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Preface

Preface

Although the potential of an interaction between concurrently administered
botanical and pharmaceutical products is not unexpected, this topic has
received increased attention and scrutiny over the past several years. The
widespread use of botanical products in Western societies and the potency
of modern pharmaceuticals have led to numerous reports of interaction,
sometimes with significant adverse effects.

While no one would argue for the need of another book related to
drug interaction, this book differs from available books in several aspects.
This book is not a standard book listing numerous reported botanical
product-drug interactions organized by examples. Rather, the focus is to
provide a timely discussion and perspective on the complex scientific and
regulatory issues associated with investigating, reporting, and assessing
these interactions in humans.

From the beginning, our goal has been to provide information that is
not readily available in other books covering the same topic. In addition to
regulatory and industry perspectives, we have included a chapter describing
interactions involving the more commonly used traditional Chinese medi-
cine, and discussion regarding specific issues unique to this group of medic-
inal products that needs to be taken into consideration when assessing the
potential and significance of interaction. In contrast to single active compo-
nents in modern pharmaceuticals, the presence of multiple active ingredients
commonly present in botanical products underscores the importance of
quality assurance and standardization in this emerging industry. The rele-
vance and challenges of standardization for documentation and evaluation
of botanical product-drug interactions are presented in depth in one chapter
and, where applicable, discussed throughout the book.

We realize that the terms herbs, herbal products, botanical products,
and dietary supplements are often used interchangeably in the literature

iii



or sometimes even within the same context by consumer. While dietary sup-
plements may be more easily recognized by consumers, the term includes
vitamins, minerals, and other nutritional products that are not the focus
of this book. On the other hand, it is generally accepted that herbs and bota-
nical products also encompass different concentrated forms including
extracts, powders, and formulated products containing a combination of
different herbs. We used the term botanical products where applicable
throughout the book because it denotes a more extensive scope than the
more commonly used term herbs or herbal products, and it enables the inclu-
sion of interaction involving citrus products as well.

The book chapters are organized into five major sections. Section 1
(Chapters 1 to 3) provides background information regarding botanical
usage and discusses several of the mechanisms in which botanical products
can interfere with drug disposition and effect. The complex nature of bota-
nical product-drug interaction and the different variables associated with
interpretation of the reported interaction are highlighted in this section as
well. The second section (Chapters 4 to 7) focuses on botanical products
that have been documented to interact with pharmaceutical products and,
where applicable, their purported mechanism of interaction. Where possible,
the contributors use specific examples in this section to illustrate the com-
plexity of the issues in assessing the potential and significance of the inter-
action. The next section (Chapters 8 and 9) provides an overview of the
pharmacokinetics of different botanical products, and discusses the impor-
tance of quality assurance and standardization. The fourth section on
regulatory viewpoints (Chapters 10 to 13) outlines the Food and Drug
Administration’s approach to utilize the MedWatch program for documen-
ting and evaluating reported botanical product-drug interactions. The last
section (Chapters 14 and 15) provides industry and regulatory perspectives
on developing botanical products as pharmaceutical agents.

This book is intended not only for scientists involved in the study of
botanical product-drug interactions, but also for practitioners who advise
patients on the safety concerns involved with using these products concur-
rently. It is our sincere hope that the use of this book will serve to improve
understanding of the complex issues associated with evaluating botanical
product-drug interactions, which is an essential component in further develop-
ing botanical products and obtaining regulatory approval as pharmaceu-
tical agents.

Y. W. Francis Lam
Shiew-Mei Huang

Stephen D. Hall
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The Landscape of Botanical Medicine
Utilization and Safety

Andrew Morris and Michael D. Murray

Department of Pharmacy Practice, Purdue University, West Lafayette and
Regenstrief Institute, Inc., Indianapolis, Indiana, U.S.A.

INTRODUCTION

Comprehending the use and safety of botanical dietary supplements is chal-
lenging largely owing to the lack of regulation and the paucity of data on their
utilization, effectiveness, and safety. The literature describing the utilization
of botanical products tends to be poorly documented and incomplete and
evidence in the form of clinical trials is sparse; safety data are largely derived
from anecdotal case reports. Medications from botanical sources have been
described as far back as 60 millennia and most of the medications used
throughout the world were derived from plants until the early 1900s (1). It
is estimated that 35,000 to 70,000 plants have been used for medical purposes
(2). For example, opium and willow bark have long been used for the treat-
ment of pain (3). It was not uncommon for over-the-counter medications to
contain opium without warnings or legal restrictions (4). Willow bark may
still be purchased over the counter as an extract to relieve pain and many
other prescriptions medications are currently derived from botanical sources.

