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ABSTRACT PURPOSE. Traditional Chinese medicines
(TCM) are believed by many to be safe and used for self-
medication without supervision. Although the risk appears
to be low, certain TCM have been associated with a num-
ber of serious adverse reactions. A preliminary study was
undertaken with 12 products using a human cytochrome
P450 (CYP450) isozyme assay to determine if these prod-
ucts could affect human drug metabolism. METHODS.
Aliquots of samples were analyzed directly or as extracts
for their potential to affect CYP450 2C9, 2C19, 2D6, and
3A4 mediated-metabolism of marker substrates using an in
vitro fluorometric microtiter plate assay. RESULTS. One
product was found to be a Chinese Proprietary Medicine
(CPM). Most aqueous extracts inhibited CYP450 medi-
ated-metabolism of at least 3 isozymes (ranging from 25 -
100%). All liquid samples markedly inhibited the metabo-
lism of all 4 isozymes. De le ke chuan kang and Rensheng
dao were the strongest CYP450 inhibitors. CONCLU-
SIONS. Our in vitro findings demonstrate that TCM can
inhibit CYP450 2C9, 2C19, 2D6 and 3A4 mediated-
metabolism. TCM need to be examined further under clin-
ical settings to determine if potential interactions will
occur that affect the safety and efficacy of conventional
therapeutic products.

INTRODUCTION

Traditional Chinese medicines (TCM) include both crude
medicinal materials from plants, animal parts and minerals,
as well as Chinese proprietary medicine (CPM). Herbal
products cause few adverse effects, and may have benefi-
cial pharmacological and therapeutic uses in a number of
illnesses, including HIV where they have been examined
for their capacity to reduce symptoms and improve quality
of life (1). Although there is widespread belief that all
TCM are of natural origin and hence are safe without
adverse effects, Weber et al. (1) found that patients taking
Chinese herbs reported significant gastrointestinal distur-
bances. Of 35 patients admitted to a medical unit for drug
interactions, 19 received drugs or folk medicines which
could interact with warfarin (2). Infants and children may
be more susceptible than adults to some adverse effects
(3). In another case study, a patient developed invasive
transitional cell carcinoma of the urinary tract associated
with the presence of aristolochic acid-DNA adducts after
previously developing nephropathy due to ingestion of
Chinese herbs (4).

Factors affecting the safety of CPM include intrinsic toxic-
ity, adulteration, substitution, contamination, misidentifi-
cation, lack of standardization, incorrect preparation,
dosage, inappropriate labelling and advertising (5). Some
TCM can also contain undeclared drugs and heavy metals
(5). Case reports have been identified which substantiate
previous reports, including liver problems following the
use of Chinese herbal medicine for skin disorders, allergic
reactions to royal jelly and propolis, and heavy metal poi-
soning caused by remedies from the Indian subcontinent
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(6). Lau et al. (7) reported a case of severe poisoning where
the patient was admitted comatose resulting from the use
of CPMs found to contain the anticonvulsants phenytoin,
carbamazepine and valproate.

Liu (8) reported that many Chinese medicinal herbs were
inhibitors and/or inducers of hepatic CYP450. Scutellariae
Radix (Huangqin) increased benzo(α)pyrene hydrolase
activity whereas Gentianae scabrae Radix (Longdan) effected
a similar decrease in pentoxyresororufin O-dealkylase
activity in rat liver microsomes (9). Neither had an effect
on the CYP450 2E1 protein. Ge-gen (Radix puerariae; Puer-
aria lobata (Willd. Ohwi) crude extracts and its main isofla-
vin puerarin significantly altered rat hepatic CYP-linked
monooxygenases (10) with both induction and inhibition
observed. Bufalin, a constituent of Chan Su and Lu-Shen-
Wan was noted to displace digitoxin from the protein
binding site (11). Ishihara et al. (12) reported the inhibitory
effects of Angelica dahurica root extract on rat liver microso-
mal cytochrome CYP450 2C, 2D1 and 3A activity. Initially
the extract altered the intrinsic clearance of tolbutamide
but not diazepam administered intravenously. However
the diazepam Cmax after oral dosing increased 4 fold in
the presence of the A. dahurica extract. Tin Chuan Tang
and Hsiao Ching Long Tang pretreatment did not affect
the pharmacokinetic parameters of theophylline in 3 dif-
ferent age groups of Sprague Dawley rats (13). Paeoniae
radix, a TCM used for the treatment of epilepsy, did not
affect the pharmacokinetics in a small clinical trial with 6
healthy subjects for 7 days with valproic acid being given
on the last day (14). This finding is similar to that of short
term studies with St. John’s wort in limited numbers of
subjects (15) where the clinically significant effect was only
noted after extended use (16,17).

