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Foreword to the First

Edition

The publication of Encyclopedia of Common
Natural Ingredients Used in Food, Drugs, and
Cosmetics is a welcome addition to the librar-
ies of those of us interested in natural products.
The reasons for publishing this unique ency-
clopedia are aptly dealt with by the author in
the Preface, and the principal audience has
been identified as practicing technologists in
the food, drug, and cosmetic industries and
their purchasing agents and marketers. But, as
well, it should prove to be an important refer-
ence for teaching and research in economic
botany, food technology, natural products
chemistry, and pharmacognosy, for it brings
together information about a variety of sub-
stances that, for various reasons, are not in-
cluded in recent compendia dealing with one
or another of these disciplines. Yet, as the
author points out, these are materials that find
significant usage in our society.

Dr. Albert Y. Leung’s education as a phar-
macist and pharmacognosist, coupled with his
extensive experience in natural products in-
dustries, provide him with a unique back-
ground that accounts for his successful syn-
thesis of this information into a practical
compendium. The material is accurately and
succinctly presented, the individual mono-
graphs are selectively supplemented with a
current bibliography that allows for further
reading on a particular product, and the selec-
tion of products included has been skillful.

Dr. Leung is to be commended for his efforts
in bringing us this most worthy publication.

ARrA G. PauL, Pu.D.

Professor of Pharmacognosy
and Dean

College of Pharmacy

The University of Michigan
Ann Arbor, Michigan






Foreword to the First

Edition

By some peculiarirony, therapid technological
advances made by the chemical industry since
World War Il have worked to obscure the solid
basic knowledge the industry once had of some
of its natural building blocks, the botanicals
that were (and still are) the prime ingredients in
so many drugs, cosmetics, flavors, industrial
reodorants, and so on. The recently trained
chemist, pharmacologist, or food flavorist (or,
for that matter, the person involved in sales,
marketing, or purchasing of these materials) in
all likelihood has missed the fact that these
materials have considerable historical signifi-
cance, that they still have application in so
diverse a list of products, and even what spe-
cific role they play in familiar products. After
all, these older, possibly no-longer-glamorous
natural substances may seem unsophisticated
and awkward to handle to those trained in the
glories of what might be called synthetic chem-
istry—the molecular juggling of carbons, hy-
drocarbons, acids, and alcohols to evolve pris-
tine crystals and powders.

Many of the veteran bench chemists with
experience in natural materials have retired or
passed on to their ultimate reward (hopefully,
a golf cart or a fishing boat in some warmer
clime), so the time is coming when there will
be less use of such fascinating ingredients as
bloodroot, horehound, or ylang ylang oil.
The veteran chemists used these materials to
make cough remedies or perfume oils
before there were synthetics, and when they
are gone, the individual little pockets of
knowledge have been in danger of dying out.
They appreciated that these unique materials
provide special product attributes, in the same
way that classic spices do for a good chef.
Then too, much of the chemical and biological

information has been buried in foreign scien-
tific literature, thus making it unavailable to
the average technologist.

Dr. A. Y. Leung has been observing this
widening information gap for several years,
perceiving that one logical way to bridge it
was to put together acompendium of materials
of natural origin. He has gone about the task
with logic and a sense of order, selecting the
cardinal facts without deluging the reader or
peruser of the book with a veritable mountain
of biological data. As befits the only reference
book that covers food, drug, and cosmetic
aspects of common natural ingredients,
Dr. Leung has identified each entry according
to biological name, its alternative or
slang description, a general description of
the plant from which it is derived, chemical
composition, pharmacological or biological
activity, and uses and commercial prepara-
tions. And for those needing more informa-
tion, he has included a comprehensive list of
references.

Such handy organization of material makes
this book especially useful to the working
chemist or technologist, to the purchasing
director, and to the person in sales or product
development or marketing, for in one fell
swoop he or she is given clear, comprehensive
information with no unnecessary embellish-
ment. Exotica become less exotic, the strange
becomes more familiar.

Because of the ongoing work of the Cos-
metic Ingredient Review and the Research
Institute for Fragrance Materials, it is a safe
bet that in the not-so-distant future there will
be a demand for a second edition of this
monumental work. These efforts will produce
much information about the toxicity or safety
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of these materials, information that will give
better clues as to whether it may be opportune
or diplomatic or safe from a regulatory stand-
point to persist in using a material that may be
allergenic or sensitizing. Also, Dr. Leung has
tried to emphasize the quality of commercial
preparations, with an eye toward the purcha-
sers and end users who will ultimately find the
volume so useful.

Foreword to the first edition

Anyone with a sense of romance will cher-
ish the names of these materials, and anyone
with an appreciation for order and thorough
documentation will regard this book as useful
and to the point.

DoNALD A. DAvis, EDITOR

Drug and Cosmetic Industry
New York



Preface to the Third

Edition

Ten years after the publication of the second
edition, we accepted the invitation to complete
the third edition of this encyclopedia. As it
turned out, it was a massive task that took more
than three years to accomplish even though
many of the initially planned new ingredients
were eventually left behind. The reader may
notice that the included ingredients are almost
the same as those of the second edition (ca. 300
main entries and about the same number of
related species and varieties) and that the new
ones are included under a new section entitled
“Indian Traditional Medicine—Ayurveda.”
Nevertheless, the total number of pages of this
edition has increased by at least 50% from the
previous one. The reason for this is the fact that
since the inception of the Dietary Supplement
Health and Education Act of 1994 (DSHEA),
interest in dietary supplement/herbal medicine
research has witnessed an unprecedented re-
vival resulting in an exponential increase in
scientific/industrial journals on herbals and
alternative medicine and reports published
therein over the past decade, not only in the
United States but all over the world as well.
Faced with such a massive body of data, we had
to make a decision to focus our efforts on
updating the literature related to the currently
included ingredients rather than diverting our
attention to the inclusion of new entities. Pur-
suing this strategy, we ended up searching
Medline as our main online source, reviewing
thousands of published reports for quality and
content, and summarizing the findings of those

satisfying our evaluation criteria. This resulted
in the inclusion of more than 6500 references
in the current edition. A number of the most
prominent textbooks published in the field
during the same period have also been added
to the general references. Of these, two text-
books focusing on clinical trials with herbal
products (BARRETT, BLUMENTHAL) and a trans-
lated atlas of phytopharmaceuticals (WICHTL)
are worth mentioning.

The general format of the previous edition
has been generally maintained (Source,
Description, Chemical Composition, Pharma-
cology, Uses, Commercial Preparations, Reg-
ulatory Status, and References) with minor
updated headings for “Toxicology’ and “Di-
etary Supplements/Health Foods™ to reflect
the latest trends and regulations. The reader
should refer to prefaces to the first and second
editions for a thorough description of each
heading. The newly added section includes a
background on Indian traditional medicine
and lists information on nine commonly used
herbal ingredients.

The general references and glossary have
been updated and moved to the end of the book
and assigned as Appendices A and B, respec-
tively. Two new appendices (Appendices C
and D), explaining and illustrating the botani-
cal terminology frequently encountered in the
text, have also been added.

It is our hope that this new edition will
provide updated information on classical herbs
and/or their common ingredients included in
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the previous edition. Such information should
continue to be useful to readers with various
backgrounds who share an interest in natural
product applications in medicine, nutrition,
and cosmetics and who are looking for a
comprehensive compilation of the recent liter-

Preface to the third edition

ature summarizing the most prominent find-
ings in this field.
IxHLAS A. KHAN AND EHAB A. ABOURASHED

Oxford, Mississippi
March 2009



Preface to the Second

Edition

Fifteen years have passed since the publica-
tion of the first edition. During this period,
basic information on most of the traditional
ingredients in the encyclopedia has remained
essentially the same. However, usages and
use trends of many of these ingredients have
changed. A whole new field of food/drug
products, loosely categorized as ‘‘health
foods,” has established itself in North Amer-
ica; so has the use of herbal teas. Although a
few conventional food and drug companies
have tried to capitalize on the market gener-
ated by these new fields, most members of
the medical, pharmaceutical, and food estab-
lishments have so far chosen to ignore them.
However, these rapidly expanding fields of
health foods and herbal teas have made it
very difficult for one to ignore. For this
reason, up-to-date and accurate information
on their ingredients should be made readily
available, not only to provide useful data for
technologists and consumers interested in
these ingredients, but also to counterbalance
the proliferation of promotional literature
from marketers that is often grossly inaccu-
rate and misleading, as well as negative
information from opposing interest groups
that is based on bias and self-interest and not
on relevant traditional and scientific data
available. Consequently, I have included in-
formation to support the “new’” uses in this
edition. As Chinese herbs constitute a ma-
jority of all natural products used in the
world, which have increasingly found their
way into American cosmetic, health food,
and herbal tea products in recent years, new
ingredients described in this second edition
reflect this trend.

Due to other commitments that limited my
availability for this revision, I enlisted the ca-
pable assistance of Steven Foster who has
earned a reputation for his writings. He has
been instrumental in updating much of the
information in the original entries of the ency-
clopedia as well as introducing most of the new
non-Chinese ingredients in this revision.

Concomitant with the development of
health foods and herbal teas, many books on
natural products have appeared since the first
edition was published. Some of these books
contain well-researched information, while
others are simply indiscriminate compilations
of data, which only help to perpetuate the
confusion relating to information in the herbal
products field. In order to help minimize the
spread of dubious data, books containing ex-
cessive outdated, secondary, and/or mislead-
ing data, as well as those consisting primarily
of indiscriminate compilations of data, includ-
ing some English titles on Chinese medicinal
plants (even though aggressively marketed),
are not included in the general references.

An unusual, but positive, alliance emerged
during the past decade. Numerous scientists
and practitioners from traditional fields (phar-
macognosy, pharmacology, chemistry, medi-
cine, botany, etc.) have joined forces with
herbalists and manufacturers and developers
of health foods and herbal teas to promote
research and information dissemination in the
field of medicinal plants and herbal products.
Thus, the Herb Research Foundation, estab-
lished in 1983 with an advisory board of
respected scientists in various fields, has been
engaged in promoting research in the various
aspects of herbs. Along with the more recently
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founded American Botanical Council (1988),
it publishes HerbalGram, a quarterly journal
that provides accurate information on many
commonly used natural products. In this new
edition, we have selected as general refer-
ences some of the books that we find useful
and that we believe had an impact in the
industry in recent years. Also, the extensive
use of information from the Chinese literature
in this new edition reflects the greatly in-
creased availability of data on natural products
from China during the past decade. As there is
no standard translation of Chinese pharma-
ceutical and biomedical titles, I have used the
transliterated titles of such references when-
ever there is a possibility of confusion. The
pin-yin system of transliteration has been
selected over the Wade—Giles system because
the former is now standard in Chinese litera-
ture originating in the People’s Republic of
China, which is by far the more abundant than
that originating elsewhere.

Along with the greatly increased availab-
ility of information and books on natural pro-
ducts, I have observed a tendency in both the
professional and lay press in the overly simpli-
fied interpretation of this information. It is
tempting to assign the biological activity of a
compound present in a natural product to the
product itself prematurely, irrespective of the
amount present. For example, taking this ap-
proach, the common spice, ginger, could easily
be turned into a panacea as it contains dozens of
active compounds, each of which by itself has
been shown to have various biological activi-
ties. These activities include antimicrobial
(essential oil components such as linalool,
geraniol, chavicol, 1,8-cineole, etc.); narcotic
(cumene); spasmolytic (borneol, myrcene);
analgesic (borneol, gingerols, shogaols);
diuretic (asparagine); antihistaminic (citral);
lipotropic (lecithins); anti-inflammatory (o
curcumene, borneol); sedative (gingerols, sho-
gaols); hypotensive (1,8-cineole, gingerols);
hypertensive (shogaols); liver protectant
(borneol); cardiotonic (gingerols); antipyretic
(borneol, gingerols, shogaols); insect repellent
(p-cymene, geraniol, myrcene); antibronchi-
tic, antitussive, and expectorant (1,8-cineole);

Preface to the second edition

nutrient (vitamins, minerals, amino acids); and
others." Under certain conditions or in specific
dosage forms, ginger could indeed exert some
of these effects. But to say that the spice ginger
is narcotic or hypotensive is an oversimplifica-
tion in interpretation.

This brings up one of the major challenges
in natural products research, especially in
Chinese herbs, which is to make sense out of
their myriad of traditional uses. Some of the
answers seem to lie in the complex chemical
nature of these products. The bioavailability
of these chemicals in a herbal formula or in an
ingested herb is most likely very selective and
dependent upon the physiological state of the
individual consumer. This may be one of the
major reasons why ginseng and other tonics
have been used for so many centuries in China
for so many different conditions, and yet
despite extensive research over the past 30
years, generating thousands of research pub-
lications, ginseng has still not been “proven
effective” by modern science. In our current
state of specialization and advanced instru-
mentation and analytical and biological tech-
nology, it is very easy for a chemist to discover
new chemicals or find known active chemicals
in trace amounts in any plant material or for a
pharmacologist to test the pharmacological
activities of chemicals that are isolated only
in traces from plant drugs, which would in-
variably result in publications that in turn
would boost the political and financial status
of the researchers involved. There is nothing
wrong about such research. However, the
challenge is to refrain from over-interpreting
the results that are often blown out of context
by proponents or opponents of the herbal drug
as “preliminary evidence” to promote or re-
strict use of this particular herb.

There is also a general tendency to consider
biomedical publications from Chinese sources
as of inferior quality, which consequently
should not be taken seriously. However, in
my opinion, the most common flaw in pub-
lications on natural products, a good amount
from ‘“advanced’ countries, is the failure of
the investigators to identify correctly and
quality control the material they are studying.



Preface to the second edition

This leads to results that cannot be duplicated
and contributes further to the overflow of
misinformation or useless information in this
field.

While use of natural ingredients in pro-
cessed foods and cosmetics was at its peak
when the first edition was published, use of
these ingredients in drugs was on the decline.
Now, the trend is reversed. More and more
natural ingredients are being used in “herbal
formulations” for the prevention and often the
treatment of illnesses, most of which are
related to side effects of our modern lifestyle
or are common diseases that normally will
resolve themselves with adjustment of life-
style and without drug treatment. The former
include obesity, hyperlipemia, and stress-
related conditions, while the latter include
some digestive problems, minor aches and
pains, and the common cold and its related
symptoms. Based on traditional consumption
patterns and use history, many of these for-
mulations contain ingredients that can truly be
considered as food ingredients while others
fall under the category of drugs, and still
others can be considered as either food or
drug, depending on usage. Most of the original
entries in the first edition serve as ingredients
in both foods and drugs in conventional usage,
that is, processed foods and over-the-counter
(OTC) drugs. In the second edition, I have
added over 70 new entries and included a new
category of usage called ‘“Health Food/Herb
Teas.” All food and drug uses of commercial
products that do not fall under conventional
processed foods or cosmetic or OTC drug
categories are grouped under ‘“Health Food/
Herb Teas.” In this section, we simply report
on perceived uses of individual ingredients in
the health food/herb tea category. This infor-
mation is not intended to confirm efficacy or
safety for a given indication. Rather, it is meant
only to indicate for what purposes consumers
may be using these products.

The debate whether health foods or
herbal teas should be classified legally as
genuine foods/teas or as drugs still goes on.
While health food and herbal tea companies
consider their products as composed of food

xvii

ingredients, the medical and pharmaceutical
industries generally view them or prefer to
classify them as drugs requiring strict federal
control. Although these opposing views are
obviously dictated by economic and political
considerations, the truth, in reality, lies some-
where in between. I expect this ongoing de-
bate to continue for a long time. In the mean-
time, the new “Health Food/Herb Teas”
category should be adequate in covering re-
ported uses in these areas. However, the infor-
mation reported here should in no way be
construed to be an endorsement of the reported
usages.

Also, the “Folk Medicine” category has
been changed to ‘““Traditional Medicine’’ to
accommodate Chinese traditional medical
usages of the new Chinese drug and cosmetic
entries, as well as to recognize the role that
traditional medicine now plays in primary
health care delivery, particularly in develop-
ing countries. Since 1978, the World Health
Organization (WHO) and dozens of collabo-
rating institutions worldwide have sought to
assess the value and extent of the use of plants
in health care systems. WHO has estimated
that as much as 80% of the world’s population
rely chiefly on traditional medical systems,
primarily in the form of plants, plant extracts,
and active principles. Observing traditional,
historic, folkloric, or ethnobotanical uses of
plants is regarded as a useful approach for
targeting research leads in the development of
new drugs from plants. A recent survey of
medicinal plants used in therapy worldwide
found that 119 distinct chemical substances
derived from 91 species are used as drugs in
one or more countries. Of these plant-derived
substances, 74% were discovered following
chemical studies to determine the active com-
pounds responsible for the use of the plant in
traditional medicine.> While many traditional
uses may not be validated as safe or efficacious
by current scientific methodology, they can
provide valuable leads for new or expanded
utilization in the future.

Under ‘“‘regulatory status,” information
has been included on German regulatory
monographs. German health authorities have
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established a separate expert commission
(““Commission E”) to develop standardized
therapeutic monographs on herbal medicines.
It has produced nearly 300 “Therapeutic
Monographs on Medicinal Products for Hu-
man Use.” Each monograph, published in the
German Federal Gazette (Bundesanzeiger),
includes details on the name of the drug,
constituents, indications (including those for
the crude drug or preparations), contraindica-
tions (if any), side effects (if known), interac-
tions with other drugs or agents (if known),
details on dosage of the crude drug or pre-
parations, the method of administration, and
the general properties or therapeutic value of
the herb or herb product. The German mono-
graph system is considered to be the best
governmental information source on medici-
nal plant usage produced by a Western indus-
trialized nation.” It also serves as the model for
the development of a European phytomedi-
cine monograph system produced by the Eu-
ropean Scientific Cooperative on Phytother-
apy (ESCOP) for use by European Union
member countries.

Since the publication of the first edition, use
of natural ingredients in cosmetics had been
slowly declining until more recently, when a
new surge of interest in Chinese cosmetic
ingredients prompted the introduction of a
number of Chinese natural products into
American cosmetics. Although used for cen-
turies in China, these ingredients are new to
most American cosmetic formulators. Some
of these new ingredients can be found among
the more than 24 main entries that I have
included in this revision. Others (more than
22) can be found under the new section titled
“Chinese Cosmetic Ingredients.” This sec-
tion describes in brief some of the more
commonly used natural ingredients in Asia,
which may now be found in new cosmetic
products on the domestic market.

Despite renewed talks in the herbal/botanical
industry to standardize quality and to assure
purity of herbal ingredients, trade practices in
this industry have not changed significantly
during the past decade. And irrespective of
claims by individual suppliers, manufac-
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turers, and associated trade groups on quality,
no meaningful assay standards or quality
assurance methods have been introduced to
guarantee purity and quality of many natural
ingredients. Thus, for example, the most
commonly used ingredients, such as aloe vera
and ginseng, still lack meaningful assay stan-
dards and are frequently adulterated. The
practice of this intentional adulteration is
implicitly encouraged by manufacturers who
purchase only low priced ingredients and who
will simply accept dubious “certificates of
purity” from suppliers as the sole proof of
quality and by the common practice of
employing ‘“label claims” in the cosmetic
industry. Only a very small number of com-
panies have their own programs to standard-
ize and control the identity and purity of the
herbal ingredients used in their products. In
addition, due to ignorance, even some well-
known herbs, especially in their powdered
forms, are misidentified, yet distributed as
genuine in the industry. These include echi-
nacea, eleuthero, ginseng, and numerous
Chinese herbs such as fo-ti. Thus, it is obvi-
ous that much remains to be done in assuring
the identity and quality of natural ingredients
in the health foods/herb teas field.

This adulteration/misidentification has
caused a major problem in the research on
commercial natural products. Due to the fail-
ure of researchers to recognize the importance
of identifying the correct source of test mate-
rials, results of studies on unidentifiable
commercial herbal products (e.g., ‘“‘ginseng
capsules” or “aloe vera”) are irreproducible
and mostly worthless. Because of this prob-
lem, one should exercise extreme caution when
quoting results of these studies. A well-
publicized example is an uncontrolled study on
ginseng (?) resulting in the so-called ““ginseng
abuse syndrome,” which was published in a
reputable journal.* This study has been repeat-
edly quoted worldwide for the past 16 years
both in scientific journals and in the lay press.
None of the people who quoted this study
seemed to have read the original publication,
noticed, realized, or cared that the results of that
study were based on uncontrolled test materials
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that included not only Asian ginseng (identity
and purity doubtful), butalso American ginseng
(7), Siberian ginseng (?), desert ginseng (canai-
gre) (?), caffeinated drinks, other drugs the
subjects happened to be taking, as well as other
unidentified materials (could be anything) in
commercial “ginseng” products! Unfortunate-
ly, this is not the only incidence of such pub-
lications or research by researchers and editors
who lack expertise in the natural products area
and who otherwise are eminent in their own
fields. If such papers were submitted to journals
of natural products such as the HerbalGram,
Planta Medica, and Journal of Natural Pro-
ducts, they would be rejected outright. This
clearly demonstrates the need for experts of
otherdisciplines tobe aware of the intricacies of
natural products when investigating, reporting,
and evaluating these products.

Another important point to remember
when studying natural products is that it is
sometimes not enough just to identify cor-
rectly the botanical source of the natural
product to be studied, especially where Chi-
nese herbs are concerned. While in most
cases with Western medicinal plants it is
sufficient to simply assure their botanical
identity, it is not so with Chinese herbal
materials. In addition to their correct botan-
ical sources, Chinese herbal materials re-
quire further clarification, including plant
parts used and whether or not the materials
are simply cleaned and dried or are specially
treated with other herbs and/or boiled in
water or wine. Thus, simply identifying an
herbal drug as Ephedra sinica Stapf can
mean one of the at least two different drugs
with distinctly different medicinal proper-
ties: mahuang (stem) is diaphoretic, among
other properties, while mahuanggen (root) is
antiperspirant. Another example is Polygo-
num multiflorum Thunb., from which at least
three different herbal products are derived,
each with distinct medicinal characteristics:
stem, raw root tuber (heshouwu), and cured
root tuber (zhiheshouwu). It is obvious the
Western term for it, fo-ti, is meaningless. A
voucher specimen of Polygonum multiflor-
um to go with fo-ti would further add to the
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confusion and would not determine whether
the fo-ti shipment in question is the laxative
(raw root) or the tonic (cured root).

A recent trend in the herbal industry is to
market the so-called standardized extracts,
such as ginseng extract standardized to ““‘gin-
senosides” content or Siberian ginseng extract
to “eleutherosides” content. However, as there
is normally more than one (or one type of)
active component in a natural product, stan-
dardization based on one particular type of
chemical component is not representative of
the total activity of the product. Consequently,
these arbitrarily selected components can only
be useful as a “marker” of product quality.
And these ‘“markers” are only valid for ex-
tracts that are total extractions of the herbs
concerned. Extraction processes designed to
extract these “markers” selectively would pro-
duce extracts that are not representative of the
original herbs. Thus, a “standardized” ginseng
or Siberian ginseng extract may be devoid of
polysaccharides that are also biologically ac-
tive. Also, the ginsenosides in a ginseng extract
may not be from ginseng itself but rather from
another much cheaper, non-ginseng source
(see ginseng). To be fair to both traditional
and modern science, one should not be over-
zealous in trying to equate a chemical constit-
uent to a traditional herbal drug.

As more and more biological and toxico-
logical research is performed on commercial
natural products, it is increasingly apparent
that scientific evaluation of individual purified
components from these natural products has
rarely produced results that are consistent with
the property of the products in foto. Conse-
quently, one should not be prematurely
alarmed if one of numerous components in
a long-used natural product is shown to have
toxic effects in the laboratory, unless further
research on the product in its complete form
produces the same effects. Conversely, one
should not be overoptimistic in claiming a
particular herb or natural product as “‘cure”
for a certain disease after studies have indi-
cated that one of its numerous chemical com-
ponents exhibits a positive effect on the dis-
ease. This is especially true if this component
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is present only in minute quantities whose
effect may be overshadowed by those of other
compounds present, thus making the herb (in
its original form) inactive as a cure for the
disease. Oleanolic acid is a typical example. It
is widely distributed in nature. A recent
double-blind study involving 152 cancer pa-
tients demonstrated it to have immunomodu-
lating effects (enhanced phagocytosis,
E-rosette formation, and delayed hypersensi-
tivity), improving the general condition in
two-thirds of the patients. Preliminary studies
have also indicated it to be effective against
hepatitis and HIV.®> However, all this does not
mean eating cloves and olives, both containing
oleanolic acid, will necessarily produce such
an effect.

We are currently being literally choked by
an overabundance of data on natural products,
much of which either has not been evaluated or
is of dubious value. In this second edition, as in
the first edition, every effort has been made to
evaluate all original publications available to
assure that the research methods and findings
are of decent quality. And I have paid particu-
lar attention to the identity and quality control
of the test materials. Papers reporting on
results of studies based on unidentified or
unidentifiable test materials are not cited un-
der the respective entries (e.g., the so-called
“ginseng abuse syndrome” not cited under
ginseng) for the same reason that results of
research on an unidentified “‘yellow powder”
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as due to riboflavin or curcumin would not be
reported in a medical or pharmaceutical
journal.

Appearing in the English literature mostly
for the first time, the information on the new
Chinese natural products in this second edi-
tion has been gathered from dozens of major
Chinese classical and modern works and
from over 50 Chinese journals on traditional
and herbal medicine. I have tried my best to
present a balanced view of the traditional
and modern aspects of Chinese herb use. The
new ingredients selected for this new edition
generally reflect the trend in current com-
mercial use of natural products in America. |
hope this new edition will provide the read-
ers with an accurate update on the original
entries of the first edition as well as an
overview of the huge resources in Chinese
herbal ingredients.

1. J. A. Duke, HerbalGram, 17, 20 (1988).

2. N.R.Farnsworth et al., Bull. World Health
Organ., 63 (6), 965 (1985).

3. V. E. Tyler, HerbalGram, 30, 24 (1994).
4. R. K. Siegel, JAMA, 241, 1614 (1979).
5. Y. Sun et al., Chin. J. Clin. Pharmacol., 6,
72 (1990).
ALBERT Y. LEUNG

Glen Rock, New Jersey
July 1995



Preface to the First

Edition

About 500 natural ingredients are currently
used in commercial food, drug, and cosmetic
products. These do not include antibiotics,
vitamins, and many other natural substances
that constitute prescription drugs nor medici-
nal herbs that are not readily available in
commerce. Some of these ingredients are pure
chemicals isolated from natural sources while
others are extracts of botanicals. Our daily
food, drug, and cosmetic items often contain
these ingredients. Many of the substances used
in foods are also used in drugs and cosmetics,
where higher concentrations are involved.

Three major reasons have prompted me to
compile this encyclopedia. First, no reference
books are presently available that specifically
and simultaneously deal with commonly used
natural ingredients in processed foods, over-
the-counter drugs, and cosmetics. Since many
natural flavor ingredients and food additives
are also drug and cosmetic ingredients when
used in higher concentrations, there has been
an acute need for a compact reference book
that provides condensed and accurate infor-
mation on these substances, saving the reader
much time and effort that otherwise would
have to be spent in consulting various hand-
books and journals.

Second, most of the currently available
technical reference books in the English lan-
guage on food, drug, or cosmetic ingredients
contain limited and out-of-date information
regarding naturally derived substances. Many
formerly official botanical drugs that are no
longer official in the United States Pharmaco-
poeia (U.S.P. XIX) or the National Formulary
(N.F. XIV) are still widely used in nonpre-
scription pharmaceutical preparations and in
food products. Yet they are largely neglected

or ignored by editors or authors of readily
available handbooks. Presumably, when a bo-
tanical drug is deleted from a currently official
compendium, there should no longer be any
interest in it. Formerly official drugs such as
arnica, chamomile, rhubarb, valerian, white
pine, and witch hazel are still widely used
today in foods, drugs, and cosmetics; so are
many plants that have never been admitted as
official drugs, examples of which are alfalfa
herb, annatto seed, chicory root, fenugreek
seed, ginseng root, and rose hips. There is
still ongoing, active research on many of these
natural products, particularly outside the
United States. Since these botanicals are very
much a part of our culture and daily life,
information on them should be readily avail-
able. This encyclopedia is intended to furnish
correct, up-to-date information on these
materials.

Third, there is a general information gap
regarding natural products between technolo-
gists of the botanical industry and those of the
food, drug, and cosmetic industries, between
members of the academic and research
communities and those in industry, as well as
between the consumer and the industry con-
cerned. Information readily available to
one group is often not available to the others.
One of the objectives of this book is to try to
bridge this gap by supplying information that
would make different groups more aware of
the practices and happenings outside of their
own circle regarding the use of natural
ingredients.

In this encyclopedia, each natural product
is presented in alphabetical order according to
its most common name, with each natural
ingredient being cross-referenced with its
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scientific name (Latin binomial) in the Index.
As a natural ingredient often has several com-
mon names (synonyms), the reader is advised
to use the Index if an ingredient cannot be
found in the text under a particular synonym.
Data on about 310 natural ingredients are
furnished. Information included in each item
includes plant or other sources, habitats, parts
used or derived from, method of preparation,
brief physical description, chemical composi-
tion, pharmacology or biological activities,
common commercially available forms in the
United States, and their qualities, uses, and
regulatory status, whenever applicable.

Data on chemical compositions of natural
ingredients are constantly increasing as ana-
lytical techniques keep improving. Often an
ingredient contains hundreds of chemical con-
stituents, yet only a few (occasionally arbi-
trarily selected) are listed in this encyclopedia.
For further information on other compounds,
the reader is referred to the original references
cited. Incidentally, the absence of a particular
compound in a natural ingredient does not
necessarily mean that it is actually absent; it
may simply mean that nobody has analyzed
for it in this particular ingredient. On the other
hand, its reported presence in a natural ingre-
dient means only that someone has investi-
gated it in this particular ingredient using a
particular analytical technique for whatever
reason. Also, the mere presence of a toxic
chemical in a natural ingredient does not
necessarily make this ingredient toxic. Its
concentration and biological availability
should be taken into account when the toxicity
of the ingredient is considered.

The data on pharmacology or biological
activities (be they favorable or unfavorable)
reported in this book should be viewed with
caution as often they were single reports or
reports from a single laboratory or research
group that have not been substantiated by
other studies. Furthermore, it should be kept
in mind that results from animal studies are not
necessarily applicable to humans. Purity of the
test material (which is often not sufficiently
stressed) should also be taken into account
when evaluating such data.

Preface to the first edition

Uses are categorized into four major areas:
(1) pharmaceutical and/or cosmetic, (2) food,
(3) folk medicine, and (4) others. Pharmaceu-
tical and cosmetic uses refer to current uses in
commercially available products mainly in the
United States. No attempt has been made to
identify the function of each ingredient in a
product, as often there are over a dozen botani-
cal components present in a single preparation,
making it an impossible task. The same situa-
tion applies to the food area where the majority
(200-250) of the ingredients used in food
products are broadly identified only as flavor
ingredients. The specific function and use level
of a particular ingredient in a flavor formula-
tion are often proprietary information, whichis
seldom publicly available. Consequently, food
uses are reported in this encyclopedia by food
categories, as in the report on ‘‘Average Maxi-
mum Use Levels” published by the Flavor and
Extracts Manufacturers’ Association of the
United States (FEMA). Only in cases where
the functions of the ingredients have become
widely known in the trade or otherwise in open
literature (e.g., fenugreek extract as a major
flavoring agent in artificial maple syrup, yucca
extracts as foaming agents in root beer, ab-
sinthium as a flavor ingredient in vermouths,
etc.) are they specifically mentioned in this
book. Sometimes an ingredient is reportedly
used in various types of food products, yet
federal regulations have approved its used in
only one particular type of product. This ap-
pears to be a typical case of information dis-
semination lag. Under folk medicinal uses are
listed only those traditional uses that are re-
ported in reliable sources available to me,
primarily in the English, German, and Chinese
languages; they are by no means complete and
they should not be regarded as endorsement of
such uses. They are included in this volume
because of their popular interest. Under the
fourth category (“‘others’’) are listed potential
or unusual uses that do not fall in above
categories.

Use levels in foods reported in this ency-
clopedia are based on the FEMA report; a
manufacturer may foreseeably use an ingredi-
ent in an amount five times the average maxi-
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mum use and still be considered within good
manufacturing practice. Use levels reported
for cosmetics are based on values reported in
the Monographs on “Fragrance Raw Materi-
als” prepared by Opdyke of The Research
Institute for Fragrance Materials, Inc. and
published in Food and Cosmetic Toxicology.

Under regulatory status, GRAS means gen-
erally recognized as safe as sanctioned by the
Food and Drug Administration (FDA); an
ingredient described as having been approved
for food use is not necessarily GRAS. For
more precise and up-to-date information, the
reader is referred to §182 and its appropriate
sections under Title 21 of the Code of Federal
Regulations (formerly §121.101),t0 §172.510
(formerly §121.1163), and to other appropri-
ate sections, to the FDA, and to the latest
notices and rulings published in the Federal
Register.

A glossary of terminology commonly used
in the botanical industry is found in the Intro-
duction. Since the primary purpose of this
encyclopedia is to serve as a practical refer-
ence guide for practicing technologists in the
food, drug, and cosmetic industries and their
purchasing agents and marketers, theoretical
considerations and basic principles in the
fields concerned are omitted. For these topics,
the reader is referred to standard texts on these
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subjects such as BALSAM AND SAGARIN, FURIA,
HARBORNE, LEWIS AND ELVIN-LEWIS, REMINGTON,
and TYLER, listed in the General References.

In the General References are listed text-
books and handbooks from which general and
sometimes specific information was obtained.
They are identified in the text by the names of
the authors in small capital letters, and if there
are more than two authors, by the name of the
first author. If an author has more than one
book, it is identified by a number such as 1 or 2
immediately following the author’s name
(e.g., BAILEY 2); the number refers to the order
of appearance of this author’s books in the list.

Specific references are cited under Refer-
ences immediately following each entry, num-
bered according to their order of citation in the
text.

It is hoped that this encyclopedia will serve
as a handy and useful reference to technical
and nontechnical members of the food, drug,
and cosmetic industries, to teachers and stu-
dents of corresponding sciences and related
fields, and to the general public who want to
know more about natural ingredients.

ALBERT Y. LEUNG

Glen Rock, New Jersey
January 1980
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Introduction

People have been using natural products since
the dawn of human history. Only toward the
end of the 19th century, however, have we
started to know something about the chemistry
of some of these products. With our increasing
knowledge of chemistry and related sciences,
we have begun to duplicate some of the natural
chemicals and at the same time make mod-
ifications in these compounds, or sometimes
produce completely new ones. Consequently,
since the advent of the Synthetic Era several
decades ago, many natural drugs have been
replaced by synthetic ones; natural flavors and
fragrances have been duplicated or simulated
by manufactured chemicals. However, the
number of natural products/natural product-
derived drugs used in pharmaceutical products
is still sizable, amounting to ca. 25% of the
total number of medicines approved by the
FDA. This number has not changed appreci-
ably for the last two decades, especially with
reference to botanicals. At least 250 plants or
their extracts are currently used in commercial
food products broadly classified as flavoring
ingredients (FEMA). Over the past decade,
there has been an increasing interest in the use
of natural products, particularly in foods,
cosmetics, and complementary medicine,
especially after the passage of the Dietary
Supplement Health and Education Act
(DSHEA) in 1994. The implementation of
DSHEA in the United States opened the mar-
ket to a new class of natural-based products
that are collectively known as dietary supple-
ments (more below).

To define a natural product is not a straight-
forward task, for, strictly speaking, everything
is derived from nature. Nevertheless, by natu-
ral products it is generally meant that products
are not made by chemical synthesis. Theoreti-
cally, a natural chemical is the same as
its synthetic counterpart in every respect.

However, it must be pointed out that unless
this chemical is absolutely pure (which it
seldom is), it would contain different impuri-
ties, depending on its sources. The impurities
present in a naturally derived food, drug, or
cosmetic ingredient are bound to be different
from those of its synthetic counterpart, and if
there is more than one way to synthesize this
compound, then the impurities would be dif-
ferent from one synthetic process to another.
The relative toxicities or merits of these small
differences have not been determined. If an
impurity, whether it is a natural or synthetic
chemical, has unusually high latent biological
activity, a minute quantity of it present in a
chemical would produce physiological effects
besides those elicited by the pure chemical
itself. These effects may not be immediately
apparent. Most, if not all, of existing standards
for food, drug, and cosmetic ingredients do not
have provisions for pinpointing small amounts
of impurities, as it is impractical to set abso-
lute purity standards for these ingredients.
Consequently, in practice, most of these ma-
terials are permitted to have a range of errors
built into their purity assays. This range of
errors can be due either to the assay methods
themselves or to actual impurities present in
the chemical. In some cases, as analytical
methodology advances, this range has become
progressively narrower. However, before this
range becomes negligible, one should not
equate a naturally derived chemical with its
synthetic counterpart, and their sources should
be indicated, as is the case with certain flavor
chemicals.

There are several definitions of a natural prod-
uct. In the case of flavoring substances, some
definitions of a natural product (flavor) limit
the product to be one obtained from natural
sources by physical processes only. Other
definitions allow hydrolysis and fermentation
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as permissible processes. For all practical
purposes in this book, a natural product is
defined as a product that is derived from plant,
animal, or microbial sources, primarily
through physical processing, sometimes facil-
itated by simple chemical reactions such as
acidification, basification, ion exchange, hy-
drolysis, and salt formation as well as micro-
bial fermentation. These chemical reactions
do not drastically alter the chemical structure
of the natural product to be isolated.

Ingredients used in foods, drugs, and cos-
metics can be divided into two main catego-
ries, namely, active and inactive. Active in-
gredients can be considered as those that
supply energy to the body or serve as its
nutrients (foods and some food additives), or
cause physiological changes in or on the body
(drugs and cosmetics) when taken internally
or applied externally. Inactive (inert) ingredi-
ents are substances that, based on prevalent
data, do not exert physiological actions when
ingested or applied to the body. Their primary
function is to act as diluents (fillers) and/or to
facilitate the ultimate intake or utilization of
the active ingredients. Among food products,
basic foodstuffs such as flour, starch, and milk
are not included in this book, although they are
considered active ingredients. Only food ad-
ditives are considered. However, in drug and
cosmetic products, both active and inactive
substances are included.

Food additives are a large group of sub-
stances that are added to foods either directly
or indirectly during the growing, storage, or
processing of foods for one or more of the
following purposes:

Improve or maintain nutritional value
Enhance quality

Reduce wastage

Enhance consumer acceptability
Improve keeping quality

Make the food more readily available

Nk Wb =

Facilitate preparation of the food

There are about 2500 direct food additives
currently used by the food industry. Out of this
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number, perhaps 12-15% are natural pro-
ducts. Many of these food additives are also
drugs when used in larger quantities. Some of
these are also used in cosmetics. The total
number of the more commonly used natural
food, drug, and cosmetic ingredients in this
encyclopedia is about 310 (first edition).

In spite of the fact that plants have been
used for therapeutic purposes for millennia,
only a relatively few plants or plant products
are currently officially recognized in the Unit-
ed States as effective drugs. This is largely due
to the difficulties encountered in plant drug
research and the limitations of scientific meth-
odology employed. Quite often, premature
publicity on unconfirmed research data has
tainted the reputation of many botanical drugs.
Since many drug plants have rather compli-
cated chemical compositions and analytical
technology has not been adequate in deter-
mining their identities and qualities once
extracts are made from them, adulteration,
sophistication, or substitution has been com-
mon. This has led to inconsistencies in drug
potency, and many natural drugs have proba-
bly been removed from officially recognized
status as a result. Many natural drugs formerly
recognized by the United States Pharma-
copeia (U.S.P.) and National Formulary
(N.F.) are no longer official in these compen-
dia, yet many of these continue to be used in
pharmaceutical preparations. As mentioned
above, the implementation of DSHEA has
imparted a new status to the majority of
natural formulations currently available in the
United States market. As partially defined
under DSHEA, the term “dietary supplement”
means a product (other than tobacco) intended
to supplement the diet that bears or contains
one or more of the following dietary ingredi-
ents: (a) a vitamin; (b) a mineral; (c) a herb or
other botanical; (d) an amino acid; (e) a dietary
substance for use by man to supplement the
diet by increasing the total dietary intake;
or (f) a concentrate, metabolite, constituent,
extract, or combination of any ingredient
described above. As mandated by the FDA,
the label of any dietary supplement marketed
in the United States should have the statement:
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“These statements have not been evaluated by
the Food and Drug Administration. This prod-
uct is not intended to diagnose, treat, cure, or
prevent any disease.” The unevaluated
“statements” include any structure/function
claims introduced by the manufacturer for a
particular dietary supplement.

REFERENCES
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Some of the food, drug, and cosmetic ingre-
dients are pure chemicals isolated from plants,
animals, or microbes. However, most are in
the form of extracts, oleoresins, fixed oils, and
volatile oils, among others. The included ap-
pendices contain most of the commonly en-
countered terms used in the botanical industry.
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Natural Ingredients

ABSINTHIUM

Source: Artemisia absinthium L. (Family
Compositae or Asteraceae).

Common/vernacular names: Absinthe, absinthe
grande, absinthium, armoise, common worm-
wood, wermut, wermutkraut, and wormwood.

GENERAL DESCRIPTION

Artemisia absinthium is a shrubby perennial
herb with grayish white stems covered with
fine silky hairs, 30-90 cm high; leaves also
silky, hairy, and glandular, 2-3-pinnatisect,
petiolate lobes, mostly obtuse; odor aromatic,
spicy; taste bitter; native to Europe, northern
Africa, and western Asia, naturalized in North
America; extensively cultivated. Parts used
are the leaves and flowering tops (fresh and
dried), harvested just before or during flower-
ing; from these a volatile oil is obtained by
steam distillation (EVANS; FERNALD; YOUNGKEN).

CHEMICAL COMPOSITION

Artemisia absinthium contains up to 1.7%
volatile oil composed mainly of thujone (o
and B-) and B-caryophyllene.' Bitter principles
include artabsin (analogous monomer of ab-
sinthin), dimeric guaianolides (absinthin and
absintholide),z’3 artabsinolides A—C (EVANS),
and artemetin (5-hydroxy-3,6,7,3',4’-penta-
methoxyflavone);* other isolated lactones in-
clude arabsin,” artabin,® ketopelenolide a
(a germacranolide),7 artenolide, artemoline,
and deacetylglobicin (monomeric guaiano-
lides),8 anabsin, and isoabsinthin (dimeric
guaianolides).>”*!° Other constituents pres-
entinrelatively high amounts in the oil include

sabinene, frans-sabinyl acetate + lavandulyl
acetate, (—)-sabinyl acetate, (Z)-epoxy-o-
ocimene, chrysanthendiol (+), and chry-
santhenyl acetate, among others.''™'® Cadi-
nene, camphene, bisabolene, thujyl alcohol,
myrcene, 1,8-cineole, and azulenes (e.g., cha-
mazulene, 3,6-dihydrochamazulene, and 5,6-
dihydrochamazulene)are also found.'"'* Cha-
mazulene at concentrations of up to 0.29% was
detected in the flowers at the beginning of
ﬂowering.14 Also, (—)- and trans-epoxyoci-
menes wereisolated from an Italian absinthium
oil of which they constituted 16-57%."°
Varying geographical origin, altitude, and
exposures affect qualitative and quantitative dif-
ferences in the essential oil. The volatile oil of
different chemotypes can contain >40% of ei-
ther p-thujone, chrysanthenyl acetate, trans-sa-
binyl acetate, or (—)-epoxyocimene (EVANS). 11,14
Plant material collected in Argentina (Patagonia)
was composed of 59.9% B-thujone (2.34% o-
thujone), sabinyl acetate (18.11%), (—)-epoxyo-
cimene (1.48%), caryophyllene (1.92%), linalo-
ol (1.15%), and sabinene (1.09%), with trace
amounts of o-pinene, O-terpineol, germacrene
D, neryl acetate, neryl propionate, nerol, geranyl
propionate, and geraniol (< 1% each)."?
Miscellaneous constituents of the plant
include inulobiose (an oligofructoside),16
coumarins (scopoletin, umbelliferone), phe-
nolic acids, flavonoids,'”"® amino acids,'”
tannins (4.0-7.7%),° lignans (3,7-dioxabicy-
(:10[3,3,0]—0ctanes),7 pipecolic acid,21 and
sterols, including an antipyretic sterol (24C-
ethylcholesta-7,22-dien-3p-ol).***

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Despite the postulation that thujone and
tetrahydrocannabinol, active principles of
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absinthe and marijuana, respectively, interact
with a common receptor in the central ner-
vous system, no evidence of such activity
was found.**

Antitumor activity has also been reported™’
and attributed to a flavonoid, artemisetin.®

The essential oil and extracts of the plant
have shown in vitro antimicrobial,”’31 anti-
fungal,27’31 nematocidal,32 acaricidal,33 and
antimalarial activities.>*In vitro antimaliarial
activity was found from two homoditerpene
peroxides isolated from the aerial parts of the
plant.*® The oil was shown to repel mosqui-
toes, fleas, and flies.>!

TOXICOLOGY

The toxicity of A. absinthium and thujone
remains poorly understood;36 however, inges-
tion of large doses of thujone causes convul-
sions. Habitual use or large doses of alcoholic
drinks containing A. absinthium have been
associated with brain damage, epilepsy, sui-
cide, hallucinations, restlessness, insomnia,
nightmares, vomiting, vertigo, tremors, and
convulsions.®”*® With the likely exception of
the latter owing to GABA-modulating activity
of o~ and B-thujones,” how many of these
observed toxic effects were caused by the
plant remains unknown.

Thujone is porphyrogenic and may there-
fore be hazardous to patients with defective
hepatic heme synthesis.*” Applied externally
the essential oil is nontoxic.*!

USES

Medicinal, Pharmaceutical, and Cosmetic.
Oil is used as an ingredient in certain rubefa-
cient preparations; extracts now rarely used
internally, except in some bitter tonics for
anorexia and dyspeptic symptoms (bitter
value of at least 15,000) (BLUMENTHAL 1). The
oil has been used as a fragrance component in
soaps, detergents, creams, lotions, and per-
fumes, with maximum use levels of 0.01% in
detergents and 0.25% in perfumes.*?

Absinthium

Food. Artemisia absinthium is widely used
in flavoring alcoholic bitters and in vermouth
formulations; average maximum use level of
0.024% reported. The oil and extracts are also
used in alcoholic beverages as well as in other
categories of foods such as nonalcoholic bev-
erages, frozen dairy deserts, candy, baked
goods, and gelatins and puddings. Reported
average maximum use levels for the oil is
about 0.006% in the last four food categories.

The popular 19th century alcoholic bever-
age, absinthe, is made by macerating ab-
sinthium and other aromatic herbs in alcohol,
distilling the spirit, and then adding flavorings
or coloring. Absinthe was banned in many
countries soon after the turn of the 19th
century (1907 in Switzerland; 1912 in the
United States). Its sale persisted in France until
1915% where it was popular among writers
and artists, including Toulouse-Lautrec and
Vincent van Gogh, and for a time was the most
heavily consumed alcoholic beverage in the
country.”’

Dietary Supplements/Health Foods. Not
commonly used; cut and sifted herb as tea
(infusion or decoction) reportedly used as a
bitter digestive stimulant (HOFFMAN); also used
in the form of an aqueous extract at doses
equivalent to 2—3 g of herb for the treatment of
anorexia, dyspeptic symptoms, and so on
(BLUMENTHAL 1).

Traditional Medicine. Used as an aromatic
bitter for promoting appetite, for strengthen-
ing the system in colds and flu, and as cho-
leretic for liver and gallbladder disorders,
usually in the form of a dilute extract; also
as emmenagogue, antianorexic, antidyspetic
(Evans), mental restorative (GRIEVE), febri-
fuge,36 and topically for contusions, edema,
ulcers, as an antiseptic'® and a vermifuge;*’
anthelmintic activity is probably the result of
lactones related to santonin found in worm-
seed (A. cina Berg.) and other Artemisia spe-
cies.** The dried and fragmented leaves are
used in the Philippines to treat herpes, puru-
lent scabies, and eczema and to speed the
healing of wounds.*?



Absinthium

COMMERCIAL PREPARATIONS

Crude, dilute extracts (tincture and fluid extract)
and the essential oil. A. absinthium was for-

merly official in U.S.P. (1830-1890) (BOYLE).