Prescriptions Derived from Botanical Sources

Today, it is estimated that 25% of the Western pharmacopoeia contains
chemical entities that were first isolated from plants and another 25% are
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derived from chemical entities modified from plant sources (1,2). In 1999,
121 prescription medicines worldwide came directly from plant extracts and
it is now a $10 billion-a-year industry (1). These medicines are not dietary
supplements but rather are botanical products that have passed the more
rigorous process of approval to be used as a prescription drug. The World
Health Organization estimates that 75% to 80% of the developing world
continues to rely heavily on botanicals for medication (1,5). However, most
products available are considered dietary supplements in the United States.

Botanical Dietary Supplements

The use of botanicals in the industrialized world is growing. In the United
States, it has been estimated that about 20,000 products are in use (6), with
the top ten botanical products comprising 50% of the commercial botanical
market (7). In China, approximately 80% of medications are obtained from
between 5000 and 30,000 types of plants (2). In the era of increased globa-
lization, many botanical products are available to people all over the world
through the Internet, imported for sale by botanical shops catering to high-
use ethnic populations, or imported (often illegally) by individuals returning
from global travel (8). Utilization of these products has dramatically
increased in the past decade (2,9–18). In 1991, the U.S. Congress passed
legislation to establish the National Institutes of Health Office of Alterna-
tive Medicine, which later became the National Center for Complementary
and Alternative Medicine, to better understand how Americans are embra-
cing the use of unconventional therapies.

UTILIZATION OF BOTANICAL DIETARY SUPPLEMENTS
IN THE UNITED STATES

Although physicians in the United States infrequently prescribe botanicals,
they receive little formal training on the benefits and risks of these and other
complementary and alternative medications (CAM) (19). This is disturbing
because a significant proportion of patients take botanical dietary supple-
ments. More than 37 million Americans utilize botanical remedies and some
estimates put forth a much higher (20–23). Since the Dietary Supplement
Health and Education Act (DSHEA) of 1994, growth of the botanical mar-
ket has been dramatic. However, the industry is fragmented, with a few large
corporations manufacturing the bulk of botanical products and many smal-
ler companies targeting specific herbs. Market research organizations have
traditionally avoided analyzing botanical products because the market was
too small (24), but this has changed recently because botanicals are now prof-
itable to analyze. As a result of DSHEA, the public now has many botanical
dietary supplements from which to choose. With the increasing number of
products competing against one another, corporations have taken action
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to distinguish their products from one another. As such, dietary supplement
manufacturers have taken a page from the pharmaceutical industry and have
begun branding botanical products to develop a market following for their
product (25–34). Many products also consist of combinations of dietary sup-
plements and at least one of them also uses a nonprescription medication in
combination with the botanical dietary supplement. At least one pharmaceu-
tical manufacturer has also entered the branded botanical market (32).

Direct-to-consumer advertising of branded botanical dietary supple-
ments appears to be quite effective, judging from the number of advertisements
appearing in the print and electronic media. Many of these products claim to
improve conditions that are refractory to conventional medical treatment or
they are touted to be natural and, as such, purported to be safer than conven-
tional pharmaceuticals and free of side effects. The public is well aware of
dietary supplements, because many of these have appeared on late-night info-
mercials. Some examples of branded products touted for weight loss include
Metabolife1 (33), Leptoprin1 (29), and CortislimTM (30). Most weight loss
products in the United States contained ephedra before the Food and Drug
Administration (FDA) banned ephedra-containing dietary supplements. It
appears that weight loss products are now being reformulated with other sti-
mulants that have not received the intense scrutiny of the FDA, such as bitter
orange (synephrine), green tea extract (caffeine), and guarana (methyl-
xanthines: caffeine, theobromine, and theophylline). Other branded combi-
nation botanical products such as Enzyte1 (25) and Avlimil1 (26) are
touted for treatment of sexual dysfunction and are advertised in a manner
similar to sexual dysfunction pharmaceuticals. Still other formulations are
advertised for breast enhancement—BloussantTM (28), hair loss—AvacorTM

(34), depression—AmorynTM (27), nourishing the brain—Focus FactorTM

(31), and sleep—AllunaTM Sleep (32). All of these contain one or more bota-
nical constituents and are sold under the auspices of DSHEA, and therefore
are not regulated by the FDA and the Federal Trade Commission as
rigorously as prescription pharmaceuticals or food additives.

