japan. Our previous report

demonstrated that rutaecarpine, an alkaloid isolated from

E. rutaecarpa, had a strong inductive effect on mouse he-

patic CYP1a1 /1a2 (8). However, the experimental studies

of drug interactions by Wu-chu-yu-tang have not been

reported. To assess the drug interaction of E. rutaecarpa-
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containing compound medicine, effects of Wu-chu-yu-tang

on CYP, UGT and GST were studied in mouse liver and

kidney. The roles of component herbs and alkaloids in the

modulation by Wu-chu-yu-tang are identified.

MATERIALS AND METHODS

The powdered extracts of compound medicine Wu-chu-

yu-tang and its component herbs were purchased from Sun

Ten Pharmaceutical Co. (Taipei, Taiwan). Nine grams of

Wu-chu-yu-tang contains 4 g starch and 5 g decoction con-

centrate prepared from 7.5 g E. Fructus, 9.0 g Z. Rhizoma,

4.5 g G. Radix and 6.0 g Z. Fructus. Rutaecarpine was syn-

thesized following the method of Bergman and Bergman

(9). Evodiamine and dehydroevodiamine were isolated

from E. Fructus (10). Benzo(a)pyrene, cytochrome c,

NADPH, 7-ethoxyresorufin, 7-ethoxycoumarin and nife-

dipine were purchased from Sigma Chemical Co.

(St. Louis, MO, USA). 3-Hydroxybenzo(a)pyrene was pur-

chased from NCI Chemical Carcinogen Reference Stan-

dard Repository (Kansas city, MO, USA). Acrylamide and

Bis-acrylamide were purchased from BioRad Pacific Ltd.

(Kowloon, Hong Kong). Horseradish peroxidase conju-

gated rabbit anti-mouse IgG was purchased from Pierce

Chemical Co. (Rockford, IL, USA).

Effects of Wu-chu-yu-tang and its component herbs and

alkaloids on drug-metabolizing enzymes

Animal treatment and subcellular fraction preparation:

Male C57BL /6J mice (5-week-old, weighing 13 – 16 g)

were purchased from the National Laboratory Animal

Breeding and Research Center (Taipei, Taiwan). Before

experimentation, mice were allowed a one-week acclima-

tion period at the animal quarters with air conditioning

(25 � 1�C) and an automatically controlled photoperiod

of 12 h light daily. All experimental protocols involving

animals were reviewed and approved by the Institutional

Animal Experimentation Committee of National Research

Institute of Chinese Medicine. Mice were given water and

laboratory rodent chow (#5P14; PMI Feeds Inc., Richmond,

IN, USA) ad libitum throughout the entire experiment. The

concentrates of Wu-chu-yu-tang, E. Fructus, G. Radix,

Z. Rhizoma and Z. Fructus were suspended in water. Mice

were treated with concentrates by gastrogavage for three

days at the dosages as described in the figure legends and

tables. The control group received the same volume of

water per kg body weight. For induction of CYP1a1 and

CYP1a2, mice were treated with a single injection of 3-

methylcholanthrene at 80 mg /kg intraperitoneally and liver

microsomes were prepared 48 h after the injection. Micro-

somes and cytosols isolated from liver and kidney were

prepared by differential centrifugation (11).

Enzyme assays: CYP and cytochrome b5 contents were

determined following the method of Omura and Sato (12).

NADPH-CYP reductase activity was determined using

cytochrome c as a substrate (13). In the benzo(a)pyrene

hydroxylation assay, formation of phenolic benzo(a)pyrene

was determined using 3-hydroxybenzo(a)pyrene as a stan-

dard (14). The O-dealkylations of 7-ethoxyresorufin and 7-

methoxyresorufin were determined by measuring fluores-

cence of resorufin (15). 7-Ethoxycoumarin O-deethylation

was determined by measuring the fluorescence of hydroxy-

coumarin (16). N-Demethylations of benzphetamine and

N-nitrosodimethylamine were determined by measuring

the formation of formaldehyde using Nash’s reagent (17).

Nifedipine oxidation was determined following the method

of Guengerich et al. (18). Microsomal UGT activity was

determined using p-nitrophenol as a substrate (19). Cyto-

solic GST activity was determined using 1-chloro-2,4-

dinitrobenzene as a substrate in the presence of glutathione

(20). Microsomal and cytosolic protein concentrations

were determined by the method of Lowry et al. (21).

