EZHT - BERTEFEE - 5= [TTIRIEEEIS 1 www.angle.com- o mmmmmmmmummmmm
EJ087199700241
Journal of Food and Drug Analysis EY R &S
1997. 5(4) : 241-264 BRE SN
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Institute of Toxicology, College of Medicine, National Taiwan University
1 Jen Ai Road, Section 1, Taipei, Taiwan, ROC

ABSTRACT

Traditional Chinese medicine (TCM) plays an important role in health care systems in
many parts of the world. Recently, interest in TCM has revived due to the rediscovery of the
potential of TCM and natural products in new drug development. There is a general percep-
tion that TCM lacks systematic pharmacological, toxicological, and clinical studies. The defi-
ciency in efficacy and safety has been a major hindrance to the progress of TCM, despite the
success of herbal medicine in treatment of diseases for which the orthodox drugs in western
medicine are ineffective. This brief review aims to serve as an introduction and a reference
guide to TCM toxicology. The review summarizes the toxicity of some commonly used TCMs
in terms of acute, systematic, genetic, analytic, and clinical toxicology. Acute toxicity study has
shown that herbal medicines and their chemical constituents exhibit LDs, values ranging from
the practically nontoxic to supertoxic categories. Target organs of TCM toxicity include liver,
kidney, gastrointestinal tract, nervous, and cardiovascular systems. TCM shows mutagenicity
in the Ames test and increases the incidence of unscheduled DNA synthesis, micronucleus for-
mation, and chromosomal aberration in cytogenetic assays. Some TCM products are contami-
nated with pesticides and heavy metals and adulterated with drugs of western medicine.
Improper dispensing and use of TCM and individual idiosyncracy may result in adverse
effects and fatality. Future TCM research, new drug development, and safety evaluation
require adequate toxicity testing and mechanistic toxicology studies.

Key words: traditional Chinese medicine, natural products, toxicity.

INTRODUCTION

Traditional Chinese medicine (TCM) has been
successful in the treatment of many diseases and
disorders for thousands of years. TCM principles
and practice are in harmony with the cultural
background of many oriental societies. The

Chinese materia medica is of natural origin. These
characteristics of TCM are part of the reason that
herbal medicine plays an important role in the
health care systems of many parts of the world.
Recently, TCMs and natural products have attract-
ed new attention for their potential in new drug
development (!> 2. For example, a TCM therapy
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has been shown to benefit patients with severe
atopic dermatitis which was resistant to the treat-
ments with orthodox drugs in western medicine @
4. Taxol analogues derived from Taxus brevifolia
(Pacific yew) and T. baccata (European yew) have
been used in the treatment of ovary cancer ).
Vincristine isolated from Catharanthus roseus
(L.) has been used in anticancer therapy of chron-
ic lymphocytic leukemia and Hodgkin’s disease
6,

In spite of these traditional and new avenues
of interest in TCM, there has been a longstanding
reservation of the Chinese materia medica (1. The
general perception is that these medicinal herbs do
not have well-documented clinical trials, pharma-
cological actions, systematic toxicological testing,
or safety evaluation. These deficiencies have often
hampered the progress of TCM to a new level of
clinical and scientific significance. Many TCMs
remain as remedies in folk medicine and some of
the natural products may even produce adverse
effects on human health @,

An increasing number of studies have
revealed that some commonly used TCM products
are toxic and potentially hazardous. The toxicity
covers a wide spectrum including acute, systemic,
genetic, and clinical. Although the pharmacologi-
cal actions and therapeutic uses of TCM have
been extensively reviewed © 814, relatively few
reports are addressed to TCM toxicology. This
brief review summarizes the toxicity information
of commonly used TCMs and describes briefly
the action and indication of the herbal medicine.
This article aims to serve as an introduction of
TCM toxicology to those who are engaged in bio-
medical research areas and a reference guide to
those who are interested in TCM toxicity from the
regulatory and safety viewpoints.