Sizing up the economics of the botanical dietary supplements market
in the United States is challenging because the market is prodigiously
dynamic. The market has been estimated to represent a demand between
$0.6 and $5.1 billion (9,13,23,24,35–41). Estimated retail sales in the United
States by year can be seen in Figure 1. It is important to note that each
study sampled a different population. Growth in the market occurred
rapidly between 1991 and 1998, but recent sales appear to have reached a
plateau. Americans usually pay for botanical dietary supplements as well
as other CAM therapies out of their own pockets because most health
insurance programs do not cover CAM therapies (9,42). In 1997, total
CAM out-of-pocket expenses exceeded $27 billion (43), with the expendi-
ture on botanical products estimated at greater than $5 billion (9). Insur-
ance coverage that covered CAM therapies would also likely result in
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growth in the botanical industry. One study found that full insurance cover-
age for botanical dietary supplements predicted an increase in usage of five-
fold and partial insurance coverage predicted a threefold increase in
botanical utilization (44).

Rapid growth in the botanical dietary supplement industry occurred
within the first four years of DSHEA and there was also a concurrent growth
spurt in the U.S. economy in the mid-1990s. DSHEA relaxed regulatory
restrictions on dietary supplements, thus lowering the barrier to enter the
market. As a result, growth in CAM likely is a result of deregulation by
DSHEA and may reflect the disposable income available. This would explain
the rapid growth in the mid-1990s and leveling of spending on botanical
products at the turn of the century. Also, Eisenberg et al. found that the
increase in botanical product utilization between 1990 and 1997 was likely
due to an increase in the proportion of the population using botanicals rather
than an increase in per patient utilization (9). In contrast to the growth of
botanical products in the mid-1990s reported by Eisenberg et al., growth
of the botanical market in early 2000 was reported to be from patients
already using sundry botanical products according to the Natural Marketing
Institute (NMI) (18). This indicates that botanical dietary supplement mar-
ket expansion among new patients has moderated, which would explain
the apparent stabilization of sale around the year 2000, as shown in Figure 1.
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Market Analyses

Several major surveys of dietary supplement utilization have been conducted
recently. The Saskatchewan Nutriceutical Network (SNN) (13), National
Nutritional Food Association (NNFA) (14), Consumer Healthcare Products
Association (CHPA) (11), Landmark Healthcare, Inc. (16), The NMI (18),
individual investigators (9,12), Centers for Disease Control and Prevention
(CDC) (15), and FDA (10) have all recently either conducted or contracted
market analyses of CAM utilization in the United States, which included
botanicals. Each survey is presented individually because the data are so
heterogeneous among studies.

Saskatchewan Nutriceutical Network (13)

The SSN estimated U.S. botanical sales in 1999 to be $4 billion. The net-
work further quantified where consumers buy their botanical products.
Forty-seven percent are sold in retail stores, 30% are sold in multilevel dis-
tribution systems, 8% are sold by mail order or practitioners, 6% was sold by
Asian herbal shops, and only 1% was purchased on the Internet (13). Not-
withstanding these findings, it is important to note that the Internet was the
fastest growing sales market for botanical products, at 150% per year (45).

National Nutritional Food Association (14)

The NNFA commissioned a telephone survey of 736 adults in October of 2001.
The key finding was that women (25%) were more likely to take botanical
products than men (15%). The survey emphasizes the importance of accurate
labeling. Seventy percent agreed with the statement ‘‘Labels on supplements’
bottles or packages are carefully read by most: they help the majority of older
adults choose the right supplement and to determine the correct dosage.’’ Only
22% disagreed with that statement. Fifty-five percent of respondents agreed
with this statement: ‘‘Labels on dietary supplements help me understand if this
is the right supplement for me,’’ while 64% agreed with the following statement:
‘‘Labels on dietary supplements help me determine the dosage I need to take.’’
The more educated patients were less likely to agree with this statement (14).