Immunoblot analysis: Sodium dodecyl sulfate-polyacryl-

amide gel electrophoresis (SDS-PAGE) was carried out

using the discontinuous system of Laemmli (22). Micro-

somal and cytosolic proteins were electrophoresed on a

10% and 12% (w /v) polyacrylamide gel, respectively.

Electrophoresis was carried out at 4�C and at 15 mamp /gel

during stacking and 30 mamp /gel during separation. Fol-

lowing electrophoresis, microsomal proteins were trans-

ferred from the slab gel to a nitrocellulose membrane using

the method of Towbin et al. (23). Immunodetection of CYPs

in liver microsomes was performed using mouse mono-

clonal antibodies against rat CYP1A1 (MAb 1-7-1) (24).

Monoclonal antibodies against rat CYPs were obtained

from Dr. Sang-Shin Park (Seoul National University, Seoul,

Korea). Immunoreactive proteins were detected by rabbit

IgGs against mouse IgGs conjugated with horseradish

peroxidase and immunostained using a chemiluminescence

detection kit from Amersham (Buckinghamshire, UK). The

protein band density was analyzed by densitometry using

ImageMaster (Pharmacia Biotech Ltd., Uppsala, Sweden).

LC-MS analysis of the alkaloids of Wu-chu-yu-tang:

One milligram of Wu-chu-yu-tang was extracted with 2 ml

chloroform and the supernatant was collected after centri-

fugation at 13,500 rpm for 10 min. The supernatant was

dried under N2 gas at room temperature and re-dissolved

in acetonitrile. This extract solution was injected into a

C18 column (5 �m, 4.6 � 250 mm, Cosmosil 5C18-MS-II;

Nacalai Tesque, Kyoto). The alkaloids were separated by

gradient using A: 15% acetonitrile, 0.05% formic acid and

B: 85% acetonitrile, 0.05% formic acid at a flow rate of

0.5 ml /min. The linear gradient was as follows: 0 – 7 min,

20% to 50% B; 7 – 27 min, 50% to 80% B; 27 – 37 min,

80% to 100% B. Alkaloids were detected by mass spec-

trometer in selected ion monitoring mode (spray voltage:
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4.5 kV, capillary voltage: 10 V, capillary temperature:

270�C, sheath gas, 80 units, auxiliary gas: 20 units; LCQ

ion trap mass spectrometer; Finnigan Co., Ltd., San Jose,

CA, USA). Amounts of alkaloids were determined using the

peak area of the [M+H]+ ion for rutaecarpine (m /z�288),

evodiamine (m /z�304) and dehydroevodiamine (m /z�302).

Statistical analyses

The statistical significance of difference between control

and herbal concentrate-treated groups was evaluated by

Student’s t-test. The differences between �2 sets of data

(control and groups treated with various doses of Wu-chu-

yu-tang) were analyzed by one-way ANOVA followed by

Dunnett’s test for multiple comparisons. A P value �0.05

was considered as statistically significant.

RESULTS

Dose-response of effect of Wu-chu-yu-tang on EROD acti-

vity in mouse liver

To examine the dose-dependent effect of Wu-chu-yu-

tang on Cyp-catalyzed 7-ethoxyresorufin O-deethylation

(EROD) activity, mice were treated with increasing dosages

of Wu-chu-yu-tang for three days. Treatment of mice with

1, 2 and 5 g /kg per day Wu-chu-yu-tang suspension caused

75%, 2.1-fold and 2.4-fold increases of EROD activity in

mouse liver (Fig. 1). Thus, mice were treated with 5 g /kg

per day Wu-chu-yu-tang for three days in the following

studies.

Effect of Wu-chu-yu-tang on CYP, UGT and GST activities

in mouse liver and kidney

Wu-chu-yu-tang-treatment had no effect on mouse body

and tissue weights (data not shown). Wu-chu-yu-tang-

treated mice had liver microsomal CYP content similar to

that of control mice (Table 1). This treatment caused a

22% increase of cytochrome b5 content without affecting

NADPH-CYP reductase activity. Wu-chu-yu-tang-treat-

ment resulted in 2.5-fold and 2.9-fold increases of hepatic

EROD and 7-methoxyresorufin O-deethylation (MROD)

activities, respectively (Table 2). In contrast, Wu-chu-yu-

tang had no effects on oxidations of 7-ethoxycoumarin,

benzphetamine, N-nitrosodimethylamine, erythromycin and

nifedipine activities. Liver microsomal UGT and cytosolic

GST activities were not affected by this treatment. In

kidney, Wu-chu-yu-tang had no effects on benzo(a)pyrene

hydroxylation, 7-ethoxycoumarin O-deethylation, UGT and

GST activities (Table 3). Renal EROD and MROD acti-

vities were not detectable in both control and Wu-chu-yu-

tang-treated groups.