Regulatory Status.  Approved for food use as
a natural flavoring substance, provided the
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finished food is thujone-free (§172.510).
A. absinthium is found in various European
pharmacopoeias, including the British Phar-
macopoeia (BP) and EP (Evans). The herb is
subject of a German Commission E mono-
graph (BLUMENTHAL 1).
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ACACIA (GUM ARABIC)

Source: Acacia senegal (L.) Willd. and other
Acacia spp. (Family Leguminosae or
Fabaceae).

Common/vernacular names: Gomme arabi-
que, gomme de Senegal, gum acacia, gum
arabic, gum Senegal, gummae mimosae, and
kher.

GENERAL DESCRIPTION

The dried gummy exudate from stems and
branches of Acacia senegal (L.) Willd. (syn.
A. verek Guill. et Perr.) or other related Afri-
can Acacia species. Acacia senegal has triple
spines at the base of its branchlets, which
distinguishes it from many other Acacia spp.
in its range. The trees are tapped by making
transverse incisions in the bark and peeling off
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a thin strip of the bark. The gummy exudates
form as tears on the surface of the wounds and
are collected after they have hardened, usually
in 2 or more weeks.

The Republic of Sudan supplies most of the
world’s gum acacia and produces the best
quality product. A. senegalranges from Senegal
to northeastern Africa, south to Mozambique.
Other suppliers include Senegal, Mauritania,
Chad, Nigeria, Tanzania, and Ethiopia.

Gum acacia is one of the most water-solu-
ble plant gums; one part acacia can dissolve in
two parts water, forming a weakly acidic
solution with pH 4.5-5.5. Its solutions have
lower viscosities than those of other natural
gums. It is insoluble in alcohol, chloroform,
ether, and oils and very slightly soluble in
glycerol and propylene glycol. It is almost
odorless and has a bland mucilaginous taste.

Gum acacia contains a peroxidase that,
unless destroyed by heating briefly at 100°C,
forms colored compounds with certain amines



Acacia (gum arabic)

and phenols (e.g., aminopyrine, antipyrine,
epinephrine, cresol, eugenol, guaiacol, phe-
nol, tannins, thymol, vanillin, etc.). It also
causes partial destruction of many alkaloids,
including atropine, hyoscyamine, scopol-
amine, homatropine, morphine, apomorphine,
cocaine, and physostigmine.

Gum acacia is incompatible with heavy
metals, which destroy the gum by precipita-
tion. Borax and alcohol also precipitate it, but
the process can be prevented or reversed.

CHEMICAL COMPOSITION

Crude A. senegal gum is a complex polysac-
charide that consists of varying numbers of
polysaccharide units of molecular weight
200,000 linked to a protein core,l forming an
arabinogalactan—protein complex.”

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Ingested orally, gum acacia is nontoxic. Hyper-
sensititivty reactions to the dust or from inges-
tion of gum acacia are rare and consist of skin
lesions and severe asthmatic attacks. Gum aca-
cia can be digested by rats to an extent of 71%;
guinea pigs and rabbits also seem to use it for
energy, as do humans to a certain extent.’
Studies of gum acacia in rats as a potential
hypocholesterolemic agent have shown con-
flicting results.*”" In rat models of chronic
diarrhea, gum acacia enhanced electrolyte,
glucose, and water absorption in rat models
of chronic diarrhea and in healthy rats.®’
Chronic renal failure patients administered
gum acacia have shown increased fecal nitro-
gen excretion and lowered concentrations of
retained metabolites, including urea.'®!!
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USES

Medicinal, Pharmaceutical, and Cosmetic.
Mainly in the manufacture of emulsions and
in making pills and troches (as an excipient);
as a demulcent for inflammations of the
throat or stomach and as a masking agent for
acrid-tasting substances such as capsicum
(MARTINDALE); also as a film-forming agent
in peel-off facial masks.

Food. Currently, the major use of gum aca-
cia is in foods, where it performs many func-
tions, for example, as a suspending or emulsi-
fying agent, stabilizer, adhesive, and flavor
fixative and to prevent crystallization of sugar,
among others. It is used in practically all
categories of processed foods, including can-
dy, snack foods, alcoholic and nonalcoholic
beverages, baked goods, frozen dairy desserts,
gelatins and puddings, imitation dairy pro-
ducts, breakfast cereals, and fats and oils,
among others. Its use levels range from
<0.004% (40 ppm) in soups and milk products
to 0.7-2.9% in nonalcoholic beverages, imi-
tation dairy, and snack foods to as high as 45%
in candy products.

COMMERCIAL PREPARATIONS

Available in crude, flake, powdered, granular,
and spray-dried forms. It is official in N.F. and
F.C.C.

Regulatory Status. Affirmed as GRAS

(§184.1330).

USES

Acacia gum has been in use since ancient
times.

See the General References for DAVIDSON; DER MARDEROSIAN AND BEUTLER; FEMA; FURIA; GLICKSMAN;
GOSSELIN; GRIEVE; GUPTA; KEAY; KENNEDY; LAWRENCE; MARTINDALE; MCGUFFIN; REMINGTON; SAX; TERRELL;

WHISTLER AND BEMILLER; YOUNGKEN.



—

. S. Connolly et al., Carbohydr. Polym., 8,
23 (1988).

2. Y. Akiyama et al., Agric. Biol. Chem., 48,
235 (1984).

3. A. Jeanes, ACS Symp. Ser., 15, 336
(1975).

4. S. Kiriyama et al., J. Nutr., 97, 382
(1969).

5. A.C.Tsaietal.,J. Nutr.,106, 118 (1976).

6. A. A. Al-Othman et al., Food Chem., 62,
69 (1998).

ACEROLA

Source: Malpighia emarginata DC. (M.
glabra L., M. punicifolia L., M. berteriana
Spreng., M. lanceolata Griseb., M. retusa
Benth., M. wumbellata Rose) (Family
Malpighiaceae).

Common/vernacularnames: Acerola,Barbados,
Jamaica, Puerto Rico, and West Indian cherry,
and huesito.

GENERAL DESCRIPTION

Acerola is the fruit of a shrub or small tree that
grows to a height of 5m. Fruits (drupes) are
globose, ovoid, or subglobose, 1-2 cm in di-
ameter, bright red, slightly resembling cher-
ries. Mature fruits are juicy and soft, with a
pleasant tart flavor.'

Both M. glabra and M. punicifolia have
been reported in the literature as a source of
acerola with high vitamin C content.' How-
ever, M. punicifolia or its hybrid with M.
glabra appears to be the correct source
(MORTON2; WATT AND MERRILL).1 More recently,
the plant species that supplies acerola has been
renamed M. emarginata (USFISB).

Malpighia emarginata is native to the West
Indies and is also found in northern South
America, Central America, Florida, and
Texasand and now increasingly grown world-
wide (e.g., USA, Brazil, and Australia) for use
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in dietary supplements." Its fruit is among the
richest known sources of natural vitamin C.

CHEMICAL COMPOSITION

Contains 1-4.5% vitamin C (ascorbic acid)
and dehydroascorbic acid, mainly the former,
in edible portion of fruit (cf. 0.05% in peeled
orange), which makes up about 80% of the
fruit. Vitamin C content varies with ripeness of
the fruit (highest in green and lowest in fully
ripe fruit), season, climate, and locality.m’5

Other vitamins present include 4300-12,500
1U/100 g vitamin A (cf. 11,000 IU/100g for
raw carrots); thiamine, riboflavin, and niacin in
concentrations comparable to those in other
fruits.'

Furfural was found as the main volatile
flavor constituent in the fruit of M. emarginata
cultivated in Cuba, which was also found to
contain over 150 other volatile constituents;
among them, aliphatic esters (31%), terpe-
noids (24%), ketones and aldehydes (15%),
and alcohols (13%) made up the major com-
ponents.® Miscellaneous constituents include
calcium, iron, and phosphorus in comparable
concentrations to those of apple; [-malic acid;
dextrose, fructose, and sucrose; evidence of a
heat-resistant enzyme (not completely deac-
tivated at 103°C) that breaks down ascorbic
acid during storage of pasteurized juice, re-
sulting in carbon dioxide buildup, causing
swelling of cans or explosion of bottles.'?



Aconite

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Acerola cherry extract inhibits the oxidation
of LDL cholesterol in vitro.” Acetone and
hexane fractions of the fresh fruit have shown
in vitro cytotoxic activity against a human
tumor cell lines (oral squamous cells and
submandibular gland carcinoma).®

USES

Food. As a source of natural vitamin C, in
the form of juice, tablet, or capsule; however,
most of the vitamin is destroyed during pro-
cessing (see rose hips).

Dietary Supplements/Health Foods. Tablets,
capsules, or other products, often combined
with other herbs and vitamin C.
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Traditional Medicine. The fruits have re-
portedly been used for the treatment of dys-
entery, diarrhea, and liver disorders (CSIR v1).

Others. The bark, which contains 20-25%
tannin, has been used in the tanning of leathers
(MORTON 4).

COMMERCIAL PREPARATIONS

Available as fresh fruit for home consumption
in certain East Coast supermarkets and ethnic
stores; also in juice and spray-dried form.
Canned juice of the fruits has been used to
enhance the vitamin C content of other juices,
such as pear, apricot, and grape juice.

See the General References for CSIR VI; DER MARDEROSIAN AND BEUTLER; MCGUFFIN 1 & 2; MORTON 2;
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ACONITE

Source: Aconitum napellus L. and other
Aconitum spp. (Family Ranunculaceae).

Common/vernacular names: Aconite, aconi-
tum, monkshood, and wolfsbane.

GENERAL DESCRIPTION
Perennial herbs consisting of many subspe-

cies, varieties, clones, and forms; up to 1.5 m
high with tuberous roots that resemble turnips;
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native to mountainous regions of central
Europe; naturalized in Asia, Africa, and North
America; cultivated in Russia, Germany,
Spain, and France. Part used is the dried
tuberous root. Of the 100 northern temperate
species in the genus, 35 species in China have
been investigated chemically.

CHEMICAL COMPOSITION

Total alkaloids 0.2-2%, consisting mainly of
aconitine (acetylbenzoylaconine), picraconi-
tine (benzoylaconine), aconine, and napelline



(isoaconitine, pseudoaconitine; others include
12-epidehydronapelline, 12-epiacetyldehydro-
napelline, 1,14-diacetylneoline, N-deethylaco-
nitine, aconosine, 14-acetylneoline, hokbusine
A, senbusine A, senbusine C, mesaconitine,
neoline, and songoramine.'~ Alkaloid content
decreases with altitude from 0.82% of fresh
root of plants grown at 1750m to 0.29%
at 2500 m. Aconitine content is greatest in
winter-dormant tubers (FROHNE AND PFANDER).*

On hydrolysis, aconitine yields picraconi-
tine, which in turn yields aconine on further
hydrolysis.

Compounds identified from raw (dried) A.
carmichaelii Debx. include aconitines, cory-
neinechloride, and higenamine, all of whichhave
been implicated in cardioactivity of the tubers.’

Other constituents include aconitic acid,
itaconic acid, succinic acid, malonic acid,
fructose, maltose, melibiose, mannitol, starch,
fat, and resin.

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Extracts of A. carmichaeliihave shown cardio-
tonic activity, including inotropic and chrono-
tropic activities, leading to hypotension and/or
hypertension. Analgesic and anesthetic activi-
ties have been reported. Hyoscine potentiates
the action of aconitine.” Aconitine and related
compounds exhibit anti-inflammatory and an-
algesic properties in experimental animals.°d/-
Demethylcoclaurine, a component of prepared
(processed) lateral rootlets of A. carmichaelii
(considered a separate drug in Chinese tradi-
tion), has been shown to raise the heart rate in
sinus arrhythmia patients.”

Certain Aconitum species are reported to
have antitumor activity in laboratory animals;
others show antibacterial, antifungal, and anti-
viral activities. Extracts of various species also
have antipyretic properties (FARNSWORTH 3).%

During the past decade, extensive studies
have been carried out on the chemistry and
pharmacology of aconite in general. While
hypaconitine is found to be the active neuro-
muscular blocking agent in Asian aconite,’
higenamine (d/-demethylcoclaurine) and

Aconite

other chemical components (including a non-
alkaloidal fraction) are the cardiotonic prin-
ciples. These cardiotonic substances are heat
resistant, and their activities are realized after
prolonged decocting, whereby the deadly aco-
nitine is hydrolyzed to the much less toxic
aconine (WANG).

TOXICOLOGY

Aconite is a strong and fast-acting poison,
affecting both the heart and the central ner-
vous system. Its active principles are aconitine
and its related alkaloids. As little as 2mg
aconitine may cause death from paralysis of
the heart or respiratory center. The lethal dose
for adults generally ranges only from 3 to 6 mg
of aconitine, readily contained in a few grams
of plant material (FROHNE AND PFANDER).

When applied to the skin, aconite produces
tingling and then numbness; poisoning may
result from percutaneous absorption.

USES

Medicinal, Pharmaceutical, and Cosmetic.
Now rarely used internally in the United
States; its current use is mainly in liniments
(rubefacients), often with belladonna, for ex-
ternal applications only.

Traditional Medicine. Used internally as a
cardiac depressant and mild diaphoretic; ex-
ternally as local analgesic in facial neuralgia,
rheumatism, and sciatica. Related species
such as A. chinense Paxt. and A. kusnezoffii
Reichb. are widely used in Chinese medicines
for rheumatoid arthritis, chronic nephritis,
sciatica, and other ailments. These and other
Asian Aconitum spp. have been valued for
their analgesic, anti-inflammatory (antirheu-
matic); antibiotic (antiseptic), antipyretic, and
cardiotonic activities. The methods used for
treating these crude drugs (roots) are numer-
ous and quite different from that for A.
napellus. One method involves soaking and
washing in clear water for several days and
treating with licorice, ginger, black beans,



Agar

and other drugs, followed by boiling or steam-
ing and then drying. The resulting product
therefore cannot be compared directly with
the American or European product or any other
unprocessed product (JIANGSU; NANJING; WANG).

COMMERCIAL PREPARATIONS

Crude and extracts. Strengths (see glossary) of
extracts are expressed in weight-to-weight
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ratios. Crude was formerly official in U.S.P.
(1850-1936) and N.F. (1942).

Regulatory Status.  Subject of a negative Ger-
man therapeutic monograph, due to toxicity
that can occur within the therapeutic dose
(including vomiting, dizziness, muscle spasms,
hypothermia, paralysis of respiratory system,
and rhythmic heart disorders) (BLUMENTHAL 1).

See the General References for BLUMENTHAL 1; BRUNETON; CLAUS; DER MARDEROSIAN AND BEUTLER;
FARNSWORTH 3; FERNALD; FOGARTY; FROHNE AND PFANDER; GOSSELIN; GRIEVE, GUPTA; JIANGSU; KARRER;
MARTINDALE; MCGUFFIN 1 & 2; MERCK; NANJING; SAX; WANG.
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AGAR

Source: Red algae, including Gelidium carti-
lagineum (L.) Gaill.,, Gelidium amansii
Lamour., Gracilaria confervoides (L.) Grev.,
other Gelidium and Gracilaria species as
well as species of the genera Pferocladia,
Ahnfeltia, Acanthopeltis, and Suhria.

Common/vernacular names: Agar-agar, gelosa,
gelose, layor carang, and vegetable gelatin; also,
Chinese gelatin, colle du Japon, Japanese
gelatin, and Japanese isinglass.

GENERAL DESCRIPTION

Agar is the dried hydrophilic, colloidal extract
of various red algae (Class Rhodophyceae);

6. M. Murayama et al., J. Pharm. Pharm-
acol., 35, 135 (1991).

7. P.G. Xiao and K. J. Chen. Phytother. Res.,
1, 2,5 (1987).

8. J. L. Hartwell, Lloydia, 34, 103 (1971).

9. M. Kimura et al., Jpn. J. Pharmacol., 48,
290 (1988).

the more commonly used red algae are Geli-
dium cartilagineum (L.) Gaill., Gelidium
amansii Lamour., Gracilaria confervoides
(L.) Grev., other Gelidium and Gracilaria
species as well as species of the genera
Pterocladia, Ahnfeltia, Acanthopeltis, and
Suhria. Agar is extracted from the algae by
boiling them in water at a neutral or slightly
acidic pH. The hot liquor is filtered and on
cooling forms a gel that is purified by freezing
and thawing followed by drying.

The major agar producer has been and still
is Japan. Other producing countries include
the United States, Spain, Portugal, Chile,
Taiwan, Korea, Morocco, New Zealand,
Australia, Argentina, and Mexico.

Agar is insoluble in cold water but readily
soluble up to 5% in boiling water. The
solution (sol) on cooling to 35-40°C forms
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a firm, resilient gel that does not melt below
85°C. This ability to gel at a much lower
temperature than the melting temperature of
the gel, commonly called hysteresis lag, is
uniquely long in agar, and many of its uses
depend on this property. Agar gels also have
the property of shrinking and exuding water
from their surface (syneresis), particularly
when broken. The gel strength of agar can
be increased by addition of dextrose, sucrose,
and locust bean gum, while it tends to weak-
en with gelatin, algin, starch, and karaya
gum. The colorless, tasteless powder can
absorb up to 200 times its volume of water
when forming a gel.

Agar solutions have low viscosity; their
degree of clarity and color (yellowish to col-
orless) depend on the quality and source of the
agar, as do their gel strength, gelling tempera-
ture, and the degree of syneresis. Quality is
largely affected by extraction procedures.
Physical and rheological properties of agar
that provide the greatest determinations of
quality are the average molecular weight and
molecular weight distribution.'

Agar is insoluble in organic solvents and is
precipitated from aqueous solution by alcohol
and tannin.

CHEMICAL COMPOSITION

The structure of agar is still not fully deter-
mined, the problem being complicated by the
large number of commercial sources of agar.
It is generally believed that all agars consist
of two major polysaccharides (neutral aga-
rose and charged agaropectin), although sev-
eral studies have indicated a much more
complicated structure.”¢ Agarose is the gel-
ling fraction and agaropectin is the nongel-
ling fraction. Both are composed of a linear
chain of alternating B-p-galactopyranose and
3,6-anhydro-o.-L-galactopyranose  residues,
with agaropectin having a higher proportion
of uronic acid, sulfate, and pyruvic acid resi-
dues.® Commercial agar may contain free ami-
no acids (arginine, aspartic acid, glutamic acid,
and threonine) and free sugars (galactose and

Agar

gluconic acid).” It may also contain other sugar
residues including 4-O-methyl-L-galactose,
6-0-methyl-p-galactose,® ' ’p-xylose, and O-
methylpentose, as well as boric acid (approxi-
mately 0.1%)"" and various inorganic cations
(Nat, KT, Ca?", Mg* ", etc.).'?

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Agar is nontoxic and can be ingested in large
doses without much distress. It passes through
the intestinal tract mostly unabsorbed.'? Agar
has shown in vitro antipeptic activities'* and
the results of a study in rats suggested that it
may elevate serum or tissue cholesterol
levels."”

TOXICOLOGY

Mice fed agar showed significantly more
colon tumors per animal (twice as many) as
those fed diets without agar. Agar-fed animals
also showed decreased levels of fecal neutral
sterol and bile acid concentrations.'> When
fed to rats at 5% and 15% levels of the diet,
agar impaired protein utilization.'®

USES

Medicinal, Pharmaceutical, and Cosmetic.
As a bulk laxative, particularly in chronic
constipation; in the manufacture of emulsions,
suspensions, gels, and hydrophilic supposito-
ries; in dentistry as basic constituent of revers-
ible impression and duplicating materials.

Food. Usedincanned meat and fish products
as gel filler or gel binder; in baked goods
(icings and glazes); and in confectionery,
dairy products, processed fruits, sweet sauces,
and reconstituted vegetables, among others.
Highest average maximum usage level usually
about 0.4% in baked goods.

Agar has been used as a food in the Far East
for centuries.
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Others. A major use of agar is in culture
media for microorganisms. It is one of the
most widely used media for biotechnology
purposes.

COMMERCIAL PREPARATIONS

Available in flakes, strips, and powders;
grades and quality vary, with the bacteriologi-
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cal grades demanding the most stringent qual-
ity. Some high-quality agars from certain
commercial sources have higher congealing
temperatures than that required by the F.C.C.
and N.F., which is due to the source of algae
used.

Regulatory Status. Agar is GRAS as a stabi-
lizer (§582.7115) and red algae is affirmed as
GRAS (§184.1115)."7

See the General References for FEMA; FURIA; GLICKSMAN; GOSSELIN; LAWRENCE; MARTINDALE; PHILLIPS;
REMINGTON; TYLER 2; UPHOF; WHISTLER AND BEMILLER; WREN.
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ALETRIS

Source: Aletris farinosa L. (Family Liliaceae).

Common/vernacular names: Ague grass,
ague root, aletris, blazing star, colic root,
stargrass, starwort, true unicorn root, unicorn
root, and whitetube stargrass.
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GENERAL DESCRIPTION

Perennial herb with grasslike leaves up to
20cm long, formed as a rosette around a
slender, naked flowering stem that grows up
to almost 1 m high; flowers white, tubular,
mealy at base; native to North America from
southern Maine south to Florida and west to
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Wisconsin and Texas. Parts used are the dried
rhizome and roots, which are collected in the
fall (FOSTER AND DUKE; YOUNGKEN).

CHEMICAL COMPOSITION

Diosgenin was detected in the roots,' which,
along with gentrogenin, was isolated from
whole plant samples of two Japanese Aletris
species: A. foliata and A. formosana.*

Other constituents found in aletris include
an amber volatile oil said to be pharmacologi-
cally active, a resinous material, and a sapo-
nin-like glycoside that yields diosgenin on
hydrolysis.

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Aletris has shown estrogenic activity.®

USES

Medicinal, Pharmaceutical, and Cosmetic.
It has been and is still used in proprietary
preparations for the treatment of female
disorders such as dysmenorrhea and other
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menstrual discomforts, in laxatives, and also
as an antiflatulent.

Dietary Supplements/Health Foods. Crude
root, powdered, or cut and sifted used in
tablets, capsules, tinctures, teas, often in com-
bination with other herbs for menstrual dis-
orders and as a bitter digestive tonic (CRELLIN
AND PHILPOTT).

Traditional Medicine. Tea made from the
leaves was used by the Catawba Indians to
relieve colic and stomach disorders and to
treat dysentery; the Cherokee Indians ingested
the leaves to treat rheumatism, flatulent colic,
fever in children, coughs, lung diseases,
cough, jaundice, and painful urination; Mic-
mac used the root as an emmenagogue and
stomachic; Rappahannock Indians used tea
made from the plant for female problems.*

COMMERCIAL PREPARATIONS

Crude and extracts. Strengths (see glossary) of
extracts are expressed in weight-to-weight
ratios. Crude was formerly official in U.S.P.
(1820-1860) and N.F. (1916-1942).

See the General References for CRELLIN AND PHILPOTT; DER MARDEROSIAN AND BEUTLER; FERNALD; FOSTER AND
DUKE; GRIEVE; KROCHMAL AND KROCHMAL; LEWIS AND ELVIN-LEWIS; MCGUFFIN 1 & 2; MERCK; YOUNGKEN.

1. R. E. Marker et al., J. Am. Chem. Soc., 62,
2620 (1940).

2. T. Okanishi et al., Chem. Pharm. Bull., 23,
575 (1975).

3. C. L. Butler and C. H. Costello, J. Am.
Pharm. Assoc., 33, 177 (1944).

ALFALFA

Source: Medicago sativa L. (Family Legu-

minosae or Fabaceae).
Common/vernacular names: Alfalfa and
lucerne.

4. D. E. Moerman, Native American
Ethnobotany, Timber Press, Portland, OR,
1998, pp. 55-56.

GENERAL DESCRIPTION

Perennial herb with a deep taproot; leaves
resemble those of clover; grows to a height
of 1 m with mostly bluish purple flowers in
the typical subspecies. Native to the Near
East (western Asia and east Mediterranean
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regions); now cultivated extensively through-
out the world. Parts used are the aerial parts.
The species has several distinct variants in-
cluding M. sativa (sensu stricto) and subsp.
falcata (L.) Arcangeli (syn. M. falcata L.).
The former is a purple-flowered form
with strongly coiled legumes, originating
from an arid continental climate in alkaline
soils, principally from Turkey. Wild and cul-
tivated M. sativa subsp. sativa and their prog-
eny are relatively low in hemolytic saponins.
M. sativa subsp. falcatahas yellow flowers and
uncoiled fruits, originating from cool, upland,
humid climates in acidic soils and is compara-
tively higher in hemolytic saponins. Both taxa
are involved in the parentage of numerous
commercial alfalfa cultivars.' Modern western
European and North American cultivars have
intermediate levels of hemolytic alfalfa sapo-
nins due to hybridization and introgressions
involving M. sativa subsp. falcata.”

CHEMICAL COMPOSITION

Alfalfa has been one of the most studied
plants. Its chemical constituents include the
following.

Saponins (2-3%) that on hydrolysis yield
the aglycones medicagenic acid, soyasapogen-
ols A, B, C, D, and E, and hederagenin and the
glycones glucose, arabinose, xylose, rham-
nose, galactose, and glucuronic acid;*® sterols
(B-sitosterol, o-spinasterol, stigmasterol, cy-
cloartenol, and campesterol, with B-sitosterol
as the major component);’~'! high molecular
weight alcohols (octacosanol, triacontanol);
and paraffins (nonacosane, triacontane, hen-
triacontane).'* B-Sitosterol also occurs as es-
ters with fatty acids (mainly palmitic, lauric,
and myristic). Triacontanol has been shown to
be a plant growth regulator that increases the
growth of rice, corn, and barley as well as the
yield of tomato, cucumber, and lettuce. 13

Flavones and isoflavones (tricin, genistein,
daidzein, biochanin A, formononetin, and
(—)-5"-methoxysativan); coumarin deriva-
tives (coumestrol, medicagol, sativol, trifoliol,
lucernol, and daphnoretin); and pectin methy-
lesterase (an enzyme present in significant

13

quantities believed to be one of the causes for
bloating in cattle by releasing pectic acids that
combine with calcium in the rumen to form a
resinous material, trapping gases produced
during digestion).*'*"

Alkaloids (trigonelline, which is in seeds
only; stachydrine; and homostachydrine);
plant acids (malic, oxalic, malonic, maleic,
and quinic, etc.); vitamins and growth factors
(vitamins A, By, Bg, B>, C, E, and K;; niacin;
pantothenic acid; biotin; folic acid; etc.);
amino acids (valine, lysine, arginine, leucine,
isoleucine, tryptophan, phenylalanine, methi-
onine, and threonine; asparagine in high
concentrations in seeds); sugars (sucrose,
fructose, arabinose, xylose, galactose, ribose,
mannoheptulose, and p-glycero-p-mannooc-
tulose); plant pigments (chlorophyll, xantho-
phyll, B-carotene, anthocyanins); crude fibers
(17-25%); proteins (15-25% in dehydrated
alfalfa meal); minerals; and trace elements
(Ca, P, K, Mn, Fe, Zn, Cu) (KARRER; LIST AND
HORHAMMER).

Medicarpin-B-p-glucoside (in roots); cere-
brosides (sphingosines); plastocyanins and
ferredoxins; benzoylmesotartaric acid, and
benzoyl-(S),(—)-malic acid;'”™"® three phy-
toalexins; 2’ medicosides A, C, G, I, J, and L
(triterpene glycosides) in roots;*' and a new
amino acid, medicanine, (S)-N-(3-hydroxy-
propyl)-azetidine-2-carboxylic acid from
seedlings.

In commercial solid extracts of alfalfa and
red clover, traces of cannabinol, caffeine,
scopolamine, isocoumarin, phenylpentadie-
nal, phenylhexadiene, and nepetalactone have
been reported.”? Whether or not these com-
pounds were results of contamination or adul-
teration remains to be confirmed.

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Coumestrol, genistein, biochanin A, and daid-
zein have estrogenic activities on rumi-
nants.'*'> Studies have also demonstrated
that coumestrol when fed to pullets increases
the age of maturity and depresses egg
production.?*
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Alfalfa saponins are hemolytic;> they
also interfere with vitamin E metabolism
and are believed to be one of the causes of
ruminant bloat.*?® Alfalfa saponins are re-
ported to be fungitoxic, antimicrobial, insec-
ticidal, piscicidal, and taste repellent to rats,
swine, and poultry, while attractive to
rabbits.

Medicagenic acid, isolated from the roots
of alflafa, has shown potent in vitro inhibitory
activity against medically pathogenic fungi.*’
Medicagenic acid and its glycoside (but not
soyasapogenol and glycoside) are toxic to L-
cells in culture, lowering mitotic index, via-
bility, and growth of the cells as well as
inducing cell death.”® When administered
intramuscularly to Wistar rats, they caused
pathological changes in internal organs, espe-
cially the kidneys and liver.”

Saponins derived from the root of the
plant have shown hypocholesterolemic activ-
ity in monkeys on a high cholesterol diet
(also see quillaia).>° Male rats fed a complex
of alfalfa top saponins (1% of diet for 6
months) showed reduced levels of serum
cholesterol and triglycerides, with no evi-
dence of toxicity. Alfalfa top saponins have
also shown hypocholesterolemic activity and
prevention of atherosclerosis.”’

TOXICOLOGY

Ingesting large amounts of alfalfa seeds
can produce reversible pancytopenia with
splenomegaly in humans, probably due to
the activity of canavanine.”” The seeds or
sprouts may induce systemic lupus erythema-
tosus (SLE).**=° Persons with or predisposed
to SLE are cautioned to curtail or eliminate
alfalfa product intake (TYLER 1). Incorporated
in the diets of male rats for up to 6 months,
alfalfa saponins produced no evidence
of toxicity.”> Oral toxicity of alfalfa sapo-
nins in humans is considered low because
they are not absorbed by the gut and
then enter the bloodstream. Administered
i.v., alfalfa saponins are highly toxic to
mammals.?

Alfalfa
USES

Medicinal, Pharmaceutical, and Cosmetic.
The unsaponifiable extract has been claimed
to be beneficial in treating skin conditions,
including damage caused by radiotherapy and
in the healing of gums after orthodontic op-
erations.” Alfalfa is also reportedly used in
peelable facial masks (DE NAVARRE).

Food. Extract used as a flavor ingredient in
most major categories of food products, in-
cluding nonalcoholic and alcoholic beverages,
frozen desserts, candy, baked goods, gelatins
and puddings, and meat and meat products,
with highest average maximum use level of
0.05% in the last category.

Dietary Supplements/Health Foods. Alfalfa
sprouts are a favorite salad ingredient among
health food enthusiasts. Dried leaves used in
tablets, capsules, teas, tinctures, and so on
reported as a source of chlorophyll, vitamins,
minerals, and protein, with unsubstantiated
benefit in conditions such as rheumatoid ar-
thritis, to prevent absorption of cholesterol,
treating diabetes, stimulating appetite, and as
a general tonic (TYLER 1).

Traditional Medicine. Reportedly used as a
nutrient to increase vitality, appetite, and
weight in humans; also as a diuretic, galacto-
gogue, and to increase peristaltic action of the
stomach and bowels, resulting in increased
appetite; more recently for the treatment of
asthma and hay fever (JIANGSU).

Others. Alfalfa meal is used extensively as a
poultry and cattle feed and as a source of raw
material for the manufacture of leaf protein
intended for human consumption. Alfalfa is
also a source of chlorophyll manufacture.

COMMERCIAL PREPARATIONS

Crude and extracts.
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Regulatory Status.

Alfalfa herb and seed are

GRAS as natural seasonings and flavorings
(§582.10); alfalfa essential oil, oleoresin
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(solvent-free) and natural extractives are
GRAS (§182.20).

See the General References for BAILEY 2; BARNES; DER MARDEROSIAN AND BEUTLER; FEMA JIANGSU; KARRER;
LIST AND HORHAMMER; MCGUFFIN 1 & 2; TYLER 1; WILLAMAN AND SCHUBERT.
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ALGIN

Source: Brown algae, commonly including
members of the following genera: Macro-
cystis, Laminaria, and Ascophyllum.

Common/vernacular names: Algin, salts of
alginicacid (alginates), and particularly sodium
alginate.

GENERAL DESCRIPTION

Algin is a collective term for the hydrophilic
colloidal substance isolated from certain
brown algae (class Phaeophyceae). The most
commonly used algae include members of the
following genera: Macrocystis, Laminaria,
and Ascophyllum.

A major source of algin in the United States
is Macrocystis pyrifera (L.) C. A. Agardh. or
“giant kelp” that grows along the West Coast
of North America. Other sources include As-
cophyllum nodosum (L.) Lelolis and Lami-
naria digitata (L.) Edmonson and related
species that are used by countries bordering
the Atlantic Ocean. Laminaria species are also
used by Japanese producers.

The process for algin manufacture basi-
cally involves a prewash of the seaweed
whereby undesirable salts are leached out
and removed, followed by extraction with a
dilute alkaline solution that solubilizes the
alginic acid present in the seaweed. The
resulting thick and viscous mass is clarified
and the algin is obtained as free alginic acid
on treatment with mineral acids. The alginic
acid can then be converted to sodium algi-
nate. Sodium alginate is the major form of
algin currently in use.'”

The major producing countries include the
United States, UK, Norway, France, and Japan.

Alginic acid and its calcium salt are insol-
uble in water, but its ammonium, sodium,
potassium, and magnesium salts as well as its
propylene glycol ester are readily soluble in
cold and hot water in which they form viscous
solutions. The viscosity of algin solutions
depends on various factors including concen-
tration, pH, degree of polymerization (DP),

Algin

temperature, and presence of polyvalent metal
ions. Viscosity increases with DP; it decreases
with increase in temperature but will regain its
original value on cooling to its initial temper-
ature, provided the solutions are not held
above 50 °C for long periods. Between pH
4 and 10 the viscosity of algin solutions is
generally stable.

Algin solutions form gels with calcium
ions due to the formation of insoluble calci-
um alginate. These gels are not thermally
reversible but may be liquefied by calcium
sequestrants.

Propylene glycol alginate is more acid-
tolerant than the other alginates. Its solutions
are stable below pH 4 (down to pH 2.6)."*

CHEMICAL COMPOSITION

Alginic acid is a linear polymer consisting of
(1,4)-linked residues of 3-p-mannopyranosy-
luronic acid and ¢-L-gulopyranosyluronic ac-
id. These p-mannuronic acid and r-guluronic
acid residues are arranged in the polymer
chain in blocks. Blocks of mannuronic acid
are separated from those of guluronic acid by
blocks made up of random or alternating units
of mannuronic and guluronic acids.>™ The
homogeneous blocks (those composed of
either acid residues alone) are less readily
hydrolyzed than the interconnecting hetero-
geneous blocks.’ Alginates from different
sources vary in their proportions of blocks of
mannuronic and guluronic acid residues; for
some alginate samples, values of mannuronic
acid to guluronic acid ratios range from 0.3 to
2.3.%8 These values can be readily determined
by infrared spectroscopy.6

Molecular weights of alginates range from
10,000 to 1,870,000 depending on algal
sources and methods of analysis.®™"!

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Sodium alginate has the ability to reduce
strontium absorption, and the sodium algi-
nate with the highest proportion of guluronic
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acid is the most effective.'” Sodium alginate
can also decrease the retention of other
radioactive divalent metallic ions in rats in
the following order: Ba > Sr > Sn > Cd > Mn
Zn >Hg >, with Ba levels being reduced to
3% of control values and Cd and Mn levels
to about 50% in 3 weeks."

Studies have shown that orally fed alginic
acid and sodium alginate depress plasma and/
or liver cholesterol levels in rats;'*'> only
algin with a high DP is active. Hypocholester-
olemic activity was attributed to the inhibition
of cholesterol absorption from the gut.'*

TOXICOLOGY

Animal studies have shown that algin (alginic
acid and its sodium and calcium salts, and
propylene glycol alginate) is generally non-
toxic.'® Algin is apparently not digested,
though this remains to be confirmed.'®'” Rats
fed sodium alginate as 5% of the diet for
2 weeks showed elevated pancreatic-bile se-
cretion and enlarged digestive organs, possibly
as the result of interference by algin with
absorption and digestion of dietary nutrients.'®

USES

Algin has been available commercially for
several decades and currently is widely used.
Its applications generally depend on its thick-
ening, gel-forming, and stabilizing properties.

Medicinal, Pharmaceutical, and Cosmetic.
Sodium alginate has many uses: a binding
and disintegrating agent in tablets; a binding
agent and demulcent in lozenges; a film for-
mer in peel-off facial masks; a suspending and
thickening agent in water-miscible gels,
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lotions, and creams; and a stabilizer for oil-
in-water emulsions. Calcium alginate is used
as absorbable hemostatic; potassium alginate
(in conjunction with calcium sulfate and so-
dium phosphate) is used as an irreversible
dental impression material.

Food. Algin is used in virtually every cate-
gory of food products. Average maximum
usage level is about 1% in such products
as candy, gelatins, puddings, condiments,
relishes, processed vegetables, fish products,
and imitation dairy products. Other products
in which it is used in lower levels include
alcoholic and nonalcoholic beverages, frozen
dairy desserts, baked goods, meat and
meat products, milk products, fats and oils,
cheese, egg products, soups, snack foods, and
others.

Others. A 0.2% sodium alginate spray as an
effective fungicide against fungal infection of
rice by Pyricularia orysae Cav. was claimed
by a Japanese patent.'® Alginic acid is used as
a sizing agent for textiles and in adhesive
formulations.

COMMERCIAL PREPARATIONS

Sodium, potassium, ammonium, calcium salts
of alginic acid, and propylene glycol alginate.
Alginic acid is official in N.F. and F.C.C,;
alginates (potassium, propylene glycol, and
sodium) are official in F.C.C.

Regulatory Status.  Algin is GRAS for use in
foods (§182.7133, §182.7187, §582.30,
§ 582.40); alginic acid (§184.1011); and
brown algae is affirmed GRAS (§ 184.1120).

See the General References for DER MARDEROSIAN AND LIBERTI; FEMA; FURIA; MARTINDALE; PHILLIPS; UPHOF;
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ALKANET

Source: Alkannatinctoria (L.) Tausch (Family
Boraginaceae).

Common/vernacular names: Anchusa, alka-
net, alkanna, dyer’s alkanet, orcanette, and
Spanish bugloss.

GENERAL DESCRIPTION

Biennial or perennial herbabout 0.5 m high with
hairy leaves and blue or purple trumpet-shaped
flowers; indigenous to southeastern Europe,
particularly Hungary, Greece, and the Mediter-
ranean region. Part used is the dried root.

CHEMICAL COMPOSITION

Contains polymeric and napthoquinine pig-
ments (isohexenylnaphthazarins),' up to 5%
alkannin (coloring principle also known as
anchusin, anchusic acid, and alkanna red),
which occurs mainly in the cortex. Other
constituents present include pyrrolizidine
alkaloids (7-angeloylretronecine, triangular-
ine, and dihydroxytlriangularine),2 tannin, al-
kannin isovalerate, alkannin angelate,3 and
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alkannan;4 waxy substances;s’6 in the root
are alcohols, methyl esters, and fatty acids
including linoleic, palmitic, 9,2,15-octadeca-
trienoic, oleic, and y-linolenic acid.!

Alkannin is soluble in organic solvents but
almost insoluble in water. Its buffered aqueous
solutions are red at pH 6.1, purple at pH 8.8,
and blue at pH 10.0.

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Fed to mice for 15 weeks at 1% of the diet,
alkannin showed no toxic effects.” Alkannins
have shown antimicrobial and wound-healing
properties and have been used externally for
the treatment of ulcers.® Shikonin, the
1’R-isomer of alkannin, has immunomodulato-
ry effects at low dosage and is immunosuppres-
sive in higher doses (HARBOURNE AND BAXTER).
Alkannin angelate and alkannin isovalerate are
claimed to have 80% and 85% healing effects,
respectively, in patients with leg ulcers.’

USES

Medicinal, Pharmaceutical, and Cosmetic.
In lipsticks and hair dyes.'"
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Food. Formerly used mainly as dye for sau-
sage casings; oleomargarine, and shortening;
also as ink to mark food products.

Traditional Medicine. Used to treat burns,
old ulcers," and as an astringent in diarrhea
and abscesses.

Others. A. tinctoria root was used to stain
woods and marble and to impart a red color to
salves and port wines (GRIEVE); also used for
coloring oils and tars. A tincture of the root is
used in microscopy for the detection of fats and
oils (Evans). Alkannin is used as a pH indicator.
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COMMERCIAL PREPARATION

Not widely available either in crude or in
extract forms; crude was formerly official in
U.S.P.

Regulatory Status.  Formerly approved by the
USDA Meat Inspection Division as a food dye
with specific limitations; root and extract
thereof not currently approved by the FDA as
food colorant.

See the General References for BISSET, DER MARDEROSIAN AND BEUTLER; FURIA; GLASBY 2; GRIEVE;
HARBOURNE AND BAXTER; HOCKING; MARTINDALE; MCGUFFIN 1 & 2; MERCK; POUCHER; TERRELL; UPHOF; USD

23RD; WICHTL;WREN; YOUNGKEN.
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ALLSPICE

Source: Pimenta dioica (L.) Merr. (syn. P.
officinalis Lindl.; Eugenia Pimenta DC.)
(Family Myrtaceae).

Common/vernacular names: Allspice, Jamaica
pepper, pimenta, and pimento.

GENERAL DESCRIPTION

Pimenta dioica, the source of allspice, is a
neotropical tree 8-20 m high, with opposite,

6. B. Papageorgiou, Chem. Chron., 6, 365
1977).

7. L. Majlathova, Nahrung, 15, 505 (1971).

8. V. P. Papageorgiou, Planta Med., 39, 193
(1980).

9. V.P. Papageorgiou, Ger. Offen. 2,829,744
(1979).

10. P. Hatinguais and R. Belle, Fr. Demande
FR 2,477,872 (1981).

leathery, oblong leaves 5-15cm long; fruit
globose, about 6 mm in diameter; native
to the West Indies, Central America, and
Mexico. Part used is the dried, full-grown but
unripe fruit; leaves are also used. Major pro-
ducers include Jamaica and Cuba; also grown
in India.'

West Indian allspice berries are smaller
than Central American and Mexican berries,
but they have stronger and smoother flavor.
The relatively harsher flavor and aroma of
Central American and Mexican berries
are due to their relatively high content of
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monoterpene hydrocarbons, especially myr-
cene, in their essential o0il.?

CHEMICAL COMPOSITION

Allspice contains about 4% volatile oil, which
is rather stable compared with those of tarra-
gon and black pepper.’ However, there is
evidence that storage of the undried berries
under conditions that prevent rapid removal of
moisture can increase the volatile oil content
by up to 50%; it appears that enzymes released
in the fruit after harvest are responsible for
producing volatile components from their pre-
cursors.* The major component of the volatile
oil (known as pimenta, pimento, or allspice
oil) is eugenol, present at 60—-80%. Other
constituents include methyleugenol, 1,8-
cineole, [-a-phellandrene, caryophyllene, epi-
meric 10-cadinols (2%),” B-phellandrene,
camphene, and guaiene.’ Total identified
constituents number more than three dozen.>’

Other constituents of the berries include
pimentol, gallic acid, galloylglucosides,8 phe-
nylpropanoids, vanillin,” quercetin glyco-
sides,'” catechins, proanthocyanidins,'" pro-
tein, lipids, carbohydrates, vitamins (A, C,
thiamine, riboflavin, niacin), and minerals.'?

The leaf oil (pimenta leaf oil) contains
more eugenol (up to 96%) than the berry oil
and is similar in composition to clove leaf
0il."*'* Annual leaf oil production exceeds
that of the oil of the berries.

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Eugenol, the major component of both allspice
berry and leaf oils, has local antiseptic and
anesthetic properties. It is considered anticon-
vulsant, antimitotic, antioxidant, and spasmo-
lytic. Eugenol has shown central nervous sys-
tem a depressant activity and inhibits prosta-
glandin synthesis in human colonic muscoa
(HARBOURNE AND BAXTER). Oral administration
of an aqueous suspension of allspice to rats and
mice produced anti-inflammatory, antipyretic,

Allspice

antiulcerogenic, analgesic activities and on
ex vivo gastric mucosa, a protective effect.'”

When pimento oil and eugenol were ap-
plied on intact shaved abdominal skin of the
mouse, no percutaneous absorption was
observed.'®

Eugenol, aqueous extracts of allspice, and
allspice oil, along with numerous other spices
and their volatile oils, have been demonstrated
to enhance trypsin activity;17 they also exhibit
larvicidal properties.'®

USES

Medicinal, Pharmaceutical, and Cosmetic.
Allspice oil has been used medicinally as an
aromatic carminative at dose of 0.05-0.2 mL.
It is also used in cosmetics as an ingredient in
fragrance formulations, for spicy, clove-like
notes. Eugenol is used as a dental antiseptic
and anesthetic.

Food. Allspice, its oil, and its oleoresin (less
so) are currently extensively used in food
products, including alcoholic and nonalcohol-
ic beverages, frozen dairy desserts, candy,
baked goods, gelatins and puddings, meat and
meat products, condiments and relishes, and
others. The leaf oil is also used for flavoring in
food products. The highest average maximum
use level of the berry oil is in candy (ca.
0.025%).

Traditional Medicine. Formerly, the berries
were used as an appetite stimulant, for stom-
achache, and for painful menstruation; leaves
used for pain, fever, cold remedy, toothache,
anodyne, astringent, and carminative. In
Jamaica, the fruit is used to treat influenza
and stomachache; used in Guatemala to treat
rheumatism. In the Dominican Republic, the
fruits, decocted with salt, are also used as an
antiemetic (WENIGER AND ROBINEAU). Other
uses in Middle Eastern, South American, and
Asian countries include the treatment of obe-
sity, hyperglycemia, menstrual cramps, ab-
dominal pain, digestive ailments, inflamma-
tory conditions, and high blood pressure.15
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Others.
shown potent in vitro antioxidant activity
and antimutagenic activity.'® Radical scaveng-
ing activity was found from various constituents
of the berries including gallic acid, galloylglu-
cosides,® phenylpropanoids, eugenol, and
vanillin.” A fluid extract of the berries has shown
in vitro antibacterial and antifungal activities.*

Solvent extracts of allspice have
9,19
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COMMERCIAL PREPARATIONS

Crude, oleoresin, berry, and leaf oils. Allspice
and allspice oil were formerly official in N.F,;
allspice oil and pimenta leaf oil are official in
FC.C.

Regulatory Status. Herb as natural flavoring
or spice (§182.10) and essential oil, natural
extractive, and solvent-free oleoresin are
GRAS for use in foods (§182.20).

See the General References for ARCTANDER; AYENSU; BAILEY 1; BARNES; BAUER, FEMA; FURIA; GOSSELIN;
GUENTHER; HARBOURNE AND BAXTER; KARRER; MARSH; MARTINDALE; MCGUFFIN 1 & 2; ROSENGARTEN; TERRELL;

WENIGER AND ROBINEAU.
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ALMONDS

Source: Sweet almond Prunus dulcis (Mill.)
D. A. Webb (syn. Prunus amygdalus Batsch
var. dulcis (DC.) Koehne). Bitter almond
Prunus dulcis (Mill.) D. A. Webb var. amara
(DC.) H. E. Moore (syn. Prunus amygdalus

11. J. M. Schulz and K. Herrmann, Z.
Lebensm. Unters. Forsch., 171, 278
(1980).

12. M. Teotia et al., Indian Food Packer, 41
(5), 49 (1987).
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38, 1028 (1973).
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200 (2002).
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Forsch., 9, 516 (1959).
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40, 1241 (1974).
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Batsch var. amara (DC.) Focke) (Family
Rosaceae).

GENERAL DESCRIPTION

The almond tree, Prunus dulcis, is also known
as P. communis (L.) Arcang, Amygdalus
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dulcis Mill., and A. communis L., in addition to
the above synonyms. It grows to a height of
about 7m and has several varieties; two of
them, var. dulcis and amara, yield sweet
and bitter almonds, respectively. The tree is
native to western Asia and is now extensively
cultivated in the Mediterranean countries and in
California. The fruit is botanically classified as
adrupe (same as peach or plum), except that its
outer portion is leathery, not fleshy and edible
like the peach; the almond is its seed.

Sweet almonds are used as food, but bitter
almonds are not; this is due to the presence of
amygdalin in bitter almonds that can be hy-
drolyzed to yield deadly hydrocyanic acid
(HCN).

Two major types of products are derived
from the almond, namely a fixed oil and a
volatile oil. The fixed oil is commonly called
almond oil, expressed almond oil, or sweet
almond oil; it is made from both sweet and
bitter almonds by pressing the kernels. It does
not contain benzaldehyde or HCN.