CLASSIFICATION OF TCM

TCM is used as a composite formula to
increase therapeutic effect, modulate drug action,
and decrease adverse effects. A proper prescrip-
tion of this composite formula requires a compre-
hensive knowledge of the underlying principles
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and theories. The herbal medicines have been
classified according to their origins (botanical,
zoological and mineral), and are further sub-
grouped according to the parts used such as
Cortices, Radices, Fructus, Fores, and Semina (!
13), TCMs and natural products are grouped based
on their pharmacological properties such as car-
diovascular, nervous, alimventary, respiratory,
hematopoietic and other systems © % 19, TCMs
can be divided into Yin and Yang categories of
which Dahuang (rhubarb) and Renshen (ginseng)
are the respective prototypes (9,

A revised version of Shen Nung Ben Cao Jing
in 450 AD, the first written history of Chinese
materia medica, classified 335 TCM herbs into
the upper, middle, and lower categories according
to their pharmacological and toxicological proper-
ties 8. The upper category herbs are regarded as
nontoxic. One hundred and twenty tonics which
can promote health and comfort belong to this cat-
egory. TCM natural products in the middle cate-
gory are considered toxic or nontoxic. One hun-
dred and twenty herbs are associated with the
middle category which have the ability to sooth
the mental state. The lower category medicines
are thought to be toxic. One-hundred-and-twenty-
five herbs in the lower category are used to treat
and cure various diseases. In a composite formula,
the herbs in the upper category can be used for a
long period of time, the middle category drugs are
to be used in moderation, while the lower catego-
ry herbs should only be used for a short period of
time. The prescription of TCM is based on the
principles of four groups namely the emperor
(principal), minister (associate), assistant (adju-
vant) and guide (messenger) herbs, according to
their pharmacological actions (!9). These tradition-
al classifications show that TCM has incorporated
toxicological and pharmacological concepts into
the principles and methods of Chinese herbal
medicine. A TCM practitioner is supposed to use
the herbal medicines based on these principles and
methods. Inadequate comprehension and improper
use of TCMs often result in undesirable effects.

ACUTE TOXICITY OF TCM
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Lethality is one of the many references points
in defining acute toxicity. LDsp, the median lethal
dose, is the dose of a substance that can be expect-
ed to cause death in 50% of the test animals (7).
In general, acute animal toxicity testing has stan-
dard protocols for preparation of test material,
route of administration, species, sex, and number
of the test animals. Table 1 summarizes the
numeric values of LDsg of some commonly used
TCMs (6 11.12,14,18) The reader is referred to the
original references for details of the test protocols
of these toxicity studies.

As expected, the LDsy values of many
Chinese medicinal herbs are greater than 15 g/kg,
which are generally regarded as practically non-
toxic (Table 1). For example, Agrimoniae Herba
(Xianhecao or Langyaocao) showed LDs, values
greater than 50 g/kg in mice following intraperi-
toneal (i.p.) and oral (p.o.) administrations of
ethanolic extracts of the herb (!8). The LDs values
of some TCM herbs are between 5 and 15 g/kg,
which fall into the slightly toxic category. The
LDs, of Daphnis Genkwae Flos (Yuanhua) in rats
was 9.3 g/kg i.p. ©. Some TCMs show LDs val-
ues in the range of 0.5-5 g/kg belonging to the
moderately toxic category. Administration of
ethanol extracts of Akebiae Caulis (Mutong) to
mice i.p. produced an LDs value of 2.3 g/kg (9.

Several TCM natural products are extremely
and highly toxic showing LDsj in the range of 5-
50 and 50-500 mg/kg, respectively (Table 1).
Bufonis Venenum (Chansu, toad venom) showed
LDsg of 41 and 36 mg/kg in mice by intravenous
(i.v.) and i.p. administrations, respectively ©. The
seed of Antiaris toxicaris Lesch (Jianshui-fuan-
hou) is a rare example that TCM can be supertox-
ic with an LDsq less than 5 mg/kg. The LDsg of
Jianshuifuanhou was 0.8 mg/kg in frogs ©.

Herbal interaction may alter the acute toxicity
of TCM. For example, the LDsqy values of Daphnis
Genkwae Flos (Yuanhua) and Glycyrrhizae Radix
(Gancao, glycyrrhiza) in mice are 5.5 and 8.0 g/kg
i.p., respectively (Table 1). Coadministration of
Daphnis Genkwae Flos and Glycyrrhizae Radix to
mice produced an LDs; of 1.8 g/kg (9. This syn-
ergistic effect points out the need to analyze the
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potentially complex effects of herbal interaction in
toxicological studies of TCM. In some instances,
the acute toxicity of TCM is dependent upon the
route of administration. LDsy values of Puerariae
Radix (Gegen) are 1, 2 and 4 g/kg for i.v., i.p. and
p.o. administrations to mice, respectively (!2).
However, a pronounced difference in LDsy was
observed with different routes of administrations
of Bupleuri Radix (Chaihu). Crude saikosides
from Blupleri Radix showed LDsq values of 0.07,
0.11, 1.9 and 4.7 g/kg following i.v., i.p., s.c. and
p.o. administrations to mice, respectively (1),
These marked differences in LDsg values show the
importance of pharmacokinetics data in the safety
evaluation of the herbal medicine.

