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Wu-chu-yu-tang (Goshuyu-to in Japanese kampo medicine) is atraditional Chinese prescription
for the treetment of migraine and vomiting accompanying cold. To eva uate the effect of Wu-chu-yu-
tang on the excretion of CYP1A2 subgtrate caffeine, C57BL/6J mice were treated with Wu-chu-yu-
tang (5 g/kg/day) by gastrogavage for three days. Wu-chu-yu-tang-trestment caused 87 % and 47 %
increases of mouse liver microsoma 7-ethoxyresorufin O-deethylation and caffeine 3-demethylation
activities, respectively. Twenty-four hours after the last treatment of Wu-chu-yu-tang, mice were
trested with 2 mgkg caffeine intraperitonedly. Pharmacokinetic analysis of blood caffeine
concentration showed that treatment of Wu-chu-yu-tang resulted in 39 % and 44 % decreases of hdf
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
demongtrated that ingestion of Wu-chu-yu-tang enhanced caffeine excretion in vivo. This
enhancement by Wu-chu-yu-tang may be clinicdly important, particularly in patients trested with
drugs primarily metabolized by CYP1A2.
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INTRODUCTION

Cytochrome P450 (CY P)-dependent monooxygenases are the primary oxidation enzyme systemsinvolved in the
metabolism of many drugs and environmental pollutants in experimenta animals and human. Induction or inhibition
of CYP enzymes is the main cause of a drug interacting with other drugs, medicinal herbs, and food.? These
interactions may lead to severe adverse effects by affecting the p(in vioginicse effecte andy ocivitise or druod.) TO-22.08-20.88 TC
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rutaecarpa), Zingiber Rhizoma (ginger, Zingiber officinale), Ginseng Radix (ginseng, Panax ginseng), and Zizyphi
Fructus (Ta-Geui, Ziziphus jujuba Mill. var inermis (Bge.) Rehd.). The powdered extract of Wu-chu-yu-tang is
commercialy available and has been commonly used in Taiwan, Japan and other areas in Asia. Our previous report
demongtrated that Wu-chu-yu-tang increesed mouse liver microsoma 7-ethoxyresorufin O-deethylation and 7-
methoxyresorufin O-demethylation activities and the protein level of Cypla2.* However, this trestment had no effects
on the CYP2B-catdyzed benzphetamine N-demethylation, CYP2E1-catayzed N-nitrosodimethylamine N-
demethylation, and CY P3A-catalyzed erythromycin N-demethylation and nifedipine oxidation activities. To inves-
tigate the interaction of Wu-chu-yu-tang with the CYP1A2 subdrate in vivo, the effect of Wu-churyu-tang on
pharmacokinetic parameters of the CYP1A2 subdrate caffeine was studied in C57BL/6J mice. Mouse liver
microsomd caffeine 3-demethylation activity was aso determined.

MATERIALS AND METHODS

Compound Medicine and Chemicals

The powdered extract of compound medicine Wu-churyu-tang was purchased from Sun Ten Pharmaceutica Co.
(Taipei, Taiwan). Nine grams of Wu-churyu-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.SA).

Animal Treatment and Enzyme Assays

Mae 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 dlowed a one-week acclimation period
in the animal quarters with air conditioning (25 + 1 °C) and an automaticaly controlled photoperiod of 12 hr light
daily. All experimentad protocols involving animals were reviewed and gpproved by the Inditutiond Anima
Expearimentation Committee of Nationd Research Inditute 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.* Control group received same volume of water per kg body weight. Washed microsomes were prepared
from individud liver by differential centrifugation a 4 °C.> CYP content was determined following the method of
Omura and Sato.® 7-Ethoxyresorufin O-deethylation activity was determined by measuring fluorescence of resorufin.’
Caffeine 3-demethylation activity was determined following the method of Lee et al® Microsomal protein con-
centration was determined by the method of Lowry ef al.®
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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) intraperitonealy. Mouse blood was suborbitady collected in heparinized tubes. Whole
blood (20 ni.) was subsequently mixed with 0.25 volume of 10 % acetic acid and five volumes of acetonitrile® The
mixture was centrifuged at 12,000 rpm for 10 min a 4 °C. After centrifugation, the supernatant was subjected to
HPLC with a C18 column (4.6~ 250 mm, MICROSORB-MV, 100A, Varian And. Instrum. Inc., CA, U.SA.) and
caffeine was detected by measuring the absorbance a 280 nm.2 Pharmacokinetic data were caculated using the
equation: Clearance=Dose” F/AUGC,y, inwhich AUC isthe area under the blood concentration-time curve. Because
the complete absorption of caffeine is assumed, F = 1.2 The AUC,y was the sum of AUC4,, and the serum
concentration at 60 min/the dope of dimination between 10 and 60 min. AUC; 4, Was caculated with the linear
trapezoida ruleusng C=0andt = 0 (SigmaPlat, Jandd Scientific, San Rafadl, CA, U.SA.). The hdf-life of caffeine
in blood was calculated by linear regression of the log transformed blood concentretions.