Consumer Healthcare Products Association (11)

The CHPA commissioned a study entitled ‘‘Self-Care in the New Millenium:
American Attitudes Toward Maintaining Personal Health and Treatment.’’
They conducted 1505 telephone interviews in January of 2001, using ran-
dom telephone numbers. African-Americans and Hispanics were over-
sampled to conduct in-depth subgroup analysis. Of particular interest is
the finding that 96% of respondents felt confident that they could take care
of their own health. This might explain why so many people want access to
pharmacologically active botanicals. These products do not require a pre-
scription and thus allow patients to treat themselves.
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Many of these products are being used for specific medical conditions.
The top five conditions, in many cases are refractory to conventional med-
icine, namely menopausal symptoms, colds, allergies/sinus, muscle/joint/
back pain, and premenstrual/menstrual symptoms.

The demographics of utilization in the past six months were reported.
Thirty percent of women reported using a dietary supplement and 23% of
men used a dietary supplement in the six-month period. Results for the
effect of age on utilization have been mixed across studies. Patients who
were between 50 and 64 years old had the highest reported use of dietary
supplements, and 59% and those who were 18 to 34 years old had the lowest
use at 48%. Income may be reflected in the utilization-by-age category.
Utilization of dietary supplements by ethnicity was characteristic of other
studies. Forty-four percent of African-Americans and 42% of Hispanics
reportedly used dietary supplements, as compared to 53% of the general
population. Although the study did not report Caucasian dietary supple-
ment utilization rates, we can infer that Caucasians increased the overall
utilization rate for the population. Health insurance status was associated
with greater dietary supplement use, 56% versus 45%. This likely reflected
the fact that patients who had health insurance also had more income.
Those with some college education reported the highest utilization rate of
60%. People with college degrees used dietary supplements slightly less, 57%,
but those with high school education or lesser educational qualification
reported 48% utilization of dietary supplements in the past six months (11).

Landmark Healthcare Inc. (16)

In 1997, Landmark Healthcare Inc. commissioned a report entitled ‘‘The
Landmark Report on Public Perceptions of Alternative Care.’’ They con-
ducted 1500 telephone interviews in November 1997, using random digit
selection. The survey included a representative sample of minority
patients—85% Caucasian, 8% African-Americans, and 3% Hispanic. The
survey found that 17% of the U.S. population used botanical dietary
supplements in the past year and even more striking, 75% of the U.S. popu-
lation was most likely to use botanical products. Eighty-five percent of those
reported to have taken a botanical supplement self-prescribed and self-
administered the products. Three-fourths of patients who used alternative
forms of care did so in conjunction with conventional medicine, yet 15%
of patients replaced their conventional treatment with alternative care (16).

Natural Marketing Institute (18)

The NMI surveyed by mail 2002 households, July through August 2001.
Only 53% of botanical supplement users were satisfied with botanical sup-
plements. Despite the low satisfaction for botanical products, supplement
users accounted for most of the increase in the previous year: 46% of bota-
nical users increased utilization while only 10% of the general population
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increased utilization of botanical dietary supplements. Consumers took
botanical supplements primarily for general health benefits, 59% versus
40% for a specific condition. Only 6% took botanicals products for short-
term benefits, whereas 80% took them for daily or long-term benefit. Many
have recently started, with only 50% having used an herb for more than
three years (18).

Independent Investigators (9,12)

Eisenberg et al. surveyed 1539 adults in 1990 and 2055 adults in 1997. Bota-
nical use in the prior 12 months increased from 2.5% in 1990 to 12.1% in
1997—a 4.8-fold increase. They estimated, in 1997, that 15 million adults
took a botanical product or high-dose vitamins with other medications,
which represented approximately 18.4% of those taking medications in the
United States. Growth in botanicals was found to be from an increase in
the percentage of the population taking botanicals and not due to an
increase in utilization per patient. More than 60% of patients did not discuss
CAM use with their doctor. Patients spent an estimated $5.1 billion on bota-
nical medications (9). Kaufman surveyed 2590 patients, February 1998
through December 1999. Fourteen percent of the U.S. population reported
using botanical supplements. Concurrent use with medication was highest
with patients on fluoxetine, 22%; overall, 16% of those taking medication
reported using botanical medications (12).