An important aspect of TCM research is to
study the toxicity of the chemical constituents of
the medicinal herbs. The constituent compounds
provide excellent opportunities to define the toxi-
cological properties of the bioactive components
of TCMs in terms of structure-activity relation-
ship, drug-drug interaction, and mechanistic toxic-
ity studies. In general, these compounds have
more clearly defined toxicological properties
because studies of pure chemicals are more repro-
ducible and the toxicities are more predictable
than those of the herbal mixtures of chemicals.

Table 2 shows the LDsq values of constituent
compounds isolated from some commonly used
TCMs. Paeoniflorin, a glucoside isolated from
Paeoniae Radix, shows i.p. and i.v. LDsg in mice
in the slightly and moderately toxic categories,
respectively (!2. The chemical constituents and
their metabolites from a medicinal herb may differ
in acute toxicity. Geniposide, crocin and crocetin
are the major bioactive compounds isolated from
Gardenia Fructus. Acute toxicity studies of cro-
cetin and crocin showed that LDs, of these com-
pounds in mice were 2 and 10 g/kg i.p., respec-
tively (12, In the intestine, geniposide yields the
iridoid aglycon genipin during the biotransforma-
tion process. The aglycon causes a marked
increase in acute toxicity. The LDy, of geniposide
in mice were greater than 3 g/kg i.v., i.p., and p.o..
In contrast, LDsg of genipin in mice were 153
mg/kg i.v., 190 mg/kg i.p. and 237 mg/kg p.o. (2.
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These data show that it is necessary to consider
the acute toxicity of the bioactive constituents and

O O O o \O

metabolites in order to properly assess the poten-

tial toxicity of a medicinal herb.

The alkaloid peimine and its glucoside peimi-

> & = = noside are isolated from Fritillariae Bulbs

(Beimu). LDsg of peimine and peiminoside in

mice are about 7 and 50 mg/kg i.v., respectively,

o placing them into the extremely toxic category

¢ 88 8 8 (Table 2). The different LDs, values of these two
E 2E E E

compounds serve as another example to show that
the glucoside is less toxic than its aglycon in
many TCM natural products. Some chemical con-
stituents from TCMs are supertoxic. Aconitine
from Aconiti Tuber (Fuzi, aconite root) is regard-
ed as supertoxic because its LDsq in mice is 0.3
mg/kg subcutaneously (s.c.) ©.

0.4 mg/kg
0.5 mg/kg
1.2 mg/kg
2.1 mg/kg

Jiazhutao
Balima

SYSTEMIC TOXICITY OF TCM

Songjishang
Changchunghua

Many organs are susceptible to the adverse
effects of long-term exposure to TCMs (Table 3).
Subacute treatment of rats with ethanolic extracts
of Bupleuri Radix (Chaihu) increased liver weight
and serum alanine aminotransferase activity, a
biochemical indicator of hepatic injury (9,

Aristolochiae Fangchi Fangji or Hanfangji 1.3 mg/kg

Radix
Rhododendri Molles

Folium
Kiranthi Ramulus

Indicum

Trichosanthis Radix (Tienhuafen) serves as a rare
example of an immunotoxic TCM which is a
potent immunosuppressant and irritative agent ©)
The major constituents of Trichosanthis Radix are
eliminated primarily by renal excretion. Hence
overdosage of the herb may cause renal damage
©), Crotonis Semen (Badou, croton seeds), con-
taining croton resin, phorbol, and crotonic acids,
is highly irritative to the intestinal mucosa (12,
Aconiti Tuber (Fuzi) is highly toxic to the heart
muscle (2. Treatment of rats with crude saiko-
sides of Bupleuri Radix caused hemolysis in rats
(2). Overdosage intoxication of Corydalis Tuber
(Yanhusuo) leads to central nervous system
depression and muscle relaxation (. Overdosage
of Magnoiae Cortex (Houpo) can cause respirato-
ry paralysis(®.

