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Wu-chu-yu-tang (Goshuyu-to in Japanese kampo medicine) is a traditional Chinese prescription
for the treatment of migraine and vomiting accompanying cold. To evaluate the effect of Wu-chu-yu-
tang on the excretion of CYP1A2 substrate caffeine, C57BL/6J mice were treated with Wu-chu-yu-
tang (5 g/kg/day) by gastrogavage for three days. Wu-chu-yu-tang-treatment caused 87 % and 47 %
increases of mouse liver microsomal 7-ethoxyresorufin O-deethylation and caffeine 3-demethylation
activities, respectively. Twenty-four hours after the last treatment of Wu-chu-yu-tang, mice were
treated with 2 mg/kg caffeine intraperitoneally. Pharmacokinetic analysis of blood caffeine
concentration showed that treatment of Wu-chu-yu-tang resulted in 39 % and 44 % decreases of half
life and the area under blood concentration-time curve, respectively. The clearance of caffeine was
79 % higher in Wu-chu-yu-tang-treated mice as compared to that in control mice. Our results
demonstrated that ingestion of Wu-chu-yu-tang enhanced caffeine excretion in vivo. This
enhancement by Wu-chu-yu-tang may be clinically important, particularly in patients treated with
drugs primarily metabolized by CYP1A2.
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INTRODUCTION

Cytochrome P450 (CYP)-dependent monooxygenases are the primary oxidation enzyme systems involved in the

metabolism of many drugs and environmental pollutants in experimental animals and human.1 Induction or inhibition

of CYP enzymes is the main cause of a drug interacting with other drugs, medicinal herbs, and food.2 These

interactions may lead to severe adverse effects by affecting the p(in vioginicse effecte andy ocivitise or druod.) T
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rutaecarpa), Zingiber Rhizoma (ginger, Zingiber officinale), Ginseng Radix (ginseng, Panax ginseng), and Zizyphi

Fructus (Tai-Geui, Ziziphus jujuba Mill. var inermis (Bge.) Rehd.). The powdered extract of Wu-chu-yu-tang is

commercially available and has been commonly used in Taiwan, Japan and other areas in Asia. Our previous report

demonstrated that Wu-chu-yu-tang increased mouse liver microsomal 7-ethoxyresorufin O-deethylation and 7-

methoxyresorufin O-demethylation activities and the protein level of Cyp1a2.4 However, this treatment had no effects

on the CYP2B-catalyzed benzphetamine N-demethylation, CYP2E1-catalyzed N-nitrosodimethylamine N-

demethylation, and CYP3A-catalyzed erythromycin N-demethylation and nifedipine oxidation activities. To inves-

tigate the interaction of Wu-chu-yu-tang with the CYP1A2 substrate in vivo, the effect of Wu-chu-yu-tang on

pharmacokinetic parameters of the CYP1A2 substrate caffeine was studied in C57BL/6J mice. Mouse liver

microsomal caffeine 3-demethylation activity was also determined.

MATERIALS AND METHODS

Compound Medicine and Chemicals

The powdered extract of compound medicine Wu-chu-yu-tang was purchased from Sun Ten Pharmaceutical Co.

(Taipei, Taiwan). Nine grams of Wu-chu-yu-tang contained 4.0 g starch and 5.0 g decoction concentrate prepared from

7.5 g Evodiae Fructus, 9.0 g Zingiber Rhizoma, 4.5 g Ginseng Radix, and 6.0 g Zizyphi Fructus. Glucose 6-phosphate,

caffeine, paraxanthine, NADP, and 7-ethoxyresorufin were purchased from Sigma Chemical Co. (St. Louis, MO,

U. S. A.).

Animal Treatment and Enzyme Assays

Male C57BL/6J mice (5 weeks old, weighing 13 - 16 g) were purchased from the National Laboratory Animal

Breeding and Research Center in Taiwan. Before experimentation, mice were allowed a one-week acclimation period

in the animal quarters with air conditioning (25 ± 1 °C) and an automatically controlled photoperiod of 12 hr 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, U.S.A.) ad libitum throughout the entire experiment.