Chen et al (18) reported that 16% of the epileptic patients
under treatment were also using TCM concomitantly.
Phenytoin pharmacokinetics in rat after a single dose with
Paeoniae Radix were not affected except for significant
differences in Tmax and Vd/F (19). A similar delay in drug
absorption was also reported between Sho-seiryu-to and
carbamazepine (20). The main focus connected with these
health risks lies primarily with the possibility of unknown
natural product-drug interactions (21) and product varia-
tion (22) which can confound direct comparative analysis.

There is less awareness of the potential interactions of
Chinese herbal preparations on human cytochrome P450
isozymes associated with drug metabolism. The objective

of this study was to establish the potential for a variety of
Chinese natural products (Table 1) to affect the in vitro
metabolism of a marker substrate by 4 selected cDNA-
expressed human cytochrome P450 isozymes.

Table 1: The commercially available Chinese herbal
products examined and their label information.

MATERIALS AND METHODS

Substrates and Reference Compounds

Three products (De le ke chuan kang, Rensheng dao and
“coughing”) had been imported into Canada for personal
use. They were used concomitantly by an elderly Chinese
woman for a 2 year period with conventional therapeutic
agents including ciprofloxacin, colchicine, furosemide,
prednisone, clavulin, salbutamol, quinine, and ranitidine
who subsequently developed acute kidney failure. Nine
additional products were obtained from local commercial
outlets for personal use by laboratory members or their
families. 7-Benzyloxyresorufin (7BR) and 7-ethoxy-3-
cyanocoumarin (7EC) were obtained from Molecular
Probes, Eugene, OR. 7-Methoxy-4-trifluoromethylcou-
marin (7-MFC) was obtained from Fluka Chemicals
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(Sigma) and 3-[2-(N,N-diethyl-N-methylamino)ethyl]-7-
methoxy-4-methylcoumarin (AMMC) was obtained from
GENTEST Corp. All other chemicals and solvents were
of analytical grade.

Assay Procedures

Tablets and cubes were finely ground to a powder using a
mortar and pestle. The resulting powders (25 mg/ml) were
suspended in distilled water and vortexed on high for 1
min, and then centrifuged for 18 min at 13,000 rpm. The
supernatant was carefully removed for testing. Aliquots (5
µL) of these stock solutions and other test solutions were
screened for their ability to inhibit 2C9, 2C19, 2D6 and
3A4 marker substrates using an in vitro fluorometric micro-
titer plate assay (23, 24). Briefly, assays were performed in
clear-bottomed, opaque-welled microtiter plates (96 well,
Corning Costar, model # CSOO-3632, Corning, NY)
using GENTEST supersomes according to the manufac-
turers directions (24). Enzyme solution was added to all
wells. Inactivated enzyme was added to the blank wells. All
supersomes were stored at - 80°C until used and were not
subjected to more than 2 freeze-thaw cycles. Only data
sets yielding the highest readings without saturation were
used to calculate percent inhibition.

All samples were prepared in triplicate with the resultant
percent inhibition calculations based on the mathematical
combinations for the differences in fluorescence between
the test/test-blank wells and the mean difference between
each control and blank well. Thus, nine experimental val-
ues were achieved for each sample. Controls were run with
every assay. Each assay was repeated at least once. All
assays were performed under gold fluorescent lighting
(Industrial Lighting, Ottawa, ON).

RESULTS

Aliquots from 3 of the stock solutions (25 mg/ml) of the
powdered products tested had strong activity greater than
80% inhibitory activity against at least 3 of the isozymes
tested (Table 2). Five solutions had marked activity of
between 40 - 80% inhibition against at least 2 isozymes.
Only Antaisu and Banlangen (compressed cube and pow-
der) had weak activity of less than 35% inhibition against
these isozymes. Banlangen powder was considerably less
inhibitory than the compressed product. 

Table 2: Percent inhibition of human cytochrome
CYP450 isozymes by aqueous extracts of powdered

Chinese herbal products (n > 6 ± SD).