Many TCMs and natural products have multi-
ple target organs. Liver, blood, and gastrointestine
are susceptible to the adverse effects of Bupleuri

Catharanthus roseus (L.) G. DonCatharanthi Herba
(Vinca rosea L., Lochnera rosa

Stephania tetrandra S.Moore
Reichenb.)

(Menispermaceae)
Loranthus parasiticus (L.)

Merr.

Nerium indicum Mill
Rhododendron molle G. Don

metetrandrine
oleandrin
rhomotoxin
saponin
vincristine

: not available.

For additional details, see reviews cited in the references.

Table 2. Continued

a__
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Radix (Table 3). Crotonis Semen can cause dam-
age to gastrointestinal and hematopoietic systems.
Similarly, Bufonis Venenum is toxic to nervous
and gastrointestinal systems. The list of toxicants
in Table 3 is far from being complete. Chang 20
reported that more than thirty TCMs can cause
adverse effects on the liver and respiratory sys-
tem. TCM has the ability to cause behavioral toxi-
city. Subchronic administrations of Ziziphi
Fructus (Dazao) and Polygalae Radix (Yuenzhi,
polygala root) decreased locomotive activity in
rats @D,

GENOTOXICITY OF TCM

Several recent studies have evaluated geno-
toxicity of Chinese herbal medicines in vivo and
in vitro @%28_1In these studies, the genotoxicities
of several hundreds of commonly used TCM nat-
ural products were determined using the Ames
bacterial mutation assay %39, unscheduled DNA
synthesis in human fibroblasts GV, and micronu-
clei formation in mouse bone marrow 2. The
ethanolic and water extracts of more than fifty
medicinal herbs showed mutagenicity in the Ames
assay using Salmonella typhimurim tester strains
TA98 and TA100 (Table 4). The water extract of
Ligustri Fructus (Nuzhenzi) showed mutagenicity
in the TA98 and TA100 tester strains 9. The
water extract of Eucommiae Cortex (Duzhong)
showed mutagenicity in the TA100 tester strain
(23), The water extracts of Astragali Radix
(Huanggqi) and Inulae Flos (Xuanfuhua) showed
mutagenicity only in the presence of the S9 bioac-
tivation system in the Ames test ?3 27, indicating
that the herbal mutagens required metabolic acti-
vation.

Studies with the same herbal medicine con-
ducted in different laboratories showed variable
results in some instances. These variations may be
a reflection of the differences in the growth and
pretreatment conditions of the herbs, the extrac-
tion methods of the crude drugs, and possible con-
taminants in the crude extract. There has been a
general concern regarding the histidine and muta-
genic mycotoxins present in the crude extract

254
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which might give artificially positive results in the
bacterial reversion assay. In this regard, some
chemical analyses have demonstrated the absence
of histidine and mutagenic mycotoxins in the
herbal extracts 22.23),

The unscheduled DNA synthesis assay is a
short-term assay which measures the genotoxicity
of a chemical by its ability to increase DNA syn-
thesis in cells which do not enter the S cycle GV,
The genotoxicity assays of TCMs were carried out
using human fibroblast cells CRL1508 26-28), The
results of the genotoxicity assay of approximately
100 herbal medicines indicated that in the absence
of the cell cycle inhibitor hydroxyurea, most of
the medicines decreased DNA synthesis in the
mammalian cells. In the presence of hydroxyurea,
some TCMs increased incorporation of [3H]-
thymidine into DNA, suggesting that these herbal
medicines caused DNA damage (Table 5). The
aqueous extract of Lipidii Semen (Tinglizi) at 5
mg/ml was as potent as 10 M 4-nitroquinoline N-
oxide, a positive control for the genotoxicity
assay, in its ability to increase unscheduled DNA
synthesis ),

The micronucleus test is a short-term cytoge-
netic assay which measures the formation of
micronucleated polychromatic erythrocytes of
bone marrow in mice following i.p. injection of
mutagen 2. Administration of ethanolic or water
extracts of nineteen herbs increased micronuclei
formation in mouse bone marrow cells (Table 6).
Administration of water extract of Datura Flos
(Yangjinhua) at 0.01 to 0.1 g/kg to mice caused 2-
to 10-fold increases in the incidence of micronu-
cleated polychromatic erythrocytes in bone mar-
row 23, Some of these clastogenic herbs also
increased the incidence of chromosomal aberra-
tions in the bone marrow of mice ?3-33). For
example, Datura Flos induced chromosomal
breakage in the cytogenetic assay. However, it
should be pointed out here that the extract of the
dried flower did not show apparent mutagenicity
in the Ames bacterial mutagenicity assay. This
serves as an example to illustrate that the bacterial
and mammalian test systems may yield different
results and it is necessary to carry out genotoxici-
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ty assays using more than one system to properly
determine the mutagenic potential of TCMs.