Wu-chu-yu-tang was suspended in water and mice were treated with Wu-chu-yu-tang (5 g/kg/day) by gastrogavage

for three days.4 Control group received same volume of water per kg body weight. Washed microsomes were prepared

from individual liver by differential centrifugation at 4 °C.5 CYP content was determined following the method of

Omura and Sato.6 7-Ethoxyresorufin O-deethylation activity was determined by measuring fluorescence of resorufin.7

Caffeine 3-demethylation activity was determined following the method of Lee et al.8 Microsomal protein con-

centration was determined by the method of Lowry et al.9
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Blood Caffeine Concentration Determination

Twenty-four hours after the last treatment with Wu-chu-yu-tang or water, mice were treated with a single

injection of caffeine (2 mg/kg) intraperitoneally. Mouse blood was suborbitaly collected in heparinized tubes. Whole

blood (20 µL) was subsequently mixed with 0.25 volume of 10 % acetic acid and five volumes of acetonitrile.10 The

mixture was centrifuged at 12,000 rpm for 10 min at 4 °C. After centrifugation, the supernatant was subjected to

HPLC with a C18 column (4.6 × 250 mm, MICROSORB-MV, 100A, Varian Anal. Instrum. Inc., CA, U.S.A.) and

caffeine was detected by measuring the absorbance at 280 nm.8 Pharmacokinetic data were calculated using the

equation: Clearance = Dose × F/AUC0-∞, in which AUC is the area under the blood concentration-time curve. Because

the complete absorption of caffeine is assumed, F = 1.11 The AUC0-∞ was the sum of AUC0-60min and the serum

concentration at 60 min/the slope of elimination between 10 and 60 min. AUC0-60min was calculated with the linear

trapezoidal rule using C = 0 and t = 0 (Sigma Plot, Jandel Scientific, San Rafael, CA, U.S.A.). The half-life of caffeine

in blood was calculated by linear regression of the log transformed blood concentrations.

Statistical Analysis

The statistical significance of difference between control and Wu-chu-yu-tang-treated groups was evaluated by

the Student's t-test. A p value < 0.05 was considered statistically significant.

RESULTS AND DISCUSSION

7-Ethoxyresorufin is commonly used as a CYP1A substrate and caffeine is predominantly metabolized by

human hepatic CYP1A2.12 CYP1A2-catalyzed 3-demethylation is the first and rate-limiting step in the metabolism of

caffeine. Our results showed that Wu-chu-yu-tang treatment resulted in 87 % and 47 % increases of mouse liver

microsomal 7-ethoxyresorufin O-deethylation and caffeine 3-demethylation activities, respectively (Table 1). However,

liver microsomal protein and CYP content were not affected by Wu-chu-yu-tang treatment. These results revealed that

Wu-chu-yu-tang treatment significantly stimulated mouse liver microsomal oxidation of these two CYP1A2 substrates

ex vivo. Caffeine 3-demethylation leads to the formation of paraxanthine, which can undergo further hydroxylation

and 7-demethylation in human.13

Caffeine is known for 100 % bioavailability and provides a good marker for the assessment of CYP1A2-

mediated drug interactions.11 To evaluate the effect of Wu-chu-yu-tang on the excretion of caffeine in vivo,

pharmacokinetic parameters of caffeine in control and Wu-chu-yu-tang-treated mice were calculated. Mice were

intraperitoneally treated with caffeine (2 mg/kg) to mimic the intake amount in human. The dose of caffeine is about 2

mg/kg in human ingesting a 170 mL cup of coffee.10 Our result showed that blood concentration of caffeine in control

group was 27.1 ± 3.5 µM at 5 min after injection and the concentration remained the same at 10 min (Fig. 1). In Wu-
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Table 1.  Effects of Wu-chu-yu-tang on liver microsomal cytochrome P450 content and catalytic activities in mice

Assay Control Wu-chu-yu-tang

Microsomal protein (mg/g liver) 19.3 ± 1.2 21.7 ± 1.2
Cytochrome P450 (nmol/mg protein) 0.47 ± 0.05 0.50 ± 0.05
7-Ethoxyresorufin O-deethylation (nmol/min/mg protein) 0.39 ± 0.04 0.73 ± 0.09*
Caffeine 3-demethylation (pmol/min/mg protein) 42.2 ± 1.7 61.9 ± 5.5*

Results represent the mean ± SEM of four and six mice in the control and treatment groups, respectively. *Asterisks
represent values significantly different from the respective control values, p < 0.05.