The volatile oil is called bitter almond oil. It
is obtained by water maceration and subse-
quent steam distillation of the expressed and
partially deoleated bitter almonds or kernels
of other Prunus species that contain amygda-
lin; these species include apricot (P. armenia-
ca L.), peach (P. persica (L.) Batsch.), and
plum (P. domestica L.). During maceration,
the enzyme (emulsin) present hydrolyzes the
amygdalin into sugar, benzaldehyde, and
HCN, the last two being distilled by steam.
Sweet almond does not yield a volatile oil.

CHEMICAL COMPOSITION

Both sweet and bitter almonds have similar
chemical composition and contain 35-55%
fixed oil (MERCK).'” The only difference ap-
pears to be the presence of amygdalin (3—4%)
in bitter almond and its absence or presence in
trace amounts in sweet almonds.>* Other
constituents reported to be present in sweet
and/or bitter almonds include protein
(18-25%); emulsin; prunasin (0.005% in
bitter almond);5 daucosterol, and other sterols

Almonds

(e.g., sitosterol, citrostadienol, 24-methylene-
cycloartanol);*° calcium oxalate;’ tocopher-
ols (mostly o);%? trace amounts of vitamins
A, B complex, and E; and amino acids, includ-
ing glutamic acid, aspartic acid, and arginine.'®

Expressed almond oil has been reported to
contain 53 individual triglycerides of which
triolein and dioleolinolein make up 32% and
33%, respectively;'' fatty acids present in-
clude oleic (66—72%), linoleic (18-22%), pal-
mitic (5.7-7.9%), stearic, lauric, myristic, and
palmitoleic acids (MERCK). 1213

Bitter almond oil contains mostly benzal-
dehyde (95%) and HCN (2-4%). For food and
flavor uses the HCN is removed, and the
resulting oil is almost pure benzaldehyde.

Almonds also contain varying amounts
(3.11-5.25%) of soluble nonreducing sugars
(sucrose, raffinose, and stachyose), depending
on the variety.”’16

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

The results of a clinical study in men and
women suggest that combined with a heart-
healthy diet, the addition of 100g of dry-
roasted or raw almonds per day may signifi-
cantly lower LDL cholesterol."’

Expressed almond oil has emollient, de-
mulcent, and mildly laxative properties. Itis a
weak antibacterial. While easily absorbed and
digested orally, it is slowly absorbed through
intact skin.'® Based on prevalent data, almond
oil and almond meal are nonirritating and
nonsensitizing to the skin and are considered
safe for cosmetic use.'®

Bitter almond oil, containing 2—4% HCN,
is poisonous; and fatal poisoning of an adult
after taking 7.5 mL has been reported.

Bitter almond oil, FFPA (free from prussic
acid, outdated term for HCN), can be
regarded as pure benzaldehyde; it has anti-
peptic, local anesthetic, and antispasmodic
properties; it also has narcotic properties at
high doses; ingestion of 50-60 mL can be
fatal due to central nervous depression with
respiratory failure (GosseLIN).'®
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Low molecular weight peptides (mol. wt.
1000-10,000) with analgesic and anti-inflam-
matory activities are described in a Japanese
patent.19 Two anti-inflammatory peptides
(mol. wt. 257,000 and 19,000) have also been
isolated from Chinese almonds (peach ker-
nels, Prunus persica)."*

USES

Medicinal, Pharmaceutical, and Cosmetic.
Sweet almond oil is used as a laxative in doses
up to 30 mL as well as a solvent for parenter-
ally administered drugs and a solvent for
hemorrhoid injectable solutions.' Tt is also
used as an emollient and emulsifier for
chapped hands, in lotions (both moisturizing
and night skin care preparations), suntan gels,
blushers, makeup bases, skin cleansing pre-
parations, creams, and as an ointment base. It
is used in cosmetic formulations in concentra-
tions up to 50%; 25% in lipstick formulations.
Almond meal is used as a skin cleanser and in
medicated soaps.'”

Bitter almond oil was formerly used in the
United States as cough sedative and as an
antipruritic. It is no longer used commercially
for these purposes.

Food. Bitter almond oil (FFPA) is widely
used as a flavor ingredient in most categories
of food products, including alcoholic and
nonalcoholic beverages, frozen dairy desserts,
candy, baked goods, gelatins and puddings,
and others, generally at use levels below
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0.05%. Synthetic benzaldehyde is even more
widely used for the same purposes.

Sweet almonds have been used as food for
thousands of years. They are a good source of
protein, fats, calcium, iron, potassium, phos-
phorus, and trace minerals such as zinc and
copper.

Dietary Supplements/Health Foods. The
controversial unofficial anticancer drug lae-
trile is mainly amygdalin isolated from
kernels of apricot, peach, and other related
fruits (TYLER 2).%° Almond oil is often used as a
base for massage oil products.

Traditional Medicine. In traditional Chi-
nese medicine, apricot (P. armeniaca) kernels
are used as an antitussive and antiasthmatic
and in treating tumors. Apricot tree inner bark
in the form of a decoction is used in treating
apricot kernel poisoning, reportedly with great
success (JIANGSU). Sweet almond seed or seed
oil has been used as a folk cancer remedy for
bladder, breast, mouth, spleen, and uterine
cancers, among others.

COMMERCIAL PREPARATIONS

Crude and oils (sweet and bitter, FFPA). Sweet
almond oil is official in N.F., and bitter almond
oil (FFPA) is official in F.C.C.

Regulatory Status. Bitter almond essential
oil natural extractive and solvent-free oleores-
in (free from prussic acid) are GRAS for use in
foods (§182.20).

See the General References for ARCTANDER; BAILEY 2; BRUNETON; CLAUS; DUKE 3; FEMA; GUENTHER;
JIANGSU; MARTINDALE; MCGUFFIN 1 & 2; NANJING; SAX; TERRELL; TYLER 2; WATT AND MERRILL.
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ALOE (AND ALOE VERA)

Source: Aloe vera (L.) Burm. f. (syn. Aloe
barbadensis Mill.); A. perfoliata L. var. vera
L.); A. arborescens Miller var. natalensis
Berger; A. ferox Mill. and its hybrids with
A. africana Mill. and A. spicata Baker; A.
perryi Baker (Family Liliaceae).

GENERAL DESCRIPTION

There are two major products derived from the
leaves of Aloe spp. The yellow bitter juice
present in specialized cells beneath the thick
epidermis yields the drug aloe, which is ob-
tained from all above species. The parenchy-
matous tissue in the center of the leaf contains
amucilaginous gel that yields aloe gel or Aloe
vera gel, which is currently obtained from A.
vera.'

All the above species are perennial succu-
lents native to Africa that later spread to other
parts of the world. They are not cacti and
should not be confused with the American
aloe or century plant (Agave sp.). Consider-
able confusion has arisen over the nomencla-
ture of Aloe species. Currently, there are more
than 360 accepted species of Aloe. N. L. Bur-
man’s Aloe vera binomial was published in
1768 and therefore has priority over Miller’s
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A. barbadensis.*> Aloe vera is also a common
name.

Aloe vera yields Curacao aloe or Barbados
aloe, which is produced in the West Indies
(Curagao, Aruba, Bonaire). Aloe ferox and its
hybrids yield Cape aloe that is produced in
South Africa. Other Aloe species yield aloes of
lesser importance.

Aloe is obtained by cutting the leaves at
their base and letting the yellow bitter juice
drain out. The water is evaporated off from the
juice by heat and the resulting light to dark
brown mass is the drug aloe.

Commerecial aloin is a concentrated form of
aloe containing high concentrations of anthra-
glycosides (mostly barbaloin). This commer-
cial product is not pure aloin.

Aloe vera gel is prepared from the leaves by
numerous methods, some patented and others
proprietary.>® These methods essentially
involve expression and/or solvent extraction,
often with harsh physical and chemical treat-
ments; the resulting gel products vary consid-
erably in properties and generally are not
representative of the fresh gel.

CHEMICAL COMPOSITION

Aloe contains cathartic anthraglycosides;
mostly C-glucosides such as barbaloin, a
glucoside of aloe-emodin. Aloes from most
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species contain cathartic anthraglycosides at
concentrations between 10% and 20%, though
some contain levels of 30% barbaloin. A single
A. vera plant from Sri Lanka was found to
contain 57% barbaloin in its exudate. Highest
concentrations of barbaloin are found in young
mature leaf exudates, decreasing in older
leaves toward the base of the plant.” The con-
centrations of anthraglycosides vary with the
types of aloe; aloin content ranges from 4.5%
to 25%. Other constituents include aloesin
and its aglycone aloesone (a chromone),”® free
anthraquinones (e.g., aloe-emodin), and resins.

The composition of aloe vera gel is still not
clear. Studies to date indicate thatthe gel consists
of more than one type of polysaccharide and that
their compositions vary from one season and
source to the next. While one study showed it to
contain atleast four different partially acetylated
linear glucomannans with (1,4)-glycosidic
linkages,” others revealed an acidic galactan,
mannan, glucomannan, arabinan, and/or gluco-
galactomannan. The ratios of hexoses in each
polysaccharide differ widely among the studies,
as do their molecular weights.m’13

The polysaccharides constitute 0.2—-0.3% of
the fresh gel (0.8—1.2% of dry matter content).
Postproduction autodegradation of the gluco-
mannan polysaccharides produces mainly
mannans. The gel polysaccharides, consisting
mainly of mannose and glucose ina 1 : 3 ratio,
candegrade in48 h atroom temperature, witha
decrease in glucose content and an increase in
mannose:glucose ratio to >10."*

Other constituents reported in A. vera in-
clude other polysaccharides, polypeptides,
steroids, chromones, lectins, organic acids,
enzymes, amino acids, saponins, and miner-
als.!*>13:15-23 Carboxypeptidase, a serine
carboxypeptidase enzyme found in A. arbor-
escens and other species of Aloe, is suggested
to be a primary antithermic agent.

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Drug aloe and its purified form, aloin, have
cathartic properties through action on the
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colon. They are extremely bitter and are con-
sidered the least desirable among the plant
purgative drugs (see cascara and senna) due
to their bitterness and their tendency to pro-
duce more griping and irritation (GOSSELIN;
MARTINDALE). Aloin induces secretion of elec-
trolytes and water in the intestinal lumen,
inhibiting reabsorption of electrolytes and
water from the large intestine, which thereby
increases intestinal volume via increased fill-
ing pressure, which in turn stimulates peristal-
sis (BLUMENTHAL 1).

An alcoholic extract of drug aloe was re-
ported to show antitumor activity (JIANGSU).
Aloe-emodin (see buckthorn) administered
intraperitoneally (i.p.) has shown antitumor
activity in immunodeficient mice and in vitro
cytoxicity against tumor cells.”* A phthalate
(diethylhexylphthalate or DEHP), isolated
from A. vera, has shown in vitro activity
against the growth of several human leukemic
cell lines.”> Daily oral administration of the
fresh leaf pulp of A. vera produced cancer
chemopreventive activity in mice, in part by
inducing the phase II enzyme system and by
increasing levels of endogenous antioxidants
in the liver.?® Antiviral (herpes simplex types 1
and 2) activities were found from a methanolic
extract of the whole leaf of A. vera.'”*"*® In
laboratory studies, the leaf gel or extracts of A.
vera leaf have shown diverse activities, in-
cluding in vitro antimicrobial and in vivo
hypocholesteremic, dermal protectant, wound
healing, burn healing, frostbite healing, anti-
ulcerogenic, anti-inflammatory, hypoglyce-
mic, and others.!”

A number of studies have explored the
immunoreactive or immunomodulatory activ-
ity of various Aloe species.!” The principle
immunoactive constituents identified in A.
vera are lectins?*=" and polysaccharides; in
particular, acemannan'>!” and a water-solu-
ble polysaccharide named aloeride. '’

Chromones isolated from A. vera leaves
have shown anti-inflammatory>? and antioxi-
dant activities.>> From A. arborescens, car-
boxypeptidase showed analgesic activity
(comparable with bromelain) and dermopro-
tectant activity against burns in rats.**3°
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Male rats fed freeze-dried, skinned
(filetted) A. vera leaf at 1% of the diet showed
significantly fewer instances of death from
disease.*® Oil-in-water aloe extracts signifi-
cantly increase soluble collagen levels, sug-
gesting a topical antiaging effect.’’ Dermal
wound-healing effects of oral and topical A.
vera gel in rats are partly attributed to their
ability to increase the contents of proteogly-
cans and glycosaminoglycans in the wound
matrix.*®

A systematic review of controlled clinical
trials on aloe vera preparations up to 1999
concluded that it is not clear whether A. vera
promotes wound healing and that overall,
either topical or oral effectiveness of its pre-
parations remained insufficiently defined;
however, evidence suggested that it might be
effective in the treatment of psoriasis, genital
herpes, as an adjunctive in the management of
diabetes, and in lowering cholesterol levels.*
A further critical review of clinical trials on A.
vera preparations in the treatment of various
dermatologic conditions up to 2000 concluded
that evidence for its efficacy remained
unconvincing.*

TOXICOLOGY

Overdosage of drug aloe fluid and electrolyte
imbalance, abdominal pain, bloody diarrhea,
hemorrhagic gastritis, and sometimes nephri-
tiS (BLUMENTHAL 1; GOSSELIN; MARTINDALE), the
latter also associated in case studies with
prolonged use of Cape aloes containing aloe-
sin and aloeresin A.*!

No severe pathology was evident in mice
fed dry aloe extract (50 mg/kg).42 Aloe is not
to be used for longer than 8-14 days; contra-
indicated for use by children of age 12 years
and under and in pregnancy, breast feeding,
menstruation, metrorrhagia, menorrhagia, ac-
tive hemorrhoids, diarrhea, intestinal ob-
struction or inflammation, inflammatory
bowel disease, kidney disease, vomiting, ap-
pendicitis, and abdominal pain. Use may
temporarily color the urine red. Toxic con-
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stituents include aloeresin A and anthraqui-
none glycosides (aloinosides A and B and
aloins A and B) not found in A. vera gel
(BLUMENTHAL 1; BRINKER).42 Use with other
laxatives, especially those containing anthra-
quinone glycosides (e.g., cascara, senna)
should be avoided owing to potentiating
effects.*!*? Aloe is potassium-depleting. Use
with diuretics could or other potassium-de-
pleting substances (e.g., licorice root, thia-
zide diuretics, corticoadrenal steroids) could
result in hypokalemia.

Aloe vera gel (freeze-dried) produced no
toxic effects in rats from either acute or
sub-chronic oral doses (1-64mg/kg p.o.
twice daily). In mice or rats, the preserved
or fresh gel failed to cause any toxicity at
doses up to 20 g/kg p.o. or i.p., and no toxic
effects were found from a dose of 5g/kg
p.o. per day for 45 days.43 Life-long dosing
of a freeze-dried filet of the leaves at 1% of
the diet also failed to produce any deleteri-
ous effects.*

Reported adverse effects of topical use of
A. vera gel preparations by humans include
allergic contact dermatitis, mild itching, and
burning sensation. These effects have been
mild, of rare occurrence, and reversible when
use was stopped.'”*+4°

USES

Medicinal, Pharmaceutical, and Cosmetic.
Currently the only officially recognized use
of aloe is as an ingredient in compound ben-
zoin tincture, presumably for its beneficial
properties on the skin.

Aloe and aloin are extensively used as
active ingredients in laxative preparations,
often with other cathartics such as buckthorn,
cascara, and senna; belladonna extracts are
often included to lessen griping. Aloin is also
used in antiobesity preparations.

In Germany, concentrated dried aloe leaf
juice is used for conditions in which ease of
defecation and soft stool are desired, for ex-
ample, anal fissures, hemorrhoids, postanor-
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ectal surgery, and refractory constipation
(BLUMENTHAL 1).

Aloe gel and sometimes drug aloe are used
in various cosmetic and pharmaceutical for-
mulations as moisturizers, emollients, or
wound-healing agents. The fatty fraction of
the leaf is used in the cosmetics industry as a
pigment carrier.'® Extracts of aloe or aloin are
also used in sunscreen and other cosmetic
preparations.

Food. Aloe extracts are used as a flavor
ingredient primarily in alcoholic and nonal-
coholic beverages and in candy to impart a
bitter note. Based on the reported average
maximum use levels of about 0.02% in alco-
holic (186 ppm) and nonalcoholic (190 ppm)
beverages and 0.05% in candy, the extracts
used must be tinctures or greatly diluted ex-
tracts, as standard extracts (e.g., solid extract
or fluid extract) would contain too much active
anthraglycosides to be safely used. The most
preferred commercial aloe exudates used in
bitter spirits (Port Elzabeth and Mossel Bay
aloes) show a balance of major aromatic con-
stituents not found in many other aloe
extracts.'®

Dietary Supplements/Health Foods. Aloe
vera gel is used in nonalcoholic beverages
that are commonly known as “aloe vera
juice.” It is normally produced from
A. vera gel by diluting with water and mixing
with citric acid and preservatives. It is also
sometimes mixed with fruit juices and/or
herbal extracts. Despite label claims, “pure”
aloe vera juice is rarely pure; instead, it
contains only a minor percentage of A. vera
gel.!

Aloe gel products are available in liquid
and solid forms. The most popular liquid
products are the 10X, 20X, and 40X concen-
trates, while spray-dried Aloe vera gel extract
is the most popular solid product." Commer-
cial liquid concentrates are not always genu-
ine,*® and the more highly concentrated
they are, the more degradation they have

27

undergone, as evidenced by their lack of
viscosity."

Despite claims to be 200X concentrated
pure aloe gel, solid products normally contain
high proportions of carriers such as gums
(acacia, guar, locust bean), lactose, mannitol,
hydrolyzed starch, and/or others.'

Traditional Medicine.
is a well-known domestic medicine,
widely used to relieve thermal burn and
sunburn and to promote wound healing." Tt
is the most widely used herbal folk remedy
among the general population in the United
States (LUST).

Fresh Aloe vera gel
47249

COMMERCIAL PREPARATIONS

Crude, aloin, and extracts in various forms.
Crude Barbados and Cape aloes are official in
U.S.P.

Aloin was official in N.F. XI; its current
quality is generally governed by standards set
forth in this compendium, which do not re-
quire specific assays for anthraglycosides.

Aloe gel products are available in liquid
and solid forms; qualities vary greatly de-
pending on suppliers.*® Because the principal
component in the gel is a glucomannan simi-
lar to guar and locust bean gums, these gums
are frequently mixed with aloe gel to increase
its viscosity and yield. Dried concentrated
aloe gel can be evaluated by infrared
spectroscopy.'

Regulatory Status. Aloe has been approved
for food use as a natural flavoring (§172.510)
and is regulated in the United States as a
dietary supplement. Dried Aloe vera leaf
juice (and preparations) calculated to contain
at least 28% hydroxyanthracene derivatives
(as anhydrous barbaloin), and A. ferox dried
leaf juice (and preparations) calculated to
contain at least 18% hydroxyanthracene
derivatives (as anhydrous barbaloin), are
the subject of a German BGA monograph
(BLUMENTHAL 1).
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ALTHEA ROOT

Source: Althea officinalis L.
Malvaceae).

(Family

Common/vernacular names: Althaea, althea,
marshmallow.

GENERAL DESCRIPTION

Perennial herb, velvety hairy, up to 1.5m
high with three-lobed coarsely serrate
leaves, pink 3 cm wide flowers in peduncled
clusters; grows in marshes and moist places;
under cultivation adaptable to drier soils;
native to Europe and naturalized in the
United States in salt marshes from Massa-
chusetts to Virginia; locally elsewhere. Pre-
ferred part is the peeled root collected in the
fall; whole dried root and dried leaves enter
commerce.

CHEMICAL COMPOSITION

Contains starch, pectin, mucilage, sugar, fats,
tannin, asparagine, and calcium oxalate. The
mucilage content is generally considered to be
25-35%, but that of the homogeneous muci-
laginous polysaccharides is much lower. The
mucilage content changes considerably with
season (6.2—11.6%) and is highest in winter.!
A purified, homogeneous mucilage, althaea-
mucilage O, is composed of L-rhamnose:
D-galactose: D-galacturonic acid: p-glucuronic
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acid in the molar ratio of 3:2:3:3, with a
molecular weight of about 34,000 (as the am-
monium salt).” The sequence of the component
sugars and the configurations of the glycoside
linkages have also been examined.® Roots also
contain scopoletin, asparagines, hypolaetin
8-glucoside, parahydroxybenzoic acid, quer-
cetin, kaempferol, and chlorogenic, syringic,
caffeic, and p-coumaric acids (BRADLY).

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Althaea root extracts reportedly have demul-
cent, soothing properties on the mucous mem-
branes and an antitussive effect. It is believed
that these properties are mainly caused by the
mucilaginous substances. Althaea-mucilage
O has shown potent hypoglycemic activity.’
The polysaccharide fraction (50 mg/kg p.o.)
isolated from the root (A. officinalis L. var.
robusta) showed significant antitussive activ-
ity in a cat model of cough. It was more
effective than the crude extract of the root
(100 mg/kg p.o.), equally effective compared
to a syrup made from the root (1000 mg/kg
p.-o.), and more effective than prenoxdiazine
(30 mg/kg p.o.).?

TOXICOLOGY

Crude root may delay absorption of other
drugs taken at the same time (BLUMENTHAL 1).
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USES

Medicinal, Pharmaceutical, and Cosmetic.
Mainly used as a demulcent in various phar-
maceutical preparations, particularly cough
medicines. In Europe, root and leaf prepara-
tions are used to treat irritation of the oral or
pharyngeal mucosa and associated dry irrita-
ble cough; root also used to treat mild inflam-
mation of the gastric mucosa (BLUMENTHAL 1).
Root is used crude or in formulations at a daily
dose of 6g; leaf used in 5g daily dose or
equivalent in formulations (BLUMENTHAL 1).

Food. Used to a limited extent in alcoholic
and nonalcoholic beverages, frozen desserts,
candy, baked goods, and gelatins and pud-
dings. Extracts of the root are used in confec-
tionaries. Reported use levels are very low;
usually below 0.002% (20 ppm).

Traditional Medicine. Used for more than
2000 years in Europe both internally and

REFERENCES

Ambrette seed

externally as a wound healer, a remedy for
coughs, sore throat, and stomach troubles,
among other ailments; in ointments to relieve
chapped hands and chilblains (BIANCHINI AND
CORBETTA; FOSTER).

COMMERCIAL PREPARATIONS

Crude and extracts. Crude was formerly offi-
cial in N.F. and U.S.P.

Regulatory Status. Regulated in the United
States as a dietary supplement; root and flow-
ers approved for food use as a natural flavoring
(§172.510). In Germany, the leaf and root are
the subjects of therapeutic monographs; ap-
proved for irritation of the oral or pharyngeal
mucosa and associated dry irritable cough;
root also for mild inflammation of the gastric
mucosa (BLUMENTHAL 1; WICHTL).
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AMBRETTE SEED

Source: Abelmoschus moschatus Medik. L.
(syn. Hibiscus abelmoschus L.) (Family
Malvaceae).

Common/vernacular names: Ambrette, musk
mallow, and musk seed.

4. St.N.I.Ionkovaand D. Kolev, Fitoterapia,
63, 474 (1992).

5. M. Tomoda et al., Planta Med., 53, 824
(1987).
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(1992).

GENERAL DESCRIPTION

An annual or biennial herb with bristly hairs,
up to 2m high; showy flowers yellow, crim-
son centered, about 10 cm across; seeds musk
fragrant, flat, and kidney shaped; indigenous
to India; widely cultivated in tropical coun-
tries, including the West Indies, Java,
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Indonesia, and Africa. Part used is the seed,
which are kidney shaped, grayish brown, and
about 3 mm in diameter. The seeds are traded
as musk grains or musk pods. An aromatic oil
is obtained via steam distillation of the
crushed, dried seeds (CSIR 1).

CHEMICAL COMPOSITION

Compounds isolated from the seed oil include
ambrettolide, (Z)-7-hexadecen-16-olide), am-
brettolic acid, and farnesol as well as 12,13-
epoxyoleic acid, malvalic acid, sterculic acid,
and C;o—C;3g acids (oleic, palmitic, C;g, Cy2,
Ciss Cig Cig).' (2)-5-Tetradecen-14-olide,
(Z)-5-dodecenyl acetate, and (Z)-5-tetradece-
nyl acetate were isolated from the absolute in
yields of 0.5%, 0.01%, and 0.4%, respectively;
in addition, 2-trans,6-trans-farnesylacetate,
2-cis,6-trans-farnesylacetate, and oxacyclono-
nadec-10-en-2-one (an ambrettolide homo-
logue) were found in the seed coat. The floral
musky odor of the oil is primarily the result
of ambrettolide and (Z)-5-tetradecen-14-
olide.*”?

Other compounds found in the seeds in-
clude methionine sulfoxide, phospholipids
(o-cephalin, phosphatidylserine, phosphati-
dylserine plasmalogen, and phosphatidylcho-
line plasmalogen);* sterols, including cam-
pesterol, sitosterol, stigmasterol, ergosterol,
and cholesterol.® Sizable amounts of palmitic
and myristic acids may also occur in ambrette
seed oil or concrete, depending on the method
of manufacture (ARCTANDER). The long-chain
fatty acids of the seeds result in a crude
product of a waxy nature (Ambrette beurre);
the fatty acids, removed with alkali, dilute
alcohol, calcium, or lithium salts, produce a
yellow clear to amber liquid that possesses the
musky fragrance of ambrettolide (BAUER).
Yield of the oil is from 0.2% to 0.6%.

TOXICOLOGY

Based on available data, ambrette seed oil and
its major odor principle, ambrettolide, are
nontoxic.”
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USES

Medicinal, Pharmaceutical, and Cosmetic.
Oil and absolute are used in sophisticated
types of perfumes and in soaps, detergents,
creams, and lotions; maximum use level
reported is 0.12% for the oil in perfumes.’
The oil is valued for its sweet, rich wine or
brandy-like, floral, musky scent with a un-
ique bouquet and roundness. While resem-
bling animal-derived musk scents, ambrette
seed oil lacks the fecal note sometimes found
in the former (csIr 1); one of the most expen-
sive essential oils.

Food. Ambrette seed and its tincture are
used in preparing vermouths and bitters. The
oil and absolute are also used in vermouths and
bitters, but they are more commonly used in
flavoring other types of food products, includ-
ing nonalcoholic beverages, frozen dairy des-
serts, candy, baked goods, and gelatins and
puddings. The use levels are usually very low,
<0.001% (10 ppm).

Traditional Medicine. Reportedly used as a
stimulant and an antispasmodic; used in Chi-
nese medicine to treat headache; in Western
traditions as a folk medicine with stimulant,
aromatic, antispasmodic actions and as an
insecticide for protecting woolen garments
from moths (CSIR 1).

Others. The stem bark has been used as a
fiber (78% cellulose) and the root mucilage as
a paper sizing material (CSIR 1).

COMMERCIAL PREPARATIONS

Seeds, oil, absolute, concrete, and tincture; oil
is official in F.C.C.

Regulatory Status. Seed GRAS as a natural
flavoring or seasoning in foods (§182.10);
seed essential oil, extractive, and solvent-
free oleoresin GRAS for use in foods
(§182.20).
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ANGELICA

Source: Angelica archangelica L. (syn.
Archangelica archangelica Hoffm.) (Fam-
ily Apiaceae or Umbelliferae).

Common/vernacular names: Angelica, arch-

angel, FEuropean angelica, and Garden
angelica.
GENERAL DESCRIPTION

Stout biennial or perennial herb, up to 2 m high
with a large rhizome; fruit with thick corky
wings; native to northern and eastern Europe
and Iceland, eastward to Siberia; cultivated in
Belgium, Hungary, Germany, and other coun-
tries; naturalized elsewhere. Parts used are the
rhizome and roots, fruits, and stem, with the
stem less extensively used; currently the roots
and rhizome are the most frequently used.

Other Angelica spp. are also used, but
infrequently.

CHEMICAL COMPOSITION

Angelica is very rich in coumarins, which
occur throughout the plant.

The root (root and rhizome) contains
0.3-1% volatile oil composed mainly of
d-o-phellandrene, o-pinene, limonene, B-
caryophyllene, linalool, borneol, acetalde-

5. K. C. Srivastava and S. C. Rastogi, Planta
Med., 17, 189 (1969).

6. U. K. Chauhan, Proc. Natl. Acad. Sci.,
India, Sect. B, 54, 236 (1984).

7. D. L. J. Opdyke, Food Cosmet. Toxicol.,
13, 705, 707 (1975).

hyde, and four macrocyclic lactones (-tride-
canolide, 12-methyl-w-tridecanolide, ®-pen-
tadecanolide, and m-heptadecanolide), among
others (MasaDA);'? coumarins, including
osthol, angelicin, osthenol, umbelliferone,
archangelicin, bergapten, ostruthol, impera-
torin, umbelliprenine, xanthotoxol, xantho-
toxin, oxypeucedanin, oreoselone, phellopter-
in, marmesin, byakangelicol, and 2'-angeloyl-
3'-isovaleryl vaginate, with osthol in major
concentration (ca. 0.2% of root),”” acids
(angelic, aconitic, citric, malic, oxalic, malo-
nic, fumaric, succinic, caffeic, chlorogenic,
quinic, lauric, tridecanoic, myristic, pentade-
canoic, palmitic, palmitoleic, stearic, oleic,
linoleic, linolenic, petroselinic, and behenic
acids, etc.).*®° Other constituents include
resin, starch, sugars (sucrose, fructose, glu-
cose, umbelliferose), archangelenone (a fla-
vonone), B-sitosteryl palminate, and arachi-
nate (KARRER)."%10

The fruits (commonly known as seeds)
contain about 1% volatile oil, consisting main-
ly of B-phellandrene and other terpenes simi-
lar to those found in the root oil (Masapa);!!
coumarins, including imperatorin, bergapten,
iso-imperatorin, iso-pimpinellin, 8-hydroxy-
5-methoxypsoralen, 4-methoxy-7-hydroxyp-
soralen, phellopterin, xanthotoxol, and
xanthotoxin, with imperatorin and bergapten
in larger concentrations (0.5% and 0.1%, re-
spectively) (KARRER).12’13 The seed oil of
a Pakistani variety, A. archangelica L. var.
himalaica (Clarke) Krishna & Badhwar,
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contains hexylmethylphthalate as its major
component (36%)."*

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

The root oil has shown antibacterial and anti-
fungal activities.""

A number of Angelica species have shown
calcium-antagonist-like effects in vitro. As an
activity involving relaxation of vascular
smooth muscle, calcium-antagonist activity
is a topic of interest in cardiovascular disease
research. Calcium-antagonist activity was
found from coumarin-rich fractions of angeli-
ca root extracts (A. archangelica).'® The root
extract has shown dose-dependent antiulcero-
genic activity in rats with indomethacin-in-
duced gastric ulcers, an effect partly attributed
to an increase in mucin secretion, a decrease in
leukotrienes, and an increase in the release
of prostaglandin E,.'” Orally administered,
A. archangelica also ameliorated ethanol-
induced hepatotoxicity in mice and inhibited
malondialdehyde formation in mouse livers,
in vitro and in vivo.'®

TOXICOLOGY

Certain coumarins in the plant (e.g., bergap-
ten, xanthotoxin) are known to be phototoxic
(see bergamot oil). Angelicaroot and seed oils
are obtained by steam distillation and are not
expected to contain these coumarins; howev-
er, extracts (e.g., absolute, solid extract, fluid
extract) may contain them. The root oil (but
not seed oil) is reported to be phototoxic.'!!

USES

Medicinal, Pharmaceutical, and Cosmetic.
Now rarely used in pharmaceutical prepara-
tions. Its major current use is as a fragrance
ingredient in soaps, detergent, creams, lotions,
and perfumes. Reported maximum use levels
for both root and seed oils are usually very low,
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the highest for either being about 0.1% in the
perfume category.’'!

Food. Leavesused as vegetable (MABBERLY);
dried seeds and cut and sifted or powdered root
occasionally used as tea flavoring (FOSTER);
also used as a flavor ingredient in most major
categories of food products, including alco-
holic (bitters, liqueurs, vermouths) and non-
alcoholic beverages, frozen dairy desserts,
candy, baked goods, and gelatins and pud-
dings. The seed and root oils and the root
extract are more commonly used; average
maximum use levels are low, usually below
0.01%, except for the seed extract, which is
reported to be 0.2% in alcoholic beverages.

Dietary Supplements/Health Foods. The
dried seeds and root powder are used in tinc-
tures or oral formulations, primarily for men-
strual regulation and as an expectorant
(FOSTER).

Traditional Medicine. Angelica has a long
history of use in Europe in the treatment of
bronchial ailments, colds, coughs, and stom-
ach troubles caused by indigestion; also used
in cosmetics for its allegedly quieting and
soothing effect on the nerves of the skin (DE
NAVARRE). The roots and seeds have been used
in the treatment of arthritic disease, nervous
conditions, insomnia, hyperacidity, and intes-
tinal disturbances, as well as for anti-inflam-
matory, diuretic, and diaphoretic effects.'®

In Chinese medicine, at least 10 Angelica
species are used, including A. dahurica
(Fisch.) Benth. et Hook., A. anomala Lalem.,
A. formosana Boiss., and A. sinensis (Oliv.)
Diels; the latter, known as danggui or dong
quai (see following), is widely used in treating
female ailments in China (FARNSWORTH 1-4;
FOGARTY; JIANGSU; NANJING).

COMMERCIAL PREPARATIONS

Crude, extracts, and oils. Root and seed were
both formerly official in U.S.P. and N.F.; both
root oil and seed oil are official in F.C.C.
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Regulatory Status. Regulated as a dietary
supplement in the United States; extract,
essential oil, and solvent-free oleoresin of the
root, seed, or stem are GRAS for use in
foods (§182.20); root and seed are GRAS for
use in foods as a spice or natural flavoring
(§182.10). In Germany, the fruit and roots are
subjects of official monographs. The crude
root at a daily dose of 4.5g and galenical
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preparations are indicated for internal use for
appetite loss and digestive ailments, including
mild gastrointestinal tract spasms and flatu-
lence. Crude fruit (seed) and preparations are
not recommended for use as diuretics
and diaphoretics because efficacy and safety
have not been established (BLUMENTHAL 1;
WICHTL).
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ANGOSTURA BARK

Source: Angostura trifoliata (Willd.) T. S.
(syn. Cusparia febrifuga Humb. ex DC.,
Galipea officinalis Hancock) (Family
Rutaceae).

Common/vernacular names: Angustura, car-
ony, and cusparia bark.

10. S.C.Basaetal., Chem. Ind. (London), 13,
355 (1971).
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GENERAL DESCRIPTION

Angostura trifoliata is a shrubby tree native to
northern South America. In Venezuela, it
grows in mountainous areas at an altitude of
between 200 and 300 m above sea level (usp
23RD).

Formerly, angostura bark was believed to
be the bark of Cusparia trifoliata Engl. (syn.



Angostura bark

C. febrifuga Humb.), a tree related to Galipea
officinalis reported to grow in Brazil. (Related
species found in Brazil include Galipea di-
chotoma Sald. and G. multiflora Schult.")
Much of the scientific literature before 1960
was based on this species.

CHEMICAL COMPOSITION

The bark contains two unstable bitter princi-
ples: angostura bitters 1 and 2 (3,5-dihydroxy-
5-ethoxy-2-syringoyl-1-methyl-4-O--p-glu-
copyranosylcyclopentane and 3,5-dihydroxy-
5-ethoxy-2-vanilloyl-1-methyl-4-O-B-p-glu-

copyranosylcyclopentane);” a high content of
alkaloids (ca. 40%; largely quinoline type)
(cusparine, cuspareine, allocuspareine, gali-
poline, galipoidine, galipidine, galipinine, ga-
lipine, quinaldine, 4-methoxyquinaldine,
quinoline, 2-n-amyl-quinoline, candicine,
etc.) (GLasBY 1);°° and a volatile oil
(1-2%) containing some 15 alkaloids
(KARRER; WREN) and various sesquiterpenes
(e.g., P-bisabolene, cadinol T, germacrene
D, 8-curcumene) also found in the trunk bark.’
The stem and root bark of a related species,
Galipea trifoliata Aublet, contains phebalo-
sin, ramosin, and galipein (coumarins).7

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

The alkaloids, particularly cusparine and ga-
lipine, have shown antispasmodic activity®
and in dogs, respiration—excitation effects.’
The alkaloidal fraction has shown in vitro
activity against the growth of Mycobacterium
tuberculosis.® Galipinine, a tetrahydroquino-
line alkaloid, has shown in vitro activity
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against the malarial parasite Plasmodium
falciparum.*®

TOXICOLOGY

Large doses may produce nausea.

USES

Medicinal, Pharmaceutical, and Cosmetic.
Used in bitter tonics.

Food. Extracts used in most categories of
food products such as alcoholic (bitters) and
nonalcoholic beverages, frozen dairy desserts,
candy, baked goods, gelatins and puddings,
and gravies. Average maximum use level in
alcoholic beverages is reported to be about
0.3%.

The well-known “angostura bitters” does
not contain angostura bark at all and is made
from a mixture of gentian root and other
botanicals.

Traditional Medicine. Used in treating dys-
pepsia, chronic diarrhea, and dysentery.* Also
used as a febrifuge and bitter tonic in doses of
0.3—1 g; large doses cathartic and emetic.

COMMERCIAL PREPARATIONS

Crude and extracts.

Regulatory Status. Bark essential oil, sol-
vent-free oleoresin, and extractive are GRAS

for use in foods (§182.20); bark GRAS as
natural flavoring or spice in foods (§182.10).

See the General References for ARCTANDER; FEMA; GLASBY 2; GUENTHER; MARTINDALE; UPHOF; WREN.
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ANISE (AND STAR ANISE)

Source: Anise: Pimpinella anisum L. (syn.
Anisum vulgare Gaertn.; A. officinarum
Moench.) (Family Umbelliferae or Apia-
ceae); Chinese star anise: Illicium verum
Hook. f. (Family Illiciaceae).

Common/vernacular names: Anise seed, ani-
seed, sweet cumin (P. anisum); Chinese star
anise, illicium, and star anise (Illicium
verum).

GENERAL DESCRIPTION

Anise is an annual herb, usually less than 0.6 m
high; leaves alternate, below, opposite above;
native to Greece and Egypt, now widely culti-
vated. Part used is the dried ripe fruit; anise oil
is obtained from it by steam distillation.

Chinese star anise is an evergreen tree
usually 4-6 m high but may reach 12 m; in-
digenous to southeastern Asia; extensively
cultivated in southern China, also in Vietnam,
India, Japan. Part used is the dried, ripe fruit
that consists of 5-13 (usually 8) seed-bearing
woody follicles (one seed per follicle) at-
tached to a central axis in the shape of a star,
and therefore, the name star anise. In Chinese,
the plant is also called “eight-horned anise” or
simply “eight horns,” referring to the usually
eight-follicled fruit. China is the major pro-
ducer of star anise. Chinese star anise oil is
obtained by steam distillation.

Due to the traditional use of anise oils with
licorice in licorice candy, the flavor of anise is
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often confused with that of licorice, particu-
larly among the public, and is erroneously
described as licorice-like.

CHEMICAL COMPOSITION

Anise contains 1-4% volatile oil (FURIA AND
BELLANCA);' coumarins (bergapten, umbelli-
prenine, umbelliferone, scopoletin);* lipids
(ca. 16%), including fatty acids (Cyg, Cyg, C20,
C22, C24, C26, C30, CtC.), B—amyrin, and Stig-
masterol and its salts (palmitate and stearate)
(MARsH);>* flavonoid glycosides (quercetin-
3-glucuronide, rutin, luteolin-7-glucoside,
isoorientin, isovitexin, apigenin-7-glucoside
[apigetrin], etc.);’ phenylpropanoid gluco-
sides; %8 myristicin;9 protein (ca. 18%); car-
bohydrate (ca. 50%); and others (MARSH).

Anise oil contains  trans-anethole
(75-90%), estragole (methylchavicol) (1%),
anise ketone (p-methoxyphenylacetone), and
B-caryophyllene. Other compounds in minor
concentrations include anisaldehyde, anisic
acid (oxidation products of anethole), linalool,
limonene, o-pinene, acetaldehyde, p-cresol,
creosol, hydroquinine, B-farnesene, y-hima-
chalene, neophytadiene, and ar-curcumene
(KARRER).I’IO*12

Chinese star anise contains about 5% vola-
tile oil (ca. 10% in follicles and 2.5% in seeds)
(NANJING), phenylpropanoid glucosides,13 lig-
nans,'* catechins and proanthocyanidins,
among others."

Chinese star anise oil contains trans-anet-
hole (80-90%) as its major component. Other
constituents include estragole, 1,4-cineole,
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B-bisabolene, P-farnesene, o-copaene, (—)-
and frans-o-bergamotene, caryophyllene,
nerolidol, methylanisoate, trans-methyli-
soeugenol, cadinene, foeniculin, 3-carene,
d-o-pinene, phellandrene, o-terpineol, hydro-
quinine, traces of cis-anethole, and safrole
(KARRER),'®™'? although the presence of saf-
role is disputed.'”'®

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Oil of anise and Chinese star anise has
carminative and expectorant properties.20
Water and ethanol extracts of the fruits
(seeds) of anise have shown greater in vitro
antioxidant activity than some common anti-
oxidants (o-tocopherol, BHA, and BHT).2lln
vitro estrogenic activity was found from the
essential oil of anise in human breast cancer
cells (MCF-7 cells).??> A relaxant effect of
the essential oil on isolated, precontracted
guinea pig tracheal chains suggests bronch-
odilatory activity and was due to inhibition
of muscarinic receptors.”> An antidiuretic
effect was found in rats administered the
essential oil (0.05%) in drinking water and
was attributed to an increase in Na™—K™
ATPase activity.24 A randomized controlled
trial of a preparation containing anise oil and
ylang ylang oil found that topical application
was equally effective in the treatment of head
lice in children as a spray composed of
various insecticides.”

Anethole, anisaldehyde, and myristicin (in
aniseed), along with d-carvone (present in P.
anisum plant), have shown mild insecticidal
properties.”® In houseflies, the major (56% by
weight) active insecticide in the oil from anise
tops was shown to be trans-anethole. Anisal-
dehyde and anethole increased the toxicity to
houseflies when applied at the same as various
common insecticides.?” Anethole also inhibits
growth of mycotoxin-producing Aspergillus
species in culture.”®

Anethole was formerly considered an ac-
tive estrogenic agent of the essential oil of
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anise. However, further research suggests
that the active estrogenic compounds are
polymers of anethole, such as dianethole and
photoanethole.29

A methanol extract of the fruits of Chi-
nese star anise (Illicium verum) showed
in vitro growth-inhibitory activity against
the periodontopathic bacteria, Eikenella cor-
rodens,*® and against the fungus Saccharo-
myces cerevisiae.®" In vitro antimicrobial
and antifungal activities of Chinese star
anise are largely attributed to the presence
of anethole.*

TOXICOLOGY

A double-blind, placebo-controlled allerge-
nicity study using aniseed in spice industry
workers found positive results in skin prick,
and nasal and oral challenge tests.”® Other
case reports of occupational allergic reactions
to anise include a psoriasis-like allergic con-
tact dermatitis from exposure to the seed oil**
and allergic asthma from exposure to the seed
dust. >

Anethole, the major component of the oil
of both anise and star anise, has been re-
ported as the cause of dermatitis (erythema,
scaling, and vesiculation) in some people.36
Anethole has two isomers (frans and cis),
with the cis isomer being 15-38 times more
toxic to animals than the trans isomer
(Merck)." Current U.S.P. and EC.C. speci-
fications for anethole do not require differ-
entiation between the isomers. Anethole (no
isomer given) has shown mutagenic activity
in Ames Salmonella reversion assay,”® and
estragole is a known genotoxic carcinogen
with a recommended limit in food of
0.05 mg/kg."!

Japanese star anise (I/licium lanceolatum
A. C. Smith; formerly identified as Illicium
anisatum L. or I. religiosum Sieb. et Zucc.)
should not be confused with true star anise
(Chinese star anise) (I. verum). Use of the
former as a culinary spice could result in
fatality.®” Its mistaken identity in Europe
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resulted in epidemics of epileptic seizures®®
and poisoning in infants (after being tradition-
ally treated with “star anise” for colicky
pain).39 Symptoms in infants included vomit-
ing, nystagmus, and abnormal movements.*’

Japanese star anise grows in southern
China, Taiwan, and Japan; it looks like a
smaller, deformed version of Chinese star
anise and is highly poisonous. A 10-15%
aqueous extract is used in China as agricultur-
al insecticide. Toxicity is attributed to the
sesquiterpene anisatin.

USES

Anise oil and Chinese star anise oil are used
interchangeably in the United States, both
being officially recognized as anise oil in the
U.S.P. and EC.C.

Medicinal, Pharmaceutical, and Cosmetic.
Both anise and Chinese star anise oils are used
as carminatives, stimulants, mild spasmoly-
tics, weak antibacterials, and expectorants in
cough mixtures and lozenges, among other
preparations; internally used for dyspeptic
complaints; externally as an inhalant for con-
gestion of the respiratory tract.

Both oils are used to mask undesirable
odors in drug and cosmetic products and as
fragrance components in toothpastes, per-
fumes, soaps, detergents, creams, and lotions,
with maximum use levels of 0.25% anise oil
and 0.4% star anise oil in perfumes.'®°

Food. Anise, Chinese star anise (to a lesser
extent), anise oil, and star anise oil are widely
used as flavoring ingredients in all major
categories of foods, including alcoholic (bit-
ters, brandies, and liqueurs, e.g., anisette) and
nonalcoholic beverages, frozen dairy desserts,
candy (e.g., licorice candies), baked goods,
gelatins and puddings, and meat and meat
products. Highest average maximum use le-
vels for anise oil are about 0.06% (570 ppm) in
alcoholic beverages and 0.07% (681 ppm) in
candy.

Anise (and star anise)

Both anise and Chinese star anise are wide-
ly used as domestic spices; the former is
mainly used by Westerners, while the latter
is used primarily by Asians, especially in
Chinese foods.

Dietary Supplements/Health Foods. Whole,
crushed, or ground crude drug is used for
infusions and other galenical preparations
(BLUMENTHAL 1).

Traditional Medicine. Anise and Chinese
star anise have been used as aromatic carmi-
natives, stimulants, and expectorants; also as
estrogenic agents to increase milk secretion,
promote menstruation, facilitate child birth,
increase libido, and alleviate symptoms of
male climacteric.’’ Chinese star anise has
been used in Chinese medicine for similar
purposes for 1300 years (JIANGSU). Anise has
also been used as an appetizer, diuretic, tran-
quillizer,21 antiseptic, laxative,24 and as a
treatment for epilepsy and seizures.*!

COMMERCIAL PREPARATIONS

Crude and essential oils are official in N.F. and
F.C.C. In Germany, preparations of anise seed
containing 5-10% essential oil are used as a
respiratory inhalant, whereas Chinese star
anise is used internally for peptic discomfort
and catarrh (BLUMENTHAL 1).

Regulatory Status. Regulated in the United
States as a dietary supplement; P. anisum
and I. verum are GRAS as natural flavoring
or spice for use in foods (§182.10); essential
oil, extractives, and solvent-free oleoresin of
P. anisum are GRAS for use in foods
(§182.20). Anise seed and Chinese star anise
seed are subjects of German official mono-
graphs; 3.0g of seed or 0.3 g essential oil
(mean daily dose) allowed as a bronchial
expectorant for upper respiratory tract con-
gestion and as gastrointestinal spasmolytic
(BLUMENTHAL 1; WICHTL).
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ANNATTO

Source: Bixa orellana L. (Family Bixaceae).

Common/vernacular names: Achiote, achio-
tillo, annatto, arnotta, and lipstick tree.

GENERAL DESCRIPTION

Shrub or small tree, up to 10 m high; native to
northern South America; extensively cultivat-
ed in tropical areas of Africa, Asia, and in the
West Indies. Part used is the seed, which
contains the coloring principles in an or-
ange-red waxy covering.

Major producers of annatto seeds are India,
Kenya, Ecuador, and Peru; qualities differ con-
siderably depending on sources and seasons.