CONTAMINANTS OF TCM

27
26
26
27
26
26

Reference
24, 25
25
25

Pesticides are commonly used to control
pests, fungi and weeds in the intensive cultivation
of TCM herbs. Improper use of pesticides during
the production and storage of TCM has become a
major source of contamination. The level of pesti-
cide residue is a major concern in interms of qual-
ity and safety. A recent survey of eleven medici-
nal herbs in Taiwan showed the presence of
organic chlorine insecticides in Dongyangshen
and Fanxieye 4. The total content of benzene
hexachloride (BHC) isomers was in the range of
0.018~1.266 ppm in fourteen out of twenty sam-
ples of Dongyangshen. Similarly, BHC content in

Chinese name
Chuanbeimu
Dafengzi
Tinglizi
Baihe

Digupi
Jixueteng
Lianzi
Rueiren
Danshen

seventeen out of twenty specimens of Fanxieye
was 0.008~0.050 ppm. The content of dichlor-
odiphenyltrichloroethane (DDT) in some
Fanxieye samples exceeded 0.2 ppm.

Heavy metals constitute another source of
chemical contamination in TCMs. In Taiwan,
more than 100 ppm lead was detected in the TCM
material Cordeceps (Dongchongxiacao), a propri-
etary medicine Xiaerjingfeng, and an over-the-
counter composite formula Babaofen 34. About
100 to 4000 ppm mercury was detected sporadi-
cally in samples of Xiaerjingfeng, Babaofen, and
a composite formula, Qilisan. In the same studies,
cadmium and copper were detected in some of the
TCM samples.

To increase therapeutic efficacy, certain syn-
thetic pharmaceuticals were added to TCM ille-
gally. For example, chemical analysis of a herbal
product Zhuifengtouguwan revealed the presence
of drugs such as aminopyrine, phenacetin,
diazepam, dexamethasone and heavy metals such
as lead and cadmium G, Clobezorex and diaze-
pam were detected in an anorexiant TCM ©6. A
quantitative analysis of a TCM product for the
treatment of heart disease and uricosuria showed
that the medicinal pills were adulterated with caf-
feine, ethoxybenzamide, chlorzoxazone, diaze-
pam, and indomethacin G7.

Salivae Miltiorrhizae Radix

Hydnocarpi Semen
Lepidii Semen

Lilii Bulbus
Lycii Radicis Cortex

Millettiae Caulis
Prinsepiae Semen

Fritillariae Cirrhorsae Bulbus
Nelumbinis Semen

Latin name

Saliva miltiorrhiza Bunge

Table 5. Traditional Chinese medicines that cause unscheduled DNA synthesis in human fibroblast cells

Lilium brownii E. E. Brown var. colchesteri Wils
For additional details, see studies cited in the references.

Hydnocarpus anthelmintica Pier.ex Laness.
Lycium chinese Mill.

Fritillaria cirrhosa D. Don
Lepidium apetalum Willd.

Millettia dielsiana Harms
Nelumbo nucifera Gaertn.
Prinsepia uniflora Batal.

Botanical name
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Very often, the exact compositions of propri-
etary TCMs and composite formulae are not
known. This makes it more difficult to qualitative-
ly and quantitatively analyze the chemical conta-
minants and study the effects of contaminants on
the toxicity of the TCM products. Extensive effort
in analytical chemistry is required to monitor pro-
prietary TCMs and herbal remedies. To comple-
ment chemical analysis, the development of mor-
phological, histological, and molecular biology
techniques to document the authenticity of the
herbal medicines becomes an urgent task %39,

CLINICAL TOXICOLOGY OF TCM

It has become clear that some proprietary
TCMs may be adulterated with undeclared and
often more toxic drugs (. The complex interac-
tions of the constituents of the herbs with these
xenobiotics may produce antagonistic, synergistic,
or potentiation effects on the toxicity associated
with the drug or herbal medicine. Such complex
drug interactions and idiosyncratic reactions may
lead to severe intoxication in individuals with
high susceptibility “9. The adulterated TCM
Zhuifengtouguwan from Asia has been described
as a deadly Chinese roulette in Dutch newspapers
(3), Consumption of proprietary TCM containing
synthetic corticosteroids led to episodes of
Cushing ’s syndrome “D.