Fig. 1. Effects of pre-treatment with Wu-chu-yu-tang-tang on whole blood caffeine concentra-

tions. C57BL/6J mice were pre-treated with water (µ) or Wu-chu-yu-tang (λ) as
described in MATERIALS AND METHODS. Twenty-four hours after the last treat-
ment, mice were treated with caffeine (2 mg/kg) intraperitoneally and 20 µL blood

samples were drawn suborbitally. Whole blood caffeine concentrations were analyzed
by HPLC. Results represent mean ± SEM of three mice. ∗Asterisks represent values
significantly different from the respective control value, p < 0.05.

chu-yu-tang-treated mice, blood concentration of caffeine was 29.0 ± 4.0 µM at 5 min. There was no difference in

blood concentrations at 5 min between control and Wu-chu-yu-tang-treated groups. The blood concentrations of

caffeine in control mice at 10, 30, and 60 min were 27.2 ± 1.6, 19.4 ± 1.6 and 6.6 ± 0.7 µM, respectively. The

concentrations in treatment group at 10, 30 and 60 min were 17.8 ± 0.7, 8.2 ± 0.3 and 1.7 ± 1.7 µM, respectively. At

10 min, caffeine concentration dropped much faster in Wu-chu-yu-tang treated mice as compared to control mice. At

10 and 30 min following the administration of Wu-chu-yu-tang, mouse blood caffeine concentrations were sig-

nificantly decreased to 65 % and 42 % of the control value, respectively (Fig. 1). Calculation of pharmacokinetic

parameters showed that Wu-chu-yu-tang treatment resulted in 39 % and 44 % decreases of the half-life and AUC of

caffeine, respectively (Table 2). This treatment resulted in an 79 % increase of clearance of caffeine. This stimulation

of caffeine excretion is in consensus with the increase of liver microsomal caffeine 3-demethylation activity.
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Table 2.  Pharmacokinetic parameters of caffeine excretion in control and Wu-chu-yu-tang-treated mice

Parameter Control Wu-chu-yu-tang

Half-life (min) 24.6 ± 2.0 15.1 ± 1.0*
AUC0→∞ (mmol·min/l) 1.09 ± 0.01 0.61 ± 0.04*
Clearance/Fa (mL/min/kg) 9.5 ± 0.1 17.0 ± 1.1*

Results represent the mean ± SEM of three mice in the control and treatment groups. Pharmacokinetic parameters were

determined as described in MATERIALS AND METHODS. a Absorption of caffeine from intraperitoneal treatment is
considered complete and F is unity. *Asterisks represent values significantly different from the respective control values,
p < 0.05.

Our results demonstrated that ingestion of Wu-chu-yu-tang significantly increased caffeine metabolism ex vivo

and excretion in vivo. Caffeine from beverages such as coffee, tea and cola is the most frequently and widely

consumed central nerve system (CNS) stimulant in the world today. In clinics, caffeine is also used in the combination

with other drugs such as ergotamine and acetaminophen for the treatment of migraine.14,15 Our results indicated that

treatment of Wu-chu-yu-tang could diminish the pharmacological effect of caffeine. CYP1A2 is also the major

enzyme involved in the metabolism of imipramine, propranolol, theophylline, and phenacetin, in addition to caffeine.1

In human, the dosage used is 9 g t.i.d.. Human daily dose in a 60 kg person was 9 % of the dose used for mouse

treatment in this report. Although the effect of Wu-chu-yu-tang in human is not clear, patients should notice the

possible interactions between Wu-chu-yu-tang and drugs mainly metabolized by CYP1A2.
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吳茱萸湯促進鼷鼠對細胞色素

P450 1A2受質─咖啡因之排除

翁芸芳　王姝勻

國立中國醫藥研究所

台北

(2003年 6月 9日受理，2003年 7月 10日收校訂稿，2003年 8月 11日接受刊載)

吳茱萸湯在傳統中藥配方中被用於治療偏頭痛及感冒。為了解吳茱萸湯對排除一細胞色素

P450 1A2之受質-咖啡因之影響，將鼷鼠以餵管餵食吳茱萸湯（5克/公斤/天），連續處理 3天。

吳茱萸湯使鼠肝微粒體 7-ethoxyresorufin O-deethylation及 caffeine 3-demethylation活性分別增加

87 %及 47 %。在最後一次餵食吳茱萸湯後 24小時後，以腹腔注射處理 2毫克/公斤咖啡因，分析

血中咖啡因濃度顯示吳茱萸湯使咖啡因之半衰期及AUC（曲線下面積）分別降低 39 %及 44 %，

清除率增加 79 %。這些結果顯示在臨床應用時，應注意吳茱萸湯與細胞色素 P450 1A2之受質

間的可能交互作用。

關鍵詞：吳茱萸湯，咖啡因，交互作用。
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