Aliquots of the 3 liquid formulations (Table 3) were
strongly inhibitory against the CYP450 isozymes exam-
ined. 

Table 3: Table 3. Percent inhibition of human cytochrome
CYP450 isozymes by liquid Chinese herbal products (n >

6 ± SD) alone or in combination with saquinavir (SAQ).

To examine the effects of these products with a protease
inhibitor on 3A4-mediated metabolism, saquinavir (SAQ;
1.275 µg/ml) was then examined alone and in combina-
tion with these products (Table 3). SAQ alone had an
inhibitory effect of 68.9 ± 2.0% (mean ± SD) but when
added together with each product separately, the inhibitory
effect was greater than each product alone.

De le ke chuan kang, Rensheng dao and “coughing” were
analyzed chemically by standardized methods using atomic
adsorption for heavy metals and by HPLC for scheduled
drugs. Analysis found arsenic (1 ppm), cadmium (< 1
ppm), mercury (<1 ppm) but no scheduled drugs in De le
ke chuan kang or Rensheng dao. In addition, both con-
tained lead (De le ke chuan kang, 1 ppm; and Rensheng
dao 2 ppm). Pharmaceutical analysis revealed that “cough-
ing” was a CPM containing 38.2 mg/capsule theophylline,
1.16 mg/capsule chlorpheniramine, and 3.18 mg/capsule
bromhexine.
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DISCUSSION

The aim of this study was to assess whether TCM would
affect CYP450-mediated metabolism of selected reference
substrates. Of the 11 TCM products and single CPM
examined in this preliminary screen, nine markedly or
strongly inhibited the metabolism of at least 2 major
CYP450 isozymes associated with human Phase I drug
metabolism. Most of these had an effect on at least 3
isozymes The results from this study may suggest that a
single exposure of TCM with conventional therapeutic
products may increase the plasma levels of some therapeu-
tic agents which would increase the risk for serious drug
adverse events in patients (26). Conversely, this interaction
between TCM and conventional therapies may also effect
the safety profile of the TCM.

Of the 3 products submitted for examination, 2 were TCM
with the third being a CPM, all would be contraindicated
on the basis of this study with the conventional therapies
taken by this elderly individual. As an increasing number
of individuals, particularly older persons (25), use natural
products including TCMs, there is a need for health care
professionals to recognize and understand the potential
risk of drug -TCM interactions.

The effect of repeated use of TCMs on induction of drug
metabolism is not well understood, but some inhibitory
compounds may become inducers after repeated adminis-
tration (8). When the suggested daily ingestion of these
products (about 1 - 75 g/day) is taken into consideration
with the findings of this study, all products with the possi-
ble exclusion of the Banlangen powdered tea, may result in
clinically significant drug interactions affecting safety and
efficacy if taken concomitantly with therapeutic products.
The potential for these products to affect drug disposition
may increase if used in combination with one or more
conventional therapeutic products or other TCM.

Many of plants used as natural products contain numerous
classes of chemical constituents, including pyrrolizidine
alkaloids (PAs) which are hepatotoxic, pneumotoxic,
genotoxic, neurotoxic, and cytotoxic (27). The observed
inhibitory effect on drug metabolism can be highly vari-
able as the constituent content can differ with plant spe-
cies, source, environment, and processing and storage
conditions. A major difficulty in correlating the specific
components in these products is distinguishing between
the biomarker components associated with the pharmaco-

logical activity and affect CYP450-mediated metabolism,
and those components that just affect CYP450-mediated
metabolism. In studies with other natural products, we
found that the concentration of known biomarkers does
not correlate with the determined inhibitory effect (28).
This suggests that the inhibition is a combined effect of
several chemical classes of phytochemicals.

Individuals taking a wide number of conventional and
TCM products would be expected to be at a higher risk of
experiencing a clinically significant event arising from an
interaction, particularly as duration of use is increased. The
moderate to high inhibition observed with CYP2C9,
CYP2C19 and CYP2D6 may also suggest that individuals
and populations with a pharmacogenetic predisposition
towards poor or slower drug metabolism may be at a
higher risk of developing serious adverse effects. The
results reported are specific to these single lot products
and cannot be extrapolated to other lots or similar prod-
ucts from other manufacturers. Additional studies are
required to examine lot-to-lot variability and consistency
between manufacturers to determine the effect of these
products on drug disposition and clinical outcome.
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