CHEMICAL COMPOSITION

The coloring principles are carotenoids, most-
ly bixin (oil-soluble) and norbixin (water-sol-
uble), with bixin (especially the cis isomer) in
major concentration (2.5% dry wt.). Norbixin
is the principle component of the water-solu-
ble dyes of annatto and is formed by the
removal of the methyl esters of bixin. Both
o~ and B-forms of norbixin are found in water-
soluble annatto dye. (—)-Bixin (syn. o-bixin)
is unstable and during extraction is usually
converted to trans-bixin (syn. B-bixin), the
stable isomer, which is also known as isobixin.
Bixin is a monomethyl ester of norbixin (a
dicarboxylic acid); it is readily hydrolyzed by
alkalis during alkali extraction of annatto to
the dicarboxylic acid, norbixin (EVANS;
MERCK)."? Annatto also contains P-carotene
(6.8-11.3mg/100 g), apocarotenoids, diapo-
carotenoids, an essential oil (with the sesqui-
terpene ishwarane as the major component),
pentosans, pectin, protein (13—17%), tannins,
and others (Evans).>>°

The coloring principle in oil-soluble annat-
to preparations is free bixin, while that of
water-soluble (usually alkaline) annatto ex-
tracts is an alkali salt of norbixin, commonly
the potassium salt.

Annatto

Both bixin and norbixin in the free acid
state are insoluble in water but soluble in
organic solvents (e.g., acetone, alcohols) and
aqueous alkaline solutions.

Bixin is one of the more stable natural
yellow colors. However, it loses much of its
tinctorial power gradually on storage, the
process being accelerated by light and heat.
Therefore, the fresh seeds are preferred in
manufacturing processes.

Tinctorial strength of bixin is comparable to
that of B-carotene, but bixin is the more stable.

Annatto is reported to be most stable at
pH 8, with decreased stability at pH 4-8.”

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Broad-spectrum in vitro antibacterial activity
was found from an ethanolic extract of the
dried seeds. An extract of the dried leaves
showed greater potency, and both extracts
were also active against Candida albicans.®
However, others report a narrow spectrum of
antibacterial activity from the leaves, and with
activity only found against Gram-positive
bacteria.” A water extract of the leaves showed
platelet antiaggregant activity in vitro.'® Al-
though bixin and norbixin are carotenoids,
they do not have vitamin A activity.

Norbixin exhibits antioxidant activity
against the deterioration of lipids in bulk olive
oil and in olive oil-in-water emulsions."'

Administered to rats during and after whole
body irradiation, bixin (200 umol/kg p.o.)
significantly reduced levels of lung collagen
hydroxyproline and liver and serum lipid per-
oxidation values.'> At concentrations of
1-100 uM in vitro in rat spleen lymphocytes,
bixin inhibited the activity of IgE, suggesting
apossible antiallergic effect, and enhanced the
production of IgM."?

TOXICOLOGY

An acute (3-week) oral toxicity study of an
extract of annatto seeds containing 50%
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norbixin found that doses of 0.8, 7.5, and
68 mg/kg produced hyperinsulinemia in rats
and that doses of 56 and 351 mg/kg produced
hypoinsulinemia in mice. In the rats, the
extract also caused a significant decrease in
globulins and plasma total protein levels
without evidence of any adverse effects on
the liver or plasma chemistry."* Adminis-
tered to pregnant rats, annatto food color
containing 28% bixin caused no adverse
effects to the mothers and none to the fe-
tuses. A developmental and maternal No-
Observed-Adverse-Effect-Level (NOEL) for
the extract was proposed as 500 mg/kg p.o.
per day or greater and for bixin, at least
140 mg/kg p.o. per day."

At high oral doses in rats, norbixin (8.5
and 74 mg/kg) produced hyperglycemia.'*
However, in a subchronic (2-week) toxicity
test in rats of either sex, the NOEL of
norbixin was 0.1% of the diet (76 and
69 mg/kg p.o. for males and females, respec-
tively). At 0.3% and 0.9% of the diet, nor-
bixin produced a pronounced elevation in
liver weights, hepatocyte hypertrophy, and
in blood work, increases in albumin/globulin,
albumin, alkaline phosphatase, total protein,
and phospholipid ratios.'® In the micronucle-
us test in male mice, annatto food colorant at
dietary levels of 1330, 5330, or 10,670 ppm
for 7 days failed to produce any mutagenic
effects. However, the highest concentration
increased the mutagenic effect of a mutagen
(cyclophosphamide).'” Similar results were
found from in vitro tests in which low con-
centrations of norbixin (10-50 uM) protected
DNA against oxidative damage, while at
higher concentrations it enhanced oxidative
damage to DNA.'

Induction of drug-metabolizing enzymes of
the liver (CYP2B and CYP1A) was found
from oral dosing of female rats with an extract
of the seeds containing 28% bixin; 95% pure
bixin showed only weak inducing activity.'®

Human allergic reactions to annatto food
coloring include IgE-mediated anaphylaxis in
a man who consumed a breakfast cereal con-
taining the dye. Other clinical reports suggest
the possibility that angioedema and urticaria
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occur as allergic reactions to the dye in some
individuals.”

USES

The current major commercial uses of annatto
colors are in foods, especially dairy;21 also
used in drugs as color coatings for granules,
pills, tablets, and herbal preparations, as well
as in cosmetics (e.g., lipsticks) and hair dyes.

Aqueous alkaline extracts are extensively
used in coloring cheeses (especially cheddar)
and to a lesser extent in ice creams and other
dairy products. Oil-soluble extracts are used in
oily food products such as salad oils, popcorn
oil, butter, margarine, and sausage casings.
Major food categories in which annatto color
is used include alcoholic and nonalcoholic
beverages, frozen dairy desserts, baked goods,
meat and meat products, condiments and
relishes, fats and oils, snack foods, and grav-
ies, with highest average maximum use level
reported for the extract in baked goods (ca.
0.24%).

Traditional Medicine. The seeds have been
used in treating tumors of the oral cavity, as a
purgative, antipruritic,8 and in the treatment
of venereal diseases. The pulp that surrounds
the seeds is topically applied as a mosquito
repellant.”> Preparations of the leaves are
traditionally used in treating gonorrhea,23
nausea, as a gargle for sore throat, and for
oral hygiene.?

COMMERCIAL PREPARATIONS

Crude, oil- and water-soluble extracts and
spray-dried powders.

Also available for domestic use as ground
or whole seeds in supermarkets or ethnic
stores in metropolitan areas in the United
States.

Regulatory Status. Approved for use as a
colorant in foods (§73.30), drugs
(§73.1030), and cosmetics (§73.2030).
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ARNICA

Source: Arnica montana L. (Family Compo-
sitae or Asteraceae).

Common/vernacular names: Arnica, Europe-
an arnica, leopard’s bane, mountain tobacco,
and wolf’s bane.

GENERAL DESCRIPTION

Perennial herb, up to about 0.6 m high; native
to mountainous regions of Europe; cultivated
in northern India. Part used is the dried flower
head.
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Several American  Arnica  species
(“American arnica”) have also been used
(A. fulgens Pursh, A. sororia Green, and A.
cordifolia Hook.), all of which are native to the
region of the western Rocky Mountains.

CHEMICAL COMPOSITION

Contains up to 1% (normally about 0.3%) of a
viscous volatile oil, about half of which is
composed of fatty acids, with palmitic, lino-
leic, myristic, and linolenic acids predomi-
nant. Aromatic constituents present include
terpenes, thymol, thymol methyl ether, 4-
hydroxy-thymol dimethyl ether, and isobutyric
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acid thymyl ether.'™ Other constituents
include resins, arnicin (bitter principle), ses-
quiterpene lactones (e.g., helenalin, 11ct,13-
dihydrohelenalin, helenalin and 110,13-dihy-
drohelenalin esters, 23-ethoxy-6-O-isobutyryl
1-2,3-dihydrohelenalin and 6-O-isobutyrylte-
trahydrohelenaliné_g); tannin, arnisterin (a
sterol), carotenoids (oi- and B-carotene, cryp-
toxanthin, lutein, etc.) (KARRER; MERCK);
flavonoids (astragalin, betuletol, 6-methoxy-
kaempferol, hispidulin, isoquercetin, jaceosi-
din, pectolinarigenin, etc.),lo_12 coumarins
(umbelliferone, scopoletin),'” and phenolic
acids (p-hydroxybenzoic, p-coumaric, genti-
sic, ferulic, caffeic, vanillic, etc.).13
Pseudoguaianolides have been reported in
leaves of A. montana, including arnifolin,
arnicolides A, B, C, and D, and loliolide.'*!>

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

An extract of Arnica montana was shown to
increase the resistance of animals to bacterial
infections by stimulating phagocytosis of the
bacteria involved, particularly Listeria mono-
cytogenes and Salmonella typhimurium."®
The sesquiterpene lactones helenalin ace-
tate and 11,13-dihydrohelenalin have shown
platelet aggregation, 5-hydroxytryptamine se-
cretion, and thromboxane formation-inhibit-
ing,'” and antibacterial and antifungal activi-
ties in vitro.'® Numerous esters of helenalin
have shown anti-inflammatory activity in
mice and rats.'® The anti-inflammatory activ-
ity of A. montana flowers is attributed to
helenalin,?® which has the ability to inhibit
proinflammatory gene expression”' by direct-
ly modifying the transcription factor NF-xB
in vitro.”* Helenalin has also shown in vitro
antitrypanosomal activity  (Trypanosoma
cruzi and T. brucei rhodesiense),” and anti-
tumor activity against human colorectal cancer
(COLO 320 cells) and human small cell lung
carcinoma (GLC4 cells).24 It also induces
apoptosis in leukemia (Jurkat T cells).®
Acidic polysaccharides derived from an
extract of A. montana have shown immunos-
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timulating activities in vitro.'® Helenalin also
showed immunostimulating activity in a pre-
liminary screening.”®

Double-blind, placebo-controlled clinical
trials of homeopathic preparations of A. mon-
tana have shown questionable or no benefits in
the treatment of postoperative pain,>’*® post-
operative bruising,”*** postoperative hemato-
mas, 8! postoperative swelling,SO muscle
soreness,32’33 post-laser treatment bruising,29
wound healing, pain, edema, stroke, and
symptoms of acute trauma.>?

TOXICOLOGY

Arnica montana is not recommended for any
internal uses. The plant is an irritant to mucous
membranes, and ingestion may cause burning
pain in the stomach, diarrhea, vomiting, gid-
diness, intense muscular weakness, collapse,
decrease or increase of the pulse rate, short-
ness of breath, and death. One ounce (ca.
30mL) of the tincture (1:0.2 or 20%) has
been reported to produce serious but not fatal
symptoms (usp 23rp).>* Evidence suggests
that helenalin is responsible for many, if not
all, of these toxic effects.>*

Reported cases of contact allergic reactions
to A. montana preparations are numerous and
date from as early as 1844. Cross-reactivity
with other plants is also reported (e.g., sunflow-
er, Tagetes, Chrysanthemum)."> Sesquiter-
pene lactones, especially helenalin and its de-
rivatives, are known sensitizers.®>*>® Data on
the safety of Arnica Montana extract, which is
made from the dried flower heads of A. mon-
tana, are lacking. Ithas an oral LDsy of >5 g/kg
in rats, whereas in mice the LDsy was 123 mg/
kg p.o. An extract made from the dried plant
showed mutagenic activity in the Ames test, an
effect attributed to the flavonol content.’

USES

Medicinal, Pharmaceutical, and Cosmetic.
No longer (or rarely) used in preparations
intended for internal use. Current use is mostly
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as a local anti-inflammatory in the form of a
tincture of the dried flower heads as a compo-
nent (5-25% v/v) of salves, ointments, com-
pressed, gels, and creams for external applica-
tion to sprains and bruises**~** and in various
dilutions in homeopathic preparations;>* also
used in hair tonics and antidandruff prepara-
tions; oil occasionally used in perfumes and
other cosmetic preparations.37’40

Food. Used (though not widely) as a flavor
ingredient in alcoholic (ca. 0.03%) and non-
alcoholic (0.02%) beverages, frozen dairy
desserts (0.03%), candy (0.04%), baked goods
(0.08%), and gelatins and puddings (0.04%),
with reported average maximum use levels in
parentheses. These figures apparently cannot
apply to the crude flowers as they are too high
to be safe in all categories, except perhaps
alcoholic beverages because of their limited
volume of intake.

Dietary Supplements/Health Foods. Vari-
ous ointments, salves, lotions, tinctures, and
homeopathic products for external use only
(FOSTER AND CARAS; LUST;, WREN).

Traditional Medicine. Used as a diaphoret-
ic, diuretic, stimulant; externally antiphlogis-
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tic, analgesic, antiseptic, vulnerary for hema-
tomas, dislocations, contusions, fracture-in-
duced edema, and insect bites.?¢

COMMERCIAL PREPARATIONS

Crude, tincture, and extracts. Crude, tincture,
and fluid extract were formerly official in N.F.;
crude flowers and root formerly in U.S.P. In
the United States in 1998, Arnica Montana
extract was reported to be used in close to 100
body care formulations including bubble
baths, hair conditioners, hair dyes, deodor-
ants, skin fresheners, moisturizers, shaving
creams, and various others such products.’’

Regulatory Status. Flowers GRAS as a natu-
ral flavoring (§172.510). External applica-
tions of preparations containing A. montana
flower are the subject of a positive German
monograph that includes inflammatory con-
ditions (superficial phlebitis, insect bites, fu-
runculosis, oral cavity, and throat conditions),
injuries, contusions, hematomas, joint pro-
blems, rheumatism, and edema resulting from
bone fractures (BLUMENTHAL 1).
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ARTICHOKE

Source: Cynara scolymus L. (Family Com-
positae or Asteraceae).

Common/vernacular names: Globe artichoke,
cynara.

GENERAL DESCRIPTION

Large thistle-like perennial herb, up to about

I m high; native to southern Europe, North
Africa, and the Canary Islands; widely culti-
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vated. Parts used are the leaves; the immature
flower heads with fleshy bracts are eaten as a
vegetable. It should not be confused with
Jerusalem artichoke, which is the tuber of
Helianthus tuberosus L.

CHEMICAL COMPOSITION

The leaves contain cynarin (1,3-dicaffeoyl-
quinic acid), apigenin, cynaroside, chloro-
genic acid, rutin, hesperitin, hesperidoside,
maritimein, esculetin-6-0-B-glucoside, quer-
cetin, caffeic acid, cosmoside, luteolin,'
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sesquiterpenes (aguerin B, cynaropicrin,
grosheimin), sesquiterpene glycosides (cynar-
ascolosides A, B, and C),? apigenin-7-rutino-
side, narirutin;3 artichoke also contains up to
2% O-diphenolic derivatives such as caffeic
acid, 1-, 3-, 4-, and 5-caffeoylquinic acids, and
1,3-di-O-caffeoylquinic  acid; flavonoids
(0.1-1.0%), including glycosides luteolin-
7-B-rutinoside (scolymoside), luteolin-7-f-
p-glucoside, and 4-B-p-glucoside; glycolic
and glyceric acids; taraxasterol, ‘\P-taraxaster-
ol; inulin; guaianolides (cynaropicrin, 8-epi-
grosheimin); cynaratriol;*” sugars; enzymes
(KARRER);‘S’12 and a volatile oil consisting of
B-selinene and caryophyllene as its major
components, with o-cadrene, oct-1-en-3-one,
hex-1-en-3-one, decanal, non-trans-2-enal,
phenylacetaldehyde, and eugenol as the major
aromatic principles.'*'*

Cynaropicrin, cynarin (1,3-dicaffeoylqui-
nic acid), 3-caffeoylquinic acid (chlorogenic
acid), and scolymoside are among various
active constituents identified so far.>'*!-1¢
The maximum content of cynarin, the major
caffeoylquinic acid derivative in the artichoke
heads,” is obtained by aqueous ebullition of
the drug."’

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Artichoke leaf extract has shown in vitro
antimicrobial'® and antioxidant activities,
the latter attributed to caffeic acid, 1-caf-
feoylquinic acid, luteolin, apigenin-7-O-glu-
coside, luteolin-7-O-glucoside, luteolin-7-ru-
tinoside, cynarin, cynaroside, chlorogenic
acid, and narirutin.'®?° Antioxidant activity
was also shown in the erythrocytes of rats fed
diets containing the edible portions of arti-
choke, and the effect was accompanied by a
decrease in plasma uric acid.’' Anticlasto-
genic activity was shown in the in vivo
mouse bone marrow micronucleus assay
from the leaf homogenate or concentrate,
and topical administration of taraxastane-
type hydroxy triterpenes isolated from the
leaves (faradiol and taraxasterol) inhibited

Artichoke
the development of skin tumors in mice.”?
Although more than one study showed no
cholerectic activity from either cholorgenic
acid or cynarin in rats,'®** acute and repeat-
ed oral administration of an artichoke leaf
extract in rats produced increases in total bile
acid levels, however, without any effect on
cholesterol or phospholipid levels.”” Sesqui-
terpene constituents of the leaves, notably
cynaropicrin, lowered serum triglyceride le-
vels in rats when administered orally follow-
ing olive oil.?> Hepatoprotective activity has
been shown in both animal and in vitro
studies with artichoke extracts.?

Placebo-controlled clinical trials of artichoke
leaf extracts have shown cholersterol-lowering
effects'?°?% and symptomatic improvement of
patients with functional dyspepsia.”’ Cynarin
has shown inconsistent hypolipidemic effects
in humans (MARTINDALE).30’31

TOXICOLOGY

Side effects from artichoke are mild or ab-
sent?®%32 and drug interactions are unknown
(BLUMENTHAL 1). Allergic reactions to arti-
choke are rare, including allergic contact der-
matitis,33 food allergy,34 acute edema of the
tongue,35 bronchial asthma, and allergic rhi-
nitis.*® Potential allergens in artichoke are
sesquiterpene lactones, including cynaropi-
crin.®”® In rats, LDs, of an extract containing
46% caffeoylquinic acids was 265 mg/kg i.p.
and by the oral route the LD4o was 2000 mg/
kg. The LDsq of a hydroalcoholic extract of
artichoke containing 19% caffeoylquinic
acids was 1000 mg/kg i.p.*° Use is contra-
indicated in individuals with known allergies
to the Composite plant family, in bile duct
obstructions, and in gallstones (except under
medical advice) (BLUMENTHAL 1).

USES

Medicinal, Pharmaceutical, and Cosmetic.
Artichoke leaf extracts have been widely used
in Europe for the treatment of digestive com-
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plaints (e.g., nausea, abdominal pains, dys-
pepsia, loss of appetite), hepatobiliary dys-
function, and to lower cholesterol levels.>

Food. Leaves and their extracts used mainly
as a flavor ingredient in alcoholic beverages
(bitters, liqueurs, etc.). Reported average max-
imum use level for leaves is 0.0016% (16 ppm).

Cynarin and chlorogenic acid can be used
as sweeteners (LEWIS AND ELVIN-LEWIS).

Dietary Supplements/Health Foods. Dried
or ground leaves, or expressed juice of fresh
plant, in capsules, tablets, tincture, or other
products for oral use (WREN).

Traditional Medicine. Has reportedly been
used in Europe since Roman times as a cho-
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leretic and diuretic, among other uses (BIAN-
CHINI AND CORBETTA).

COMMERCIAL PREPARATIONS

Crude and extracts; there are no uniform
standards for extracts.

Regulatory Status. Regulated in the United
States as a dietary supplement; leaves are
GRAS as a natural flavoring (§172.510).
Leaves subject of a German therapeutic mono-
graph indicated as a choleretic for dyspeptic
problems (BLUMENTHAL 1).
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ASAFETIDA

Source: Ferula assa-foetida L. (Family Um-
belliferae or Apiaceae).

Common/vernacular names: Asafetida, asa-
foetida, giant fennel; oleogum resin of the
plant: devil’s dung, food of the gods, and gum
asafetida.

GENERAL DESCRIPTION

Asafetida is the oleogum resin obtained by
incising or cutting the living rhizomes
and roots of F. assa-foetida. It is a solid or
semisolid with a persistent alliaceous (garlic-
like) odor and bitter acrid taste. An essential
oil (asafetida oil) is obtained by steam
distillation.

F. assa-foetida is a large branching peren-
nial herb, up to 3 m high; native to south-
western Asia (eastern Iran and western
Afghanistan).
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CHEMICAL COMPOSITION

Contains 40-64% resinous material com-
posed of ferulic acid, asaresinotannols, um-
belliferone, and umbelliferone ethers (e.g.,
farnesiferols A, B, and C, kamolonol) among
others; approximately 25% gum composed of
glucose, galactose, L-arabinose, rhamnose,
and glucuronic acid; volatile oil (3-21%; usu-
al range 7-9%) consisting of disulfides and
polysulfides as its major components, notably
2-butyl propenyl disulfide (E- and Z-isomers),
with monoterpenes (- and B-pinene, etc.),
free ferulic acid, valeric acid, and traces of
vanillin, are also present.l’8 A chloroform
extract of the resins from the roots yielded
sesquiterpene coumarins, assafoetidnols A
and B,” 3-O-acetylepisamarcadin,'® samar-
candin, bradrakemin, galbanic acid, gugmmo-
sin, neveskone, and polyanthin.’

Sulfur-containing compounds are respon-
sible for the characteristic flavor and odor
of asafetida (e.g., asadisulfide'’ and other
sulfides'?).



Asafetida

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Administered at 1.25% and 2.5% of the diet of
female rats subjected to carcinogen-induced
mammary carcinogenesis, asafetida increased
activity levels of endogenous antioxidants (glu-
tathione-S-transferase, reduced glutathione,
superoxide dismutase, and catalase), inhibited
lipid peroxidation, delayed tumor appearance,
and reduced the size of tumors.'? The essential
oil showed a relaxant effect on isolated rat
ileum.'* Asafetida has also shown hypotensive
activities in animals.'® It has also been demon-
strated to increase blood coagulation time.'®

TOXICOLOGY

Available data indicate asafetida to be rela-
tively nontoxic, and ingestion of 0.50z (ca.
15 g) has reportedly produced no untoward
effects (GosseLIN). Use of the gum was associ-
ated with a case of methemoglobinemia in an
infant treated for colic with glycerated asafet-
ida. Tests showed that only the gum portion of
the formulation had an oxidative effect on
fetal hemoglobin in vitro and that adult he-
moglobin was unaffected.'”

USES

Medicinal, Pharmaceutical, and Cosmetic.
Now rarely used in pharmaceutical prepara-
tions; mainly use in cosmetics is as a fixative
or fragrance component in perfumes.
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Food. Asafetida is regularly consumed in
Nepal and India as part of the daily diet;'®"®
it is reported to be an ingredient in Worcester-
shire sauce. Together with the oil and fluid
extract, it is reportedly used in nonalcoholic
beverages, frozen dairy desserts, candy, baked
goods, gelatins and puddings, meat and meat
products, and condiments and relishes, among
others. Use levels are usually very low
(<0.004%).

Traditional Medicine. Used in Iranian folk
medicine to treat abdominal cramps and
diarrhea;'* in Nepalese folk medicine as an
aphrodisiac, diuretic, antispasmodic, emmen-
agogue, expectorant, anthelmintic, and seda-
tive;18 in India to treat nervous disorders of
children and women, cough, bronchitis, and
pneumonia in children, and asthma, bronchi-
tis, or flatulence in adults;'® used in Chinese
medicine (since the 7th century) as a nerve
stimulant in treating neurasthenia; in chronic
bronchitis; and as an expectorant, antiflatu-
lent, and laxative.

COMMERCIAL PREPARATIONS

Crude, oil, tincture, and extracts. Crude and
tincture were formerly official in N.F. Com-
mercial crude asafetida differs widely in qual-
ity, depending on sources and is not necessar-
ily derived from Ferula assa-foetida.*

Regulatory Status. Essential oil, extractive,
and solvent-free oleoresin GRAS for use in
foods (§182.20).

See the General References for ARCTANDER; BAILEY 2; BARNES; CLAUS; DER MARDEROSIAN AND
BEUTLER; FEMA; GRIEVE; GUENTHER; HUANG; JIANGSU; LUST, MCGUFFIN 1 & 2; MERCK, MORTON 1;
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ASH, PRICKLY

Source: Zanthoxylum americanum Mill. or
Z. clava-herculis L. (sometimes errone-
ously spelled Xanthoxylum) (Family
Rutaceae).

Common/vernacular names: Angelica tree,
northern prickly ash, pepper wood, toothache
tree, and yellow wood (Z. americanum); Her-
cules’ club, prickly yellow wood, sea ash, and
southern prickly ash (Z clava-herculis),
toothache tree and xanthoxylum.

GENERAL DESCRIPTION

Both species are shrubs or small trees grow-
ing to about 3 m high with prickly stems and
petioles; native to North America. Northern
prickly ash (Z. americanum) grows from
Quebec south to Mississippi and west to
Oklahoma, while southern prickly ash (Z
clava-herculis) grows farther to the south,
from southern Virginia to Florida, Texas,
and perhaps Mexico. Part used is the dried
bark.

Ash, prickly
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CHEMICAL COMPOSITION

Northern prickly ash contains coumarins
(xanthyletin, xanthoxyletin, alloxanthoxyletin,
dipetaline), lignans (asarinin, sesamin),’ alka-
loids (laurifoline, nitidine, chelerythrine, tem-
betarine, magnoflorine, and candicine, with first
twoinmajor amounts),z’3 resins, tannins, and an
acrid volatile oil. Other compounds isolated
include 8-(3,3-dimethylallyl)-alloxanthoxyle-
tin (a coumarin) from the root bark and two
furoquinoline alkaloids (y-fagarine and skim-
mianine) from the leaves.” The berries contain
furanocoumarins (psoralen, xanthotoxin, cnidi-
lin, imperatorin, and isoimperatoin).*

Southern prickly ash contains alkaloids
(laurifoline, magnofoline, tembetarine, and
candicine in root bark; chelerythrine, nitidine,
and tembetarine in stem bark),amides (herculin,
neoherculin, and a cinnamamide), pluviatilol
v,Y-dimethylallyl ether, N-acetylanonaine, lig-
nans (asarinin and sesamin) (KARRER),>>® tan-
nins, resins, and an acrid volatile oil.

Previously thought to be present in prickly
ash bark, berberine was not detected in later
studies, > although it has been reported as a
major alkaloid in another Zanthoxylum spe-
cies, Z. monophyllum Lam.’



Ash, prickly

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

In vitro cytotoxic activity was found against
human leukemia (HL-60) cells exposed to
coumarins (especially dipetaline) and lignans
(asarinin and sesamin) isolated from the root
bark and fresh stems of northern prickly ash.'
Cytotoxic effects on human tumor cell lines
were also found from crude extracts of the
berries and furanocoumarins isolated there-
from (psoralen, isoimperatoin, and xanthox-
toxin).* The bark of southern prickly ash has
shown in vitro growth inhibition of a methi-
cillin-resistant strain of Staphylococcus aure-
us. Activity was largely attributed to the alka-
loid chelerythrine, which showed activity
against various other methicillin-resistant
strains of the bacteria.®

TOXICOLOGY

Southern prickly ash bark has shown toxic
effects in cattle.”

USES
Food. Extract is reportedly used as a fla-

vor component in major food categories
such as alcoholic and nonalcoholic bev-
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erages, frozen dairy desserts, candy, baked
goods, and gelatins and puddings. Highest
average maximum use level is approximate-
ly 0.01%.

Dietary Supplements/Health Foods. Used
in combination with other herbs in capsules,
tablets, tinctures, fluid extract, or decoction
for increased circulation, antispasmodic in
colds, rheumatism, poor digestion, arthritis,
and as “blood purifier” (FOSTER AND DUKE;
KROCHMAL AND KROCHMAL).

Traditional Medicine. Used to treat tooth-
ache; as a tonic and a stimulant; both internally
and externally to treat theumatism; as a dia-
phoretic in fever; to treat sores, ulcers, and
cancer (as an ingredient in Hoxsey “cure” in
the 1950s); and others.'®!!

COMMERCIAL PREPARATIONS

Crude and extracts; crude was formerly offi-
cial in N.F. and U.S.P.

Regulatory Status. Essential oil, extractive,
and solvent-free oleoresin of bark are GRAS
for use in foods (§182.20).

See the General References for BARNES; CLAUS; FEMA; FERNALD; FOSTER AND DUKE; KROCHMAL AND
KROCHMAL; LEWIS AND ELVIN-LEWIS; MCGUFFIN 1 & 2; MERCK; USD 23RD.
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ASPARAGUS

Source: Asparagus officinalis L. (Family
Liliaceae).

Common/vernacular names: Garden asparagus.

GENERAL DESCRIPTION

A dioecious perennial herb with erect and
much branched stem, up to 3 m high; leaves
scale-like; native to Europe and western Asia;
widely cultivated.

CHEMICAL COMPOSITION

Roots contain inulin and fructo-oligosacchar-
ides;' glycosidic bitter principles (officina-
lisnin-I and ofﬁcinalisnin—II);2 B-sitosterol,
sarsasapogenin, and steroidal glycosides
(named asparagosides A to I, in order of
their increasing polarity);** asparagusic ac-
id;> and others.

Shoots (spears and tips) contain sulfur-con-
taining acids, including asparagusic, dihy-
droasparagusic, and S-acetyldihydro-aspara-
gusic acids;™® o-amino-dimethyl-y-butyr-
othetin (an S-methylmethionine derivative),
among others;’ a glycosidic bitter principle
that is different from the two found in roots;8
protodioscin;9 flavonoids (rutin, hyperoside,
isoquercitrin, cosmosiin, kaempferol-3-O-L-
rhamno-p-glucoside, kaempferol, quercetin,
etc.);'"!! asparagine, arginine, tyrosine, sar-
sasapogenin, [-sitosterol, succinic acid, su-
gars, and others (KARRER; JIANGSU; MERCK).12

Asparagusic acid and its derivatives are
plant growth inhibitors, inhibiting the growth
of lettuce;® it also has nematicidal properties,
thus being responsible for the resistance of
asparagus to several plant parasitic
nematodes.’

Methylmercaptan (a hydrolysis product of
the S-containing compounds) or asparagi-
ne—aspartic acid monoamide is believed to be

Asparagus

present in urine after eating asparagus, caus-
ing its peculiar odor (MERCK).

Seeds contain steroidal saponins (proto-
dioscin, 01igofurostanosides);13 large amounts
of NaOH-soluble polysaccharides;'* carote-
noids (mutatoxanthin epimers, antheraxanthin,
B-carotene, [-cryptoxanthin, lutein, cap-
santhin, capsanthin 5,6-epoxide, capsorubin,
neoxanthin, violaxanthin, zeaxanthin);15 and
15.3% oil composed of 43.47% arachidic,
22.16% oleic, 11.52% palmitic, 11.34% lino-
leic, 5.78% behenic, 3.59% stearic, 2.14%
linolenic acids, and 1.43% unsaponifiable mat-
ter consisted mostly of B-sitosterol.'®

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

The roots are reported to have diuretic and
hypotensive properties (JIANGSU). Animal ex-
periments with the roots indicate diuretic ac-
tivity (BLUMENTHAL 1). Extracts of the spears
have shown in vitro antioxidant activity.'’
Fibers isolated from the vegetable are claimed
to have mutagen-adsorbing (cancer-prevent-
ing) properties.18 An antifungal deoxyribonu-
clease was isolated from the seeds'® and the
saponin fraction has shown antifungal activi-
ty.2® Among the saponins, protodioscin, found
in larger quantities in the bottom of the stalks
than the tips,9 has shown in vitro cytotoxic
activity against herpes simplex virus type 1,2
human leukemia HL-60 cells,'? colon cancer
cells, glioma cells, melanoma, renal and CNS
cancer cells.”” Protodioscin has also shown
proerectile activity in rabbits.*?

TOXICOLOGY

Allergic reactions to asparagus have occurred
from ingestion or handling of the plant and
commonly result in severe asthma or anaphy-
laxis. Allergens from asparagus have been
identified as lipid transfer proteinsz“’25 and
1,2,3-trithiane-5-carboxylic acid, a sulfur-
containing plant growth inhibitor.?



Asparagus
USES

Medicinal, Pharmaceutical, and Cosmetic.
Fleshy fibrous roots and to a lesser extent
seeds are used for medicinal purposes. Roots
are used in diuretic preparations. Herb is used
in diuretic galenical preparations in Germany,
although claimed efficacy is not substantially
documented (BLUMENTHAL 1).

Food. Aerial stems (asparagus spears) aris-
ing from rhizomes are used as vegetable. Seed
and root extracts reportedly used in alcoholic
beverages at an average maximum use level of
0.0016% (16 ppm). Seeds have been used as
coffee substitutes (UPHOF).

Traditional Medicine. Roots are used as
diuretic, laxative, and in neuritis and rheuma-
tism; also reportedly used in treating cancer;>’
used in Chinese medicine as an antitussive,
tonic, antifebrile, diuretic, and hair growth
stimulator. '
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Fruits (berries) have been reported to be
used as contraceptives.”>

Shoots are used in homemade preparations
to cleanse face and to dry up pimples and sores
(ROSE).

COMMERCIAL PREPARATION
Crude and extracts.

Regulatory Status. Undetermined in the
United States. Herb subject of a German
therapeutic monograph, though therapeutic
use is not recommended (as diuretic) due to
insufficient scientific evidence. A positive
therapeutic German monograph exists for
use of root preparations in irrigation therapy
for inflammatory disease of the urinary tract
and prevention of renal gravel (contraindi-
cated in inflammatory kidney disease or
edema caused by cardiac or renal disease)
(BLUMENTHAL 1).

See the General References for BAILEY 1; BAILEY 2; BIANCHINI AND CORBETTA; BLUMENTHAL 1; DER
MARDEROSIAN AND BEUTLER; FEMA; GOSSELIN; GRIEVE; GUPTA; KARRER; JIANGSU; LEWIS AND ELVIN-LEWIS;
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ASPIDIUM

Source: Dryopteris filix-mas (L.) Schott or
D. marginalis (L.) Gray (Family
Polypodiaceae).

Common/vernacular names: European aspi-
dium and male fern (D. filix-mas); American
aspidium and marginal fern (D. marginalis).

GENERAL DESCRIPTION

Both are stout perennial ferns with fronds up
to about 1 m long; D. filix-mas is the larger of
the two. Sori in D. filix-mas are large and near
the midvein, while those of D. marginalis are
small and near the margin. Dryopteris filix-
mas is found in Europe, Asia, North America,
South America, and South and northern
Africa; D. marginalis grows in eastern and
central North America from Nova Scotia to
Georgia and Kansas. Parts used are the dried
rhizomes and stipes.

CHEMICAL COMPOSITION

Most studies were done on D. filix-mas, which
contains 6.5-15% oleoresin. The oleoresin con-
tains not less than 24% of the active principles
filicin, which is a collective term for several
ether-soluble phloroglucides (filixic acids, fla-
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vaspidic acids, paraaspadin, albaspidin, dcsas-
pidin, etc.);l’2 aspidinol; n-alkanes from C,; to
C;3, with C,9 and C3; in major concentrations;
triterpene hydrocarbons (12-hopene, 11,13
(18)-hopadiene, 9(1 1)-fernene);’ lignins;4 vol-
atile oil, resins, and others. Presence of aspidinol
and desaspidin was not observed in one study.?

Dryopteris marginalis contains margaspi-
din, flavaspidic acids. paraaspidin, phloraspin,
and others.>®

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Filicin is anthelmintic (especially against tape-
worms), but it is a violent poison if absorbed.
Castor oil promotes its absorption in the gut
and should never be used with it as a laxative.
Poisoning symptoms include nausea, vomit-
ing, bloody diarrhea, dizziness, delirium, tre-
mors, convulsions, coma, respiratory or cardi-
ac failure, visual disturbances leading to
temporary or permanent blindness, and others.

Margaspidin has been reported to have anti-
inflammatory activity in rats.’

Extracts of D. filix-mas are active against
vesicular stomatitis virus in monkey cell
cultures.’

Extracts containing phloroglucinols from
Dryopteris crassirhizoma Nakai have antimi-
crobial activities in vitro® and antitumor ac-
tivities in transplanted tumors (ARS, Sigo,
U4, B, etc.) in rats and micc.’



Astragalus

USES

Medicinal, Pharmaceutical, and Cosmetic.
Oleoresin is used for expulsion of tapeworms
along with a saline laxative such as magne-

sium or sodium sulfate.

Traditional Medicine. Has been reported to
be used in treating tumors.'®
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COMMERCIAL PREPARATIONS

Crude and oleoresin. Was formerly official in
U.S.P.

See the General References for BAILEY 1; CLAUS; DER MARDEROSIAN AND BEUTLER; GOSSELIN; GRIEVE;
KARRER; MARTINDALE; MCGUFFIN 1 & 2; MERCK; USD 26TH; YOUNGKEN.

1. C.J. Widen, Helv. Chim. Acta, 54, 2824
(1971).

2. M. Guley and T. Soylemezoglu, Ankara
Univ. Eczacilik Fak. Mecm., 6, 214
(1976).

3. F. Bottarietal., Phytochemistry, 11,2519
(1972).

4. O. Faix et al., Holzforschung, 31(5), 137
(1977).

5. H. Otsuka et al., Takeka Kenkyusho Ho,
30, 225 (1971).

ASTRAGALUS

Source: Astragalus membranaceus (Fisch.
ex Link) Bunge. (syn. A. propinguus B.
Schischk.) A. mongholicus Bunge. (syn.
A. membranaceus (L.) (Fish. ex Link)
Bunge. var. mongholicus (Bunge.) P. K.
Hsiao), and other Chinese Astragalus spp.
(Family Leguminosae or Fabaceae).

Common/vernacular —names:  Astragalus,
huangqi, membranous milk vetch (A. membra-
naceus); astragalus, Mongolian milk vetch (A.
mongholicus),and milk vetch (Astragalus spp.).

GENERAL DESCRIPTION

Astragalus spp. are perennial herbs, up to
about 1 m high (normally 0.5-0.8 m). Most

6. H. S. Puri et al., Planta Med., 33, 177
(1975).

7. G. P. Husson et al., Ann. Pharm. Fr., 44,
41 (1986).

8. S. S. A. Vichkanova et al., Rast. Resur.,
18, 93 (1982).

9. D. H. Li et al., Zhongcaoyao, 17(6), 14
(1986).

10. J. L. Hartwell, Lloydia, 33, 288 (1970).

are native to northern China and some to high
regions such as Sichuan, Yunnan, and Tibet;
extensively cultivated. Although several As-
tragalus species serve as source of astragalus
root, A. membranaceus and A. mongholicus
yield most of the root in commerce and on
which most the chemical and pharmacological
research has been performed.'

Part used is the dried root from 4- to 7-year-
old plants collected in the spring before leaves
appear or in autumn after they have fallen.
After the root is dug up, the crown and rootlets
are removed along with dirt and then usually
sun dried. The most commonly used forms are
raw astragalus (dried root) and cured (honey-
treated) astragalus; the former usually comes
in slices (size and shape like tongue depres-
sors), which is produced by thoroughly moist-
ening the raw root, cutting into thick slices,
and drying; and the latter is produced by frying
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the sliced root with honey (from 25-30 parts to
100 parts of root) over medium heat until no
longer sticky to touch.

CHEMICAL COMPOSITION

The main constituents of the root are saponins,
polysaccharides, isoflavonoids, free amino
acids, and trace minerals.>> Other constitu-
ents include coumarin, folic acid, nicotinic
acid, choline, betaine, phenolic acids (ferulic,
isoferulic, caffeic and chlorogenic acids, etc.),
sitosterol, sucrose, and linoleic and linolenic
acids (aU; JIANGSU).2’4

More than 40 triterpene glycosides (sapo-
nins) have been isolated from roots of A.
membranaceus, A. mongholicus, and other
Chinese Astragalus species, including astrag-
alus saponins I, II, and III; astragalosides I, 11,
I, IV, V, VI, VII, and VIII; acetylastragalo-
side I; isoastragalosides I and II; astrasiever-
sianin I, II, III, TV (astragaloside I), V, VI, VII
(isoastragaloside II), VIII (astragaloside II),
and IX-XVI; cyclogaleginosides A and B;
astramembrannin I (astragaloside IV, astrasie-
versianin XIV) and astramembrannin II (cy-
clogaleginoside B); and soyasaponin I. Soya-
sapogenol B is the aglycone of soyasaponin I
and astragaloside VIII and cycloastragenol
(cyclogalegigenin, astramembrangenin), the
aglycone of the other saponins.*°® Huanggiye-
nins A and B were isolated from the leaves.’

Polysaccharides (from A. mongholicus root)
include astragalan I (mol. wt. 36,300; p-glu-
cose: D-galactose: L-arabinose = 1.75:1.63 : 1;
with a trace of pentose), astragalan II (mol.
wt. 12,300; a-(1,4)(1,6)-glucan), and astra-
galan III (mol. wt. 34,600; o-(1,4)(1,6)-glu-
can);z’6 and AG-1 (o-glucan with o-(1,4):
o-(1,6) ratio of 5:2), AG-2 (water-insoluble
0-(1,4)-glucan), AH-1 (acidic; galacturonic
acid/glucuronic acid:glucose:rhamnose:
arabinose =1:0.04:0.02:0.01), and AH-2
(glucose:arabinose = 1 :0.15).2%9

Flavonoids include kaempferol, quercetin,
isorhamnetin, calycosin, formononetin, rhamno-
citrin, kumatakenin, (3R)-2’,3’-dihydroxy-7,4-
dimethoxy-isoflavone, L-3-hydroxy-9-methox-
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ypterocarpan, (6aR,11aR)-10-hydroxy-3,9-di-
methoxypterocarpan, calycosin glucoside,
9,10-dimethoxypterocarpan-3-0O--b-gluco-
side and 2’-hydroxy-3',4'-dimethoxy-isofla-
vone-7-0-B-p-glucoside, among others. %'

Of over 20 free amino acids identified,
asparagine, glutamic acid, canavanine, pro-
line, arginine, B-aminobutyric acid, y-amino-
butyric acid (GABA), aspartic acid, and ala-
nine are present in the highest concentrations;
they make up 0.50-1.26% of astragalus root,
depending on sources.>>'¢!7

Among more than 20 trace minerals foundin
astragalus are magnesium (1108-1761 ppm),
iron (94-694 ppm), manganese (8-52ppm),
zinc (11-23 ppm), copper (5-9 ppm), rubidi-
um (11-13 ppm), molybdenum (0.1-10 ppm)
and chromium (0.3-0.8 ppm).>'%%°

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Astragalus root is a highly valued Chinese
herbal tonic with diverse pharmacological
properties. Decoctions, alcoholic extracts,
and/or powders of the root have shown nu-
merous activities in humans and experimental
animals, including immunopotentiating ef-
fects;21’30 tumor—inhibiting,31 antibacteria1,23
and antiviral;*® promoting nucleic acid syn-
thesis in liver and spleen; elevating and/or
reducing cAMP and cGMP levels in blood,
liver, and spleen of mice;> cyclooxygenase-
2-inhibiting in vitro;32 anti-inflammatory; 3
cardiovascular effects (hypotensive, vasodi-
lating, etc.);*** inhibiting experimentally in-
duced hypoglycemia and hyperglycemia in
mice;>’ contracting smooth muscles; prolong-
ing life span of silkworm and of cells
in vitro;zl’36 larvicidal (Lymantria dispar
L.);37 antiprotozoal (Trypanosoma cruzi);38
inducing the release of growth hormone in rat
pituitary cells in vitro;>° melanocyte prolifer-
ation-stimulating in vitr0;4o antioxidant ef-
fects*! (e.g., increasing superoxide dismutase
activity); antimutagenic in vitro;*® improving
learning and memory; promoting cartilage
growth in vitro; hepatoprotective against
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experimental liver toxicity; reducing urinary
protein in chronic and in experimental nephri-
tis; diuretic; improving stamina; and others
(JIANGSU; WANG; ZHOU AND WANG).28’42’43 Its
effects are not due to a single compound or
one single class of compounds but rather to
different types of components, with the sapo-
nins, polysaccharides,”' ~** and isoflavonoids®
appearing to play a major role.

A placebo-controlled study on A. membra-
naceous found that blood leucocytes of sub-
jects treated with the root showed a signifi-
cantly greater level of interferon induction.*’

TOXICOLOGY

Toxicity of astragalus root is very low: a crude
water extract (75 and 100 g/kg p.o.) produced
no adverse effects in mice within 48 hours;
LDsginmice: 40 g/kgi.p. The former oral doses
are 375 and 500 times the usual effective di-
uretic dose in humans (WANG; ZHOU AND WANG).

USES

Medicinal, Pharmaceutical, and Cosmetic.
Extracts of astragalus root are used in skin
care cosmetics (e.g., hand and facial creams
and lotions) for its traditional healing and
nourishing as well as vasodilating properties;
also used in hair tonics for similar effects
(zHOU).

Dietary Supplements/Health Foods. Pow-
dered crude and/or extracts are used singly or
in combination with other herbs in capsule,
tablet, or liquid (syrup or drink) form primari-
ly as a general (gi) tonic to improve body
resistance (immunity); also used in sliced or
tea bag cut form in tea or soup mix packets
(FOSTER AND YUE).
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Traditional Medicine. One of the major
Chinese ¢gi (energy) tonics, with a recorded
use history of 2000 years. Raw root is tradi-
tionally considered to benefit the body’s resis-
tance (yiwei gubiao), promote diuresis, reduce
swelling, promote suppuration (drains pus,
tuo du), and regenerate tissue or promote
muscle growth (sheng ji). Cured root is said
to reinforce the Middle Burner and replenish
the vital energy (buzhong yiqi).

Raw astragalus used mainly in spontaneous
and night sweating, edema, chronic sores and
abscesses, unhealing wounds and ulcers, and
painful joints; cured astragalus primarily as an
energy (gi) tonic to treat general weakness,
fatigue, lack of appetite, diarrhea caused by
spleen deficiency (pi xu xie xie), rectal pro-
lapse, and uterine bleeding. Uses of the two
occasionally overlap.

Modern/recent uses include prevention and
treatment of the common cold and influenza;
stomach ulcer,46 neurodermatitis, and diabe-
tes, for which high doses (>60g) are some-
times used (CHP; JIANGSU). Astragalus root has
also been studied as one of the fuzheng guben
(strengthening body defense therapy) herbs
used in treating AIDS.*’

Usual daily oral dose for adults is 9-30 g.

COMMERCIAL PREPARATIONS

Raw astragalus (readily available as sticks or
slices in several grades); powdered crude; and
extracts (aqueous, hydroalcoholic, glycolic).
Most extracts come without standardized
strengths, and powdered astragalus may con-
tain adulterants such as starches and pre-ex-
tracted plant materials.

Regulatory Status. Regulated in the United
States as a dietary supplement.

See the General References for CHP; DER MARDEROSIAN AND BEUTLER; FOSTER AND YUE; HONGKUI; HU;

HUANG; JIANGSU; JIXIAN; WANG; ZHOU; ZHOU AND WANG.
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Avocado

AVOCADO

Source: Persea americana Mill. (syn. P.
gratissima Gaertn.; Laurus persea L.)
(Family Lauraceae).

Common/vernacular names: Ahuacate, alli-
gator pear, and avocado.

GENERAL DESCRIPTION

Large evergreen tree up to about 20 m high;
fruit large (5-20cm long) and fleshy, pyri-
form, ovate, or spherical, with a thin to thick
sometimes woody skin; native to tropical
America (Mexico, Central America); widely
cultivated. Parts used are the fruit and seed.

There are several commercial varieties in
the United States, including the Mexican avo-
cado and the West Indian avocado. The Mexi-
can avocado (P. americana var. drymifolia) is
grown in California, while the larger West
Indian avocado (P. americana var. america-
na) is produced in Florida.! Avocado oil
(a fixed oil) is produced by expressing the
dried pulp of the fruit.

CHEMICAL COMPOSITION

Pulp contains a fatty oil (4—40%, depending
on season, location, climate, etc., but usually
about 16%); campesterol, high amounts of 3-
sitosterol (average 76.4mg/100g);>* fatty
acids (approximately 60% monounsaturated,
20% saturated, and 20% unsaturated);4 high
amounts of glutathione (27.7 mg/100 g);> ap-
proximately 2% protein; 6-9% carbohydrates
and sugars (glucose, fructose, b-mannoheptu-
lose, a taloheptulose, and an alloheptulose);
two bitter substances (1-acetoxy-2,4-dihy-
droxyheptadeca-16-ene and 1,2,4-trihydroxy-
heptadeca-16-ene); carnitine;>'* proantho-
cyanidins;'> persenones A and B;'® magne-
sium, potassium, vitamin K, vitamin E, folic
acid, riboflavin, niacin, thiamin, pantothenic
acid, biotin (each in higher quantities than any
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of the more frequently consumed raw fruits in
the United States):* and others.®*

The pulp oil (avocado oil) consists mainly
of glycerides of oleic acid; the other major
fatty acids in the oil are palmitic and linoleic
acid. It also contains highly variable amounts
of unsaponifiable matter (1.6-1 1.3%)"® con-
sisting of sterols (-sitosterol, campesterol, 24-
methylenecycloartanol, citrostadienol, etc.),
hydrocarbons, volatile acids (propionic, butyr-
ic, valeric, etc.), amino acids, and vitamin D
(higher than in butter or eggs), among
others.'®'®

Seeds contain polyhydric alcohols (vole-
mitol, perseitol, arabinitol, galactitol, myo-
inositol, p-erythro-p-galacto-octitol, glycer-
ol), rare sugars (pD-mannoheptulose, etc.);??
avocatins (avocadene, avocadyne, avocade-
none acetate, avocadynone acetate, avocade-
nofuran, avocadynofuran, avocadienofuran,
isoavocadienofuran, etc.);>° 4,8”-biscatechin
(a condensed flavanol);?! C,7 oxygenated ali-
phatic unsaturated compounds (1,2,4-trihy-
droxyheptadeca-16-ene, etc.),'*'"** some of
which have an unpleasant bitter ﬂavor,lo’11
and more common constituents, including
protein and fats.