Effect of Wu-chu-yu-tang on the level of CYP1A-immuno-

reactive protein

Immunoblot analysis of microsomal proteins revealed

that Wu-chu-yu-tang-treatment increased the level of a

CYP1a2-immunoreactive protein. The electrophoretic mo-

bility of Wu-chu-yu-tang-induced protein was similar to

that of CYP1a2 present in control mice and 3-methyl-

cholanthrene-treated mice (Fig. 2A). Wu-chu-yu-tang-

treatment caused a 2.1-fold increase of the intensity of this

protein band as analyzed by densitometry.

Effect of the component herbs of Wu-chu-yu-tang on

hepatic EROD activity and the level of CYP1A-immuno-

reactive protein in mouse liver

To illustrate the roles of component herbs in the induc-

tion of CYP1A by Wu-chu-yu-tang, mice were treated with

Fig. 1. Dose-response of effect of Wu-chu-yu-tang on 7-ethoxy-

resorufin O-deethylation activity in mouse liver. Mice were treated

with Wu-chu-yu-tang for three days at the indicated dose.

Microsomes were prepared 20 h after the final treatment and enzyme

assays were performed within one week. Results represent the

means � S.E.M. of four mice. Asterisks indicate values significantly

different from the control values as analyzed by one-way ANOVA

followed by Dunnett’s test, P�0.05.

Table 1. Effect of Wu-chu-yu-tang on components of monooxygen-

ase system in mouse liver

Assay Control Wu-chu-yu-tang

Cytochrome P450 

(nmol /mg protein)

0.66 � 0.04 0.66 � 0.09

Cytochrome b5 

(nmol /mg protein)

0.36 � 0.01 0.44 � 0.01*

NADPH-Cytochrome P450 reductase 

(�mol ·min�1 ·mg�1 protein)

0.34 � 0.01 0.37 � 0.01

Microsomes of individual mouse liver were prepared and enzyme

activities were determined as described in the section of Materials

and Methods. Results represent the means � S.E.M. of six mice.

Asterisk indicates a value significantly different from the control

value, P�0.05.
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component herbal extracts at the dosage comparable to their

contents in Wu-chu-yu-tang. The contents of individual

herbal concentrates in Wu-chu-yu-tang were estimated

based on same concentrate yield prepared from individual

herbal decoction. Therefore, one gram of Wu-chu-yu-tang

contains 0.15 g E. Fructus, 0.19 g G. Radix, 0.93 g

Z. Rhizoma, and 0.12 g Z. Fructus extracts. To make it

comparable to 5 g /kg Wu-chu-yu-tang treatment, mice

were treated with 0.75 g /kg E. Fructus, 0.95 g /kg

G. Radix, 0.47 g /kg Z. Rhizoma, or 0.60 g /kg Z. Fructus.

The powdered concentrate of E. Fructus caused a twofold

increase of hepatic EROD activity, whereas the other com-

ponent herbal concentrates had no effect (Table 4). Immu-

noblot analysis of microsomal proteins showed that

E. Fructus caused a 90% increase of the intensity of a

CYP1a2-immunoreactive protein band (Fig. 2B).

Effects of quinazolinocarboline alkaloids of E. Fructus on

hepatic EROD activity

To reveal the roles of rutaecarpine and its structurally

related alkaloids in CYP1A induction by Wu-chu-yu-tang,

contents of alkaloids in Wu-chu-yu-tang were determined

by LC-MS (Fig. 3). The results of quantitative LC-MS

analyses showed that there were 0.69 mg rutaecarpine,

0.38 mg evodiamine, and 0.60 mg dehydroevodiamine in

the chloroform extract of one gram Wu-chu-yu-tang,

respectively. Thus, treatments with 3.5 mg /kg rutae-

carpine, 1.9 mg /kg evodiamine, 3.0 mg /kg dehydroevodi-

amine, and a mixture of three alkaloids were equivalent to

treatment with 5 g /kg Wu-chu-yu-tang in term of amounts

of alkaloids of Wu-chu-yu-tang administrated to mice.