Centers for Disease Control and Prevention (15)

The Division of Health Interview Statistics, National Center for Health Sta-
tistics, CDC conducted a survey entitled ‘‘Utilization of Complementary
and Alternative Medicine by United States Adults’’ in 1999. The survey
attempted to obtain a representative sample of minorities and also patients
without telephones. This is important because these demographic groups
tend to report lower utilization of botanicals products than Caucasians
and those of higher socioeconomic status. The CDC found that 9.6% of
the population took botanical medicines. Hispanics reported the lowest
use of CAM followed by African-Americans, and then Caucasians: 19.9%,
24.1%, and 30.8%, respectively. The western part of the United States
reported the highest use of CAM (15).

Food and Drug Administration (10)

FDA commissioned a study of dietary supplement sales in the United States
in 1999. Samples of products were purchased from a representative sample
of retail establishments, catalogs, and the Internet. The authors looked at
the consistency of botanical products purchased. Forty percent to 46% of
botanicals and botanical products were consistent with the ingredients listed
on the label. Botanical extracts were even less consistent with the label, only
12% to 24% (depending on where purchased) were found to be consistent
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with the label. They also gave the mean, minimum, and maximum price paid
for dietary supplements by source of purchase. Interestingly, the mean pur-
chased price on the Internet was the most expensive at $23.34, followed by
the mean catalog price, $16.40. The mean retail price was less than half the
cost of the mean Internet price, at $11.62 (10).

Utilization Summary

Patients who use botanicals tend to have attained higher education, be
female, be older persons, have higher incomes, and have a recalcitrant
chronic disease unresponsive to conventional medicine. There is also evi-
dence that cultural differences have a strong impact on the use of botanicals.
Certain subpopulations may defy these generalizations to the U.S. popula-
tion. Asian-Americans have a long history of using botanicals as medica-
tion and often consider botanicals a conventional form of treatment (2).
Southern rural poor are also reported to have a higher utilization profile
of plant-derived products (46). Rural poor may treat illness with botanical
products while the U.S. population as a whole tends to use botanical pro-
ducts for general health benefits rather than to treat a specific illness
(18,46). Table 1 summarizes frequently used botanical products and what
the patients are using them for.

SAFETY OF BOTANICAL PRODUCTS

As a result of DSHEA, the majority of botanical drug products are used in
the United States without medical supervision. Only 8% of those who use
botanicals do so under medical supervision (13) and 85% of those who treat
themselves with herbs do not seek professional guidance or advice (16).
Even if patients utilizing botanical dietary supplements were medically
supervised, adulteration and misbranding are prevalent and so little is
known about the supplements that many untoward events could not be pre-
vented or recognized in a timely fashion (47,48). Despite the widespread
acceptance of CAM by the lay public, clinicians possess little scientific
information about the practices of CAM relative to conventional western
medicine. This is particularly unsettling because it is estimated that 16%
to 18% of prescription medication users took botanical and supplements
coincidentally (9,12). Medication–botanical interactions are largely
unknown (42). Even more alarming is a report that 14.5% of women used
botanical products during pregnancy and 23.5% of children under 16 may
be taking botanical products. Neonatal heart failure has been attributed
to the use of Blue cohosh during pregnancy (47).

Up to 60% of patients using alternative therapies are reported to have
never informed their physician of their botanical or CAM use (9,22,49,50).
Furthermore, only 40% of physicians ask their patients about alternative
therapy (22). The 60% of physicians who do not ask about the use of
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botanical supplements and other CAM are unlikely be informed of alterna-
tive therapies their patients are using. Clearly, there is a lack of communica-
tion between patients and providers. Some patients may fear disapproval by
physicians and wish to give socially desirable answers. However, the major-
ity of patients express a lack of concern about their physician’s approval,
rather they were more concerned with their physician’s inability to under-
stand and incorporate CAM into their medical management (51). Patients
are not using alternative therapy because they are dissatisfied with conven-
tional medicine but instead because they value both types of therapy (51).