Statistical Analysis

The gatigtical significance of difference between control and Wu-chu-yu-tang-trested groups was evaluated by
the Student'st-test. A p value < 0.05 was considered datistically significant.

RESULTS AND DISCUSSION

7-Ethoxyresorufin is commonly used as a CYPLA substrate and caffeine is predominantly metabolized by
human hepatic CY P1A2.12 CY P1A 2-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
microsoma 7-ethoxyresorufin O-deethylation and caffeine 3-demethylation activities, respectively (Table 1). However,
liver microsomal protein and CY P content were not affected by Wu-chu-yu-tang treatment. These results revealed that
Wu-chu-yu-tang treetment significantly stimulated mouse liver microsomal oxidation of thesetwo CY P1A2 substrates
ex vivo. Caffeine 3-demethylation leads to the formation of paraxanthine, which can undergo further hydroxylation
and 7-demethylation in human.®®

Cdffeine is known for 100 % bioavailability and provides a good marker for the assessment of CYPLA2-
mediated drug interactions To evduate 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 cdculated. Mice were
intraperitonedly treated with caffeine (2 mg/kg) to mimic the intake amount in human. The dose of caffeineis about 2
mg/kg in human ingesting a170 mL cup of coffee.™® Our result showed that blood concentration of caffeinein control

group was 27.1 = 35 M 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) 193+12 217+12
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) 422+17 619+ 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.
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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 (M) or Wu-chu-yu-tang (I ) 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 niL 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 nM a 5 min. There was no difference in
blood concentrations a 5 min between control and Wu-chu-yu-tang-trested groups. The blood concentrations of
caffeine in control mice a 10, 30, and 60 min were 27.2 + 1.6, 19.4 + 1.6 and 6.6 + 0.7 nM, respectively. The
concentrations in treatment group at 10, 30 and 60 minwere 17.8 + 0.7, 8.2 + 0.3 and 1.7 + 1.7 nM, 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 adminigtration of Wu-chu-yu-tang, mouse blood caffeine concentrations were sg-
nificantly decreased to 65 % and 42 % of the control value, respectively (Fig. 1). Caculation of pharmacokinetic
parameters showed that Wu-chu-yu-tang trestment resulted in 39 % and 44 % decreases of the hdf-life and AUC of
caffeine, respectively (Table 2). This trestment resulted in an 79 % increase of clearance of caffeine. This stimulation

of caffeine excretion isin consensus with the increase of liver microsomd 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) 246+20 151+1.0*
AUC,zy (mmol- min/l) 1.09+0.01 0.61 + 0.04*
Clearance/F? (mL/min/kg) 95+0.1 170+ 1.1*

Resuits represent the mean = SEM of three mice in the control and treatment groups. Pharmacokinetic parameters were
determined as described in MATERIALS AND METHODS. # Absorption of caffeine from intraperitonea trestment is
considered complete and F is unity. * Agterisks represent values significantly different from the respective control values,
p< 0.05.

Our results demongrated that ingestion of Wu-chu-yu-tang significantly increased caffeine metabolism ex vivo
and excretion in vivo. Caffeine from beverages such as coffeg, tea and cola is the most frequently and widdy
consumed central nerve system (CNS) stimulant in the world today. In clinics, caffeineis aso used in the combination
with other drugs such as ergotamine and acetaminophen for the treatment of migraine.’** Our results indicated that
treetment of Wu-chu-yu-tang could diminish the pharmacological effect of caffeine. CYP1A2 is dso the mgor
enzyme involved in the metabolism of imipramine, propranolol, theophylline, and phenacetin, in addition to caffeine
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
trestment 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 CY P1A2.
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