Rutaecarpine-treatment and the alkaloid mixture-treatment

resulted in 42% and 54% increases of EROD activity,

respectively (Table 5). However, evodimaine and dehydro-

evodiamine had no effect on EROD activity.

Table 2. Effects of Wu-chu-yu-tang on CYP, UDP-glucuronosyl transferase and glutathione S-transferase activities

in mouse liver

Assay Control Wu-chu-yu-tang

Benzo(a)pyrene hydroxylation (nmol ·min�1 ·mg�1 protein) 0.60 � 0.07 0.80 � 0.02

7-Ethoxyresorufin O-deethylation (nmol ·min�1 ·mg�1 protein) 0.50 � 0.03 1.27 � 0.06*

7-Methoxyresorufin O-demethylation (nmol ·min�1 ·mg�1 protein) 1.09 � 0.10 3.12 � 0.24*

7-Ethoxycoumarin O-deethylation (nmol ·min�1 ·mg�1 protein) 2.75 � 0.21 3.50 � 0.30

Benzphetamine N-demethylation (nmol ·min�1 ·mg�1 protein) 5.56 � 0.24 6.62 � 0.39

N-Nitrosodimethylamine N-demethylation (nmol ·min�1 ·mg�1 protein) 2.77 � 0.26 3.17 � 0.31

Erythromycin N-demethylation (nmol ·min�1 ·mg�1 protein) 3.82 � 0.67 3.69 � 0.30

Nifedipine oxidation (nmol ·min�1 ·mg�1 protein) 0.58 � 0.06 0.55 � 0.03

UDP-Glucuronosyl transferase 

(p-nitrophenol glucuronidation)

(nmol ·min�1 ·mg�1 protein) 26.5 � 6.5 19.4 � 3.9

Glutathione S-transferase (�mol ·min�1 ·mg�1 protein) 5.21 � 0.71 5.42 � 0.33

(1-chloro-2,4-dinitrobenzene glutathione conjugation)

Mice were treated with 5 g /kg per day Wu-chu-yu-tang for three days. Control group received same volumes of water.

Results represent the means � S.E.M. of six mice. Asterisks indicate values significantly different from the control

values, P�0.05.

Table 3. Effect of Wu-chu-yu-tang on CYP activities and conjugation enzyme activities in mouse kidney

Assay Control Wu-chu-yu-tang

Benzo(a)pyrene hydroxylation (pmol ·min�1 ·mg�1 protein) 23.2 � 1.4 32.1 � 3.9

7-Ethoxycoumarin O-deethylation (pmol ·min�1 ·mg�1 protein) 73.7 � 14.0 75.6 � 9.0

UDP-Glucuronosyl transferase 

(p-nitrophenol glucuronidation)
(nmol ·min�1 ·mg�1 protein) 5.4 � 1.3 8.3 � 3.9

Glutathione S-transferase (�mol ·min�1 ·mg�1 protein) 1.3 � 0.1 1.1 � 0.3

(1-chloro-2,4-dinitrobenzene glutathione conjugation)

Microsomes of individual mouse liver were prepared and enzyme activities were determined as described in the

section of Materials and Methods. Results represent the means � S.E.M. of six mice.
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DISCUSSION

Similar to rodent CYP1A, human CYP1A can be in-

duced by polycyclic aromatic hydrocarbons and some fla-

vones (25). In the present report, our results showed that

oral treatment of mice with Wu-chu-yu-tang for three days

caused a significant increase of hepatic CYP1a-catalyzed

EROD activity in a dose-dependent manner (Fig. 1). The

dosage of powdered concentrate of Wu-chu-yu-tang used

in human is 9 g t.i.d. Human daily dose in a 60 kg person

was 45% of the minimal inducing dose (1 g /kg) used in the

present mouse study. The time period required for medical

treatment of humans with compound herbal prescription is

generally longer than one week. Although the direct extra-

polation from mouse to human is difficult, our results sug-

gested that ingestion of Wu-chu-yu-tang might induce

human hepatic CYP1A.

Wu-chu-yu-tang-treatment at 5 g /kg caused a significant

increase of cytochrome b5 content in mouse liver. The elec-

tron transfer protein, cytochrome b5 is involved in the

catabolism and metabolism of many endogenous and exog-

enous substances. The involvement of cytochrome b5 has

been reported to be important in the stimulation and inhi-

bition of CYP activities (26). However, the implication of

the induction of cytochrome b5 in the effects of Wu-chu-yu-

Fig. 2. Immunoblot analysis of microsomal cytochrome P450 1A in

mouse liver. Panel A: Lane 1 contained 0.5 �g microsomal proteins

from 3-methylcholanthrene (3MC)-treated mice. Lanes 2 and 3 con-

tained microsomal proteins from control (C) and Wu-chu-yu-tang

(WCYT)-treated mice. Panel B: Lanes 1 and 2 contained microsomal

proteins from control (C) and Evodiae Fructus (WCY)-treated

mice. Twenty five micrograms microsomal proteins were loaded

for immunoreaction with mouse anti-rat CYP1A1 (MAb 1-7-1).