Many botanical dietary supplements are potentially unsafe because of
adulteration and misbranding. Thirty-two percent of botanical medications
collected in California contained an undeclared pharmaceutical or heavy
metal (8,48). Pharmaceuticals adulterating botanical products are one of
the most frequent reasons botanical dietary supplements are placed on the
FDA MedWatch site, and this is undoubtedly a small fraction of what actu-
ally occurs. Table 2 gives the botanical products placed on MedWatch in the
past five years (52). Many of these adulterants are not detected until patient
illnesses are first detected. Consumers often do not recognize that many
imported products, purported to be traditional medications, are actually
recognized pharmaceuticals. For example, a ‘‘Mexican asthma cure’’ had
a claim on the label that said it contained no corticosteroids and was free
of adverse effects, but the product was found to contain triamcinolone, a
moderately potent corticosteroid with well-documented systemic adverse
effects common to all glucocorticoids. In another example, a patient used
an illegally imported Chinese medicine; it was reported to last much longer
than the medication the physician had prescribed. The label on the Chinese
medicine said it contained astemizole, a long-acting antihistamine with-
drawn from the United States as a result of its effect of prolonging the
cardiac QTc interval (8). In many cases, patients may not recognize pharma-
ceuticals that are sold as traditional medicines. In the past, consumers have
had difficulty distinguishing between vitamins and botanical products (9,23).
It is likely no different for botanicals and pharmaceuticals. This may be pro-
blematic because corporations are creating proprietary botanical blends and
branding them for use in specific medical conditions. Patients could inadver-
tently assume they are treating themselves with a medication that has under-
gone the same rigorous clinical testing as other FDA-approved medications.
Patients readily read and trust the directions on labels of dietary supple-
ments (14). In fact 59% of the public incorrectly thought a government body
reviewed and approved botanical supplements before they are sold (6,53,54).

There are other risks of contamination to botanical and botanical sup-
plements. Due to stress on the supply of cultivars for botanical supplements,
products may vary greatly in their active content. In the era of limited
resources, with increasing utilization and decreasing wild production, there
is pressure to produce a product. Raw material costs may override the
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quality and purity of the product. There are few barriers to bringing new
products to the market and many newer entrants may lack expertise to pre-
vent quality issues and contamination in their product (24). This creates the
potential for inadvertent poisoning as a result of overdosing or contamina-
tion as well as treatment failure through underdosing. Indeed, a study of
botanical consistency found that only 43% of the products tested were con-
sistent for ingredients and dose with the benchmark or recommended daily
dose. Twenty percent had the correct ingredient but not the stated dose and
37% were not consistent with either ingredients; dose or the labeling was too
vague to draw conclusions (37,55). The FDA also found that many botani-
cal products were inconsistent with the ingredients listed on the label and
estimated that only 12% to 24% of botanical extracts and 40% to 46% of
botanical products contained what was on the label (10).

Adulteration was found to be a problem in another dietary supple-
ment containing androstenedione; although not strictly a botanical, it is
regulated in a similar fashion under the auspices of DSHEA. Ingestion of
androstenedione contaminated with trace amounts of 19-norandrosterone
resulted in a positive test for 19-norandrosterone, a metabolite used to
detect nandrolone. Other samples were also found to be contaminated with
testosterone (56). The FDA has been cautious in its enforcement of DSHEA
after its experience with the passage of The Nutritional Labeling and Educa-
tion Act of 1990. This act severely restricted unproven claims on foods and
dietary supplements. Fearful of the loss of the ability to conduct business as
usual, the dietary supplement industry responded with forceful lobbying to
the Congress, which responded with DSHEA, exempting dietary supple-
ments from the earlier law.

DSHEA severely limited when the FDA could take action to protect
the public and what actions could be taken. The burden of proof to show
harm is now placed on the FDA. Moreover, dietary supplement manufac-
turers are not required to report adverse dietary supplement events. In fact,
between 1994 and 1999 fewer than 10 of the 2500 adverse events associated
with dietary supplements and reported to the FDA were reported by the
manufacturer (53). The Office of Inspector General concluded the sponta-
neous adverse event reporting ‘‘system has difficulty generating signals of
possible public health concern’’ due to ‘‘limited medical information, pro-
duct information, manufacturer information, consumer information, and
ability to analyze trends’’ (57). One weight loss supplement manufacturer
is reported to have withheld from the FDA 14,684 complaints of adverse
events regarding ephedra, which included heart attacks, strokes, seizures,
and deaths (53).