Steam distillation of Mexican avocado
leaves yielded 3.1% of an essential oil con-
sisting of 95% estragole (see sweet basil for
toxicity) and 5% anethole.”> The fruit peel
contains /-epicatechin.?*

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Antioxidant activity was shown from the fruit
pulp against hydroxy radicals in vitro.>> A
methanol extract of the pulp was shown to
inhibit the in vitro generation of nitric oxide
(NO) in macrophages.*® Constituents isolated
from the fruit pulp (persenones A and B)
inhibited the production of NO, inducible
nitric oxide synthase (iNOS), cyclooxygen-
ase-2 (COX-2), and superoxide radical gener-
ation in vitro. Hydrogen peroxide generation
in mouse skin was inhibited by persenone
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A.'®?" Fed to rats with toxin-induced liver
injury, the fruit pulp showed hepatoprotective
activity; an effect attributed to various fatty
acid derivatives (e.g., 2E,5E,127Z,157)-1-hy-
droxyheneicosa-2,5,12,15-tetraen-4-one) 2B

A methanol extract of the fruits showed
in vitro inhibition of acetyl-CoA carboxylase,
an enzyme involved in fatty acid biosynthesis.
Activity was attributed to 5E,12Z,157)-2-hy-
droxy-4-oxoheneicosa-5,12,15-trienyl  and
several other related compounds.®

In rabbits fed a high-fat diet, atherogenicity
of avocado oil in the diet was not significantly
different from that of olive or corn 0il.*° Rats
fed a high-cholesterol diet with the addition of
defatted avocado fruit pulp showed lower food
consumption, body weight gain, and levels of
hepatic total fat, compared to rats fed the same
diet with added cellulose instead of avocado."

4 8" -Biscatechin, a condensed flavanol iso-
lated from avocado seeds, has shown antitu-
mor activity against Sarcoma 180 in mice and
Walker 256 in rats.”' C;; oxygenated unsatu-
rated aliphatics (especially 1,2,4-trihydroxy-
heptadeca-16-ene) isolated from avocado
(pulp and seeds) have shown in vitro antimi-
crobial activity against Gram-positive bacte-
ria, especially Staphylococcus aureus.**>*

TOXICOLOGY

Avocado is a known cross-reactant in indivi-
duals with latex allergy.’® Severe allergic
reactions can occur in these patients after
eating avocado.**

Poisoning of cattle, horses, goats, rabbits,
canaries, and fish by avocado (leaves, fruit,
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bark, seeds) have been reported (LEWIS AND
ELVIN-LEWIS).

USES

Medicinal, Pharmaceutical, and Cosmetic.
Avocado oil is believed to have healing and
soothing properties to the skin and the pulp oil
is used in massage creams, muscle oils, hair
products, and others. A pharmaceutical prep-
aration containing the seed oil (unsaponifiable
fraction) has been patented for use in the
treatment of sclerosis of the skin, pyorrhea,
arthritis, and others.* The fruit pulp is used in
face creams.

The unsaponifiable fraction is combined
with those of soy beans for use in the treatment
of osteoarthritis.**’

Food. Pulp has been used as a food for
thousands of years in tropical America and is
today consumed internationally.*

Traditional Medicine. Pulp of Persea pla-
nifolia (American avocado) used by Guate-
malan Indians as a hair pomade to stimulate
hair growth, to hasten suppuration of wounds,
and as an aphrodisiac and emmenagogue;
seeds used to treat diarrhea and dysentery;
powdered seeds used by American Indians
(Mahuna, southwest California) to treat pyor-
rhea; infusion used to treat toothache.

COMMERCIAL PREPARATIONS

Fruit and pulp oil.

See the General References for BAILEY 2; BRUNETON; DER MARDEROSIAN AND BEUTLER; MCGUFFIN 1 & 2;
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BALM, LEMON

Source: Melissa officinalis L. (Family
Lamiaceae).
Common/vernacular names: Balm, bee

balm, common balm, lemon balm, melissa,
and melissa balm.

GENERAL DESCRIPTION

An aromatic perennial herb with yellowish
or white flowers, up to approximately 1m
in height, growing in the Mediterranean
region, western Asia, southwestern Siberia,
and northern Africa; widely cultivated. Parts
used are the dried leaves often with flower-
ing tops; an essential oil is obtained from
these by steam distillation. Bees are attracted
to the plant and bruising the leaves releases a
lemony odor.

CHEMICAL COMPOSITION

Contains about 0.1-0.2% volatile oil com-
posed mainly of oxygenated compounds such
as citral (a mixture of neral and geranial),
caryophyllene oxide, citronellal, eugenol
acetate, and geraniol, plus smaller amounts
of terpenes, including trans- and (—)-B-oci-
mene, caryophyllene, o-cubebene, copaene,
and B-bourbonene.'™ Other constituents of
lemon balm include polyphenols (caffeic
acid, protocatechuic acid, etc.); a tannin
composed of caffeic acid units;® flavonoids
(rhamnazin,m luteolin, luteolin 7-O-beta-D-
glucopyranoside and other luteolin glycosides;
apigenin 7-O-beta-p- glucopyranoside);1 ! ros-
marinic acid;'° triterpenoids (ursolitc acid,
etc.); and glucosides of geraniol, nerol,
eugenol, benzyl alcohol, [B-phenylethyl
alcohol, neric acid, and geranic acid, among
others (KARRER).>'%!3 The main constituents
of the essential oil are geranial, neral,
citronellal, geranyl acetate, citronellol, and
B-caryophyllene.'

Balm, lemon

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Extracts of balm have shown in vitro antiviral
activity against HIV-1,"" herpes simplex,'®
Newcastle disease virus, paramyxovirus
(mumps virus), vaccinia, and other viruses.
The active constituents include polyphenols
(other than caffeic acid) and tannin.”®
Extracts of balm have also shown in vitro
antioxidant activity against lipid peroxida-
tion;'’in vitro antithyrotropic activity;'®'
and antiulcerogenic activity in rats against
indomethicin-induced ulcer formation.®

Balm oil has shown in vitro antitrypano-
somal?! and antibacterial activity against
Mycobacterium phlei and Streptococcus he-
molylica,5 as well as antifungal activity,22
including activity against food spoilage
yeasts.231n vitro antihistaminic and antispas-
modic activities from the oil have also been
reported. Antispasmodic activity is attributed
to the presence of eugenol acetate’ 2% and to
citral. Both the essential oil and citral inhibited
acetylcholine- and serotonin-induced contrac-
tions of rat ileum."*In vitro CNS receptor
binding studies of lemon balm extracts have
found nicotinic*®> and muscarinic receptor
activities.?®

A randomized double-blind, placebo-con-
trolled clinical trial of the essential oil as an
aromatherapy in the treatment of patients with
severe dementia found significant improve-
ments in quality of life and agitation scores
from the oil compared to placebo.27 Another
placebo-controlled, randomized double-blind
trial examined the benefits of a liquid extract
preparation of lemon balm (60 drops/day) in
patients with mild to moderate Alzheimer’s
disease. Patients in the active treatment groups
showed significantly less agitation and im-
proved cognitive function compared to place-
bo.?® An acute 600 mg dose of an encapsulated
extract of lemon balm in healthy young adults
in a placebo-controlled, double-blind study
found significant improvement in their accura-
cy of attention and memory functions and
increased calmness.”” In a similar study, an
acute 1600 mg dose increased calmness and
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improved memory scores.”® Placebo-con-
trolled, double-blind randomized clinical
trials of topical lemon balm cream prepara-
tions (1% dried extract of the leaves) showed
significant benefits in the treatment of herpes
simplex.**3!

USES

Medicinal, Pharmaceutical, and Cosmetic.
Used in numerous European pharmaceutical
preparations as a carminative and mild tran-
quilizer; also used in cough drops oil more
often used as a component in perfumes; com-
monly used in lip balms.

Food. The monoterpene derivative citral,
composed of neral and geranial, is widely
used in cosmetics and foods to lend a lemon-
like aroma and flavor.' Balm extract and oil
are used in major categories of food products
such as alcoholic (bitters, vermouths, etc.)
and nonalcoholic beverages, frozen dairy
desserts, candy, baked goods, and gelatins
and puddings. Highest average maximum use
level reported is 0.5% of extract in baked
goods.

Dietary Supplements/Health Foods. Cut
and sifted herb, powdered herb, liquid and
dried extracts, infusions, tinctures, and so on,
used as mild sleep aid as well as a stomachic;

REFERENCES

63

dried leaves used for tea in doses of 1.5-4.5¢g
of the herb in infusion; often used in combi-
nation with other herbs (BLUMENTHAL 1).

Traditional Medicine. Regarded in Euro-
pean folklore for the treatment of melan-
choly and for enhancing the memory; Greek
physicians used the plant to treat wounds
(GrIEVE) and in Iranian folk medicine lemon
balm is used in treating gastrointestinal dis-
orders and for analgesic, asntispasmodic,
sedative, diuretic, digestive, and carminitive
effects.'*

COMMERCIAL PREPARATIONS

Crude; extracts, and oil; oil is seldom unadul-
terated, (ARCTANDER). Crude formerly official
in US.P.

Regulatory Status. Regulated in the United
States as a dietary supplement; both lemon
balm (§182.10) and the essential oil, extrac-
tive, and solvent-free oleoresin are GRAS for
use in foods (§182.20). Formerly official in the
U.S.P. from 1840 to 1890. The leaves and
preparations thereof are the subject of a posi-
tive German therapeutic monograph, indicat-
ed for difficulty in falling asleep caused by
nervous conditions, and functional gastroin-
testinal symptoms (BLUMENTHAL 1).
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BALM OF GILEAD BUDS

Source: Populus tacamahacca Mill. (syn.
P. balsamifera Du Roi) or P. candicans
Ait. (Family Salicaceae).

Common/vernacular names: Poplar buds and
balsam poplar buds.

GENERAL DESCRIPTION

There has been much confusion regarding the
sources of this botanical. In N.F. XI, it was
officially described as derived from P. taca-
mahacca Mill. (syn. P. balsamifera L.) or
from P. candicans Ait. However, according
to SARGENT, P. balsamifera L. is not the same as
P. tacamahacca Mill. but is a different

Balm of gilead buds
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species; he listed P. balsamifera Du Roi as
the synonym for P. tacamahacca. Balm of
Gilead has also been used as a synonym
for Canada balsam (Abies balsamea) and
Mecca balsam (Balsamodendron opobalsa-
mum Engl.), among others.

Populus tacamahacca (balsam poplar) is a
tree often up to 33 m high, trunk about 3 m in
diameter, with stout, erect branches.

Populus candicans (true balm of Gilead)
has been considered as a variety of the
balsam poplar; only the pistillate tree is
known.

Populus balsamifera L. is described as a
large tree with massive spreading branches
and stout yellow-brown, often angular
branchlets.

All above three species are native to North
America (SARGENT).
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Balm of Gilead buds are the leaf buds col-
lected in the spring before they open. Precise
source is not certain; all above species as well as
other Populus species are probably used.

CHEMICAL COMPOSITION

Contains about 2% volatile oil; resins; Css,
C,7, and Cy9 n-alkanes; salicin and populin;
phenolic acids (e.g., caffeic); chalcones;
and others. Compounds reportedly present in
the volatile oil include d-cadinene, cineole, ar-
curcumene, bisabolene, farnesene, d-o-bisa-
bolol, B-phenethyl alcohol, acetophenone
(KARRER), ™ and humulene (o-caryophyllene)
(CLAUS; FURIA AND BELLANCA; YOUNGKEN).

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Is considered to have stimulant and expecto-
rant properties.

Salicin (a glucoside of salicyl alcohol) has
antipyretic, antirheumatic, analgesic, and oth-
er properties as well as toxicity of salicylates
(GOODMAN AND GILMAN; MARTINDALE).
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USES

Medicinal, Pharmaceutical, and Cosmetic.
Its major use is in cough preparations often
together with white pine and wild cherry
barks, bloodroot, and spikenard root, as in
white pine compound or its variations.

Traditional Medicine. Used for relieving
minor aches and pains; in colds and coughs;
locally for sores, bruises and cuts, and for
healing pimples. Bark and leaves are also
similarly used.

COMMERCIAL PREPARATIONS

Crude and extracts. Crude was formerly offi-
cial in N.F. and U.S.P.

Regulatory Status. Has been approved
for food use in alcoholic beverages only
(8§172,510). Subject of a German therapeutic
monograph; allowed in external preparations
for superficial skin injuries, hemorrhoids;
frostbite, and sunburn.*

See the General References for ARCTANDER; CLAUS; GOSSELIN; KROCHMAL AND KROCHMAL; LUST;
MCGUFFIN 1 & 2; MERCK; POUCHER; ROSE; SARGENT; UPHOF; YOUNGKEN.

1. E. Wollenweber and W. Weber, Z
Pflanzenphysiol., 69, 125 (1973).

2. S. Frantisek et al., Collect. Czech. Chem.
Commun., 18, 364 (1953).

BALSAM CANADA

Source: Abies balsamea (L.) Mill. (Family
Pinaceae).

Common/vernacular names: Balm of Gilead,
balsam fir, balsam of fir, balsam fir Canada,
Canada balsam, Canadian balsam, and
Canada turpentine.

3. O.lIsaacetal., Dtsch. Apoth. Ztg., 108, 293
(1968).

4. Monograph Populi gemma. Bundesan-
zeiger, no. 22 (February 1, 1990).

GENERAL DESCRIPTION

Balsam Canada is an oleoresin occurring nor-
mally in the bark of Abies balsamea, collected
by puncturing the vesicles on the bark. It is a
light greenish-yellow, viscous liquid that so-
lidifies on exposure to air. A. balsamea is an
evergreen tree up to 20m high with trunk
usually 30-45cm in diameter; native to
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eastern North America, reaching Minnesota
and Wisconsin. Canada balsam is not a true
balsam because it does not contain benzoic or
cinnamic acid or their esters (see glossary).

CHEMICAL COMPOSITION

The bark of A. balsamea contains a volatile
oil (up to 30%) and an odorless resin.
The volatile oil is composed entirely of
monoterpenes (37.4% B-phellandrene, 36.4%
B-pinene, 23.5% a-pinene, and 2.7%
a-phellandrene). The resin makes up the
remainder of the oleoresin and contains
neutral and acidic materials (e.g., abietic and
neoabietic acids; diterpenoids).

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

In guinea pigs, oral administration of abietic
acid (an abietane diterpenoid found in the oleo-
resin) produced antiallergic activity. In vitro
inhibition of 5-lipoxygenase by abietic acid
may be a contributing factor to the activity.”
The essential oil (balsam fir oil) extracted
from the foliage has shown in vitro cytoxicity
against several tumor cell lines. The main active
constituent was identified as o-humulene.’

TOXICOLOGY
Oleoresin considered as nontoxic when ap-

plied externally.* Internal toxicity data not
available.

USES

Medicinal, Pharmaceutical, and Cosmetic.
Oleoresin used in certain ointments and
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creams as antiseptic and as treatment for
hemorrhoids; as a fixative or fragrance ingre-
dient in soaps, detergents, creams, lotions, and
perfumes. Maximum use levels reported are
0.15% in soaps and 0.2% in perfumes.*
Formerly used in dentistry as an ingredient in
root canal sealers and dentifrices (ApA).”

Food. Both the oleoresin and oil have had
limited use in major categories of foods, in-
cluding alcoholic and nonalcoholic beverages,
frozen dairy desserts, candy, and gelatins and
puddings. Use levels have been low, generally
below 0.001% (10 ppm).

Traditional Medicine. Bark resin used ex-
ternally by American Indians for burns, sores,
and cuts and to relieve heart and chest pains.
Also reportedly used in treating tumors.®

Others. Due to its ability to dry to a brittle,
clear glass-like residue, Canada balsam (usu-
ally freed from volatile oil and dissolved in
xylene) was extensively used as a cement for
lenses and prepared microscopic slides. Its use
in some “balsam” hair grooming products
probably takes advantage of this property to
stiffen hair and give it “body.”

COMMERCIAL PREPARATIONS

Oleoresin and oil. Oleoresin was formerly
official in U.S.P.

Regulatory Status.  Only needles and twigs of
A. balsamea and their appropriate prepara-
tions are approved for food use as natural
flavoring substances (§172.510).

See the General References for ARCTANDER; CLAUS; FEMA; GUENTHER; KROCHMAL AND KROCHMAL; MERCK;

SARGENT; UPHOF.
1. H. J. Petrowitz et al., Riechst., Aromen,
Korperpflegem., 12, 1 (1962).

2. N. N. Ulusu et al., Phytother. Res., 16, 88
(2003).
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3. J. Legault et al., Planta Med., 69, 402
(2003).

4. D. L. J. Opdyke, Food Cosmet. Toxicol.,
13, 449 (1975).

BALSAM COPAIBA

Source: Copaifera officinalis (Jacq.) L. or
other South American Copaifera species
(Family Leguminosae or Fabaceae).

Common/vernacular names: Copaiba, copai-
va, and Jesuit’s balsam.

GENERAL DESCRIPTION

Copaiba balsam is an oleoresin that accu-
mulates in cavities within the tree trunk of
C. officinalis and is tapped by drilling holes
into the wood of the trunk; it is not a true
balsam (see glossary). C. officinalis is a
tree with a height of up to 18 m found in
tropical South America (particularly Brazil,
Colombia, and Venezuela).

Copaiba oil is obtained by direct vacuum
distillation of the oleoresin containing
large amounts of the volatile oil (60-90%)
(ARCTANDER).

CHEMICAL COMPOSITION

Copaiba balsam contains 30-90% volatile oil;
the rest being resins and acids (ARCTANDER;
YOUNGKEN).! Compounds reported in the
oleoresin include caryophyllene (major com-
ponent of the volatile oil), copaene, B-bis-
abolene, y-humulene, caryophyllene oxide,
o-ylangene, o-multijugenol;** and terpenic
acids such as copalic, copaiferic, copaiferolic,
Hardwick, 7-hydroxy-Hardwick, enantioa-
gathic, and eperu-8(20)-en-15,18-dioic acids,
among others.>®
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5. K. M. Kosti,
(1982).

6. J. L. Hartwell, Lloydia, 33, 288 (1970).

U.S. Pat. 4,348,378

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

The oil has shown in vitro antibacterial acti-
vity,l’7 and the oleoresin from Brazilian Co-
paifera species has shown anti-inflammatory
activity following oral administration in rats.®

TOXICOLOGY

Available data indicate that the oleoresin is
relatively nontoxic;' the oral LDsy in rats is
3.79 mL/kg. Atlower dosages inrats (1.92 and
2.86 mL/kg), subacute toxicity was seen in the
form of significant reductions in body weight
and food and water intake, in addition to
diarrhea, gastric irritation, sialorrhea, and
symptoms of CNS depression; however, at
30 days these symptoms were no longer sig-
nificant relative controls.® Large doses are
reported to cause vomiting and diarrhea as
well as measles-like rash (MARTINDALE; SAX).

USES

Medicinal, Pharmaceutical, and Cosmetic.
The oleoresin and oil have occasionally been
used in pharmaceutical preparations (diure-
tics, cough medicines, etc.). Both copaiba
balsam and oil are widely used in cosmetic
preparations (soaps, bubble baths, detergents,
creams, lotions, and perfumes), the former
primarily as a fixative and the latter as a
fragrance component. Maximum use level
of the oil or oleoresin in perfumes is
0.8%.">1°

Food. Occasionally used as a flavoring
component in most major categories of foods,
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including alcoholic and nonalcoholic bever-
ages, frozen dairy desserts, candy, baked goods,
gelatins and puddings, and meat and meat
products. Average maximum use levels are
usually very low, less than 0.002% (16 ppm).

Traditional Medicine. The oleoresin has
been used for several centuries in Europe in
the treatment of chronic cystitis, bronchitis,
hemorrhoids, chronic diarrhea, and other con-
ditions for which it has also been used in Latin
America (MorTON 1). Traditional uses in trop-
ical America also include the treatment of
hypertension, cancer, wounds, dysentery, skin
diseases, vesical catarrh, pneumonia, urinary
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tract infections, leucorrhea, blenorrhagia, pso-
riasis, dressing the navel of newborns, and as
an anti-inflammatory for sore throat. In large
doses, copaiba balsam is believed to provoke
diarrhea, nausea, vomiting, and colic.!!

COMMERCIAL PREPARATIONS
Oleoresin (“balsam”) and oil. Copaiba balsam
was formerly official in N.F., and oil is official

in EC.C.

Regulatory Status. Approved for food use as
a natural flavoring (§172.510).

See the General References for ARCTANDER; CLAUS; FEMA; GUENTHER; LEWIS AND ELVIN-LEWIS; MARTINDALE;

MCGUFFIN 1 & 2; MORTON 1; TERRELL; YOUNGKEN.
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BALSAM FIR OREGON

Source: Pseudotsuga taxifolia (Lam.) Britt.
(syn. P. douglasii Carr.; P. mucronata
(Raf.) Sudw.) (Family Pinaceae).

Common/vernacular names: Balsam fir,
balsam Oregon, Douglas fir, Douglas spruce,
Oregon balsam, and red fir.

7. J. C. Maruzzella and N. A. Sicurella, J.
Am. Pharm. Assoc., 49, 692 (1960).

8. A. C. Basile, et al., J. Ethnopharmacol.,
22, 101 (1988).

9. D. L. J. Opdyke, Food Cosmet. Toxicol.,
11, 1075 (1973).

10. M.J. Del Nunzio, Aerosol Cosmet.,7T(41),
7 (1985).
11. W. B. Mors et al. Medicinal Plants of

Brazil, Reference Publications, Algonac,
M1, 2000.

GENERAL DESCRIPTION

Oregon balsam is an oleoresin that occurs in
the tree trunk and is usually collected from
felled trees. It is a light amber or yellow,
viscous liquid with a piney odor. It is not a
true balsam (see glossary). The tree varies
greatly in size, depending on localities; often
up to 60 m high with a trunk of approximately
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1m in diameter; native to western North
America, particularly the Pacific Coast
(California, Oregon, Washington, and British
Columbia); cultivated in Europe.

CHEMICAL COMPOSITION

Although considerable chemical data are
available on the needles, wood, and bark
(KARRER),'™® chemical information on the
“balsam” (oleoresin) itself is practically
nonexistent, except that it has been re-
ported to be an oleoresin of the turpentine
type, yielding a volatile oil on steam dis-
tillation and has properties and uses similar
to those of Canada balsam (ARCTANDER;
CLAUS).
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PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Data on its pharmacological or toxicological
properties are not available.

USES

Similar to those of Canada balsam; used as an
adulterant of the latter oleoresin; however,
Oregon balsam is not suited for use in micros-
copy because it is less viscous and slower
drying than Canada balsam; it does not dry
to a glassy and brittle film as Canada balsam.

COMMERCIAL PREPARATION

Oleoresin (“balsam’).

See the General References for ARCTANDER; GOSSELIN; GUENTHER; SARGENT; UPHOF; YOUNGKEN.

1. E. Von Rudloff, Can. J. Bot., 50, 1025
(1972).

2. E. Von Rudloff, Pure Appl. Chem., 34, 401
(1973).

3. H. M. Graham and E. F. Kurth, Ind. Eng.
Chem., 41, 409 (1949).

BALSAM PERU

Source: Myroxylon pereirae Klotzsch (syn.
M. balsamum var. pereirae (Royle) Harms)
(Family Leguminosae or Fabaceae).

Common/vernacular names: Balsam of Peru,
balsam-of-Peru tree, black balsam, Indian
balsam, Peru balsam, and Peruvian balsam.

GENERAL DESCRIPTION
Balsam of Peru is obtained from the exposed

wood of M. pereirae after strips of bark are
removed from the tree trunk. The exudation is

4. E. F. Kurth and H. J. Klefer, Tappi, 33, 183

(1950).

5. H.L. Hergert and E. F. Kurth, Tappi, 35, 59

(1952).

6. R. D. Kolesnikova et al., Khim. Prir.

Soedin., 5, 613 (1976).

soaked up by rags wrapped around the trunk
that are then boiled with water. In its com-
mercial crude form, balsam of Peru is a dark-
brown, viscous liquid, reddish brown and
transparent in thin layers, with an aromatic
vanilla-like odor and a bitter acrid taste. Itis a
true balsam (see glossary). The balsam sinks
to the bottom and is separated.

Mpyroxylon pereirae is a large tree growing
up to about 25m in height and is native to
Central America.

CHEMICAL COMPOSITION

Contains not more than 70% w/w and not
less than 45% of esters, maily benzylcinna-
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mate and benzyl benzoate, and 50-64% of a
high-boiling volatile oil, referred to as cinna-
mein; and 20-28% resin. The volatile oil
consists mainly of benzoic and cinnamic acid
esters such as benzyl benzoate, benzyl cinna-
mate, and cinnamyl cinnamate (styracin), with
small amounts of nerolidol, free benzyl
alcohol, and free benzoic and cinnamic acids
also present. Other constituents include traces
of styrene, vanillin, and coumarin (KARRER;
MARTINDALE; REMINGTON).

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Balsam of Peru has mild antiseptic and anti-
bacterial properties and is believed to promote
the growth of epithelial cells; also antiparasitic
(especially for scabies) (BLUMENTHAL 1).

TOXICOLOGY

Balsam Peru is one of the most common
contact allergens. Dermatitis as a result of
contact with this balsam is documented in
many countries.'* A double-blind, placebo-
controlled study found that taken orally, bal-
sam of Peru caused allergic dermatitis to flare.”

USES

Medicinal, Pharmaceutical, and Cosmetic.
Balsam of Peru is used extensively in topical
preparations for the treatment of wounds, skin
graft healing, indolent ulcers, scabies, diaper
rash, hemorrhoids, anal pruritus, bedsores,
intertrigo, eczema, and others; in hair tonic
and antidandruff preparations, feminine hy-
giene sprays, and as a fixative or fragrance
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ingredient in soaps, detergents, creams, lo-
tions, and perfumes, with maximum use level
up to 0.8% in perfumes. Balsam of Peru oil and
resinoid, obtained by high-vacuum distillation
and/or solvent extraction of the balsam, are
also used in cosmetics."®’

Balsam of Peru is also used in dental pre-
parations, especially for the treatment of dry
socket (postextraction alveolitis) and as a
component in certain dental impression ma-
terials, and dentifrices.®

Food. Balsam and oil are extensively used as
a flavor ingredient in major categories of
foods, including alcoholic and nonalcoholic
beverages, frozen dairy desserts, candy, baked
goods, and gelatins and puddings, with the
highest reported average maximum use level
of about 0.0015% (15.33 ppm) for the balsam
in candy.

Traditional Medicine.
treating cancer.’

Reportedly used in

COMMERCIAL PREPARATIONS

Balsam, resinoid, and oil. Balsam of Peru was
formerly official in N.F. XII.

Regulatory Status. Approved in the United
States for topical OTC preparations, cos-
metics and dietary supplements (WicHTL). Ex-
tractive, essential oil, and solvent-free oleo-
resin are GRAS for use in foods (§182.20).
Subject of a German therapeutic monograph;
externally preparations allowed for infected
or poorly healing wounds, burns, ulcers,
frost-bite, ulcus cruris, bruises, hemorrhoids
(BLUMENTHAL 1; WICHTL).

See the General References for ADA; ARCTANDER; BLUMENTHAL 1; DERMARDEROSIAN AND BEUTLER; FEMA;
GOSSELIN; GRIEVE; GUENTHER; JIANGSU; MARTINDALE; PHILLIPS; TERRELL; YOUNGKEN.

1. D. L. J. Opdyke, Food Cosmet. Toxicol.
12(Suppl.), 951 (1974).

2. B.M. Hausen, Am. J. Contact Dermat., 12,
93 (2001).

3. O. Hammershoy, Contact Dermatitis, 6,
263 (1980).

4. Y. Olumide, Contact Dermatitis, 17, 85
(1987).
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5. N. K. Veien et al., Contact Dermatitis, 12,
104 (1987).

6. D. L. J. Opdyke, Food Cosmet. Toxicol.,
12(Suppl.), 953 (1974).

BALSAM TOLU

Source: Myroxylon balsamum Harms (syn.
M. toluiferum H. B. and K.) (Family
Leguminosae or Fabaceae).

Common/vernacular names: Balsam tolu,
opobalsam resin tolu, Thomas balsam, and
tolu balsam.

GENERAL DESCRIPTION

Balsam tolu is obtained from the tree trunk of
M. balsamum by making V-shaped incisions
through the bark and sap wood. The liquid
balsam is collected in gourds and solidifies
on aging. The balsam is a plastic solid with a
brown or brownish-yellow color that darkens
and hardens on aging. Like balsam Peru, itis a
true balsam. Tolu balsam has an aromatic
vanilla-like odor and an aromatic, mildly pun-
gent taste; it is insoluble in water but soluble
in alcohol, acetone, benzene, and chlorinated
hydrocarbons.

Mpyroxylon balsamum is a tall tree native
to northern South America (Colombia, Peru,
Venezuela), cultivated in the West Indies.

CHEMICAL COMPOSITION

Contains resin, free cinnamic and benzoic
acids, and volatile oil composed mainly of
esters of these acids with small amounts of
terpenes. Concentrations of these constituents
vary greatly with each report, probably due to
the great differences in quality of commercial
products and the lack of requirements for
determining specific components in official
compendia (e.g., U.S.P.). Other constituents
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present include guaiadienes, triterpene acids
(oleanolic acid, sumaresinolic acid, etc.), oth-
er triterpenoids (e.g., 20r, 24&,-ocotillone),
and traces of eugenol and vanillin, among
many other compounds (CLAUS; KARRER;
MERCK; REMINGTON).!™ None of the recent
reports identified with certainly the sources
of the samples investigated, with the exception
of some museum specimens that were shown
to contain benzyl cinnamate not found in
modern commercial samples.>°

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

It has mild antiseptic and expectorant
properties.

TOXICOLOGY

Allergic reactions to tolu balsam occur in
some individuals.>’

USES

Medicinal, Pharmaceutical, and Cosmetic.
Balsam tolu is extensively used as a flavor
and mild expectorant in cough medicines
(e.g., syrups, lozenges, etc.); also used as an
ingredient in Compound Benzoin Tincture or
similar formulations for treatment of bed-
sores, cracked nipples, lips, and minor cuts
on the skin and for inhalation to treat laryngitis
and croup. Both balsam and its oil (obtained
by dry or steam distillation) are used as a
fixative or fragrance ingredient in cosmetics
including soaps, detergents, creams, lotions,
and perfumes, with maximum use levels of
0.1% in soaps and 0.2% in perfumes reported.’
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Food. Used asa flavoringredientin chewing
gum and other major categories of food pro-
ducts, such as alcoholic and nonalcoholic
beverages, frozen dairy desserts, candy, baked
goods, and gelatins and puddings. Use levels
are usually rather low.

Traditional Medicine. Reportedly used in
treating cancer.” Resin used in Peruvian folk-
medicine in treating asthma, bronchitis, catarrh,
colds, rheumatism, wounds, sores, sprains,
headache, veneral diseases, and fevers.>”

REFERENCES

Barberry
COMMERCIAL PREPARATIONS

Crude, resinoid, extracts, and tincture. Tinc-
ture is official in N.F.

Regulatory Status. Approved for food use
as a natural flavoring (§172.510). Subject of
a German therapeutic monograph; allowed
in preparations with a mean daily dose of
0.6 g for catarrhs of the respiratory tract
(BLUMENTHAL 1).

See the General References for ARCTANDER; BLUMENTHAL 1; CLAUS; FEMA; GUENTHER; UPHOF; USD 26th;

YOUNGKEN.
1. 1. Wahlberg et al., Acta Chem. Scand., 25,
3285 (1971).

2. K. J. Harkiss and P. A. Linley, J. Pharm.
Pharmacol., 25(Suppl.), 146P (1973).

3. D. L. J. Opdyke, Food Cosmet. Toxicol.,
14(Suppl.), 689 (1976).

4. 1. Wahlberg and C. R. Enzell, Acta Chem.
Scand., 25, 70 (1971).

BARBERRY

Source: Berberis vulgaris L., Mahonia
aquifolium Nutt. (syn. B. aquifolium
Pursh), or other Berberis species (Family
Berberidaceae).

Common/vernacular names: Barberry, ber-
beris, common barberry, and European bar-
berry (B. Vulgaris); berberis, Oregon grape,
and trailing mahonia (Mahonia aquifolium).

GENERAL DESCRIPTION

Berberis vulgaris is a deciduous spiny
shrub that may reach 5m in height; native

5. H. D. Friedel and R. Matusch, Helv. Chim.
Acta, 70, 1616 (1987).

6. K. J. Harkiss, personal communication.

7. T. N. Salam and J. E. Fowler Jr., J. Am.
Acad. Dermatol., 45, 377 (2001).

8. J. L. Hartwell, Lloydia, 33, 97 (1970).

9. J. A. Duke and R. Vasquez, Amazonian
Ethnobotanical Dictionary, CRC Press,
Boca Raton, FL, 1994, p. 121.

to Europe, naturalized in eastern North
America.

Berberis aquifolium is an evergreen spine-
less shrub, 1-2 m high; native to the Rocky
Mountains, extending to British Columbia and
California.

Parts used are the dried rhizome and roots
(B. aquifolium) and barks of stem and root
(B. vulgaris).

CHEMICAL COMPOSITION

Berberis spp. are rich in isoquinoline alkaloids;
those in B. vulgaris include berberine, berba-
mine, oxyacanthine, jatrorrhizine, columba-
mine, palmatine, isotetrandine (berbamine
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methyl ether), bervulcine, and magnoﬂorine;1
those in B. aquifolium include aromoline,
obamegine, oxyberberine, berbamine, and
oxyacanthine.2

Berberine and other Berberis alkaloids
were reported to be toxic to seedlings of dog
rose and horse chestnut, causing atrophy.’

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

The total ethanol extract of the root of
B. vulgaris administered i.p. inhibited acute
inflammation in rats more potently than
berberine, oxyacanthine, or three alkaloidal
fractions of the roots. It was also more potent
at inhibiting chronic inflammation in a model
of adjuvant arthritis in rats.* An aqueous extract
of the fruits of B. vulgaris exhibited in vitro
anticholinergic and antihistaminergic activity.>

Certain Berberis alkaloidal salts, particu-
larly berberine, oxyacanthine, and columba-
mine, have bactericidal activities.*” In one
study, berberine chloride showed higher ac-
tivity than chloramphenicol against Staphylo-
coccus epidermidis, Neisseria meningitidis,
Escherichia coli, and other bacteria. Oxya-
canthine chloride at 0.01% and columbamine
chloride at 1.0% killed Bacillus subtilis and
Colpidium colpoda.’

Some reports have stated berberine sulfate
to be amebicidal, and trypanocidal and
berbamine, isotetrandine, and hydroxya-
canthine to have hypotensive properties
(GLASBY 1; MARTINDALE).S

Berberine has antifibrillatory activity, ele-
vating the ventricular fibrillation threshold to
electrical stimulation in anesthetized cats.’
Berberine also has anticonvulsant, sedative,
uterine stimulant, and numerous other activi-
ties (see goldenseal).

A fraction of a root extract of B. vulgaris
containing 80% berbamine and three uniden-
tified isoquinoline alkaloids has shown spas-
molytic effects on smooth muscles.'”

A study of berbamine in mice infected with
influenza viruses yielded results that indicate
it to be an immunostimulating agent.'" It also
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exhibits various cardiovascular effects, in-
cluding hypotensive and antiarrhythmic.'?

USES

Medicinal, Pharmaceutical, and Cosmetic.
Berberis is used as an ingredient in certain
tonic preparations. Berberine salts have been
used in ophthalmic products, usually in eye
drops and eyewashes.

Dietary Supplements/Health Foods. Crude
root, cut and sifted and powdered used in
capsules, teas, and other products, primarily
as a bitter tonic (FOSTER AND DUKE).

Traditional Medicine. In Bulgaria, the stem
bark and roots of B. vulgaris are used to treat
arthritis and chronic inflammatory conditions
of the kidneys, liver, and gallbaldder.* In
Europe and the United States, Berberis is
reportedly used as a bitter tonic, antipyretic,
and antihemorrhagic, usually referring to B.
vulgaris. In China, various Berberis species
are also used for similar purposes; B. vulgaris
is listed as a related drug, sometimes used as
an adulterant, to Dichroa febrifuga Lour.,
which is widely used in China for its antima-
larial and antipyretic activities (NANJING).

COMMERCIAL PREPARATIONS

Barberry (B. vulgaris) is available in crude and
extract form. Qualities of extracts may vary
because the only standards for potency are
strengths (see glossary) based on a weight-to-
weight ratio of extract to crude drug. Crude
was formerly official in U.S.P.

Regulatory Status. Root of B. vulgaris is the
subject of a German therapeutic monograph in
which the uses for the claimed therapeutic
applications are not recommended owing to
lack of documented benefits; such applica-
tions including the use of the bark, root bark
or fruits for gastrointestinal, kidney, liver,
urinary tract, circulatory, spleen, bronchial,
and other organ functions (BLUMENTHAL 1).
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BASIL, SWEET

Source: Ocimum basilicum L.
Labiatae or Lamiaceae).

(Family

Common/vernacular names: Basil, common
basil, and sweet basil.

GENERAL DESCRIPTION

Annual herb, about 0.5 m high, thought to be
native to Africa and tropical Asia; cultivated
worldwide (e.g., Europe, India, and the United
States). There are many varieties, some of
which have different compositions and flavor-
ing characteristics. The plant is also strongly
affected by environmental factors such as
temperature, geographic location, soil, and
amount of rainfall.'* Parts used are the dried
leaves and flowering tops.

An essential oil is obtained by steam distil-
lation. There are two major types of commer-
cial basil oils, namely, the true sweet basil oil
and the so-called exotic or Reunion, basil oil.
True sweet basil oil is distilled in Europe and
the United States; exotic basil oil is produced
in the Comoro Islands, the Seychelles, and the

7. E. Andronescu et al., Clujul Med., 46, 627
(1973).

8. L. P. Naidovich et al.,
(Moscow), 25, 33 (1976).

9. D.C.Fangetal., Zhongguo Yaoli Xuebao,
7, 321 (1986).

10. P. Manalov et al., Eksp. Med. Morfol., 24,
41 (1985).

11. L. Jin and W. Z. Sui, Zhongguo Yaoli
Xuebao, 7, 475 (1986).

12. F. L. Li, Yaoxue Xuebao, 20, 859 (1985).

Farmatsiya

Malagasy Republic. The two differ mainly in
their contents of d-camphor, linalool, and
estragole (methyl chavicol or 1-allyl-4-meth-
oxybenzene). Generally, the former does not
contain camphor and the latter contains little
or no linalool; also the former is levorotatory
and the latter is dextrorotatory.

CHEMICAL COMPOSITION

The volatile oil (ca. 0.08%) contains d-lin-
alool and estragole as the major components,
with the former up to 55% and the latter about
70%, depending on the sources (MASADA).>™
Other components include methyl cinna-
mate (reported to be the major component
(ca. 28%) of a variety of sweet basil), 1,8-
cineole, eugenol, borneol, ocimene, geraniol,
anethole; 10-cadinols, [B-caryophyllene,
a-terpineol, camphor, 3-octanone, methyleu-
genol, safrole, sesquithujene, and 1-epibicy-
closesquiphellandrene as well as juvocimene
1 and juvocimene 2, which are potent juve-
nile hormone mimics (JianGsu).*® There are
great variations in concentrations of these
components in the volatile oils from different
sources.
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Other constituents present in sweet basil
include protein (14%), carbohydrates (61%),
vitamins A and C in relatively high concen-
trations (MARSH), rosmarinic acid,9’10 thymol,
and xanthomicrol (a flavone).'!

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

The volatile oil of a variety of sweet basil was
shown to have antiwormal activities.'> Essen-
tial oil has shown antimicrobial and mildly
antiseptic activities in vitro."?

Methyl cinnamate, estragole and, to a lesser
extent, ocimene, cineole, and linalool have
insecticidal activities.'*

Xanthomicrol has shown cytotoxic and
antineoplastic activities."!

TOXICOLOGY

Sweet basil oil is reported to be nontoxic.'’

Estragole, a major component in some
sweet basil oils, has been shown to produce
tumors (hepatocellular carcinomas) in mice'®
and genotoxicity. The Council of Europe
currently recommends that the level of estra-
gole in food products should not exceed
0.05 mg/kg."”

USES

Medicinal, Pharmaceutical, and Cosmetic.
Used as a fragrance ingredient in perfumes,
soaps, hair dressings, dental creams, and
mouth washes.
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Food. Used as a spice and in chartreuse
liqueur.

The oil and oleoresin are extensively used
as a flavor ingredient in all major food pro-
ducts, usually in rather low use levels (mostly
below 0.005%).

Traditional Medicine. The herb has been
used for head colds and as a cure for warts
and worms, as an appetite stimulant, carmina-
tive, and diuretic, among other applications
(BLUMENTHAL 1).”

More widely used as a medicinal herb in the
Far East, especially in China and India. It was
first described in a major Chinese herbal
around AD 1060 and has since been used in
China for spasms of the stomach and kidney
ailments, among others; it is especially re-
commended for use before and after parturi-
tion to promote blood circulation. The whole
herb is also used to treat snakebite and insect
bites (JIANGSU; NANJING).

COMMERCIAL PREPARATIONS
Crude, essential oil, and oleoresin.

Regulatory Status. Regulated in the United
States as a dietary supplement; in foods,
both the use of the herb as a spice, natural
flavoring, or seasoning (§182.10), and the use
of the essential oil and extractives (§182.20)
are GRAS. Subject of a German therapeutic
monograph; claimed efficacies not well sub-
stantiated; allowed as flavor corrigent at 5% or
less (BLUMENTHAL 1; WICHTL).
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BAY, SWEET

Source: Laurus nobilis L.

Lauraceae).

(Family

Common/vernacular names: Bay, laurel, bay
laurel, Grecian laurel, Mediterranean bay,
sweet bay, and true bay.

GENERAL DESCRIPTION

Laurus nobilis is an evergreen tree, up to 20 m
high, native to the Mediterranean region; ex-
tensively cultivated. Part used is the dried leaf.

An essential oil, commonly known as laurel
leaf oil, is produced by steam distillation of the
leaves and branchlets.

Its leafy branchlets were used in wreaths by
the ancient Greeks and Romans to crown their
victors.

There are several botanicals known under
the name of bay. For example, West Indian bay
is Pimenta racemosa (Mill.) J. W. Moore, and
California bay is Umbellularia californica
Nutt. The word bay in the literature may refer
to any one of these botanicals, among others.

CHEMICAL COMPOSITION

Contains 0.3-3.1% volatile oil composed
mainly of 1,8-cineole (30-50%), o-pinene
(ca. 12%), linalool (ca. 11%), o-terpineol
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acetate (ca. 10%), o-terpineol, B-pinene, sa-
binene, limonene, methyleugenol (3,4-di-
methoxyallylbenzene), eugenol, p-cymene,
camphene, and dehydro-1,8-cineole, as well
as phenyl-hydrazine, piperidine, and gerani-
ol." The essential oil from a supercritical
carbon dioxide extraction contained mainly
methyleugenol (8.1%), o-terpinyl acetate
(11.4%), linalool (12.5%), and 1,8-cineole
(22.8%).2 Oil content is highest in autumn
and lowest in spring, with old leaves contain-
ing the most oil.” Other constituents reported
include costunolide, laurenobiolide (germa-
cranolides), sesquiterpenes (santamarine, de-
hydrocostus lactone, zaluzanin D, reynosin),
catechins, proanthocyanidins, quercetin, iso-
quercitrin,‘“7 alkaloids (reticuline, boldine,
launobine, isodomesticine, neolitsine, nandi-
gerine, etc.),8 vitamin E,” and various acids
(e.g., butyric, caproic, enanthic acids, etc.).'®'¢

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Methyleugenol, a major constituent of sweet
bay and California bay oils (at 4% and 5.4%,
respectively), as well as a variety of West
Indian bay and other species, has been re-
ported to have sedative and narcotic properties
in mice, producing sedation at low doses and
reversible narcosis at higher doses; it pre-
vented the death of mice treated with lethal
convulsant doses of strychnine.'?
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Bay leaf and some of its volatile com-
pounds (esp. cineole, phenylhydrazine, gera-
niol, and piperidine) have been shown to
repel cockroaches.'”"'® Aqueous extracts of
the leaves and flowers have shown toxicity to
snails (Biomphalaria glabrata)."®

The essential oil has shown bactericidal
and fungicidal properties; it also depressed
the heart rate and lowered blood pressure in
animals. Formulations containing sweet bay
leaf and its volatile oils have been claimed to
have antidandruff activities.

In animal studies, the essential oil of the
leaf has shown anticonvulsant activity against
experimental seizures,?® analgesic, and anti-
inflammatory activities.>' Aqueous extracts of
the seeds and fruits have shown gastropro-
tective activity against ethanol-induced
ulcers.”*** Alcohol absorption-inhibiting ac-
tivity of the leaves in rats is attributed to
various sesquiterpenes.>** The bark has
shown greater antioxidant activity than the
leaves;> the alkyl peroxy radical scavenging
activity of the leaves, which was higher than
that of 120 other extracts of edible plants and
herbs, is attributed to quercetin and isoquerci-
trin.” Growth suppression of various human
leukemia cell lines was found in vitro from
1,8-cineole, the main constituent of the essen-
tial oil of the leaves.?

TOXICOLOGY
Allergic reactions (contact dermatitis) to

sweet bay have been documented.?’°
Methyleugenol is hepatotoxic.’
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USES

Medicinal, Pharmaceutical, and Cosmetic.
The oil is used mainly as a fragrance ingredi-
ent in creams, lotions, perfumes, soaps, and
detergents. Maximum use level reported is
0.2% in perfumes.'’

Food. Sweet bay is a common household
spice known as bay leaf.

Both the spice and oil are extensively used
in processed foods, including alcoholic (oil
only) and nonalcoholic beverages, frozen
dairy desserts, baked goods, meat and meat
products, condiments and relishes, and others.
Use levels are generally low; highest reported
are in condiments and relishes, which are
0.1% for the spice and 0.02% for the oil.

Traditional Medicine. Has been used in
treating cancer”~ and as a cholagogic, general
stimulant, carminative, and diaphoretic;
leaves used in Iranian folk medicine as an
antiepileptic.””

COMMERCIAL PREPARATIONS
Crude and oil.

Regulatory Status. Essential oil, extractive,
and solvent-free oleoresin of berries and
leaves of Laurus species are GRAS for use
in foods (§182.20); herb GRAS for use in
foods as a natural flavoring or spice
(§182.10).

See the General References for ARCTANDER; BAILEY 1; BIANCHINI AND CORBETTA; BRUNETON; DUKE 4; FEMA;
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BAY, WEST INDIAN

Source: Pimenta racemosa (Mill.) J. W.
Moore (syn. P. acris Kostel) (Family
Myrtaceae).

Common/vernacular names: Bay, bay rum
tree, myrcia, and West Indian bay.

GENERAL DESCRIPTION

Tree with leathery leaves, up to about 8 m
high; native to the West Indies; cultivated in
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Venezuela, Puerto Rico, and the Caribbean
Islands. Part used is the leaf from which a
volatile oil (commonly called bay oil or
Myrcia oil) is obtained by steam distillation,
with yield of up to 3.9% reported.'

Although sometimes also referred to as bay
leaf in the literature, the commonly used
domestic spice is sweet bay (Laurus nobilis),
not West Indian bay.