Electrophoresis and immunodetection were carried out as described

in the section of Materials and Methods.

Table 4. Effects of Evodiae Fructus, Ginseng Radix, Zingiber

Rhizoma and Zizyphi Fructus on 7-ethoxyresorufin O-deethylation

activity in mouse liver

Treatment
7-Ethoxyresorufin O-deethylation 

(nmol ·min�1 ·mg�1 protein)

Control (n�6) 0.50 � 0.05

Evodiae Fructus (n�5) 1.03 � 0.12*

Ginseng Radix (n�6) 0.52 � 0.06

Zingiber Rhizoma (n�6) 0.45 � 0.07

Zizyphi Fructus (n�6) 0.42 � 0.07

Mice were treated with 0.77 g /kg per day Evodiae Fructus, 0.47 g

/kg per day Ginseng Radix, 0.93 g /kg per day Zingiber Rhizoma,

and 0.62 g /kg per day Zizyphi Fructus for three days. Results repre-

sent the means � S.E.M. and the number of mice in each group was

shown in parentheses. Astrerisk indicates a value significantly differ-

ent from the control value, P�0.05.

Fig. 3. The selective ion monitoring chromatogram of LC-MS analysis of the chloroform extract of Wu-chu-yu-tang. Results

represent the relative abundance of peak height to the most abundant peak fraction. After chromatography, alkaloids in the

fractions were identified by mass spectra. The fractions appeared at 11, 24 and 27 min from HPLC were dehydroevodiamine,

evodiamine and rutaecarpine, respectively.
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tang was not clear in the present study. Wu-chu-yu-tang-

treatment increased hepatic CYP1A-catalyzed EROD and

MROD activities. However, Wu-chu-yu-tang had no effect

on CYP2B-catalyzed benzphetamine N-demethylation,

CYP2E1-catalyzed N-nitrosodimethylamine N-demethyl-

ation, and CYP3A-catalyzed nifedipine oxidation and

erythromycin N-demethylation activities. (Table 2 and

Fig. 2A). This result demonstrated that Wu-chu-yu-tang

caused a selective induction of CYP1a. Immunoblot analy-

sis of microsomal proteins showed that Wu-chu-yu-tang

and E. Fructus induced a CYP1a2-immunoreactive protein.

These results indicated that the induction by Wu-chu-yu-

tang and E. Fructus occurred at the protein level, not from

direct interaction between the herbal materials and CYP.

Among the four component herbs in Wu-chu-yu-tang,

E. Fructus was the only herb that showed induction of

hepatic EROD activity and the level of CYP1a2 protein

(Table 3 and Fig. 2B). The induction fold of EROD activity

by E. Fructus concentrate was similar to the induction by

Wu-chu-yu-tang. E. Fructus played the main role in the

induction of CYP1a2 by Wu-chu-yu-tang. Our previous

report showed that CYP1a1 and CYP1a2 were strongly

induced by rutaecarpine, the main quinazolinocarboline

alkaloid in E. Fructus. (8). Our present result showed that

treatment of rutaecarpine at the dose of 3.5 mg /kg, which

was corresponded to 5 g /kg Wu-chu-yu-tang significantly

increased hepatic EROD activity (Table 5). Treatment of

mice with the mixture of rutaecarpine, evodiamine, and

dehydroevodiamine increased hepatic EROD activity with

the induction fold similar to the treatment of rutaecarpine

only. However, the induction level was slightly less than

that of Wu-chu-yu-tang (Tables 2 and 5). Although we can

not exclude the contribution of other constituents present

in Wu-chu-yu-tang, rutaecarpine may play a major role in

the induction of CYP1a2 by Wu-chu-yu-tang. Our results

suggest that Wu-chu-yu-tang is likely to interact with drugs

that are mainly metabolized by CYP1A2. Thus, Wu-chu-

yu-tang should be used with caution by patients taking

drugs metabolized by CYP1A2 such as theophylline.
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