Recently, the FDA has begun to enforce DSHEA more assertively.
Ephedra was banned as a dietary supplement in April of 2004 because ephedra
presented an ‘‘unreasonable risk.’’ However, this ban does not include foods
containing ephedra, approved drugs, or Asian medicines, which are allowed to
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contain ephedra under the final rule (58). It appears that FDA may address
androstenedione in the near future (59,60). In March of 2004, FDA sent warn-
ing letters to 23 manufactures or distributors of androstenedione threatening
enforcement if they do not immediately cease distribution of androstenedione
and within 15 days advise the FDA, in writing, of actions taken (61). The
FDA did this on the grounds that androstene dione was not marketed on
October 15, 1994 and as such is not presumed safe under DSHEA. Further-
more, the FDA has stated that androstenedione consumption would be
considered an unreasonable risk, given what is now known (61–63).

Other botanical products are receiving FDA attention. The acting
commissioner of the FDA, Lester Crawford, told members at the American
Society for Pharmacology and Experimental Therapeutics in April 2004 that
the FDA was compiling data on other botanical products that have been
associated with safety issues (64). Kava, used as an anxiolytic, and usnic
acid, used for weight loss, have both been associated with liver disease; bitter
orange is used as a sympathomimetic in weight loss products to replace
ephedra; all the pyrrolizidine alkaloids have the eye of the FDA (64). There
are other products that could receive scrutiny of the FDA in the future.
Examples profiled in Consumer Reports include a list of what they call
‘‘the dirty dozen herbs listed by risk.’’ The botanicals are broken down as
follows: ‘‘definitively hazardous’’: aristolochic acid; ‘‘very likely hazardous’’:
comfrey, androstenedione, chaparral, germander, and kava; and ‘‘likely
hazardous’’: bitter orange, organ/glandular extracts, lobelia, pennyroyal
oil, skullcap, and yohimbe (53). These are products with potent pharmaco-
logical actions and poorly documented toxicities, and as long as they are
available safety will clearly be an issue.

As a result of DSHEA, botanical supplements are presumed safe by
virtue of being ‘‘grandfathered’’ by the FDA if the product was marketed
before October 15, 1994. Products brought to market after that date only
require 75-day premarket notification to the FDA with information that
substantiates that the ingredients will reasonably be expected to be safe
(65). FDA cannot take action until patients are injured but it is increasingly
clear relatively rare adverse events may not be detected until a significant
number of patients are killed or injured.

Safety Summary

With little knowledge of dietary supplements, many physicians do not ask
patients about botanical products and patients are also not disclosing the
consumption of these products. Some of these products also have substan-
tial pharmacologic activity that interacts with prescription medications and
disease states while other are devoid of any biological activity. Many
patients may actually think they are taking something that is rigorously
tested and regulated by the FDA when in fact some have been reported have
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serious issues with contaminants. Safety has been presumed as a result of
DSHEA despite common misbranding, and adulteration. Several dietary
supplements have been linked to cancer, renal and liver failure, and even
death. The vast majority of products are probably safe but many likely have
low level undocumented adverse effects. This leaves the possibility most
adverse events likely go unrecognized and untreated. Under current prac-
tices, the situation is unlikely to change.

CONCLUSIONS

The profile of the patient who uses a botanical product will likely be some-
one with higher education, be female, have higher socioeconomic status,
have more disposable income, and be older. The market is estimated to be
in excess of $5 billion in the United States with an estimated 10% to 20%
of the population using botanicals. Utilization of botanical dietary supple-
ments will continue to grow under the deregulation of DSHEA and as they
gain acceptance by the public and medical establishment. With increasing
stress on the harvesting of wild foliage, corporations must resort to harvest-
ing domestically grown botanical dietary supplements to meet the demand.
This should result in a more consistent product base. By increasing direct-to-
consumer marketing and branding of specific products, there will likely be
an acceleration of market growth. New ads for branded botanicals have
already appeared as this chapter was being published. Products will continue
to be imported and Internet sales will continue to grow. As more patients
use these products and regulatory issues remain, safety will continue to be
a concern and the market will likely be difficult to define. Drug–botanical
interactions and disease–botanical interactions are only now beginning to
be recognized by health care professionals as a potential source of harm,
as the prevalence of botanical dietary supplement utilization increases.
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