CHEMICAL COMPOSITION

The main components of bay oil are euge-
nol (up to 56%), chavicol (up to 22%),
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and myrcene (up to 21%). Those present
in lesser amounts include 1,8-cineole,
limonene, isoeugenol, linalool, methyleu-
genol (3,4-dimethoxyallylbenzene), estra-
gole (methyl chavicol), o-terpineol, and
others.'™

The leaves of two other general varieties,
either anise scented or lemon scented, have
been reported to yield volatile oils with
quite different proportions of the above com-
ponents. The anise scented variety contains
methyleugenol (43%) and methylchavicol
(32%) as the major components, and the
lemon scented variety contains mostly citral
(>80%).! The main constituents of the es-
sential oil of the leaves of P. racemosa var.
terebinthina (Burret) L. R. Landrum are
4-methoxy eugenol (12.6%), «-terpineol
(20%), and a-terpineol acetate (27%), while
in the essential oil of P. racemosa var. grisea
(Kiaersk.) Fosberg, the major constituents
are 4-methoxy eugenol (4.5%) and 4-meth-
oxy-isoeugenol (75.2%).* The leaves also
contain abietic acid, a diterpene.5 Lupeol,
a triterpene, was isolated from the leaves
of P. racemosa var. ozua (Urban & Ekman)
L. R. Landrum.®

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

The volatile oil has antiseptic and astringent
properties (GosseLIN). The essential of bay
inhibits the in vitro growth of E. coli (non-
toxigenic strain 0157 : H7).” In animal mod-
els of inflammation, lupeol, from the leaves
of P. racemosa var. ozua,® and abietic acid
from the leaves of P. racemosa var. grisea,’
have shown anti-inflammatory activity in
rats when applied topically or by the oral
route.

TOXICOLOGY

The volatile oil is considered moderately
toxic on oral administration because of
its relatively high content of phenols
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(cosseELIN). However, no allergic reactions
in humans have been reported.® Recently,
the Council of Europe recommended that
owing to evidence of heptotoxicity, methy-
leugenol should not be allowed in foods at
any level.”

USES

Medicinal, Pharmaceutical, and Cosmetic.
Volatile oil used extensively as a fragrance
ingredient in bay rum; also in creams, lo-
tions (particularly aftershave and hair lo-
tions), soaps, detergents, and perfumes,
with maximum use level of 1.5% in certain
perfumes.8

Food. Volatile oil, oleoresin, and extract
(less extensively) all used as a flavor ingre-
dient in major categories of food products,
including alcoholic and nonalcoholic
beverages, frozen dairy desserts, candy,
baked goods, gelatins and puddings, meat
and meat products, and condiments and
relishes at very low levels, usually below
0.01%.

Traditional Medicine. Reportedly used in
cancer therapy.'® In the Dominican Republic,
the crushed leaves are used in herbal mixtures
to treat toothache, while in Haiti a decoction of
the leaves made with salt is used orally to treat
abdominal pain. In Curagao, the leaves are
used to treat toothache and as a stomachic, and
in Puerto Rico the leaves are used to treat
rheumatism.'!

COMMERCIAL PREPARATIONS

Volatile oil (regular and terpeneless), oleo-
resin, and extracts. The volatile oil was
formerly official in N.F.; it is currently offi-
cial in F.C.C.
Regulatory Status. Myrcia oil is GRAS
(§182.20).
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BAYBERRY BARK
Source: Mpyrica cerifera L. (Family
Myricaceae).

Common/vernacular names: Bayberry, South-
ern bayberry, southern wax myrtle, and wax
myrtle bark.

GENERAL DESCRIPTION

Mpyrica cerifera is an evergreen shrub or small
tree that grows up to 13 m in height; branchlets
are waxy; fruits round, grayish green, and
coated with bluish wax, which can be removed
by boiling in water. M. cedrifera is native to
eastern United States from New Jersey to
South Florida and west to Texas; also grows
in the Bahamas, the West Indies, and Bermuda.
The part used is the dried root bark.

CHEMICAL COMPOSITION

Contains tannins, triterpenes (myricadiol,
taraxerol, and taraxerone), and myricitrin
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(a flavonoid glycoside).! Other constituents
reported to be present include an acrid astrin-
gent resin, gum, and starch. The twigs contain
myricalactone and myrica acid, an oleanane
triterpenic acid.” The plant also contains the
terpenoids myriceric acids A, C, and D2

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Dried root bark has astringent, emetic, and
antipyretic properties.

In an in vitro assay for antithrombin activi-
ty, a methylene chloride extract fraction of
M. cerifera showed greater than 80% activity.4
Myricitrin has shown choleretic, bactericidal,
and paramecicidal activities; myricadiol has
shown mineralocorticoid activity." Myriceric
acid A is a selective endothelin A receptor
antagonist.””

TOXICOLOGY

Tannins and phenols isolated from bayberry
bark administered subcutaneously to rats have
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shown carcinogenic activity.® Myricadiol has
shown spermatocidal activity."

USES

Medicinal, Pharmaceutical, and Cosmetic.
Root bark has been and probably still is used
as astringent, tonic, and stimulant to indolent
ulcers and as an ingredient in Composition
Powder used for colds and chills.

Dietary Supplements/Health Foods. Pow-
dered root bark still seen as an ingredient in
Composition Powders, for colds and fevers
(FOSTER AND DUKE).

Traditional Medicine. Used in Puerto Rico

to treat stubborn ulcers (MORTON 2). Root bark
used historically in the United States as an
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astringent and in larger doses an emetic, for
chronic gastritis, diarrhea, dysentery, leucor-
rhea, jaundice, fevers; externally for hard-
to-heal ulcers (FOSTER AND DUKE). Micmac
Indians used the roots to treat headaches and
inflammations, and as an analgesic.” External
inflammations were treated with the crushed
roots soaked in water.®

Other.
candles.

Fruit is source of bayberry wax for

COMMERCIAL PREPARATIONS
Available generally as crude botanical.

Regulatory Status. Bayberry root bark was
included in N.F. IV-V (1916-1926).

See the General References for BAILEY 1; DER MARDEROSIAN AND BEUTLER; FOSTER AND DUKE; GRIEVE;
KROCHMAL AND KROCHMAL; LUST; MARTINDALE; MERCK; MORTON 2; YOUNGKEN.
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BEE POLLEN

Source: Pollen collected by bees or harvested
directly from flowers for commercial use.

Common/vernacular names: Buckwheat pol-
len, maize pollen, pollen, pollen pini, pollen
typhae, puhuang, rape pollen, typha pollen,
pine pollen, songhuafen, and so on.

5. S. Mihara and M. Fujimoto, Eur. J.
Pharmacol., 12, 33 (1993).

6. G.J. Kapadia et al., J. Natl. Cancer Inst.,
57, 207 (1976).

7. R. E. Chandler et al., J. Ethnopharmacol.,
1, 49 (1979).

8. W. D. Wallis, Am. Anthropol., 24, 24
(1922).

GENERAL DESCRIPTION

Pollen is composed of microspores (male
reproductive elements) of seed-bearing plants.
Bee pollen refers to pollen collected by bees
that is in turn harvested for commercial
distribution.

The sources and types of bee pollen
are extremely variable. Known species that
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yield commercial bee pollen include buck-
wheat, rape, maize, and pine, among
others. Typha pollen (puhuang) is collected
from Typha species (T. angustata Bory et
Chaub., T. angustifolia L., T. latifolia L.,
etc.) and has probably the longest and most
extensively documented use history, dating
back to the Shen Nong Ben Cao Jing (ca.
200 BC-AD 100). Pine pollen is collected
from numerous Pinus species (including
P. thunbergii Parl., P. massoniana Lamb.,
and P. tabulaeformis Carr.) and has been in
traditional Chinese medical records since
the 7th century when it was first described
in the Tang Ben Cao.

Commercial bee pollen is collected by
means of netlike pollen traps, set up next to
the beehives that remove some of the pollen
from the hind legs of worker bees as they
return to their hives. The collected pollen is
manually rid of impurities (dirt, floral parts,
insect fragments, etc.) and dried. Major bee
pollen-producing countries include China
and Spain. Bee pollen from China is mostly
derived from buckwheat (Fagopyrum escu-
lentum Moench) and rape (Brassica campes-
tris L).

To collect typha and pine pollen, the
male inflorescence or flower head is
picked in spring or summer when the flow-
ers just start to bloom. It is sun dried; the
pollen is then mechanically separated from
the floral parts and other impurities. Major
producers are northeastern provinces of
China.

CHEMICAL COMPOSITION

Pollen is very rich in nutrients. However, its
chemistry varies greatly depending on its
botanical source and contains: 3—16% water;
5.9-28.3% crude protein: 14.6-21.9% amino
acids, with some in free form; 1-20% lipids;
up to 44% carbohydrates; 4—10% simple su-
gars; 2-2.5% flavonoids; vitamins (A, By, B,,
C, D,, E, K, K3, folic acid, nicotinic acid,
etc.); 19-24 trace elements; sterols; and
others.'

Bee pollen

The following are some examples of
specific chemical constituents reported to
be present in certain types of pollen but
not necessarily in others: pentacosane, iso-
rhamnetin glycoside, narcissin, free palmi-
tic and stearic acids, 6-aminopurine, tura-
nose and an oligosaccharide, sitosterol, and
o-typhasterol in puhuang (zHOU AND WANG);°
[B-sitosterol and cholesterol, ursolic acid,
rutin (0-17%), C-3/C-8"-biapigenin, palmi-
tic acid, nonacosane, luteolin, tricetin,
kaempferol-3-O-sophoroside, and kaemp-
ferol-3-0-B-p-gluco-7-0-B-D-glucoside in
buckwheat pollen.’

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Numerous activity studies have been per-
formed on bee pollen. However, results of
these are extremely difficult to evaluate or
duplicate due to the highly variable nature of
this food/drug. The following are some of the
activities of pollen and its extracts: hypolipe-
mic in humans and experimental animals (pu-
huang and pollen mixture);®° antiathero-
sclerotic in experimental animals (puhuang
and pollen mixture);'%!" protecting liver from
experimental injury (rape pollen and pollen
mixture);' %" inhibiting prostatic hypertrophy
in aged dogs (rape pollen and pollen mix-
ture);'*'® immunoregulating and antioxidant
(rape pollen and puhuang);'"'""'® antiulcer in
humans and experimental animals (puhuang
and rape pollen;'®?° antifatigue in mice
(maize pollen);21 laxative in humans (maize
pollen and unspecified product);*** anti-in-
flammatory (puhuang); and uterine stimulant
(puhuang) effects, among others (WANG; ZHOU
AND WANG).24

TOXICOLOGY

Although rare, bee pollen can cause allergic
reactions,”>*® including anaphylactic reac-
tions.”” As it is a uterine stimulant, pregnant
women are advised not to use it (puhuang)
(cHp).
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USES

Medicinal, Pharmaceutical, and Cosmetic.
Extracts (hydroalcoholic and lipoid) of pollen
are used in skin care products (facial and hand
creams and lotions) for its nutritional and
traditional healing and skin-softening proper-
ties (ETIC).

Dietary Supplements/Health Foods. Used
extensively as a food supplement in tablet,
capsule, or liquid (drink or syrup) form
(TYLER 1).

Traditional Medicine. Used for centuries by
different cultures as a nutrient.

In China, typha pollen (puhuang) was first
described 2000 years ago as sweet tasting,
neutral, and having diuretic, hemostatic and
stasis-dispersing properties. It has since been
used to treat bleeding of different kinds (nose-
bleed, vomiting blood, coughing blood,
metrorrhagia, bloody diarrhea, traumatic in-
juries, etc.), amenorrhea, dysmenorrhea, ab-
dominal pain, painful urination, mouth sores,
constipation, and externally, eczema.

REFERENCES

83

Pine pollen (songhuafen) also has alonguse
history, dating back to the 7th century AD.
Traditionally regarded as sweet tasting, warm-
ing, benefiting vital energy, removing wetness
(zao shi), astringent, and hemostatic; used
topically in treating eczema, pustular erup-
tions, diaper rash, bleeding caused by traumat-
icinjuries, and other skin conditions; also used
internally to treat alcohol intoxication, chronic
diarrhea, and rheumatism (CHP; JIANGSU).

COMMERCIAL PREPARATIONS

Bee pollen comes in powdered or granular
form, usually with color ranging from yellow
to orange, depending on sources. Typha pollen
comes in two types, one mixed with anthers
and filaments, while the other is pure pollen.
Extracts (water, hydroalcoholic, and lipoid)
are also available.

Regulatory Status. U.S. regulatory status not
determined. Subject of a German therapeutic
monograph; allowed as an appetite stimulant
(BLUMENTHAL 1).

See General References for BLUMENTHAL 1; CHP; JIANGSU; LU AND LI; NATIONAL; TYLER 1; WANG; ZHOU

AND WANG; ZHU.
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BEESWAX

Source: Honeycomb of the honeybee (Apis
spp.)-

Common/vernacular names: Beeswax, ble-
ached beeswax, white beeswax, white wax,
yellow beeswax, and yellow wax.

GENERAL DESCRIPTION

Beeswax is the wax obtained from the honey-
comb of the honeybee, Apis mellifera L., as
well as other Apis species, including A. cerana
Fabricius (Family Apidae).

After the honey is removed from the hon-
eycombs, the combs are washed rapidly and
thoroughly with water. They are then melted
with hot water or steam, strained, and run into
molds to cool and harden.’

There are three major beeswax products:
yellow beeswax, white beeswax (bleached
beeswax), and beeswax absolute (absolute
cire d’abeille). Yellow beeswax is the crude
beeswax first obtained from the honeycombs.
White beeswax and beeswax absolute are
derived from yellow beeswax, the former from
bleaching with the combined action of air,
sunlight, and moisture (or with peroxides) and
the latter by extraction with alcohol. Beeswax
is produced worldwide.

Beeswax
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Yellow beeswax is a yellow to brownish
yellow or grayish brown solid with an agree-
able honey-like odor and faint but character-
istic taste; it melts between 62 and 65°C.

White beeswax is a yellowish-white solid
with a faint, characteristic odor, less pro-
nounced than yellow beeswax; it is almost
tasteless and translucent in thin layers; melts
between 62 and 65°C.

Both yellow wax and white wax are insol-
uble in water, slightly soluble in cold alcohol,
partly soluble in cold benzene, and completely
soluble in chloroform, ether, and fixed and
volatile oils.

Beeswax absolute is a pale yellow solid
with a mild, sweet, and oily odor reminiscent
of good linseed oil with a trace of honey notes,
depending on sources.

CHEMICAL COMPOSITION

Beeswax (yellow and white) contains over 80
different compounds, largely made up of hy-
drocarbons, alkanes, fatty acids, fatty alco-
hols, free fatty acids, fatty acid monoesters,
fatty acid polyesters, diesters, monoesters,
triesters, hydroxypolyesters, 1,2,3-propane-
triol monoesters, unsaturated linear fatty
acids, and hydroxyacids.”™ Oxygenated
volatiles in beeswax include octanal, furfural,
1-decanol, and benzaldehyde with decanal
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making up close to 50% of their content.* High
molecular weight di-, mono-, and polyesters
compounds make up over 60% of beeswax.’
Beeswax contains about 57-71% esters of fatty
acids® (mostly palmitic and 15-hydroxypalmi-
tic acid) and C»4 to C34 straight-chained mono-
and sometimes di-alcohols, composed of 35%
C46 to C4g monoesters and 12% free acids
(cerolein). Up to 23% of the monoesters is
myricyl palmitate, which together with myr-
icyl alcohol has been referred to as myricin
(ARCTANDER; JIANGSU; REMINGTON).1’5 The
chemical composition of beeswax varies in
part according to the bee species that make
the wax.’

Beeswax absolute contains mostly cero-
lein; also aromatic volatile compounds.® Cer-
olein is soluble in cold alcohol; myricin is
insoluble in cold alcohol but sparingly soluble
in boiling alcohol.

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

In animal studies, a mixture of high molecular
weight primary alcohols isolated from bees-
wax with triacontanol as the main constituent,
antioxidant, antiperoxidative,7 anti-inflam-
matory,8 antiulcerogenic, gastroprotective,9
and anticolitis activities were shown.'® Ran-
domized, double-blind, placebo-controlled
clinical studies of the mixture have also dem-
onstrated antioxidant and antiperoxidative
activity.'"'? Triacontanol, also known as myr-
icyl alcohol, has also shown antiperoxidative
activity'? and is a plant growth regulator that
increases yields of tomato, cucumber, and
lettuce (see alfalfa).

TOXICOLOGY

Although beeswax is generally regarded as
inert and nontoxic, allergic reactions have
been reported (MARTINDALE).'*'°

Ethoxylated derivatives of beeswax known
as PEG (polyethylene glycol)-6 and PEG-20
Sorbitan Beeswax are currently considered
safe for use in cosmetics.'’
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USES

Medicinal, Pharmaceutical, and Cosmetic.
Both yellow beeswax and white beeswax are
used as thickener, emulsifier, or stiffening
agents in ointments, baby products, bath pre-
parations, cold creams, emollient creams, eye
and facial makeups, lotions, lipsticks, hair
dressings, hair conditioners, shaving products,
suntan products, suppositories, and others;
also used as a tablet polishing component. '
Beeswax absolute is used as a fragrance
ingredient in soaps, lotions, creams, and per-
fumes in levels up to 0.4% in perfumes."*
Polyethylene glycol-20 (PEG-20 Sorbitan
Beeswax), an ethoxylated derivative of bees-
wax, is currently used as a surfactant in cos-
metics at concentrations of up to 11%."”

Food. White beeswax and beeswax abso-
lute are used as thickener, emulsifier, or
flavor ingredients in all major categories of
foods, including nonalcoholic and alcoholic
beverages, frozen dairy desserts, baked
goods, gelatins and puddings, confectioner’s
frosting, and sweet sauces. White wax is also
used as a candy glaze or polish. Use levels
are usually low, the highest being in candy
(ca. 0.05%).

Traditional Medicine. In Chinese medicine,
beeswax is used to treat diarrhea and hiccups
and to relieve pain, among others. For internal
use, it is usually dissolved in hot alcohol or
wine.

Others. As a source of triacontanol for in-
creasing crop yield.?%*!

COMMERCIAL PREPARATIONS

Yellow beeswax, white beeswax, and bees-
wax absolute; first two are official in F.C.C.
and N.F.

Regulatory Status. GRAS for use as adju-
vants for pesticide chemicals (§582.1972,
§582.1975).
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BEET COLOR, RED

Source: Beta
Chenopodiaceae).

vulgaris L. (Family

GENERAL DESCRIPTION

Red beet color is the coloring material
derived from the red beet root, Beta vul-
garis L. Beta vulgaris has several varieties
with roots ranging in size from small to
thick and in color from whitish or yellowish
(sugar beets) to deep blood-red (certain
garden beets).'?
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CHEMICAL COMPOSITION

The coloring principles present in red beet
juice are known as betalains (quaternary am-
monium amino acids). They consist mostly of
betacyanins (red), with a small amount of
betaxanthins (yellow). Betanin and to a lesser
extent isobetanin account for most of the
betacyanins present, while vulgaxantin-I and
vulgaxanthin-II are the major betaxanthins.
Betanin is a glucoside of betanidin, and iso-
betanin is its C;5 epimer. There is evidence
that betanin occurs in red beet root as a sulfate
linked through the sugar moiety at the 3- or 6-
position.>* Cyclodopa glucoside has recently
been found in red beet juice, strengthening its
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role as intermediate in the biosynthesis of
betanin.’

Red beet color is most stable at pH 4.5-5.5;
itis rather unstable outside this range. There is
evidence of an enzyme present in red beet that
specifically destroys the betanin chromophore
at an optimal pH of 3.35 and a temperature
optimum of 42°C.° Betacyanin and betax-
anthin decolorizing enzyme with an optimal
pH of 3.4 have recently been reported in beet
root tissue.’

Red beet pigments are heat labile, especial-
ly in the presence of metals (e.g., Cu, Mn, Fe,
Zn); and at temperatures above 121°C, betanin
is rapidly destroyed. Copper is the most effi-
cient catalyst for the breakdown. The color
can be stabilized by sequestrants and/or anti-
oxidants such as citric acid, sorbic acid, and
ascorbic acid;&9 though ascorbic acid has also
been shown to decrease the color stability of
betanin in aqueous solutions."’

The tinctorial power of betanin is quite
high; however, its concentration in most com-
mercial beet colors is only 1-2%, making it
necessary to use these colors at relatively high
levels to achieve the desired color effects. At
these high levels, the characteristic beet flavor
usually is perceptible. According to a patented
process, the pigment content can be consider-
ably increased, at the same time eliminating
the beet flavor and aroma.''-'

REFERENCES

87

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Betalains and betanin have shown potent
in vitro antioxidant activity. Betanin inhibited
lipid perioxidation in vitro more potently than
catechin'?"'* and in humans showed have high
bioavailability."?

TOXICOLOGY

Red beet color has been reported to have
weakly mutagenic activities per Ames test,">
although these results were not substantiated
by others.'® Red beet color did not initiate or
promote hepatocarcinogenesis in rats during a
short-term study."”

USES

Used in coloring various food products.z’18

COMMERCIAL PREPARATIONS

Powdered beet root, juice, concentrated juice,
and spray-dried powder are available in dif-
ferent coloring strengths.

Regulatory Status. Beet powder as a color
additive is approved for food use (§73.40 and
§73.260); exempt from certification.
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BELLADONNA

Source: Atropa belladonna L. or its variety
acuminata Royle ex Lindl. (Family
Solanaceae).

Common/vernacular Belladonna,

deadly nightshade.

names.

GENERAL DESCRIPTION

Atropa belladonna is a perennial herb that
grows up to 1 m high with black fruit (a berry);
native to central and southern Europe and Asia
Minor; now cultivated worldwide, including
the United States, United Kingdom, China, and
India. Parts used are the dried leaves (including
flowering and fruiting tops) and roots.

The specific epithet belladonna is of Italian
origin, meaning “beautiful lady.” This refers
to the former practice of Italian women in
using the juice of the berry on the eyes to dilate
the pupils, giving them a striking appearance.

CHEMICAL COMPOSITION

Leaves and roots contain tropane alkaloids
(0.3-0.5%) that are composed mainly of
I-hyoscyamine (95-98%) and traces of /-
scopolamine (hyoscine) and atropine (d/-hy-
oscyamine); their concentration and propor-
tions vary greatly with age of the plant. On
extraction most of the /-hyoscyamine is race-
mized to atropine. Other alkaloids isolated
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include /-hyoscyamine N-oxide (equatorial
and axial N-oxide isomers) and [-hyoscine
N-oxide (equatorial isomer); roots contain
cuscohygrine, which is absent in the leaves.
A total of at least 14 alkaloids have been found
in the root." Flavonoids scopolin, scopoletin,
7-methylquercetin, and a methylkaempferol
are present in leaves (stabL).>* The seeds
contain spirostane-type steroidal glycosides
(atroposides A through H).

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Low doses of the plant in mice produced
protective effects against the effects of exper-
imental stress, including immunoprotective,
gastroprotective, and behavioral (neurotropic)
protection.® The activity of belladonna is due
to its alkaloids, primarily atropine. Atropine is
anticholinergic, both central and peripheral.
Its effect on the central nervous system is first
stimulation and then depression. Its peripheral
anticholinergic effects include reducing secre-
tions (e.g., sweat, tears, saliva, nasal, gastric,
and intestinal), decreasing gastric and intesti-
nal motility, and increasing heart rate. Other
activities include dilatation of the pupil,
increase of intraocular pressure, and photo-
phobia. The activities of /-hyoscyamine and
l[-scopolamine are essentially the same as
those of atropine, except that scopolamine is
a powerful hypnotic and usually slows rather
than increases the heart rate.
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TOXICOLOGY

Symptoms of overdose are typical of anticho-
linergic syndrome and are known to include
acute psychosis, coma, convulsions, difficulty
swallowing and walking and impaired articu-
lation of speech, dryness of mouth, intense
thirst, difficulty in swallowing, burning pain in
the throat, dilatation of the pupils with blurred
vision and photophobia, flushing with hot and
dry skin, high fever, fast heart rate with palpi-
tations and elevated blood pressure, urge to
urinate but inability to, constipation, restless-
ness, confusion, excitement, hallucinations,
and delirium. Death may result from respira-
tory failure. Above symptoms have been de-
scribed as “blind as a bat, dry as a bone, red as
a beet, hot as a hare, and mad as a hatter”
(GosseLIN).” The berries have been mistaken
for bilberries with toxic results:®° implicated
in the death of children consuming a couple of
berries, the chief toxic principle thought to be
hyoscine.

USES

Medicinal, Pharmaceutical, and Cosmetic.
Its extracts and isolated alkaloids are widely
used in both over-the-counter and prescrip-
tion drugs, including sedatives, antispasmo-

REFERENCES

89

dics in bronchial asthma and whooping
cough, cold and hay fever remedies, oph-
thalmic preparations, laxatives (to lessen
griping), suppositories for hemorrhoids, li-
niments for treatment of muscular rheuma-
tism, sciatica, and neuralgia (often with
aconite extract); also in the treatment of
Parkinson’s disease and intestinal and bili-
ary colic.

Hyoscine is used in preparations to treat
motion sickness (MERCK).

Hyoscine-containing plants have been
used for centuries in traditional Chinese
medicine as anesthetics. Hyoscine from Flos
daturae (flowers from Datura species) has
been used as a general anesthetic in China
(JIANGSU). 10

COMMERCIAL PREPARATIONS

Available as crude and as various extracts.
Belladonna and its fluid, solid, and powdered
extracts are official in U.S.P.

Regulatory Status. Leaves and roots, calcu-
lated to specified levels of tropane alkaloids,
are the subject of a German therapeutic mono-
graph, indicated for treatment of spasms and
colic pains in the gastrointestinal tract and bile
ducts (BLUMENTHAL 1).

See the General References for APhA; BLUMENTHAL 1; BRUNETON; CLAUS; GOODMAN AND GILMAN; GRIEVE;
GUPTA; JIANGSU; JIXIAN; MARTINDALE; MCGUFFIN 1 & 2; NANJING; USD 26th.
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BENZOIN

Source: Styrax spp. (Family Styraceae).

Common/vernacular names: Gum benjamin,
gum benzoin, Siam benzoin, Sumatra benzoin.

GENERAL DESCRIPTION

Benzoin is the balsamic resin obtained from
the bark of various Styrax spp. Styrax benzoin
Dryand and S. paralleloneurum Perkins
yield Sumatra benzoin; S. tonkinensis (Pierre)
Craib ex Hartwich and other related Styrax
species yield Siam benzoin.

Benzoin-producing Styrax species are
mostly small to medium trees (up to 20m
high) growing in tropical Asia. Sumatra ben-
zoin is largely produced from cultivated trees
growing in North Sumatra, although the tree
occurs natively in Borneo, Java, and the Malay
Peninsula; Siam benzoin is produced from
trees growing in Thailand in the Province of
Luang Probang, although the tree also occurs
in Laos, Vietnam, Cambodia, and China.

Benzoin is a pathological product formed
when the tree trunk is injured. It is produced by
incising the bark; the exuded balsamic resin
hardens on exposure to air and sunlight, and is
collected. Benzoin resinoid is prepared from
crude benzoin by extraction with solvents
such as benzene and alcohol, followed by their
subsequent removal.

CHEMICAL COMPOSITION

Benzoin contains chiefly esters of cinnamic
and benzoic acids together with free acids.
Amounts and types of esters and acids vary
widely depending on the source.'?

The major constituents of Sumatra benzoin
are p-coumaryl cinnamate, cinnamic acid,
cinnamyl cinnamate (styracin), p-coumaryl
benzoate, pinoresinol, benzoic acid, coniferyl
cinnamate, and coniferyl benzoate. The major
constituents of Siam benzoin are p-coumaryl
benzoate, benzoic acid, pinoresinol, cinnamic

Benzoin

acid, benzoic acid ester, and p-coumaryl
cinnamate. Both Sumatra and Siam benzoin
contain small amounts of vanillin and ap-
proximately 2—-3% triterpenoid compounds?
(e.g., siaresinolic acid and sumaresinolic acid)
(evans). The major component of the oils de-
rived from Sumatra and Siam benzoins is ben-
zyl benzoate (76.1-80.1%). Other major con-
stituents in Sumatra benzoin oil are cinnamic
acid, benzyl cinnamate, and styrene, whereas
those in the oil of Siam benzoin are benzoic
acid, allyl benzoate, and methyl benzoate.>

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Benzoin vapor (with steam) has expectorant
properties; its solutions (e.g., tincture) have
local antiseptic properties. Following topical
application in monkeys, benzoin is partly
absorbed through the skin resulting in system-
ic exposure.”*

TOXICOLOGY

Benzoin is regarded as moderately toxic,
probably due to occasional contact dermatitis
developed in some individuals when using
Compound Benzoin Tincture, which contains,
in addition to benzoin, aloe, storax, balsam
tolu, and others (GOSSELIN; MARTINDALE).S -7
Use of benzoin as a surgical adhesive has
resulted postoperative contact dermatitis in
some individuals,® and produced adverse ef-
fects in children when used as a circumcision
dressing.” The use of tincture of benzoin as a
pressure bandage in enucleation of the eye has
resulted in necrotizing dermatitis.'”

USES

Both Siam benzoin and Sumatra benzoin are
official in pharmacopoeias of many countries;
however, only Sumatra benzoin is found in the
BP. Both types are official in U.S.P., but in the
United States Sumatra benzoin is more cus-
tomarily used in pharmaceutical preparations,



Bergamot oil

while Siam benzoin is used in flavors and

fragrances. Benzoin is also used in incense
a1

(Evans) and aromatherapy oils.

Medicinal, Pharmaceutical, and Cosmetic.
Mainly used in friar’s balsam; also as an
antiseptic, astringent, and expectorant; in
vaporizer fluids for inhalation to relieve respi-
ratory discomforts; in Compound Benzoin
Tincture, which is widely used as a skin
protectant or topical adhesive agent; and as
an antiseptic and styptic on small cuts. Tinc-
ture also used in dentistry to treat inflamma-
tion of gums and oral herpetic lesions.

Benzoin, especially Siam benzoin, has anti-
oxidative and preservative properties and is
used in cosmetics for these properties. The
resinoid is extensively used as a fixative in
perfumes, soaps, detergents, creams, and lo-
tions, in amounts up to 0.8% in perfumes
(ARCTANDER).5’12
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Food. Classified as a natural flavor; used in
most categories of foods, including alcoholic
and nonalcoholic beverages, frozen dairy
desserts, candy (e.g., chocolate glaze), baked
goods, and gelatins and puddings. Use levels
usually quite low, with highest average maxi-
mum level of 0.014% reported in candy and
baked goods.

COMMERCIAL PREPARATIONS

Crude benzoin, benzoin tincture, fluid extract,
and resinoid are all readily available. Benzoin
is currently official in U.S.P.

Regulatory Status. Resin approved for food
use as a natural flavoring substance
(§172.510).

See the General References for ADA; ARCTANDER; CLAUS; EVANS; FEMA; GUENTHER; MARTINDALE; TYLER 3;

YOUNGKEN.
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BERGAMOT OIL

Source: Citrus bergamia Risso & Poit. (syn.
C. aurantium L. subsp. bergamia Wright &
Arn. ex Engl.) (Family Rutaceae).

7. L. Scardamalgia et al., Australas. J.
Dermatol., 44, 180 (2003).

8. C.B. Lesesne, J. Dermatol. Surg. Oncol.,
18, 990 (1992).

9. D. C. S. Gough and N. Lawton, Br. J.
Urol., 65, 418 (1990).

10. R. C. Tripathi et al., Lens Eye Toxic Res.,
7, 173 (1990).

11. C. Anderson et al., Phytother. Res., 14,
452 (2000).

12. D. O. Gyane, Drug Cosmet. Ind., 118, 36
(1976).

GENERAL DESCRIPTION

Brownish-yellow or greenish oil with an aro-
matic bitter flavor and fragrant odor; obtained
from the peel of the fresh, nearly ripe fruit of
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Citrus bergamia, a small tree native to tropical
Asia, now extensively cultivated in the Calab-
rian coast in southern Italy. Bergamot oil is
obtained by cold expression of the peel; it is
also known as expressed bergamot oil from
which rectified or terpeneless bergamot oil is
produced by vacuum distillation or by selec-
tive solvent extraction, or by chromatography
(ARCTANDER).

CHEMICAL COMPOSITION

Approximately 300 compounds have been
identified in the expressed oil, including
30-60% linalyl acetate, 11-22% linalool
and other alcohols; sesquiterpenes (o-trans-
bergamotene, caryophyllene, B-farnesene, hu-
mulene, B-bisabolene), terpenes (limonene,
p-cymene, Y-terpinene, phellandrene, - and
B-pinene), Cy to C33 n-alkanes, and furocou-
marins (bergaptene, bergamottin, citroptene,
7-methoxy-5-geranoxycoumarin, bergaptol,
isopimpinellin, and xanthotoxin, and bergap-
ten at 0.30-0.39%).'°

The distilled oil contains a small concen-
tration of coumarins compared to the cold
pressed oil.” Rectified (terpeneless) oil con-
tains a lower concentration of terpene
components than the expressed oil and no
coumarins (ARCTANDER).S

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

5-Methoxypsoralen (5-MOP) appears in
blood serum following topical application of
bergamot essential oil to human skin® and has
shown mutagenic effects on mammalian cells
in vitro."°

TOXICOLOGY

Use of bergamot oil is banned or restricted
in many countries owing to phototoxic ef-
fects.!"'? Use of the oil in foods is restricted
to those with coumarins removed.'® Topical
use of preparations containing bergamot oil

Bergamot oil

has caused photosensitivity reactions owing to
the presence of certain furocoumarins (partic-
ularly bergapten and xanthotoxin, also known
as 5-methoxypsoralen and 8-methoxypsora-
len, respectively) in the expressed oil. Due to
the photosensitizing activity of these consti-
tuents, the use of bergamot oil in cosmetics has
caused hyperpigmentation of the face and
neck.”®'” When used with long-wave ultravi-
olet light, however, the same furonocoumarins
have been effectively used in the treatment of
psoriasis, vitiligo, and mycosis fungoides.'*
Recent cases of phototoxic reactions to the oil
have been reported from its use in aromather-
apy11 and from traditional medical colognes
known as “Florida Water” and “Kananga.”'?

USES

Medicinal, Pharmaceutical, and Cosmetic.
Formerly used extensively used in high-
quality perfumes (especially eau de cologne),
aromatherapy oils, creams, lotions, suntan-
ning preparations to stimulate melanin pro-
duction,lo and in soaps, with use levels up to
0.25% in creams and lotions and 3% in per-
fumes (EVANS; MARTINDALE).6

Food. Allowed for use in foods provided
coumarins (e.g., bergapten) are removed;"?
once widely used as an ingredient in flavor
formulations with fruity citrus notes in most
major food categories, including alcoholic
and nonalcoholic beverages, Earl Grey tea,
frozen dairy desserts, candy, baked goods,
gelatins and puddings, and meat and meat
products. Highest average maximum use level
was 0.02% in gelatins and puddings.

COMMERCIAL PREPARATIONS

Bergamot oil expressed and bergamot oil rec-
tified; the former is official in F.C.C.; formerly
officinal in N.F.¢

Regulatory Status. Essential oil, extractive,
and solvent-free oleoresin of bergamot orange
are GRAS (§182.20).
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BILBERRY

Source: Vaccinium myrtillus L. (Family
Ericaceae).

Common/vernacular names: Bilberry, dwarf
bilberry, and whortleberry.

GENERAL DESCRIPTION

Bilberry is a deciduous freely branched shrub
up to about 35-60cm high; arising from a
creeping rhizome. Found in heaths, moors,
and woods in most of Europe (mountains in
southern Europe); also found in N. Asia. The
parts used are the fruits and leaves.

CHEMICAL COMPOSITION

The fruits contain resveratrol' and at least
14 different anthocyanins (malvidin-3-arabi-
noside, cyanidin-3-xyloside, cyanidin-3-ruti-
noside, peonidin-3-glucoside, petunidin-
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3-galactoside, delphinidin-3-glucose, etc.).?
Fruits or fruit juice contain at least 3% antho-
cyanosides such as procyanidins Bj, B,, Bs,
B,4; myrtillin; flavonoids including quercitrin,
hyperoside, isoquercitrin, astragalin; flavan-
3-ols including (+ )-catechin and (—)-epica-
techin; phenolic acids including caffeic,
chlorogenic, p-coumaric, ferulic, syringic,
gallic, protocatechuic, p-hydroxybenzoic,
m-hydroxybenzoic, vanillic, m-coumaric and
o-coumaric acids, and a hydroxybenzoic acid
derivative; vitamin C; quinolizidine alkaloids
myrtine and epimyrtine in aerial parts; arbutin
and other hydroquinone derivatives, ubiqui-
tous in other Vaccinum spp., are absent in
bilberry.*°

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Bilberry fruits and leaves exhibit astringent
and diuretic activity. Clinical use of anthocya-
noside-rich extracts of the fruit is largely
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found in for degenerative retinal conditions.”®
Anthocyanosides extracted from the fruit have
shown diverse activities in animal studies: a
protective effect on the liberation of lactate
dehydrogenase in heart and plasma and cardi-
ac isoenzymes, indicating an angina-protect-
ing effect.” The anthocyanosides have also
shown retinal phosphoglucomutase and glu-
cose-6-phosphatase inhibiting activity;lo a
hypoglycemic effect (due to neomyrtillin
content in leaves);'' vasoprotective activity
(twofold as active in protecting capillary per-
meability as rutin); and antiedema activity."
A long-lasting increase in capillary resistance
produced by the anthocyanins of the fruit is
believed to result from their greater affinity
for the skin and kidney tissue rather than
plasma.'® The anthocyanins decrease collagen
hydrolysis, significantly reducing permeabili-
ty of the blood—brain barrier."* Their vasodi-
lating effect stimulates local synthesis of
vasodilator prostaglandins;'>'® they also
inhibit platelet aggregation and thrombus
formation via stimulation of PGI,-like sub-
stances in vascular tissue.'” Orally adminis-
tered to rats with experimental type 1 diabetes,
leaf extracts lowered plasma, glucose, choles-
terol, and triglyceride levels.'®

TOXICOLOGY

In mice and rats, the acute oral LD5, of a
bilberry extract (standardized to contain 36%
anthocyanins) was greater than the equi-
valent anthocyanins at 720 mg/kg. Long-term
(6 months) oral administration of bilberry
extract equivalent to up to anthocyanins at
180 mg/kg/day failed to produce toxic effects;
no teratogenic or mutagenic effects were
found.'® Prolonged use of the leaves may result
in chronic intoxication. At a chronic dose of
1.5 g/kg/day, bilberry leaf caused toxicity and
eventual death of animals. Side effects of the
berries are unknown (BLUMENTHAL 1). How-
ever, inhibition of platelet aggregation was
found after 30-60 days in human volunteers
taking an extract that provided 480 mg of
bilberry anthocyanosides per day.*

Bilberry
USES

Medicinal, Pharmaceutical, and Cosmetic.
Fruit preparations, calculated at a daily dose
of 20-60 g, are used for the treatment of acute
diarrhea and for localized mild inflammation
of the mucous membranes of the mouth and
throat. In Europe, leaf preparations are used
for the supportive treatment of diabetes mel-
litus; prevention and treatment of gastrointes-
tinal, kidney, and urinary tract disorders, as
well as arthritis, dermatitis, functional heart
problems, gout, hemorrhoids, poor circula-
tion, and for metabolic stimulation of circula-
tion. Efficacy of the leaves is not established
and their therapeutic use is not recommended
(BLUMENTHAL 1).

Food. The fruit is best known for its food
value; used in alcoholic and nonalcoholic
beverages; conserves, pastries, compote, Syr-
ups, or eaten raw; fruit extracts also used as red
coloring in wine.

Dietary Supplements/Health Foods. Dried
fruits in encapsulated products; teas; primarily
for improved vision (BLUMENTHAL 1).

Traditional Medicine. Historically, in
Europe, the fruits and to a lesser extent the
leaves, have been used for astringent and
antiseptic activities in diarrhea, dysentery,
dyspepsia, intestinal dyspepsia in infants; leaf
tea as antidiabetic.

COMMERCIAL PREPARATIONS
Crude berries or extract.

Regulatory Status. Regulated in the United
States as a dietary supplement. Both the leaves
and the fruits are subjects of German thera-
peutic monographs. Efficacy of leaves is not
documented; fruits allowed for acute diarrhea
and mild inflammation of mouth and throat
(BLUMENTHAL 1; WICHTL).
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BIRCH OIL, SWEET

Source: Betula lenta L. (syn. B. carpinefolia
Ehrh.) (Family Betulaceae).

Common/vernacular names: Birch, black
birch, cherry birch oil, and sweet birch oil.

GENERAL DESCRIPTION

Tree up to about 25 m high with dark reddish
brown bark, which is not peeling but broken
into plates; native to southern Canada and
northern United States, from Maine to Ohio
and south to Florida and Alabama.

There are numerous species of birch with
habitats spanning several continents.

Sweet birch oil is produced by steam dis-
tillation of the warm water-macerated bark.
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During maceration the enzyme system present
hydrolyzes gaultherin, setting free methyl sa-
licylate, which is the major component of the
oil. The yield is about 0.6%.'

Sweet birch oil should not be confused with
other birch oils such as birch bud and birch tar
oils, which are produced from different spe-
cies of birch and have different physical and
chemical characteristics; they are used for
quite different purposes. For example, birch
tar oil is obtained by destructive distillation of
the wood and bark of the European white birch
(Betula pendula Roth; syn. B. alba L.) and is
used in psoriasis, eczema, and other chronic
skin diseases.

CHEMICAL COMPOSITION

Birch oil is almost entirely composed of
methyl salicylate (98%).
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PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Like salicylates in general, methyl salicylate
has antipyretic, anti-inflammatory, and anal-
gesic properties (GOODMAN AND GILMAN).

TOXICOLOGY

Methyl salicylate is much more toxic than
salicylates. It can be absorbed through the
skin, and fatal poisoning via this route has
been reported. As little as 4 mL (4.7 g) methyl
salicylate may be fatal in children (Goobman
AND GILMAN). Side effects of the leaves are
unknown (BLUMENTHAL 1).

USES

Medicinal, Pharmaceutical, and Cosmetic.
Methyl salicylate has limited use as a coun-
terirritant in antiarthritic and antineuralgic
preparations such as ointments, liniments,
and analgesic balms; as an antiseptic; and as
a fragrance ingredient in perfumes and other
cosmetic preparations. Presently, synthetic
methyl salicylate is mostly used.

Betula pendula leaves are reportedly di-
uretic, used in irrigation therapy for bacterial
and inflammatory disease of the urinary tract
(BLUMENTHAL 1).

REFERENCE

Blackberry bark

Food. Extensively used for its wintergreen
(or root beer) flavor in most major categories
of foods, especially nonalcoholic and alcohol-
ic beverages, frozen dairy desserts, candy,
chewing gum, gelatins and puddings, and
baked goods. It is a common flavor ingredient
in root beers. The highest average maximum
use level reported is in candy (ca. 0.1%), but
most of it is probably lost during processing.

Traditional uses. American Indians used the
bark tea for milky urine and stomachache, the
bark decoction for diarrhea, pneumonia, and
pulmonary problems, and the leaf tea for
dysentery and colds (MOERMAN). Essential oil
reportedly used for rheumatism, gout, scrofu-
la, bladder infection, and neuralgia (FOSTER
AND DUKE).

COMMERCIAL PREPARATIONS

Volatile oil; it was formerly official in U.S.P.
and is currently official in F.C.C. mono-
graphed under methyl salicylate together with
wintergreen oil. Betula pendula leaves are the
subject of a German therapeutic monograph,
used in irrigation therapy as a diuretic
(BLUMENTHAL 1).

See the General References for ARCTANDER; BAILEY 2; BLUMENTHAL 1; BRUNETON; FEMA; FOSTER AND DUKE;

GUENTHER; MCGUFFIN 1 & 2; MERCK; UPHOF; USD 26th.
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BLACKBERRY BARK

Source:  Rubus fructicosus L. (Family
Rosaceae).

Common/vernacular names: Blackberry,

bramble.

GENERAL DESCRIPTION

A spiny shrub with an edible black berry;
extensively hybridized; native to temperate
Europe and adjacent countries. Part used is
the dried bark of the rhizome and roots col-
lected in the spring and fall.



Black cohosh
CHEMICAL COMPOSITION

Active constituents believe to be tannins; oth-
er constituents present include gallic acid,
villosin, and calcium oxalate.

USES

Food. In flavor formulations in all major
categories of foods, including alcoholic and
nonalcoholic beverages, frozen dairy desserts,
candy, baked goods, gelatins and puddings,
and sweet sauces, with highest average maxi-
mum use level of 0.08% in frozen dairy
desserts.

Dietary Supplements/Health Foods. Black-
berry bark in capsules, tablets, teas, and other

REFERENCE
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preparations; primarily as
(FOSTER AND DUKE).

an astringent

Traditional Medicine. The root is used by
the Micmac Indians as an astringent and anti-
diarrheal (MOERMAN); root and root bark used
as topical treatment for sore throat, inflam-
mation of the gums, and mouth ulcers (BOwN).
In Morocco, the leaves are used to treat
diabetes.

COMMERCIAL PREPARATIONS

Crude and extracts; formerly official in U.S.P.
and N.F.

Regulatory Status. Approved for food use as
a natural flavoring substance (§172.510).

See the General References for BAILEY 2; FEMA; FERNALD; FOSTER AND DUKE; KROCHMAL AND KROCHMAL;
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BLACK COHOSH

Source: Actaea racemosa L. (syn.
Cimicifuga racemosa (L.) Nutt.) (Family
Ranunculaceae).

Common/vernacular names: Black cohosh,
black snakeroot, cimicifuga, cohosh bugbane,
rattleroot, rattleweed, rattle top, squaw root.

GENERAL DESCRIPTION

Perennial herb, up to 3 m high, with knotted
rhizome; leaves are three divided; terminal
leaflet three lobed; middle lobe is largest;
flowers, white, in tall raceme; native to rich
woods of eastern North America, from Maine

west to Ontario and Wisconsin, and south to
Georgia. Parts used are the dried rhizome and
roots.

CHEMICAL COMPOSITION

Roots  contain triterpene  glycosides:
26-deoxyactein, 23-epi-26-deoxyactein (27-
deoxyactein or actein),’ cimicifugoside
(cimigoside), cimifugoside M,? cimiracemo-
sides,3 and others;4 organic acids and esters
(2-hexylcyclopropaneoctanoic acid,” caffeic,
fukinolic acid cimicifugic acids, ferulic acid,
isoferulic acid, and others).® Other constitu-
ents reported to be present include salicylic
acid,7 cimigonite, tannin, and volatile oils
(DUKE 2; WREN).
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PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Extracts of the rhizome have failed to show
either estrogenic or antiestrogenic activity
in either animal or in vitro studies.*”'® How-
ever, selective estrogen receptor modulating
(SERM) activity has been demonstrated fol-
lowing oral administration of black cohosh
extracts (e.g., inhibition of pituitary luteinizing
hormone secretion'' and estrogenic-like ef-
fects in fat tissue and osteoblasts in the bone
of rats).'® In vitro studies have shown that the
triterpene glycoside fraction inhibits the
growth of human breast cancer cells,'® that
extracts of the rhizome show serotonin recep-
tor-binding® and dopaminergic activity,” and
that cimicifugoside exhibits nicotinic acetyl-
choline receptor (nAChR) agonist activity.'* In
a rat model of hot flashes, a standardized
ethanolic-aqueous extract of the rhizome ad-
ministered orally reduced the symptoms and in
abehavioral testin rats, showed antidepressant
activity.14 The extract also reduced the loss
of bone mineral density in ovariectomized
rats.'?

Clinical trials of standardized isopropano-
lic extracts of the rhizome (randomized, dou-
ble-blind, placebo-controlled) have found sig-
nificant benefits in the treatment of menopause
symptoms (MCKENNA), including an improve-
ment in bone metabolism."”

TOXICOLOGY

A critical review on clinical studies of black
cohosh in the treatment of menopausal symp-
toms concluded that specific extracts of the
rhizome are safe alternatives to estrogen ther-
apy. In trials of black cohosh preparations
involving over 2800 patients, the incidence
of adverse effects was 5.4%; the majority
(97%) were minor and none attributed to black
cohosh were serious.'® An isopropanolic ex-
tract failed to increase estrogen-dependent
mammary tumors in rats'’ and in a rat model
of endometrial cancer, failed to increase
growth or metastasis of the primary tumor.'®
No toxic effects were found in humans admin-

Black cohosh

istered a fluid extract of the rhizome at doses of
up to 890 mg/day. Rats administered an iso-
propanolic extract (up to 5 g/kg) for 26 weeks
showed no organ toxicity. The minimum acute
lethal oral dose of a tincture of black cohosh in
rats was reported to be >1 g/kg. No mutage-
nicity was found from an isopropanolic extract
in the Ames test (MCKENNA).