Various species of Aconitum are commonly
used in TCM. These plants are known to contain
highly potent cardiotoxins 2. An accidental
ingestion of a herbal liniment prepared from
Aconitum caused near fatal results “3. Podophylli
Rhizoma (Bajiaolian) contains the toxic ingredient
podophyllotoxin. Cases of podophyllotoxin intox-
ication were observed with patients given the herb
prescribed for postpartum recovery and treatment
of a neck mass, hepatoma, and other diseases 4.

Several TCM products have been used as non-
regulated health foods world-wide. Clinical cases
with adverse reactions and mortality have been
reported due to the abuse of these medicinal
herbs. For example, Ephedrae Herba (Mahuang)
is used in weight control pills and energy-stimu-
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lating formulae. Overdose of this herbal material
resulted in tachycardia and death “3. The Food
and Drug Administration of the United States has
issued several warnings about this herb “6). The
glycosides in Aloe (Luhui) can cause severe diar-
rhea which may be hazardous to pregnant women
and people with irritable bowel syndrome. Gingko
Folium (Yinxingye) extract is the most prescribed
medicine for enhancing brain blood circulation in
elderly patients in Europe. The use of this over-
the-counter herbal medication has been linked to a
spontaneous subdural hemorrhage “7- 49, In addi-
tion, spontaneous hyphema associated with inges-
tion of this herbal extract was reported recently
(49).

Increasing evidence has shown that certain
foods can aid, help prevent or cure some chronic
diseases. However, the limited medical knowledge
of the public and the exaggerated advertisements
have made the use of health foods a controversial
issue. Several countries, including America,
Japan, England, Canada and China, have set or
changed the law to better define health food and
the principles for pharmacological and toxicologi-
cal evaluation. The US congress passed the
Dietary Supplement Health and Education Act of
1994 to define the term ‘ dietary supplement’ and
the principles for functional and toxicological
evaluation. The act requires that labels must meet
the standard format of "Health Claim" and
"Supplemental Facts". Apart from the Health/
Functional/ Structural Claim, any claims of drug
effect (Drug Claim) for health foods is prohibited
in most countries. In addition, several countries
have organized special research groups to provide
function and safety information on health food to
government agencies and educational and medical
parties. The future development of TCM as health
food will depend on how successful herbal medi-
cine can provide adequate toxicity and safety
information.

CONCLUSION

Research should address the evaluation of
pharmacological and toxicological properties of
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TCM herbs as mixtures of chemicals with the
hope of finding new treatments for diseases (V.
Similar to the complex systems in bioactivity test-
ing, TCM toxicity testing should be expanded to
include TCMs in the upper and middle categories.
Toxicity testing of these categories will help to
clarify some of the myths associated with Chinese
herbal medicines and establish a systematic
knowledge of the toxicity of each TCM category.

Toxicological studies are to be carried out in
the course of the development and standardization
of TCM. In vitro toxicity screening involves bac-
teria and mammalian cell systems to study the
potential biochemical and genetic toxicities of
TCM. Animal toxicology studies are much need-
ed to determine the potential health effects of
TCM, in terms of systemic, behavioral, and physi-
ological changes possibly associated with inges-
tion of TCM herbs and pure compounds. Long-
term bioassays are required to determine the car-
cinogenic and teratogenic potentials of TCMs.
These TCM toxicological studies require appro-
priate animal and cell model systems, some of
which need to be developed and established.
Clinical studies can be carried out upon comple-
tion of the in vivo and in vitro toxicity testing pro-
cedures. Only adequate animal toxicology and
clinical trial information will increase the efficacy
and safety of T.M.

TCM studies have made a significant contri-
bution to modern pharmacology ©% 51, Similarly,
studies of the herbal medicines will contribute to
basic research of toxicology. Mechanistic studies
of TCM can lead to a better understanding of the
underlying basis of toxicity resulting from interac-
tion between a natural product and a biological
system. The understanding of toxicity mecha-
nisms will provide a basis for the development of
detoxification methods and preventive measures,
and provide useful information for the regulation
and safety assessment of TCM.
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