USES

Medicinal, Pharmaceutical, and Cosmetic.
Used in certain analgesic and tonic prepara-
tions, among others. In European phytomedi-
cine, isopropanol or ethanol extracts of the
dried rhizome standardized to triterpene gly-
coside contents are used in treating menopaus-
al symptoms, menstrual disorders, including
premenstrual discomfort, dysmenorrhea, and
postoperatively in patients after hysterectomy
or ovariectomy in the treatment of functional
deficits (BLUMENTHAL 1; MCKENNA).

Dietary Supplements/Health Foods. Used
alone and in herbal formulas to relieve pro-
blems related to menopause; capsules, tablets,
tinctures, fluid extract, crude root in infusion
or decoction (BRADLY; MCKENNA; WREN).

Traditional Medicine. Used in treating
amenorrhea, postpartum and labor pains, uter-
ine disorders, support for natural uterine con-
tractions during labor, cough, dropsy, fever,
nervous disorders, smallpox, yellow fever,
lumbago, pain of acute rheumatism, head-
ache, hysteria, nervous system disorders, in-
fluenza, and itch.'® Used by American Indian
tribes as a galactogogue, diuretic, to stimulate
menstruation, and in the treatment of colds,
rheumatic pains, constipation, coughs, and
kidney problems (MOERMAN).

COMMERCIAL PREPARATIONS

Available as crude and extracts (fluid, solid,
and powdered). Formerly official in N.F. and
U.S.P. Potencies of extracts are expressed only
in strength (see glossary) based on weight-
to-weight ratio of crude and extracts.



Black haw bark
Regulatory Status. Regulated inthe U.S. as a

dietary supplement. The root is the subject of a
German therapeutic monograph, indicated for
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premenstrual discomfort and dysmenorrhea
(BLUMENTHAL 1).

See the General References for BAILEY1; BARNES ET AL.; BLUMENTHAL 1 & 2; BRADLY; DER MARDEROSIAN
AND BEUTLER; FOGARTY; FOSTER; FOSTER AND DUKE; JIANGSU; KROCHMAL AND KROCHMAL; GRIEVE; MCKENNA ;

MERCK; UPHOF, WREN; YOUNGKEN.
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BLACK HAW BARK

Source: Viburnum prunifolium L. (Family
Caprifoliaceae).

Common/vernacular names: Black haw, nan-
ny bush, stag bush, viburnum.

GENERAL DESCRIPTION

Viburnum prunifolium is a spreading decid-
uous shrub or small tree, up to 5 m high, with
blue-black fruits and white flowers native to
North America, from Connecticut to Florida
and west to Michigan and Texas.

Parts used are the root and stem barks.

11. E. M. Diiker et al., Planta Med., 57, 420
(1991).
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14. H. Winterhoff et al., Maturitas, 44(Suppl.
1), S51 (2003).
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(2003).
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18. T. Nilein and J. Freudenstein, Toxicol.
Lett., 150, 271 (2004).

CHEMICAL COMPOSITION

Viburnum prunifolium contains coumarins
(scopoletin,] scopolin, aesculetin), alkaloids,
B-sitosterin, arbutin, triterpenes (o- and [3-
amyrin, ursolic acid, oleanolic acid), amento-
flavone,™ and iridoid glucosides (Valeriana
type).*> Other constituents include malic, citric,
oxalic, and valeric acids); tannin; bitter resin;
and others (MERCK). 1-Methyl-2,3-dibutyl hemi-
mellitate was isolated from the stem bark.°

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Black haw has shown uterine antispasmodic
properties in vitro.”®
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USES

Medicinal, Pharmaceutical, and Cosmetic.
Root bark and its extracts are used as tonics
and in uterine-relaxant, antidiarrheal, diuretic,
and general antispasmodic preparations.

Food. Stem bark extract is used as a flavor
ingredient primarily in alcoholic and non-
alcoholic beverages in very low concentra-
tions, with maximum use level at less than
0.001%.

Dietary Supplements/Health Foods. Root
bark used in capsules, tablets, tinctures, and
infusion, primarily for uterine-relaxant and
antidiarrheal activity (WREN).

Traditional Medicine. American Indians
used the root and/or stem bark for the treat-

REFERENCES

Blessed thistle

ment of painful menses, to prevent miscar-
riage, as a postpartum antispasmodic, and for
asthma (FOSTER AND DUKE). The root bark was
also used as a tonic for the female reproduc-
tive organs and as a diaphoretic (MOERMAN)
and the bark was used to treat dysentery.

COMMERCIAL PREPARATIONS

Crude, fluid extract, solid extract, and pow-
dered extract are readily available; crude and
fluid extract were formerly official in N.F. and
U.S.P. Strengths (see glossary) of extracts are
expressed in weight-to-weight ratios between
crude and extracts.

Regulatory Status. Regulated inthe U.S. as a
dietary supplement; approved for food use in
food as a natural flavoring substance
(8§172.510).

See the General References for BAILEY 1; FEMA; FOSTER AND DUKE; KROCHMAL AND KROCHMAL; MCGUFFIN

1 & 2; uphof; APPLEQUIST; WICHTL; WREN; YOUNGKEN.
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(1967).
2. R. Upton, ed., Cramp bark (Viburnum

prunifolium), American Herbal Pharma-
copeia, Santa Cruz, CA, 2000.

3. R. Upton, ed., Cramp bark (Viburnum
opulus), American Herbal Pharmacopeia,
Santa Cruz, CA, 2000.

4. L. Tomassini et al., Planta Med., 65, 195
(1999).

BLESSED THISTLE

Source: Cnicus benedictus L. (Family Com-
positae or Asteraceae).

Common/vernacular names: Carbenia bene-
dicta, carduus benedictus, cnicus, Holy
thistle.

5. L. Tomassini et al., Phytochemistry, 44,
751 (1997).

6. C.H.Jarboe et al., J. Org. Chem., 34, 4202
(1969).
7. C.H.Jarboeetal., Nature, 212, 837 (1966).

8. G. Balansard et al., Plantes Meéd.
Phytothér., 17, 123 (1983).

GENERAL DESCRIPTION

Thistle-like, highly branched, reddish annual
up to 60cm in height; leaves are long and
narrow with prominent white veins beneath;
flowers pale yellow in prickly green heads;
whole plant covered in thin down; indigenous
to waste lands and fields of the Near East
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and Mediterranean region; naturalized in
the United States; cultivated in Europe
(BAILEY 1 & 2; GRIEVE). Part used is the herb
(flowering tops).

CHEMICAL COMPOSITION

Chloroform and light petrol extracts of the
herb yielded sitosterol-3B-p-glucoside, olea-
nolic acid, multiflorenol, multiflorenol ace-
tate, o-amyrine, and o-amyrenone.' Leaves
contain lignans, 2-acetylnortracheloside, arc-
tigenin, nortracheloside, salonitenolide, tra-
chelogenin;2 arctiin in fruit; sesquiterpene
lactone cnicin (bitter index = 1:1800);
lithospermic acid; minute amounts of volatile
oil, small amounts of polyacetylenes, approx-
imately 8% tannins, and high amounts of
potassium, calcium, and manganese (BRADLY;
WREN).

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Essential oil bacteriostatic against Staphylo-
coccus aureus; inactive in Bacillus coli.* The
extremely bitter sesquiterpene lactone cnicin
has shown in vitro antibacterial and in vivo
antitumor activities; also, antifeedant activity
against certain insects (HARBOURNE AND
BAXTER). Following oral ingestion, the lignans
arctiin and tracheloside are metabolized in the
intestinal tract to their genins, arctigenin, and
trachelogenin, which have inhibitory effects
on cyclic-cAMP phosphodiesterase and on
histamine release in rat mast cells. They also
show Ca®" and platelet-activating factor an-
tagonist activities (see also burdock and

safflower).”
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TOXICOLOGY

An ether extract of blessed thistle showed a
strong sensitizing effect in guinea pigs, sug-
gesting that individuals who experience aller-
gic contact dermatitis from exposure to the
Compositae family should avoid the plant.6
Use of the herb is contraindicated in pregnan-
cy (BRADLY).

The approximate acute oral LD5q in mice of
cnicin is 1.6-3.2 uM/kg.”

USES

Food. Extractaningredientin alcoholic bev-
erages (Benedictine); also in bitters.

Dietary Supplements/Health Foods. Leaf
capsules, tablets; tea, extract, tincture, primar-
ily as bitter digestive (BLUMENTHAL 1), anti-
flatulent and in gallbladder disease.

Traditional Medicine. Used as an emmena-
gogue, galactogogue, emetic, appetite stimu-
lant, diaphoretic, and in the treatment of in-
testinal worms, fevers, headaches, migraines,
body aches, memory, hearing loss, and sores
(GRIEVE; WREN).

COMMERCIAL PREPARATIONS
Crude leaves, leaf extract.

Regulatory Status. Regulated in the United
States as a dietary supplement; approved for
use as a natural flavoring in alcoholic bev-
erages only (§172.510); subject of German
therapeutic monograph; allowed as a bitter
digestive to treat loss of appetite and dyspeptic
discomfort (BLUMENTHAL 1; WICHTL).

See the General References for AHPA; BISSET; BLUMENTHAL 1; BRUNETON; DUKE 2; GLEASON AND CRONQUIST;
HARBOURNE AND BAXTER; MCGUFFIN 1 & 2; NIKITAKIS; STEINMETZ; TUTIN 4; TYLER 1; UPHOF; WREN.

1. A. Ulubelen and T. Berkan, Planta Med.,
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2. M. Vanhaelen and R. Vanhaelen-Fastré,

Phytochemistry, 14, 2709 (1975).
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3. R. Vanhaelen-Fastré and M. Vanhaelen,
Planta Med., 29, 179 (1976).

4. R. Vanhaelen-Fastré, Planta Med., 24, 165
(1973).
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BLOODROOT

Source: Sanguinaria canadensis L. (Family
Papaveraceae).

Common/vernacular — names:  Bloodroot,
Indian red paint, red puccoon, red root,
sanguinaria.

GENERAL DESCRIPTION

A low perennial herb with horizontal,
branching rhizome bearing slender roots; up
to about 35 cm high; both rhizome and roots
contain an orange-red latex. The plant grows
in Quebec and in the United States from
New England south to Florida and west to
Wisconsin and Texas. Part used is the dried
rhizome, sometimes referred to as “root” in
the literature.

CHEMICAL COMPOSITION

Both the rhizome and root contain benzo[c]
phenanthridine alkaloids (approximately
4-7% and 1.8%, respectively).! The major
alkaloid of the rhizome is sanguinarine, fol-
lowed in order of concentration by chelerythr-
ine, sanguilutine, chelilutine, chelirubine, and
sanguirubine.” Other alkaloids identified in
the plant include protopine, oxysanguinarine,
o- and B-allocryptopine, dihydrosanguilutine,
berberine, coptisine, and homochelidonine.
Also contains a reddish resin and citric and
malic acids.*™

Bloodroot

6. W. Zeller et al., Arch. Dermatol. Res., 277,
28 (1985).

7. G. Schneider and 1. Lachner, Planta Med.,
53, 247 (1987).

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Sanguinarine has broad in vitro antibacterial
activity and also displays antifungal and anti-
trichomonas activities® and local anesthetic
property.®” It has also shown inhibition of NF-
kB, anti-inflammatory and antioxidant activ-
ities,8 and antitumor activity in animals.’ At
micromolar concentrations in vitro, sangui-
narine inhibited the growth of human epider-
moid carcinoma cells through the induction of
apoptosis.'® Protopine has shown platelet ag-
gregation-inhibitory effects in animals.'’

The majority of double-blind, placebo-con-
trolled, and other controlled and open label
trials of sanguinaria oral rinses with zinc and
sanguinaria tooth pastes (alone and in combi-
nation) have shown that the preparations are
effective at reducing gingival inflammation
and plaque and in decreasing symptoms of
periodontitis.*'?~°

TOXICOLOGY

Sanguinarine and dehydrosanguinarine were
implicated in the pathogenesis of glaucoma
in epidemic dropsy in India in the years
1880-1930 when it was found as a constituent
(approximately 0.5%) of Mexican prickly-
poppy seed oil (Argemone mexicana L)
Although the contribution of sanguinarine was
later disputed,”® further studies found the
alkaloid inhibited Na*/K " -ATPase activity
of the heart, which suggested that it could be
responsible for degenerative changes seen in
cardiac heart muscle of rats fed Mexican
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prickly-poppy seed oil and consequently for
cardiac failure and tachycardia in epidemic
dropsy patients. Other studies have shown that
the alkaloid interferes with pyruvic acid oxi-
dation that leads to pyruvic acid accumulation
in the blood.*! Long-term studies in rats ad-
ministered the alkaloid orally failed to show
teratogenic effects.! Oral administration of a
sanguinaria extract containing approximately
68% total benzo[c]phenanthridine alkaloids
and approximately 33% sanguinarine chloride
to rabbits and rats failed to show any effects on
fetal and neonatal development, fertility, or
reproduction at doses below 60 mg/kg/day
and 25 mg/kg/day, respectively. The acute oral
LDsq of sanguinarine and extracts of the
rhizome in rats ranges between 1250 and
1658 mg/kg.** A recent study of oral leukopla-
kia in 10 patients who had used a rinse and/or
dentifrice containing sanguinaria for 6 months
called for avoiding such preparations until the
risk of malignancy could be determined.”*

USES

Medicinal, Pharmaceutical, and Cosmetic.
Formerly used in treating carcinoma of the
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nose following surgical treatment®> and in
cough remedies, almost always in combination
with other herbal ingredients (e.g., spikenard
root, balm of Gilead bud, white pine, and wild
cherry barks, asin Compound White Pine Syrup
and other formulations). Also used in cosmetics
for its alleged healing properties. Sanguinarine
has also been used as an antiplaque agent in
toothpaste and mouthwash preparations.

Traditional Medicine. Used by various east-
ern North American Indians for face painting;
by Canadian Indians in Quebec as a tonic; root
chewed to treat heart troubles. Used by Amer-
ican Indians as a blood purifier and to treat
burns, cuts, sores, ulcers, debility, pain, he-
morrhages, fevers, asthma, coughs, colds, sore
throat, tuberculosis, gonorrhea, rheumatism,
stomach cramps, and other health problems
(MOERMAN).

Regulatory Status. Classified by the U.S.
FDA as being unsafe for use in drugs, foods,
or beverages (WicHTL).E Crude and fluid ex-
tracts were formerly official in N.F. and U.S.P.
Strengths (see glossary) of extracts are ex-
pressed in weight-to-weight ratios between
crude and extracts.

See the General References for APPLEQUIST; BARNES; CLAUS; DE NAVARRE; DER MARDEROSIAN AND BEUTLER;
DER MARDEROSIAN AND LIBERTI; KROCHMAL AND KROCHMAL; MARTINDALE; MERCK; YOUNGKEN.
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BLUE COHOSH

Source: Caulophyllum thalictroides (L.)
Michx. (Family Berberidaceae).

Common/vernacular names: Blue cohosh,
caulophyllum, papoose, squaw root.

GENERAL DESCRIPTION

Perennial herb with a thick, crooked, and
horizontal rhizome, up to 1 m high; grows in
eastern North America. Parts used are the
dried rhizome and roots.

CHEMICAL COMPOSITION

The rhizomes and roots contain triterpene
saponins (e.g., caulophyllogenin 3-O-0-
L-arabinopyranoside, hederagenin 3-O-o-
L-arabinopyranoside);' alkaloids, including
N-methylcytisine (caulophylline), baptifo-
line, anagyrine, lupanine, o-isolupanine,
5,6-dehydro-o-lupanine, magnoflorine, spar-
teine, and taspine.”* Other constituents pres-
ent include caulosaponin and resins.*°

The rhizomes and roots of an eastern
Asian species of Caulophyllum (C. robustum
Maxim.) have been extensively studied in

Blue cohosh

20. H. Etemadzadeh et al.,
Periodontol., 14, 176 (1987).

21. M. Das and S. K. Khanna, Crit. Rev.
Toxicol., 27, 273 (1997).

22. G. Lord et al., J. Clin. Dent., 1, 110
(1989).

23. P. J. Becci, J. Toxicol. Environ. Health,
20, 199 (1987).

24. L.R.Eversoleetal., Oral Surg. Oral Med.
Oral Pathol. Oral Radiol. Endod., 89, 455
(2000).

25. J.T.Phelan andJ. Juardo, Surgery, 53,310
(1963).

J.  Clin.

the former USSR and found to be rich in
triterpene glycosides (caulosides A, B, C,
D, and G), most of which have hederagenin
as their aglycone; they possess fungicidal
activities.” "

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

An alcoholic extract of the aerial parts after
treatment with petroleum ether showed anti-
inflammatory activity in rats.'' A hot water
extract and the saponin-containing fraction of
the roots and rhizomes exhibited a uterine
stimulant effect in isolated rat uterine muscle
preparations.® An extract of blue cohosh pro-
duced tonic contraction of isolated uteri of
guinea pigs or rats.'?

Methylcytisine stimulates motility of the
small intestine, stimulates respiration, and
increases blood pressure (TYLER 1).

TOXICOLOGY

In vitro teratogenic activity was found in
the rat embryo culture system from the alka-
loids taspine and N-methylcytisine.> Whereas
the latter is found in varying amounts in
dietary supplements containing blue cohosh
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(8-850 ppm),'? very little taspine was found
in the dried rhizome (0.00013%).> Reduced
coronary flow was observed in rat heart pre-
parations infused with N-methylcytisine and a
vasoconstrictive effect was found in hog and
cattle carotid artery preparations exposed to
the compound.'*

Case reports of adverse effects attributed to
blue cohosh include contact dermatitis from
handling the root;12 severe congestive heart
failure in a neonate after the mother ingested 3
times the recommended dose of blue cohosh
tablets for several weeks prior to parturition;'>
poisoning in children from ingestion of the
seeds.'?

USES

Medicinal, Pharmaceutical, and Cosmetic.
Used in diuretic, uterine, antispasmodic,
and emmenagogue as well as laxative
preparations.

Dietary Supplements/Health Foods. Tea,
tincture, capsules, tablets, and other products
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used primarily for menstrual difficulties
(amenorrhea and dysmenorrhea) (FOSTER).

Traditional Medicine. A decoction or syrup
of the root was used by American Indians as a
sedative to treat “hysterics” and “fits.” Often
in the form of a decoction, the root was also
used to treat rheumatism, fevers, stomach
cramps (alone or in conjunction with painful
menstruation), genitourinary problems in
men, profuse menstruation, to aid childbirth,
and in treatments of lung problems, including
hemorrhages (MOERMAN).

COMMERCIAL PREPARATIONS

Available as crude and extracts; crude was
formerly official in N.F. (1916-1942); U.S.P
(1880-1890). Strengths (see glossary) of ex-
tracts are expressed as weight-to-weight ratios
between crude and extract.

Regulatory Status. Class 2b (not to be used in
pregnancy).

See the General References for APPLEQUIST; BARNES; DER MARDEROSIAN AND BEUTLER; FOSTER; GRIEVE;
KROCHMAL AND KROCHMAL; MCGUFFIN 1 & 2; MERCK; YOUNGKEN.
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BOIS DE ROSE OIL

Source: Aniba rosaeodora Ducke (Family
Lauraceae).

Common/vernacular names: Rosewood oil,
cayenne rosewood oil.

GENERAL DESCRIPTION

Medium-size evergreen tree, growing wild in
the Amazon region, notably Brazil, French
Guiana, Peru, and East Surinam. The essential
oil is obtained from chipped wood by steam
distillation and occasionally water distillation.
Brazil and Peru are the major producers of the
oil; French Guiana is also a producer, produc-
ing cayenne bois de rose oil that is considered
the best quality among the bois de rose oils
(ARCTANDER; MASADA).

CHEMICAL COMPOSITION

The major component is linalool, which is
present in 90-97% in cayenne bois de rose
oil and 80-90% in Brazilian Oil (MasaDA)."?
The balance is made up of cineole (up to 10%),
o-terpineol, geraniol, citronellal, limonene,
o-pinene, P-pinene, P-elemene, cis- and
trans-linalool oxides, sesquiterpenes, and
others (MASADA).3’4

REFERENCES

Bois de rose oil

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Available data indicate acetylated bois de rose
oil to be nontoxic when applied externally.’
Linalool, the major component of bois de
rose oil, has weak tumor-promoting properties
in mice.®’ It also has been reported to have
anticonvulsant activity in mice and rats, spas-
molytic activity on isolated guinea pig ileum,
antimicrobial properties, and others.”

USES

Medicinal, Pharmaceutical, and Cosmetic.
Used as a source of natural linalool or linalool
acetate, which are extensively used in perfum-
ery. Acetylated bois de rose oil is reportedly
used in soaps, detergents, creams, lotions, and
perfumes, with maximum use level of 1.2% in
perfumes.’

Food. Used extensively as a flavor ingredi-
ent in most major categories of foods, ages,
frozen dairy desserts, candy, baked goods,
gelatins and puddings, meat and meat pro-
ducts, and gravies. Average maximum use
levels are generally below 0.003% (24.9 ppm).

COMMERCIAL PREPARATIONS

Oil and acetylated oil. Bois de rose is official
in EC.C]

Regulatory Status. GRAS (§182.20).

See the General References for ARCTANDER; FEMA; GUENTHER; LIST AND HORHAMMER;, MA; MCGUFFIN 1 & 2;
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Boldo leaves

BOLDO LEAVES

Source:  Peumus boldus Molina (syn.
Boldu boldus (Mol.) Lyons) (Family
Monimiaceae).

Common/vernacular names: Boldo, boldo
leaves, boldus.

GENERAL DESCRIPTION

Dioecious evergreen shrub or small tree, up to
about 6 m high; native to mountainous regions
of Chile and naturalized in Europe (Mediter-
ranean region). Parts used are the dried leaves.

CHEMICAL COMPOSITION

The dried leaves contain 0.25-0.5% aporphine
alkaloids, including laurotetanine, N-methyl-
laurotetanine, boldine (0.06%), isoboldine,
laurolitsine, norisocorydine, isocorydine, iso-
corydine-N-oxide, and reticuline;'~ approxi-
mately 2.5% volatile oil composed mainly of
ascaridole (45%),"! p-cymene (28.6%), ascar-
idole (16.1%), 1,8-cineole (16.0%), and
linalool (9.1%), among 38 identified com-
pounds;>® flavonol glycosides (e.g., isorham-
netin-3-0-L-arabinopyranoside-7-0-L-rham-
nopyranoside,” boldoside, fragroside, and
pneumoside),1 resin, and tannins.

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

The leaves have shown choleretic, diuretic,
stomachic, cholagogic, and other activities.>’
One study indicated that in rats, the total
alcoholic extract of the leaves, as opposed to
partial extracts, had the highest choleretic
activity.® Boldine has shown anti-inflamma-
tory activity in guinea pigs in the carrageenan-
induced paw edema test (EDsy, 34 mg/kg
p-0.), and in rabbits (60 mg/kg p.o.) reduced
hyperthermia induced by bacterial pyrogen.
In vitro tests showed that boldine inhibits
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prostaglandin biosynthesis.” In streptozoto-
cin-induced diabetic rats, the addition of bol-
dine in the drinking water resulted in less
weight loss and hyperglycemia, restoration of
aberrant enzyme activities in the pancreas
and liver, and attenuation of various oxidative
processes. '

Ethanolic and ether extracts of the leaves
exhibit strong in vitro antioxidant activity,'' as
does boldine in a variety of assays.l’lzln vitro
free radical scavenging activity of extracts of
the dried leaves is mainly attributable to cate-
chin."® Boldine has also shown in vitro che-
moprotectant activity, in part by decreasing
metabolic activation of chemical mutagens
and stimulating glutathione S-transferase.'*
Antihilminthic activity of the leaves is attrib-
uted to ascaridole.’

In a placebo-controlled study, volunteers
administered a powder extract of the leaves
(2.5 g p.o.) showed a significant increase in
oro-cecal transit time, thereby confirming re-
sults found in animal studies, which showed
that boldo could prolong the intestinal transit
time and relax smooth muscles."”

TOXICOLOGY

No toxicity was observed in rats that adminis-
tered a hydro-alcoholic extract of the leaves
containing boldine at doses of up to 3 g/kg
p-o., which was three times the lethal oral dose
of boldine in mice. Boldine is nonmutagenic
and showed no genotoxicity in the mouse
micronucleus test following oral doses of up
to 900 mg/kg.'®"” In chronic toxicity tests in
rats, both a hydro-alcoholic extract of the
dried leaves and boldine produced a low level
of fetal toxicity from oral doses of 800 mg/kg
and none from 500 mg/kg p.o. Similarly, al-
terations in cholesterol, bilirubin, urea, AST,
and ALT were found from the 800 mg doses of
the extract or boldine over 90 days, whereas
the 500 mg dose was without significant ef-
fects. The authors of the study advised that
boldo should not be used during pregnancy.'®
The German Commission E advises against
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the use of the essential or distillates of the
leaves because of the content of ascaridole, a
toxic, antihilminthic principle (BLUMENTHAL 1;
WICHTL).

USES

Medicinal, Pharmaceutical, and Cosmetic.
In tonic and diuretic preparations; in Europe
for gastrointestinal spasms (BLUMENTHAL 1);
rarely, if at all, used in cosmetics.

Food. Only used in alcoholic beverages (li-
queurs, bitters, etc.). Average maximum use
level reported is about 0.002% (16 ppm).

Dietary Supplements/Health Foods. Leaves
used in combination products, capsules, ta-
blets, and infusions as antioxidant (WReN) and
for liver and gallbladder (WICHTL).

Traditional Medicine. Reportedly used as a
diuretic and biliary stimulant in hepatic ill-
nesses and cholelithiasis (gallstones) (MARTIN-
DALE); used by the Mapuche Indians of Chile
in the treatment of rheumatism. Other tradi-
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Boldo leaves

tional uses of boldo include nervous weak-
ness, headache, nasal congestion, menstrual
pain, earache, gonorrhea, syphilis, flatulence,
and dyspepsia.’

COMMERCIAL PREPARATIONS

Crude and extracts. Crude and fluid extract
were formerly official in N.F. Strengths (see
glossary) of extracts are expressed in weight-
to-weight ratios.

Regulatory Status. Regulated in the United
States as a dietary supplement; leaves per-
mitted for use as a natural flavoring substance
in alcoholic beverages only (§172.510). Leaf
preparations that are practically free of the
toxic principle ascaridole are the subject of a
German therapeutic monograph that allows
use for mild gastrointestinal spasms and dys-
peptic disorders. It advises against any use in
cases of biliary obstruction and severe liver
diseases, and in cases of gallstones without
the advice of a physician (BLUMENTHAL 1;
WICHTL).
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BONESET

Source: Eupatorium perfoliatum L. (Family
Compositae or Asteraceae).

Common/vernacular names: Agueweed,
bonest, common bonest, Eupatorium, fever-
wort, thoroughwort.

GENERAL DESCRIPTION

Perennial herb with opposite sessile clasping
leaves; up to about 1.5m high; native to
eastern and central North America, from
Quebec south to Florida, Alabama, and
Louisiana, and west to Texas and the Dakotas.
Parts used are the dried leaves and flowering
tops collected in late summer.

CHEMICAL COMPOSITION

The chemical information on various Eupa-
torium species is considerable (KARRER).'®
E. perfoliatum is reported to contain flavo-
noids, including quercetin, kaempferol,
quercetin-3-B-galactoside (hyperoside), kae-
mpferol-3-B-glucoside (astragalin), querce-
tin-3-rutinoside (rutin), kaempferol-3-rutino-
side, and eupatorin (MERCK);l terpenoids, in-
cluding chromenes, sesquiterpenes, sesquiter-
pene lactones (euperfolin, euperfolitin, eufo-
liatin, and euperfolide, among others), and
diterpenes (dendroidinic acid and hebeclino-
lide);*™ triterpenes (e.g., o-amyrin); sterols
(sitosterol and stigmasterol); dotriacontane;5 a
volatile oil; a polysaccharide (4-O-methylglu-
curonoxylan);g’10 and resin, among others.
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16. P.R. Moreno et al., Mutat. Res., 260, 145
(1991).

17. D. C. Tavares and C. S. Takahashi, Mutat.
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PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Boneset is reported to have stimulant and
diaphoretic properties; in large doses it is both
emetic and cathartic (CLAUS).

An ethanol extract of the leaves showed
cytotoxicity to mammalian cells in vitro and
weak in vitro antibacterial activity against
Gram-positive and Gram-negative organ-
isms."" Numerous sesquiterpene lactones
(e.g., eupatilin, eupafolin, eupatorin acetate,
and eupaformosanin) and flavones (especially
eupatorin) isolated from Eupatorium species
have shown cytotoxic and/or antineoplastic
activities.* 2

An ethanol extract of the whole plant
after treatment with petroleum ether exhib-
ited weak anti-inflammatory activity in
rats.”?

The polysaccharide has shown immunos-
timulating activities following i.v. adminis-
tration in mice and in vitro (chemolumines-
cence, carbon clearance, and granulocyte
tests).”'® Preliminary screening also indi-
cates that eufoliatin has immunostimulating
activity."*

TOXICOLOGY

Use discouraged due to potential presence of
hepatotoxic pyrrolizidine alkaloids ubiqui-
tous in Eupatorium species (NEWALL).'> Abor-
tion in cattle grazing on the plant is attributed
to a high content of nitrate. 1% Toxic principles
are believed to include eupatorin (cytotoxic,
emetic), bitter components (gastrointestinal
irritants), and lactones (skin sensitizers)
(BRINKER).
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USES

Medicinal, Pharmaceutical, and Cosmetic.
Used in certain antipyretic and urinary anti-
septic preparations, among others.

Dietary Supplements/Health Foods. Crude
herb in infusion, also tinctures and extracts as
immunostimulant and for fevers; use relative-
ly uncommon (FOSTER AND DUKE).

Traditional Medicine. Used in infusion as
tonic, febrifuge, diaphoretic, emetic, and
cathartic; also used to treat skin rashes
(KkrROCHMAL AND KROCHMAL). Used by North
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American Indians to break fevers and induce
sweating; adopted by settlers to treat colds,
influenza, typhoid, malaria, intestinal worms,
and rheumatism.'>

COMMERCIAL PREPARATIONS

Crude; extracts not readily available. Crude
was formerly official in N.F. and U.S.P.
(1820-1900).

Regulatory Status. Classified by the U.S.
FDA as a herb of unknown safety (NEWALL).

See the General References for BARNES; CLAUS; DE NAVARRE; DER MARDEROSIAN AND BEUTLER; FERNALD;
FOSTER AND DUKE; GOSSELIN; GRIEVE; KROCHMAL AND KROCHMAL; LIST AND HORHAMMER; LUST, MCGUFFIN
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BORAGE

Source: Borago officinalis L.
Boraginaceae).

(Family

Common/vernacular names: Borage.
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GENERAL DESCRIPTION

Coarse, hispid annual, 15-100cm high;
leaves rough, wrinkled; flowers blue, star
shaped with protruding cone; indigenous to
dry, waste places of south Europe; grown as an
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ornamental or potherb; naturalized in central,
eastern, and western Europe; established as a
casual weed in the eastern United States. The
parts used are the nutlets (seeds), leaves, and
flowers.

CHEMICAL COMPOSITION

Seeds, leaves, and flowers contain pyrrolizi-
dine alkaloids (PA);' total alkaloid content
of the plant is less than 0.001%;2 mature seeds
contain about 0.03% crude alkaloids.” Leaves
contain small amounts, including lycopsa-
mine, intermedine, their acetyl derivatives,
supinine, supinidine, and amabiline; also cho-
line (WReN); 9.1% fatty acids, including
a-linolenic acid (55%) and 7y-linolenic acid
(>4%); silicic acid (1.5%-2.2%); potassium,
calcium, potassium nitrate (3%), acetic, lactic,
and malic acids; &-bornesitol, cyanogens;
fresh leaves contain up to 30% mucilage
hydrolyzing to glucose, galactose, arabinose,
and allantoin (especially in seedlings). Seed
oil (28-38% lipids) is of recent interest as
a rich source of y-linolenic acid (GLA;
17-25%).% Other seed fatty acids include li-
noleic (38%), oleic (14.5-23%), palmitic
(11%), and stearic (4.7%).>* Immature seeds
and flowers contain amabiline and the rare
nontoxic, saturated PA, thesinine;> in mature
seeds contain a glucoside of thesinine (thesi-
nine-4'-0-B-p-glucoside’); thesinine and tox-
ic PA are absent from seed 0il:®” roots contain
minor amounts of PA (supinine, intermedine,
lycopsamine, amabiline, 7-acetyllycopsa-
mine, and 7-acetylintermedine).’

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Seed oil of interest for GLA content as a
prostaglandin precursor, especially for PGE;
prostaglandins help regulate metabolic func-
tions. Normal synthesis of GLA from linoleic
acid via §-6-desaturase may be blocked or
diminished in mammalian systems as the re-
sult of aging, diabetes, excessive carbohydrate
intake, or fasting. Seeds of Oenothera biennis
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(see evening primrose), various Ribes spe-
cies, and borage serve as GLA sources for
dietary supplements, borage seed oil having
the highest concentration.* GLA is of poten-
tial therapeutic interest in treatments of atopic
eczema, premenstrual syndrome, diabetes, al-
coholism, inflammation, and prevention of
heart disease and stroke.®

A methanol extract of the leaves exhibited
antioxidant activity using the DPPH free rad-
ical method. The major antioxidant was iden-
tified as rosmarinic acid.” Solvent extracts of
the defatted seeds have shown in vitro antiox-
idant activity in a meat model systemlo and the
DPPH free radical method."'

A double-blind, placebo-controlled trial of
borage seed oil (providing 1.4 g GLA/day)
in patients with active synovitis and rheuma-
toid arthritis found significant symptomatic
improvements in both tender and swollen
joints.'? Compared to placebo, borage seed
oil also significantly attenuated heart and
blood pressure rates, decreased task perfor-
mance and the increase in skin temperature in
humans in response to acute stress."?

TOXICOLOGY

The dried herb, tincture, and decoction fed to
guinea pigs for 5 weeks produced no adverse
effects except for fatty liver. The seed oil
administered orally to mice (0.1 mL) was also
without toxic effects and only produced a mild
laxative effect.® Toxic PA in borage are ly-
copsamine and intermedicine and their 7-ace-
tyl derivatives and the only slightly toxic
alkaloid amabiline.”

USES

Medicinal, Pharmaceutical, and Cosmetic.
Borage extract used in skin care products
(NIKITAKIS).

Food. Seldom used in flavoring; fresh flow-
ers with saline, cucumber-like flavor (free of
toxic PA) used in salads.
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Dietary Supplements/Health Foods. Capsu-
lated seed oil products available as dietary
supplement; dried tops sometimes used in teas.*

Traditional Medicine. Leaves reportedly
used as diuretic, demulcent, emollient, expec-
torant, and refrigerant; in fevers, lung dis-
eases, colds; externally a poultice; a folk
cancer remedy in breast or facial cancers
(DUKE 2; FOSTER; WREN).

REFERENCES

Boronia absolute
COMMERCIAL PREPARATIONS
Crude leaves, leaf extract, and seed oil.

Regulatory Status. Regulated in the United
States as a dietary supplement. Borage leaf
and flower subject of a German therapeutic
monograph primarily concerning inflamma-
tory conditions; use suspended due to PA
content (BLUMENTHAL 1).
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BORONIA ABSOLUTE

Source: Boronia megastigma Nees ex. Bartl.
(Family Rutaceae).

GENERAL DESCRIPTION

Shrub about 3 m high; native to southwestern
Australia. Part used is the flower, from which a
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1989, p. 145.
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concrete is produced in 0.4-0.8% yield by
extraction with petroleum ether; the absolute
is obtained by alcohol washing of the concrete
in a yield of about 60%.'

CHEMICAL COMPOSITION

Contains ionones as principal constituents,
which are composed mainly of [-ionone



Bromelain
(95%), with the rest being d-o-ionone

(KARRER),> eugenol, hydrocarbons (mostly
heptacosane), and others.’

TOXICOLOGY

Its major constituents, ionones, are reportedly
allergenic (MERCK).

USES

Medicinal, Pharmaceutical, and Cosmetic.
Used mainly in expensive perfumes.

Food. Quite extensively used in fruit-type
flavors (e.g., strawberry, raspberry, plum, and

REFERENCES
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peach) in most major categories of food pro-
ducts, including alcoholic and nonalcoholic
beverages, frozen dairy desserts, candy, baked
goods, gelatins and puddings, meat and meat
products, and condiments and relishes. Use
levels are very low, with highest average
maximum of about 0.001% (11.6 ppm) re-
ported in baked goods.

COMMERCIAL PREPARATION
Absolute.

Regulatory Status.
food use (§172.510).

Has been approved for

See the General References for ARCTANDER; FEMA; GUENTHER; TERRELL.
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BROMELAIN

Source: Ananas comosus (L.) Merr. (syn. A.
sativus Schult. f.) and varieties (Family
Bromeliaceae).

Common/vernacular names: Bromelain, bro-
melains, bromelin (fruit-bromelin), plant pro-
tease concentrate.

GENERAL DESCRIPTION

Bromelains are sulfhydryl proteolytic en-
zymes obtained from the pineapple plant,
a perennial herb with many varieties native
to tropical America. Two kinds of bromelain
are known: stem bromelain and fruit brome-
lain, which are crude aqueous extracts of
the stem and immature fruit of pineapple

3. Y. R. Naves and G. R. Parry, Helv. Chim.

Acta, 30, 419 (1947).

(A. cosmosus Merr.,, mainly from var.
Cayenne), respectively.'

Commercial bromelain is currently pre-
pared by centrifugation, ultrafiltration and
freeze-drying of cooled pineapple juice,
which produces a yellowish powder. Stem
bromelain has been generally prepared from
the juice of pineapple wastes (mainly stems)
by precipitation with organic solvents (e.g.,
acetone and methanol) or by ultrafiltration.’

CHEMICAL COMPOSITION

Crude bromelain contains proteinases mainly
consisting of glycosylated multiple enzymes
having molecular masses from 20 to 31 kDa.
Pineapple fruit contains fruit bromelain and
pineapple stem contains stem bromelain, ana-
nain, and comosain. It also contains various
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incompletely characterized constituents, in-
cluding glycoproteins, carbohydrates, perox-
idases, phosphatases, cellulases, and others.!

Like papain, stem bromelain has broad
specificity, hydrolyzing various proteinaceous
substrates (e.g., proteins, amides, esters, and
small peptides).

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Bromelain has shown a wide variety of phar-
macological effects in clinical, in vitro and
in vivo studies. These effects include burn
debridement, anti-inflammatory activity, pre-
vention of epinephrine-induced pulmonary
edema, smooth muscle relaxation, stimulation
of muscle contractions, enhanced antibiotic
absorption, immunomodulation, cancer pre-
vention and remission, antitumor activity,
ulcer prevention, sinusitis relief, appetite in-
hibition, shortening of labor, and enhanced
excretion of fat."*™'® The precise nature of
these effects (some of which are not produced
by other proteases such as ficin, papain, and
trypsin) is not clear,"*?

Indouble-blind, placebo-controlled clinical
trials, bromelain has shown superior results
versus placebo in the treatment of sinusitis, "’
inflammation, edema and pain from mediolat-
eral episiotomy,'* postoperative tumifications
of the feet,'? arthritis,'* and amelioration of
ecchymoses and edema in patients with head
and face trauma.'® Oral bioavailability has also
been demonstrated (randomized, double-
blind, crossover design trial)."

TOXICOLOGY

Acute oral doses of up to 10 g/kg in mice failed
to produce lethality, and chronic oral admin-
istration of bromelain (500 mg/kg) in rats
produced no adverse effects.'

From placebo-controlled studies, side ef-
fects of bromelain appear to be few and of low
incidence (e.g., 1.8% incidence of allergic
reactions, occasional gastric complaints,
diarrhea, and nausea).’

Bromelain

Bromelain may increase plasma levels
of tetracyclines when taken concomitantly
(BLUMENTHAL 1).

USES

Medicinal, Pharmaceutical, and Cosmetic.
Used primarily in preparations to treat
inflammation and edema associated with sur-
gical or accidental trauma, infections, and
allergies.

Bromelain is used in certain cosmetics,
such as facial cleansers and bath preparations.

Food. Due to the high cost of papain, bro-
melain is increasingly used to replace or sup-
plement papain usage. Current major uses of
bromelain are in meat tenderizing, manu-
facturing precooked cereals, modifying dough
(bread, wafers, pizza, etc.), and in chill-proof-
ing beer.

Other uses or potential uses include prepa-
ration of protein hydrolyzates, liquefying fish
protein to facilitate fish oil extraction, clarify-
ing fruit juices, and manufacture of sausage
casings as well as their removal from
sausages.

Dietary Supplements/Health Foods. Used
in some vitamin and herbal formulations,
mainly as a digestive aid (MARTINDALE).

Others.
fabrics.

Used in bating hide and in desizing

COMMERCIAL PREPARATIONS

Available in numerous grades with different
activities that are expressed in different
enzyme units, depending on the suppliers.
Bromelain is official in F.C.C.

Regulatory Status. A German therapeutic
monographic allows use for treating acute
post-traumatic and postoperative edemas, no-
tably those of the sinuses (BLUMENTHAL 1).
Affirmed as GRAS (§184.1024).
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BROOM TOPS

Source: Cytisus scoparius (L.) Link (syn.
Sarothamnus scoparius (L.) Wimm.; S.
vulgaris Wimm.; Spartium scoparium L.)
(Family Leguminosae or Fabaceae).

Common/vernacular names: Banal, broom
tops, hogweed, Irish broom, scoparius, Scotch
broom.

GENERAL DESCRIPTION

Deciduous shrub with erect slender branches,
up to about 3m high; native to central and
southern Europe; naturalized in North America
(invasive along the west coast from North
California to British Columbia); also grows in
Asia and South Africa; widely grown in Japan
as an ornamental. Parts used are the dried
flowering tops collected just before blooming.

9. S. Kumakura et al., Eur. J. Pharmacol.,
150, 295 (1988).

10. L. L. Bolton and B. E. Constantine, Eur.
Pat. Appl. 194,647 (1986); through Chem.
Abstr., 106, 201776 (1987).

11. H. R. Maurer et al., Planta Med., 54, 377
(1988).

12. R. E. Ryan, Headache, 4, 13 (1967).

13. G. J. Zatucchini and D. Colombi, Obst.
Gynecol., 29, 275 (1967).

14. E. Nitzschke and R. Leonhardt,
Orthopad. Praxis, 25, 111 (1989).

15. W. Vogler, Natur-Ganzheits-Med., 1, 27
(1988).

16. A. P. Seltzer, Eye, Ear, Nose, Throat
Mon., 43, 54 (1964).

17. I.N.Mossetal., Arch. Int. Pharmacodyn.,
145, 166 (1963).

Scotch broom should not be confused with
its relative Spanish broom, which is Spartium
Junceum L. (see genet).

CHEMICAL COMPOSITION

Contains alkaloids, including the major alka-
loids, sparteine (ca. 0.3%) and lupanine, and
genisteine, sarothamnine, and others; simple
amines (tyramine, hydroxytyramine, epinine,
salsolidine, etc.)l’z; flavonoids, including sco-
parin (scoparoside), spiraecoside, and others;
flavones (vitexin and others); isoflavones (ge-
nistein, orobol, sarothamnoside); pigments
(e.g., taraxanthin and flavoxanthin); amino
acids; volatile oil (containing 4-mercapto-4-
methylpentane-2-one); coumarins, cafeic acid
derivatives; tannin; wax; fat; and sugars
(KARRER; wicHTL).” Essential oil of the fresh
flowers contains alcohols, coumarins, eugenol,
benzoic acid, guaiacol, fatty acids, and others.*
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PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

The cardiac activity of broom tops is the result
of its alkaloids (principally sparteine), which
have cardiac-depressant and curare-like prop-
erties and are highly toxic (MARTINDALE, SAX).
Sparteine has shown antiarhythmic activity
(WICHTL).

TOXICOLOGY

Sparteine was withdrawn by the U.S. FDA as
an injectable drug because of its ability to
produce titanic uterine contractions and its
unpredictability.’ Due to the tyramine content
of the herb, use may cause blood pressure
crisis with simultaneous administrations of
MAQO inhibitors (BLUMENTHAL 1); due to the
ability of the herb to increase the tonus of
the gravid uterus, use is contraindicated in
pregnancy; sparteine is a potent oxytocic
agent; broom tops is also contraindicated in
patients with high blood pressure (NEWALL;
wicHTL). The oral LDsq of sparteine in mice
is 220 mg/kg.°®

USES

Medicinal, Pharmaceutical, and Cosmetic.
Broom tops is regarded as having diuretic,
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emetic, and cathartic properties and is used in
certain laxative, diuretic, and tonic prepara-
tions; also used in treating circulatory disor-
ders (WICHTL).

Dietary Supplements/Health Foods. Teas,
capsules, and so on, primarily as a diuretic.

Traditional Medicine. Reportedly used in-
ternally as a diuretic and externally to treat
sore muscles, abscesses, and swellings; flow-
ers used in hair rinses for their lightening and
brightening effects (LUST, ROSE, UPHOF).

Broom flowers, seeds, and root as well as
the whole herb have reportedly been used in
treating tumors.’

COMMERCIAL PREPARATIONS

Crude and extracts. Crude was formerly
official in N.F,, and U.S.P. Strengths (see
glossary) of extracts are based on weight-to-
weight ratios.

Regulatory Status. Regulated in the United
States as a dietary supplement. Subject of a
German therapeutic monograph, with pre-
parations not to contain more than 1 mg/mL
of sparteine for treatment of functional heart
and circulatory disorders (BLUMENTHAL 1;
WICHTL).

See the General References for ARCTANDER; BAILEY 1; BIANCHINI AND CORBETTA; BLUMENTHAL 1; DER
MARDEROSIAN AND BEUTLER; GOSSELIN ET AL.; LIST AND HORHAMMER;, LUST; GRIEVE; MCGUFFIN 1 & 2; merck;

rose; terrell; tyler 1; APPLEQUIST; UPHOF.
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2. 1. Murakoshi et al., Phytochemistry, 25,
521 (1986).

3. K. Egger, Planta, 80, 65 (1968).

4. T. Kurihara and M. Kikuchi, Yakugaku
Zasshi, 100, 1054 (1980).

5. E. Yarnell and K. Abascal, Altern. Compl.
Ther., 125 June, (2003)

6. K. Yovo et al., Planta Med., 50, 420
(1984).

7. 1. L. Hartwell, Lloydia, 33, 97 (1970).
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BUCHU

Source: Agathosma betulina (P. J. Bergius)
Pillans (syn. Barosma betulina (Berg.)
Bartl. et Wendl.) or A. crenulata (L.)
Pillans (syn. B. crenulata (L.) Hook. and
B. serratifolia (Curt.) Willd.) (Family
Rutaceae).

Common/vernacular names: Bookoo, buchu,
bucku, bucco, buku, diosma; round buchu,
short buchu (A. betulina); buchu long buchu
(A. crenulata).

GENERAL DESCRIPTION

Low, aromatic shrubs, usually less than 2m
high with opposite and/or alternate leaves that
are finely toothed at the margin and bear oil
glands beneath and at the base of the teeth;
native to South Africa. Parts used are the dried
leaves, from which an essential oil is obtained
by steam distillation. There are two types of
buchu leaves. Round or short buchu is from
A. betulina, and long buchu is from A. crenu-
lata; they differ in the relative compositions
of their volatile oils. Major supplies of the
leaves (from both wild and cultivated plants)
come from the Cape Province of South Africa,
which also produces some of the world’s
supply of the oil; the rest of the oil is distilled
in Europe and the United States. Buchu is
currently a threatened species.

CHEMICAL COMPOSITION

Contains 1.0-3.5% (usually 1.5-2.5%) vola-
tile oil composed mainly of /-pulegone,
isopulegone, diosphenol (buchu camphor),
y-diosphenol, /[-isomenthone, d-menthone,
d-limonene, 8-mercapto-p-menthan-3-one, 8-
-acetylthio-p-menthan-3-one, and piperitone
epoxide, among more than 100 other identi-
fied minor compounds;'~ presence of piper-
itone epoxide disputed.® Relative proportions
of pulegone and diosphenols vary consider-
ably in commercial oils. In general, round
buchu (A. betulina) leaf yields oils with high
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proportions of diosphenols, while long buchu
(A. crenulata) yields oils containing high
proportions of pulegone with little or no dio-
sphenols present.'**° In addition, round buchu
leaf contains higher concentrations of volatile
oil than long buchu leaf. Other constituents
present in buchu leaf include flavonoids (dios-
min, rutin, quercetin-3,7-glucoside, etc.), res-
in, mucilage, and others (KARRER; LIST AND
HORHAMMER; MERCK).

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Buchu leaves are reported to have urinary
antiseptic, diuretic, and carminative proper-
ties. The essential oils of Agathosma betulina
and A. crenulata leaves have shown spasmo-
lytic activity on the smooth muscle of isolated
guinea pig ileum.’

A formulation containing 90% diosmin and
10% hesperidin has been used in the treatment
of acute hemorrhoids®'® and chronic venous
insufficiency.''™"?

USES

Medicinal, Pharmaceutical, and Cosmetic.
Extensively used in diuretic preparations; also
in laxative, stomachic, and carminative
formulas.

Food. Oilisused as a component in artificial
fruit flavors, especially black currant flavor.
Round buchu oil is preferred because of its
higher contents of diosphenols and 8-mercap-
to-p-menthan-3-one, which are considered tobe
the more desirable flavor components.6 Major
categories of food products in which the oil is
used include alcoholic and nonalcoholic bev-
erages, frozen dairy desserts, candy, baked
goods, gelatins and puddings, and condiments
and relishes. Use levels reported are rather low,
with average maximum highest in gelatins and
puddings at about 0.002% (15.4 ppm).

Dietary Supplements/Health Foods. Cap-
sules, tablets, crude herb in teas reportedly as
a diuretic and urinary antiseptic (WREN).
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Traditional Medicine. Common household
medicine used in South Africa for the treat-
ment of urinary tract and kidney diseases,
symptoms of rheumatism, and externally on
wounds and bruises.'* Also used to treat cys-
titis, urethritis, and others; also as a diuretic,
tonic, and stimulant (BLUMENTHAL 1; WICHTL),
and for the treatment of coughs and colds."

COMMERCIAL PREPARATIONS

Crude, extracts, and oil. Crude and fluid ex-
tracts were formerly official in N.F. Strengths
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(see glossary) of extracts are expressed in
weight-to-weight ratios. Buchu leaf is the
subject of a German therapeutic monograph;
however, use as a urinary tract anti-inflamma-
tory and diuretic is not recommended since
effectiveness is not well documented. Leaf is
allowed as an aroma or flavor corrigent in
teas.’

Regulatory Status. Regulated in the United
States as a dietary supplement; GRAS as a
natural flavoring in foods (§172.510).

See the General References for APhA; ARCTANDER; BARNES; BLUMENTHAL 1; CLAUS; DER MARDEROSIAN
AND BEUTLER; GUENTHER; LIST AND HORHAMMER; LUST; MARTINDALE; TERRELL; WICHTL; WREN; YOUNGKEN.
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BUCKTHORN, ALDER

Source: Frangula alnus Mill. (syn. Rhamnus
frangula L.) (Family Rhamnaceae).

Common/vernacular names: Alder buck-
thorn, arrow wood, black dogwood, frangula,
glossy buckthorn.

8. K. Buckshee et al., Int. J. Gynecol.
Obstet., 57, 145 (1997).

9. M. Sarabia et al., Curr. Ther. Res. Clin.
Exp., 62, 524 (2001).
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S33 (2003).
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GENERAL DESCRIPTION

Shrub or small tree with shiny, dark green, short
oblong to obovate leaves 3—7 cm long; up to
6 m high; native to Europe, western Asia, and
northern Africa; naturalized in North America.
Partused is the dried bark aged for 1 year to get
rid of an emetic principle (see cascara).



Buckthorn, alder
CHEMICAL COMPOSITION

Contains 3-7% anthraquinone glycosides
as active principles, which include gly-
cofrangulin A and B, frangulin A and B,'
emodin-1-glucoside, emodin-8-glucoside, em-
odin-8-0-pB-gentiobioside, and others.”'° Oth-
er constituents include chrysophanol, physcion
(WIcHTL), and an alkaloid, armepavine, which is
present in fresh bark but not in dried bark;"'
tannins; flavonoids;'? and free anthraquinones,
among others (staHL). The fresh bark also
contains anthrones and anthrone glycosides
that are believed to constitute the emetic princi-
ple;'? they are oxidized to anthraquinones or
their glycosides on storage.

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

The active principles of buckthorn bark (an-
thraglycosides) are cathartic; they act on the
large intestine (colon), with the diglycosides
being more active than the monoglycosides
(see also cascara and senna).'>'*

Aloe emodin isolated from the seed of
buckthorn has been reported to have signifi-
cant inhibitory activity against P-388 leuke-
mia in mice; it exhibited such activity only
when administered as a suspension in
acetone—Tween 80.'°

TOXICOLOGY

Safety data are lacking; use is contraindicated
in pregnancy and lactation, Crohn’s disease,
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appendicitis, ileus, colitis ulcerosa, abdominal
pain of undetermined origin, severe dehydra-
tion, and children 10 years old and younger
(WICHTL).

USES

Medicinal, Pharmaceutical, and Cosmetic.
Used in certain laxative preparations, more
commonly in Europe. Extracts have been used
in sunscreen preparations.'®!”

Traditional Medicine. Used as a laxative
and tonic; also reportedly used in treating
cancers and as a component in Hoxsey cancer
“cure.” 18

COMMERCIAL PREPARATIONS

Crude and extracts: crude and fluid extract
were formerly official in N.F. and U.S.P.
Strengths (see glossary) of extracts are ex-
pressed in weight-to-weight ratios.

Regulatory Status. Regulated in the United
States as a dietary supplement; not recognized
as safe and effective as OTC laxative
(§310.545(12)(iv)). Allowed for sale in
Germany as a botanical stimulant laxative for
the short-term treatment of constipation; only
sold with a license; restricted to pharmacies
(WICHTL).

See the General References for APhA; BAILEY 2; BIANCHINI AND CORBETTA; BRUNETON; FERNALD; LUST;
MCGUFFIN 1 & 2; MERCK; STAHL; TERRELL; WICHTL; YOUNGKEN.
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8. M. Rosca and V. Cucu, Planta Med., 28,
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BURDOCK

Source: Arctium lappa L. (syn. A. majus
Bernh.); Arctium minus Bernh. (Family
Compositae or Asteraceae).

Common/vernacular names: Bardana, beg-
gar’s buttons, burdock, edible burdock, great
bur, great burdock, clotbur, lappa.

GENERAL DESCRIPTION

A. lappa is a biennial or perennial herb up to
about 3 m high in its second year of growth;
native to Asia and Europe; naturalized in
North America. Part used is the dried
first-year root collected in the fall; fruits and
leaves are also used.

Common burdock (A. minus) is also used; it
resembles A. lappa but is smaller.

CHEMICAL COMPOSITION

Root contains inulin (up to approx. 45%); poly-
acetylenes' (0.001-0.002%, dry-weight basis)
consisting mainly of 1,11-tridecadiene-3,5,7,9-
tetrayne and 1,3,1 1—tridecatriene-S,7,9—triyne;2
arctic acid and lappaphens a and b (acetylenic
acids containing S);>* volatile acids (acetic,
propionic, butyric, isovaleric, 3-hexenoic,
3-octenoic, costic, etc.) and nonhydroxy acids
(lauric, myristic, stearic, palmitic, etc.);s’6 a

Burdock

13. F.H.L.vanOs, Pharmacology, 14 (Suppl.
1), 7, 18 (1976).

14. F. A. Nelemans, Pharmacology, 14
(Suppl. 1), 73 (1976).

15. S. M. Kupchan and A. Karim, Lloydia, 39,
223 (1976).

16. G. Prosperio, Cosmet. Toilet., 91, 34
(1976).

17. S.Baderetal., Cosmet. Toilet.,96(10), 67
(1981).

18. J. L. Hartwell, Lloydia, 34, 103 (1971).

crystalline plant hormone;’ y-guanidino--
butyric acid; dehydrocostuslactone; tannin;
polyphenolic acids (e.g., caffeic and chloro-
genic), and others (KARRER; JIANGSU; wicHTL).®

Fruit contains arctiin (a bitter glucoside) as
a major constituent;’ seeds contain 15-30%
fixed oils (oleic and octadecanoic acids major
constituents), arctiin, arctigenin, chlorogenic
acid, lignans (lappaols A, and diarctigenin,
neoarctin, and others), a germacranolide, and
others (KARRER).>'?

Leaves contain arctiol (8-o-hydroxyeudes-
mol), A%(10)-fukinone (dehydrofukinone), fu-
kinone, fukinanolide, B-eudesmol, petasito-
lone, eremophilene, and taraxasterol, among
others."?

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Burdock (fruit and root) has shown diuretic,
diaphoretic, antipyretic, antimicrobial, and
antitumor activities (FARNSWORTH 1—4; JIANGSU;
LIST AND HORHAMMER). Antimicrobial activity
is attributed to polyacetylenes.” The fresh root
Jjuice has shown in vitro antimutagenic activi-
ty. !4 The active constituent was reported to be
polyanionic with a molecular weight of
>300,000; data suggest it to be a lignin-like
compound containing 10% sugar.' 16 Water
extracts of the dried root have shown greater
in vitro antiperoxidative activity than solvent
extracts.'” Antioxidant activity of the roots



Burdock

has been attributed to caffeoylquinic acid
derivates.'® Hepatoprotective activity against
acetaminophen- and carbon tetrachloride-in-
duced toxicity in mice was found from oral
administration of a decoction of the root."
Others have reported that root ameliorated
ethanol induced liver toxicity in rats.?’

A methanol extract of the fruits inhibited
the in vitro formation of a marker of oxida-
tive stress in carcinogenesis (8—OH—dG).21
An ethanol extract of the fruits has shown
in vitro cytotoxicity against human hepato-
ma (HepG2) cells and activity against sar-
coma 180 cells in mice. Acrtiin and arcti-
genin showed the most activity against
Hep2G cells in vitro.** In vitro differentia-
tion-inducing, antiproliferative activity and
phagocytic cell-increasing activity in mouse
myeloid leukemia cells were found from
various lignans isolated from the fruit. Arc-
tigenin was the most active.”> Chemo-
preventive activity against heterocyclic
amine-induced mammary carcinogenesis in
female rats was evident from the addition of
arctiin to the diet at a concentration of as
little as 0.02%.>*

In addition, hypoglycemic activity in rats
was reported from administration of burdock
fruit extracts,25 and a water extract of the seeds
inhibited the in vitro binding of platelet acti-
vating factor to rabbit platelets.*

TOXICOLOGY

A decoction of the leaves as 6.25% of the daily
diet of mice for 28 days before a streptozoto-
cin-induced diabetes was found to aggravate
the condition.”” A methanol extract of the
fruits exhibited mutagenic activity in the
rec-assay and in the Ames test only after
enzymatic activation.?®

USES

Medicinal, Pharmaceutical, and Cosmetic.
Used in some diuretic, laxative, and other
preparations. Also reportedly useful in cos-
metic and toiletry preparations for its alleged
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skin-cleansing properties (DE NAVARRE);>’ used
in hair tonic and antidandruff preparations.

Food. Root is used in Asia as a food; Iro-
quois Indians used the dried roots to make
soup and the young leaves were eaten cooked.

Dietary Supplements/Health Foods. Seeds
used in cold remedies; leaves used in teas,
combination products, primarily as “blood
purifier” for skin ailments (acne, psoriasis,
etc.); root used as nutritive food (FOSTER AND
DUKE).

Traditional Medicine. Root, leaves, and
seeds (fruits) of both species have been used
in treating cancers;>° decoctions or tea of the
root have been used in treating rheumatism,
catarrh, gout, and stomach ailments. The root
is used as a diuretic, diaphoretic, and mild
laxative, among other uses. Decoctions and
teas of roots and leaves have been used both
externally and internally for skin problems
(e.g., eczema and scaly skin) (FOSTER AND
DUKE; LUST; TYLER 1). The Micmac Indians
used the roots and buds to treat sores, and a
tea made from the seeds or roots was used by
the Cherokee as a blood cleanser (MOERMAN).

In Chinese medicine, roots collected are
from plants that are at least 2 years old.

Dried and dried and roasted fruits of
A. lappa are widely used in Chinese medicine
to treat colds, sore throat, tonsillitis, coughs,
measles, sores, and abscesses, among other
applications, usually in combination with oth-
er drugs (JIANGSU; TU).

COMMERCIAL PREPARATIONS

Crude and extracts. Crude root was formerly
official in N.F. and U.S.P. Strengths (see
glossary) of extracts are expressed in
weight-to-weight ratios.

Regulatory Status. Regulated in the United
States as a dietary supplement and food. A
German therapeutic monograph on burdock
root does not recommend use since efficacy is
not confirmed (BLUMENTHAL 1; WICHTL).
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CADE OIL

Source: Juniperus oxycedrus L. (Family
Pinaceae).

Common/vernacular names: Cade oil, juniper
tar, oil of cade, oil of juniper tar.

GENERAL DESCRIPTION

The source of cade oil is Juniperus oxycedrus
or “prickly cedar,” a shrub or small tree native
to the Mediterranean region, which grows up
to about 4 m in height. The volatile oil (cade
oil) is obtained by destructive distillation of
the branches and wood, usually in the form
of shavings or chips. The resultant distillate
separates into three layers of which the upper-
most dark brown viscous layer is cade oil.
Rectified cade oil (the vapor of juniper tar) is
obtained by steam or vacuum distillation of
crude cade oil.

CHEMICAL COMPOSITION

The volatile oil contains the sesquiterpene 0-
cadinene as the major component (27.3%)."?
Other major components include p-cresol and
guaiacol (LIST AND HORHAMMER; MARTINDALE).

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Reported to have keratolytic and antipruritic
properties and in vitro antimicrobial and anti-
fungal activities.™

TOXICOLOGY

Has been considered as an allergen (sax); and
although other available data show it to be
relatively nontoxic,6 recent in vivo studies
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have shown that cade oil produces DNA ad-
duct formation in mouse and human skin
and mouse lung tissue.” Applied topically to
psoriasis patients, cade oil produced sufficient
damage to DNA to be potentially carciono-
genic.” The Cosmetic Ingredient Review
Expert Panel concluded that the data on the
safety of cade oil are not sufficient to support
its use in cosmetic products.5

Acute oral LDs in rats: 8014 mg/kg. Toxic
effects noted include GI irritation and signs
of depression. Acute dermal toxicity in rab-
bits: >5 g/kg. No skin irritation or phototox-
icity found from topical application of cade oil
in humans, mice, and swine.

USES

Medicinal, Pharmaceutical, and Cosmetic.
Cade oil is widely used in topical preparations
for the treatment of parasitic skin diseases
and eczema; in antiseptic wound dressings,
analgesic and antipruritic preparations, and
dermatologic creams and ointments; also in
antidandruff shampoos, among others. Recti-
fied cade oil is used as a fragrance component
in soaps, detergents, creams, lotions, and
perfumes. Maximum use level reported is
0.2% in perfumes.® Maximum use concentra-
tion of cade oil in cosmetics ranges from 1%
to 5%.”

Traditional Medicine. Used in treating var-
ious skin disorders and problems of the scalp
and hair loss; also used in cancers.®

COMMERCIAL PREPARATIONS

Crude and rectified.

Regulatory Status. Regulated in the United
States as a dietary supplement. Cade oil (juni-
per tar oil) is official in U.S.P.
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CAJEPUT OIL

Source: Melaleuca cajuputi Powel (syn.
M. leucadendron, M. minor); M. quinque-
nervia (Cav.) S. T. Blake; M. alternifolia
(Maiden & Betche) Cheel (syn. M. larinar-
iifolia var. alternifolia); and other Mela-
leuca species and subspecies (Family
Myrtaceae).

Common/vernacular names: Cajuput, punk
tree, and paperbark tree oils; tea tree oil
(M. alternifolia), oil of Melaleuca, terpinen-
4-ol-type tea tree oil.

GENERAL DESCRIPTION

Cajeput are large evergreen trees with whitish,
paper-like, spongy bark; up to about 30 m
high; native to Australia and southeastern
Asia.

CHEMICAL COMPOSITION

Cajeput oil is obtained by steam distillation
of the fresh leaves of various species of Mela-
leuca. The main sources of commercial oil
are Australian plantations of M. alternifolia
(Australian tea tree oil) and M. cajuputi subsp.
cajuputi from Indonesia and Vietnam. The

5. W. Johnson Jr., Int. J. Toxicol., 20, 41
(2001).

6. D.L.J.Opdyke, Food Cosmet. Toxicol., 13
(Suppl.), 733 (1975).

7. B. Schoket et al., J. Invest. Dermatol., 94,
241 (1990).

8. J. L. Hartwell, Lloydia, 33, 288 (1970).

composition of the oil of M. cajuputi subsp.
cajuputi is highly variable, partly due to
natural variations and to industry practice of
blending oils from different species of Mela-
leuca and even with added individual com-
pounds. Otherwise, the oil from this species
and its subspecies most frequently, but not
always, contain large amounts of 1,8-cineole
(3-60%), sesquiterpene alcohols (spathule-
nol, up to 30%; viridiflorol, up to 16%; and
globulol, up to 9%), in addition to usually
significant amounts of ledene (viridiflorene)
(up to 9%), terpinen-4-ol (up to 5.6%),
a-terpineol (1-8%), limonene (up to 5%),
B-caryophyllene (up to 4%), caryophyllene
oxide (up to 7%), and o- and B-selinene (up to
3%)." The oil from M. alternifolia contains
close to 100 different constituents. Examples
of major constituents of the leaf oil and their
quantifications include terpinen-4-ol (37%),
v-terpinene (21.2%), o-terpinene (9.9%), and
terpinolene (3.2%).2

In 1985 a quality standard for Melaleuca
oils was established in Australia® (Australian
Standard, Oil of Melaleuca, ‘“Terpinen-4-ol
Type,” AS 2782), which in 1996 was revised
and adopted as the International Standard
(ISO 4730). The standard calls for the oil to
contain 30% or more of terpinen-4-ol and a
maximum of 15% cineole; the terpinen-4-ol
type oil is found in various species of Mela-
leuca (M. alternifolia, M. dissitiflora, and
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M. linariifolia); however, other species may
qualify.?

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Australian tea tree oil (M. alternifolia) exhi-
bits a broad spectrum of in vitro antibacterial
activity that includes laboratory strains of oral
bacteria,* methicillin-resistant Staphylococ-
cus aureus,5 Propionbacterium acnes,6 and
Escherichia coli.” In vitro antifungal activity
from the oil is found against Malassezia
furfur, Candida albicans, and various other
species of Candida.*'° Among eight compo-
nents of the essential oil, greatest in vitro
antibacterial (11 species) and antifungal
activities (C. albicans) were found from lin-
alool, followed by terpinen-4-ol, o-terpineol,
o-terpinene, and terpinolene.” (Linalool oc-
curs in only trace amounts in the oil.?) The oil
has also shown in vitro activity against herpes
simplex virus.''

Essential oils from the leaves of Melaleuca
(M. armillaris, M. ericifolia, and M. leucaden-
dron = M. cajuputi) have shown in vitro
antibacterial, antifungal (C. albicans), and
antiviral activities (HIV-1); in vitro potentia-
tion of catalase, superoxide dismutase, and
glutathione in erythrocytes; and in vitro inhi-
bition of lipid peroxidation.'? Both M. alter-
nifolia leaf oil and terpinen-4-ol induced
differentiation of white blood cells in vitro in
human myelocytic (HL-60) cells."?

Contact hypersensitivity response and skin
swelling in mice were inhibited by topical
application of tea tree oil, o-terpineol, or
terpinen-4-ol; however, ultraviolet B- or irri-
tant-induced swelling was not suppressed.14

Antitussive activity against capsaicin-
induced cough in guinea pigs was shown
from oral administration of tea tree oil and
from some of its main constituents (cineole,
terpinen-4-ol, o-pinene, and y-terpinene).'

A clinical trial in 124 patients provided
evidence of the effectiveness of topical
M. alternifolia oil in the treatment of moderate
(noninflamed) acne vulgaris. A 5% tea tree oil
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in a water-based gel was less effective than
a 5% benzoyl peroxide in a water-based lotion
because of slower onset of action. However,
clinical assessment and self-reporting of side
effects indicated that the tea tree oil prepara-
tion was better tolerated by facial skin, pro-
ducing less skin scaling, dryness, pruritus, and
irritation than a benzoyl peroxide preparation
(TYLER 1-3). 16 A study in 27 volunteers found
that topical application of tea tree oil inhibited
histamine-induced weal volume on the arm,
but not flare volume.'” In placebo-controlled
clinical studies, symptomatic improvement
of tinea pedis was found from topical use of
a 10% tea tree oil cream;18 reduced time
before re-epithelization was reported in pa-
tients using a 6% tea tree oil gel topically on
herpes labialis sores;'® and reduced itchiness
and greasiness but not scaliness of dandruff
after using a 5% tea tree oil shampoo.20

TOXICOLOGY

Use of tea tree oil for the topical treatment of
burn wounds is not recommended due to
in vitro inhibition of human epithelial cell
and fibroblast viability from 24 h exposure to
the oil.?""** Application of the pure oil to the
abraded skin of rabbits (Draize acute dermal
irritation test) resulted in increased skin irri-
tation, suggesting that the oil should not be
applied in cases of dermatitis.*

There are a number of case reports of
contact dermatitis from topical use of tea tree
oil, including allergic contact dermatitis.****

No irritant effects were found in the skin
sensitization test in guinea pigs from tea tree
oil. No skin irritation was visible from topical
application of tea tree oil in a 30-day irritation
test in rabbits; no apparent signs of dermal
toxicity were found after 24h exposure of
the normal skin to a high concentration of the
undiluted oil (2 g/kg). The healing of superfi-
cial dermal wounds in rabbits was neither
inhibited nor prolonged from topical applica-
tion of tea tree oil. No in vitro mutagenic
activity was produced by tea tree oil in the
Ames test.”
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The acute oral LDsq of tea tree oil in rats is
1.9-2.6 mL/kg; similar to eucalyptus and oth-
er essential oils.”?

Case reports of overdosing from ingestion
of large amounts of undiluted tea tree oil noted
CNS toxicity. Similar effects have been re-
ported in veterinary medicine from topical
applications of large amounts of tea tree oil.*>

USES

Medicinal, Pharmaceutical, and Cosmetic.
Cajeput oil has been used in expectorant
formulations and antiseptic and pain-relieving
liniments, mouthwashes, shampoos, body
washes, deodorants, acne products, barrier
creams, lip balms, sunscreens, toothpastes,
insect repellents, veterinary products, and
others."?>?® The oil has been used in dentistry
for relieving discomfort due to dry sockets;
also used as a fragrance component in soaps,
detergents, creams, lotions, and perfumes,
with maximum use level of 0.4% in the last
category.”’

Food. Cajeput oil is used as a flavor compo-
nent in nonalcoholic beverages, frozen dairy
desserts, candy, baked goods, meat and meat
products, condiments, and relishes. Average
maximum use level reported is very low (less
than 0.001% or 9.9 ppm).

Dietary Supplements/Health Foods. Teatree
oil is found in numerous product forms, either
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singly or with other ingredients, with a broad
range of health claims, including treatments
for fungal infections, burns, sunburn, pimples,
boils, stings, ringworm, sore throat, oral infec-
tions, bronchial congestion, lice, scabies, cuts,

abrasions, and vaginal infections (TYLER
1-3).%°
Traditional Medicine. Australian aborigines

used cajeput oil from M. cajuputi subsp.
cajuputi in treating pain. Vapors from the
crushed leaves were inhaled to treat bronchial
and nasal congestion. The same species
has been a common household remedy in
Vietnam, India, Malaysia, and Indonesia for
generations.' They used an infusion of the
macerated leaves of Melaleuca to treat the
common cold, sore throat, insect bites, fungal
infections, skin wounds, and for delousing.23
Cajuput oil has also been used to treat indolent
tumors.?®

Others. In natural disinfectants.

COMMERCIAL PREPARATION

Oil formerly officinal in U.S.P.

Regulatory Status. Approved for food use as
a natural flavoring (§172.510). The essential
oil of M. viridiflora is the subject of a German
therapeutic monograph allowing a dose of
0.2 g or less in the treatment of catarrhs of
the upper respiratory tract (BLUMENTHAL 1).
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CALAMUS

Source: Acorus calamus L. (Family Araceae).

Common/vernacular names: Calamus, sweet
cinnamon, sweet flag, sweet myrtle, sweet
root, sweet sedge.

GENERAL DESCRIPTION

Perennial herb growing in wet or swampy
areas with stiff, sword-shaped leaves; up to
about 2m high; native to Northern Hemi-
sphere (North America, Europe, and Asia).
Part used is the stout aromatic rhizome after
it is peeled and dried. The essential oil is
obtained by steam distillation of both the fresh
and the dried unpeeled rhizome. Roots are
also used.
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CHEMICAL COMPOSITION

The rhizome contains highly variable amounts
of volatile oil (up to 9%, but usually 2-6%),
depending on sources. Asian (Pakistani,
Japanese, Indian) plants yield more oil than
the European plants, but the European oil is
considered superior in flavor and fragrance
qualities (JIANGSU).H‘ Constituents present in
the oil include B-asarone (cis-isoasarone),
(—)-methyl isoeugenol, asarone, asarylalde-
hyde, calamene, linalool, calamol, calameone,
eugenol, methyl eugenol, azulene, pinene,
cineole, camphor, and others, with [B-asarone
being the major component (up to 76% of the
oil; 85% in Chinese oil) and the European
type containing larger numbers of aromatic
compounds (JIANGSU; MasaDa).*> The essen-
tial oil from the rhizome of the North Ameri-
can variety (A. calamus L. var. americanus
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Wolff) does not contain the carcinogenic
B-asarone.® The essential oil of the eastern
European variety (A. calamus var. vulgaris)
contains 13% [-asarone while the essential
oil of an Indian chemotype (var. augustata
Engler) contains up to 80% or more (WICHTL).
Other constituents present in the rhizome
include acoragermacrone, acolamone, and iso-
acolamone (all sesquiterpenes),HO acoradin,
2,4,5-trimethoxy benzaldehyde, 2,5-dimetho-
xybenzoquinone, galangin, sitosterol,'" acoric
acid, tannin, resin, and others (WICHTL).12

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

The oil and extracts have shown numerous
pharmacological activities, including spasmo-
Iytic activities on isolated animal organs
(smooth muscle), hypotensive activities in cats
and rabbits, anticonvulsant and CNS-depres-
sant activities (FARNSWORTH 3; JIANGSU),B’16
hypolipidemic activity inrats,"”in vitroimmu-
nosuppressive  activities,'®  antineurotoxic
activity,'®in vitro antimicrobial activity,?’ and
others.?!

TOXICOLOGY

Calamus oil is toxic and the Jammu (Indian)
variety has been reported to be carcinogenic in
rats, 16:22.23

[B-Asarone has shown antigonadal activity
in insects.”* It is also mutagenic in the
Ames test, as are commercial samples of the
drug containing various concentrations of
B-asarone.”

Indian calamus root oil repels houseflies.*

REFERENCES

Calamus
USES

Medicinal, Pharmaceutical, and Cosmetic.
Oil used as a fragrance component in soaps,
detergents, creams, lotions, and perfumes.
Maximum use level reported is 0.4% in per-
fumes.'® The root extract has been used in hair
tonic and antidandruff preparations.

Traditional Medicine. Used for more than
2000 years in China to treat numerous dis-
orders, including rheumatoid arthritis, strokes,
epilepsy, gastritis, and lack of appetite; also
externally in skin diseases (JIANGSU); used in
India in treatments of debility, mental disor-
ders including depression, convulsions,
cough, inflammation, tumors, skin diseases,
and other conditions;17 used in Tibetan medi-
cine in treating diptheria, indigestion, and
sudden coma related to heart disease (WICHTL);
used in Western cultures for centuries as sto-
machic, carminative, sedative, febrifuge, and
others.”” When chewed it is said to kill the
taste for tobacco and to clear phlegm from
the throat; the roots of A. calamus L. var.
americanus were used by the Indians of east-
ern Canada to treat symptoms of diabetes®®
and menopause; also used by many Indian
tribes in Canada and the United States as a
remedy for colds (MOERMAN).

COMMERCIAL PREPARATION
Oil; crude formerly official in U.S.P. and N.F.

Regulatory Status. Calamus and its deriva-
tives (oil, extracts, etc.) are prohibited from
use in human food (§189.110). The North
American variety is also prohibited, despite
containing none or negligible amounts of
[-asarone (WICHTL).

See the General References for ARCTANDER; BAILEY 2; BARNES; BISSET, CLAUS; DER MARDEROSIAN AND
BEUTLER; FARNSWORTH 3; FOGARTY; FOSTER; GRIEVE; GUENTHER; GUPTA; JIANGSU; KROCHMAL AND KROCHMAL;
LUST; MARTINDALE; MCGUFFIN 1 & 2; MERCK; MORTON 1; NANJING; ROSE; UPHOF; WICHTL.
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CALENDULA

Source: Calendula officinalis L. (Family
Compositae or Asteraceae).

Common/vernacular names: Calendula, gold-
bloom, holligold, marigold, Marybud, pot
marigold.

GENERAL DESCRIPTION
Hairy annual to perennial (absent freezing),

20-50 cm high; leaves oblanceolate to oblong,
7-17 x 1-4cm; flowers yellow or orange;
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4-7cm in diameter; widely cultivated orna-
mental in Europe and North America; natu-
ralized in south and west Europe; origin
undetermined. Parts used are the flower and
herb; not to be confused with Tagetes species,
also commonly known as marigolds (FOSTER).

CHEMICAL COMPOSITION

Saponins (glycosides A-D, D,, and F);' tri-
terpenoids (helinatriol C and F, ursadiol, 12-
ursene-3, 16,21—triol;2 faradiol, brein, arnidiol,
erthrodiol, calenduladiol, longispoinogenine;
calendulosides, o.- and B-amyrin, taraxasterol,
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T-taraxasterol and lupeol); triterpenoidal
monoesters;> flavonoids (narcissin, rutin, and
others); trace amounts of essential oil; chloro-
genic acid (GLASBY 2; WREN); polysaccharides
including a rhamnoarabinogalactan and arabi-
nogalactans;* flower yellow pigment is a mix-
ture of B-carotene, lycopene, violaxanthin, and
other xanthophylls (csIr 11). Carotenoids in the
flower petals are mainly flavoxanthin, luteox-
anthin, and auroxanthin and while those in the
leaves and stems are mainly B-carotene and
Iutein. However, the major carotenoid in the
dried flowers used to make herbal teas is lutein.”

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Flower, flower/herb preparations, and ex-
tracts have shown anti-inflammatory, immu-
nomodulating, and wound-healing activities;
stimulation of granulation at wound site; also
increasing glycoprotein, nucleoprotein, and
collagen metabolism at site; antibacterial;
antifungal, antiviral; antiparasitic (trichomo-
nacidal); stimulation of phagocytosis in vitro
and in the carbon clearance test in mice;
choleretic activity; isolated polysaccharides
have shown in vitro and in vivo tumor-
inhibiting activity (escop 3) and immunosti-
mulating activity in the carbon clearance and
granulocytes tests.® An ethanol extract of the
flowers enhanced the in vitro proliferation of
lymphocytes.’

Wound-healing effects of the flowers have
been demonstrated in various animal tests.®
From in vitro and animal tests, topical anti-
inflammatory activity of the flowers is at-
tributed to W-taraxasterol,'®~!? isorhamnetic
glycosides,'® and triterpenoidal fatty acid
estelrs;9 notably, faradiol monoester,9 which
showed the same topical antiedematous ac-
tivity in the Croton oil-induced edema model
as indomethacin and at the same dose.”'"

A butanolic extract of the flowers showed
potent in vitro antioxidant and radical scav-
enging activity.14

In a phase III clinical trial, a cream cont-
aining an extract of calendula was found to

Calendula

provide good protection against acute derma-
titis in women undergoing radiation therapy
for postoperative breast cancer.'

TOXICOLOGY

No dermal irritation was produced by a 10%
aqueous extract of the flowers in rabbits.
Ocular irritation from a 10% aqueous extract
in the eyes of rabbits was minimal. No geno-
toxic effects were found a ‘‘herbal” tea of the
flowers and none was found from six sapo-
nins isolated from the flowers.'® A fluid
extract of the flowers was non-mutagenic in
the mouse bone micronucleus and in the
Ames test (Salmonella/microsome assays).
However, in vitro genotoxic effects were
found in Aspergillus nidulans."” In rat liver
cell cultures, unscheduled DNA synthesis
was inhibited by nanogram concentrations
of various solvent extracts of the flowers;
genotoxic effects were only found from high
(g/mL) concentrations.'® No sensitizing ef-
fects were found in humans from occlusive
patches supplying cosmetics containing 1%
calendula extract; however, safety data to
support the use of the flowers in cosmetic
preparations are considered insufficient. The
acute oral LDsg of calendula flower extract in
rats: >4640 mg/kg.16

USES

Medicinal, Pharmaceutical, and Cosmetic.
Preparations of calendula flowers are used
externally to treat dermal and mucous mem-
brane inflammations, hard-to-heal wounds,
leg ulcers, dermatitis, mild burns, and sun-
burn; internally for inflammatory lesions of
the oral and pharyngeal mucosa; also used as
an immunostimulant in treating skin inflam-
mations and herpes zoster infections (Escop 3;
WICHTL).l()

Used in diverse body care products, inc-
luding face, body, and hand creams, lotions,
night creams, ointments, shampoos, lipsticks,
deodorants, shaving creams, suntan products,
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baby products, eye makeup, and others
(NIKITAKIS). '® Concentrations of calendula and
extracts thereof in cosmetic products are from
0.1% to 5%."°

Food. Flowers primarily used as mildly sa-
line flavoring and coloring; saffron substitute.

Dietary Supplements/Health Foods. Flow-
ers in tincture (“‘lotion’”) for external/internal
use; teas (FOSTER).

Traditional Medicine. Flower historically
considered vulnerary, antiseptic, styptic;
externally used as lotion or ointment for burns
and scalds (1Ist degree), bruises, cuts, rashes,
sore nipples; internally for stomach ailments;
gastric and duodenal ulcers, and jaundice
(FOSTER; WREN). Herb and its preparations
reportedly used to stimulate circulation, pro-
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mote healing; for gastric hemorrhage, ulcers,
spasms, glandular swelling, jaundice, anemia;
externally for abscesses, wounds, bleeding,
and eczema (BLUMENTHAL 1).

COMMERCIAL PREPARATIONS

Crude ligulate florets; flower heads; flower
and herb; tincture; ointment, and so on; crude
formerly official in U.S.P. and N.F.

Regulatory Status. GRAS as spice, natural
flavoring, and seasoning (§182.10). Flowers
are subject of a positive German therapeutic
monograph. Herb subject of a German thera-
peutic monograph; however, therapeutic use is
not recommended since claimed effectiveness
has not been demonstrated (BLUMENTHAL 1).

See the General References for APPLEQUIST; BARNES; BISSET; BLUMENTHAL 1; BRUNETON; CSIR II; DER
MARDEROSIAN AND BEUTLER; ESCOP 3; FOSTER; GRIEVE; HARBOURNE AND BAXTER; MCGUFFIN 1 & 2; NIKITAKIS;

STEINMETZ; TUTIN 4; TYLER 1; UPHOF; WICHTL; WREN.
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CANANGA OIL

Source: Cananga odorata J. D. Hook. &
Thompson (syn. Canangium odoratum
Baill. forma macrophylla) (Family Anno-
naceae).

GENERAL DESCRIPTION

Large tree with fragrant flowers; native to is-
lands of tropical Asia (Java, Malaysia, the
Philippines, the Moluccas, etc.). The oil is
obtained by water distillation of the flowers.
Asimilaressential oil, ylang ylang oil (see ylang
ylang o0il), is obtained in a similar manner from
Canangium odoratum Baill. forma genuina.

CHEMICAL COMPOSITION

Contains mainly B-caryophyllene, benzyl ac-
etate, benzyl alcohol, farnesol, o-terpineol,
borneol, geranyl acetate, methyl salicylate,
benzaldehyde, safrole, linalool, eugenol, iso-
eugenol, limonene, and other minor compo-
nents totaling over 100 compounds (MASADA).

REFERENCES
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PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Cananga oil is nontoxic, except for causing

irritation when applied full strength to rabbit
2

skin.

USES

Medicinal, Pharmaceutical, and Cosmetic.
Used as a fragrance component in soaps,
detergents, creams, lotions, and perfumes (es-
pecially men’s fragrances). Maximum use
level reported is 0.8% in perfumes.’

Food. Usedasaflavoringredientinalcoholic
and nonalcoholic beverages, frozen dairy des-
serts, candy, baked goods, and gelatins and pud-
dings, with highest average maximum use level
ofabout0.003% (32.3 ppm)inthe last category.

COMMERCIAL PREPARATION
Oil official in F.C.C.

Regulatory Status. GRAS (§ 182.20).

See the General References for ARCTANDER; BAILEY 2; FEMA; FURIA AND BELLANCA; GUENTHER; MASADA.

1. R. N. Duve et al., Int. Flav. Food Addlit.,
6, 341 (1975).

CAPSICUM

Source: Capsicum frutescens L.; C. an-
nuum L. and its varieties; C. chinense
Jacq. (syn. C. angulosum Mill.); C.
baccatum L. var. pendulum (Willd.)
Eshbaugh (syn. C. pendulum Willd.);
C. pubescens Ruiz & Pavon. (Family
Solanaceae).

Common/vernacular names: Capsicum,
cayenne pepper, paprika, red pepper,
Tabasco  pepper, hot pepper, chili
pepper.

2. D. L. J. Opdyke, Food Cosmet. Toxicol.,
11, 1049 (1973).

GENERAL DESCRIPTION

There has been much dispute and confusion
regarding the classification of Capsicum. All
peppers, hot and mild (not to be confused with
blackand white pepper),havebeenatonetimeor
another considered as fruits of a single species,
C. annuumandits varieties, or of two species, C.
annuum and C. frutescens, and their varieties
(ARCTANDER; BAILEY 2; UPHOF). Currently, five
major Capsicum species and their varieties are
recognized: C. frutescens, C. chinense, C. bac-
catum, C. pubescens, and C. annuum (DE SMET,
ROSENGARTEN; TERRELL).



Capsicum

Capsicum annuum is an annual herb (from
1-5m in height), while the other species are
usually perennial woody shrubs, all native to
tropical America and now widely cultivated.
C. frutescens is readily distinguished from
C. annuum in that its stem is shrubby, its
flowers are borne in groups,' it grows up to
2m in height, and it is a perennial (DE SMET;
ROSENGARTEN; TERRELL). All five species yield
pungent fruits commonly called red pepper or
simply capsicum. Mild fruits commonly
known as paprika, bell pepper, sweet pepper,
or green pepper are usually produced by vari-
eties of C. annuum.

Capsicum oleoresin is obtained by extract-
ing red pepper with a suitable organic solvent;
extraction of sweet pepper (paprika) with
similar solvents yields paprika oleoresin,
which contains high concentrations of caro-
tenoids but little or no pungent principles,
depending on the process.

CHEMICAL COMPOSITION

Capsicum contains up to 1.5% (usually
0.1-1.0%) pungent principles, composed
mainly of capsaicin; other pungent alkaloid
principles (capsaicinoids) include dihydrocap-
saicin, nordihydrocapsaicin, homocapsaicin,
and homodihydrocapsaicin, with the last two
in minor concentrations.”~* Other constituents
present include carotenoids (capsanthin,
capsorubin, [B-carotene, lutein, zeaxanthin,
etc.);> 'Y fats (9-17%), proteins (12-15%),
vitamins A, C, and others; and a small amount
of a volatile oil made up of more than 125
components of which 24 were identified, in-
cluding 4-methyl-1-pentyl-2-methyl butyrate,
3-methyl-1-pentyl-3-methyl butyrate, and
isohexyl isocaproate (JIANGSU; MARsH). "'
Mild peppers (e.g., paprika and bell pepper)
contain similar constituents as hot peppers
but with little or no pungent principles.'*

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

While a single dose of capsaicin activates pain,
inflammation and hypersensitivity, repeated
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(long-term) application in appropriately
formulated product forms leads to desensiti-
zation, analgesic, and anti-inflammatory activ-
ity. Capsiacin-induced analgesia and desensi-
tization has been explained on the basis of
neuropeptide release and depletion, selective
targeting of C fibers in the pain pathway, and
activation of the vanilloid receptor type 1."*'*

Extracts of five species of hot peppers
showed in vitro antimicrobial activity.'> Lipid
peroxidation and bacterial counts were inhib-
ited by the addition of hot or sweet peppers to
beef patties.'® Antioxidant activity of capsi-
cum is attributed to capsaicin.17’181n vitro in-
hibition of bacteria and platelet aggregation
by capsaicin has been associated with in vitro
fluidization of lipid membranes.'® Gerbils fed
a high-cholesterol diet containing capsicum
oleoresin showed reduced serum levels of
cholesterol and triglycerides.20 High oral
doses of capsicum in rats lowered serum glu-
cose levels.?! Administered intragastrically
to rats, capsaicin inhibited the formation of
hydrochloric acid-induced ulcers,*> damage to
the gastric mucosa, myeloperoxidase activity,
lipid peroxidation, and hemorrhagic erosion.
Capsaicin also inhibits constitutive activation
of NF-xB in malignant melanoma cells and
when topically applied to the skin of mice.'’

Placebo-controlled studies of topical pre-
parations containing capsaicin have found
benefits in the treatment of lower back pain,*
cluster headache, postmastectomy pain
syndrome, pruritis, psoriasis, fibromyalgia,
arthritis (FUGH-BERMAN; MCKENNA), and osteo-
arthritis.>* Oral administration of red pepper
powder (providing 1.75mg capsaicin and
hydrocapsaicin/day) in gelatin capsules was
reported to be more effective than placebo in
reducing the intensity of dyspepsia symp-
toms,”> as was intranasal capsaicin spray in
decreasing idiopathic rhinitis*® and intranasal
capsaicin in postsurgical recurrence of
nasal obstruction and nasal polyposis.?’ Other
clinical studies have shown benefits from
capsaicin in the treatment of neurogenic
incontinence (intravesically applied),*~° hy-
persensitive and overactive bladder,”' diabetic
neuropathy,®® and postherpetic neuralgia.33
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In patients with heartburn, capsaicin (5 mg in
gelatin capsules) taken 30 min before meals
was no different than placebo in effects on
dyspepsia, heartburn scores, gastric pH, and
gastric emptying, yet it enhanced heartburn
by shortening the time to peak heartburn
following a meal.**

TOXICOLOGY

Capsicum is a powerful local stimulant; its
oleoresin or active principles (capsaicin) are
strongly irritant to the eyes, tender skin, and
mucous membranes, producing an intense
burning sensation (MARTINDALE).

Cardio-respiratory arrests, seizures, and
subsequent death of an 8-month-old infant
was associated with the administration of a
tea prepared from powdered red pepper.35

The safety of pepper sprays that contain
high amounts of capsaicinoids for use in riot
control and self-defense products is contro-
versial’® and is associated with death and
respiratory failure in animals and people.
Inhalation exposure of rats to capsaicinoids
resulted in acute respiratory inflammation and
dose-related damage to alveolar, bronchial,
nasal and tracheal cells, and death of respira-
tory epithelial cells.’

Following a body of conflicting results, the
carcinogenity and genotoxicity of capsicum
and capsaicin are controversial (DE SMET;
ROSENGARTEN; TERRELL).38_41 However, the
evidence suggests that whereas capsaicin in
large amounts taken over a long time may be
carcinogenic, in low amounts it appears to act
as an anticarcinogen.*?

The oral LDsy, of capsaicin mice is
190 mg/kg,** which is 190 times the human
consumption in tropical countries.**

The no-observed-adverse-effect level
(NOAEL) of paprika color in rats of either
sex is 5% of the diet.*’

USES

Medicinal, Pharmaceutical, and Cosmetic.
Capsicum tincture and oleoresin are used in

Capsicum

topical counterirritant preparations to treat
arthritis, rheumatism, neuralgia, lumbago, and
chilblains; also used in certain preparations
for stopping thumb sucking or nail biting in
children.

Food. Capsicum,inwhole and ground forms,
is widely used as a spice.

Capsicum and its extracts and oleoresin
are widely used in food products, including
alcoholic and nonalcoholic beverages, frozen
dairy desserts, candy, baked goods, gelatins
and pudding, meat and meat products, and
condiments and relishes, among others. High-
est average maximum use levels are reported
in alcoholic beverages for the oleoresin and
extract, 0.09% and 0.12%, respectively.

Paprika and its oleoresin are primarily used
as a colorant in all the above food categories to
impart a yellow to orange color.

Dietary Supplements/Health Foods. Used
as a synergistic ingredient in various herbal
formulas, including general tonics, laxatives,
sedatives, and hay fever remedies (FOSTER;
LUST).

Traditional Medicine. Capsicum has been
used internally to treat diarrhea, cramps, colic,
toothache, sore throat, laryngitis, asthma,
pneumonia, flatulence, poor appetite, and
other ailments; externally as a counterirritant
in rheumatism, arthritis, lumbago, neuralgia,
cold injuries (chilbains), and others (DE SMET;
ROSENGARTEN; TERRELL NADKARNI; NEWALL).

Others. The oleoresin of the fruit is used in
spray-delivered riot control and self-defense
products (pepper sprays).46

COMMERCIAL PREPARATIONS

Crude, capsicum oleoresin, and extracts (e.g.,
tincture), and paprika oleoresin. Both capsi-
cum oleoresin and tincture were formerly
official in N.F. and U.S.P.; pungency is deter-
mined by a taste test and is generally ex-
pressed in Scoville units. Paprika oleoresin
comes in various color strengths.



Capsicum

Regulatory Status. Regulated in the United
States as a dietary supplement. Capsicum (red
pepper, cayenne pepper) and paprika are
GRAS as natural seasonings and flavorings
(§182.10). Their essential oils, solvent-free
oleoresins and natural extractives are also
GRAS (§182.20); paprika and paprika oleo-
resin are also approved as color additives for
food use exempt from certification (§73.340
and §73.345). Capsaicin-containing topical
products are approved in over-the-counter
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and prescription drug form in the United
States.

Standardized capsaicin products are ap-
proved in Germany for topical therapeutic use
in painful muscle spasms in the shoulders,
arms, and spine. Low capsaicin-containing
Capsicum products are the subject of a nega-
tive German monograph; efficacy for diges-
tive disturbances, and supportive treatment of
heart and circulatory functions has not been
scientifically established (BLUMENTHAL 1).

See the General References for BLUMENTHAL 1 & 2; DER MARDEROSIAN AND BEUTLER; FEMA; FOSTER; FUGH-
BERMAN; JIANGSU; LIST AND HORHAMMER, LUST;, MARSH; MCKENNA; NANJING; ROSENGARTEN; STAHL; USD 26th.
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CARAMEL COLOR

Common/vernacular names: Burnt sugar col-
oring, caramel, caramel color.

GENERAL DESCRIPTION

Caramel color was initially produced by
heating sugar in an open pan. Later, various
sugar sources were used (corn syrup, malt
syrup, molasses, invert sugar, etc.) with
small amounts of ammonia or ammonium
salts under controlled temperature and pres-
sure until the sweet taste was destroyed and
the desired color was obtained. Small quan-
tities of mineral acids, bases, or salts were
also added during heating. Currently, the use
of sugars has largely been replaced with
starch hydrosylates reacted with ammonia
and/or sulfite compounds in pressurized re-
action vessels raised from an initial 50-70
to about O, until the desired color is
achieved. After cooling, the resulting prod-
uct is usually a thick dark reddish-brown to

Caramel color
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brown-black viscous liquid or hygroscopic
powder.'?

Caramel color has four classes, known as
caramel colors I, II, III, and IV. End use,
manufacturing process, physical and chemical
properties differ among them, and the classes
are primarily based on the use of ammonium
compounds, sulfite compound or both types
of reactants in their manufacture.® However,
the preparation of caramel colors I and II also
requires the use of salts, alkalis, and food-
grade acids.! Having different colloidal char-
acteristics, tinctorial strengths, and varying
acidic pHs, each color has preferred uses as
colorant that is reflected in their synonyms:
Caramel color I (spirit caramel); caramel color
IT (process caramel); caramel color III (beer
caramel); and caramel color IV (soft-drink
caramel).> About 70% of all caramel color
used worldwide is caramel color IV that is
made using both ammonium and sulfite com-
pounds as reactants.”

Caramel for flavoring is prepared by heat-
ing milk and sugar; it is heated to a much
lesser degree than caramel color and has a



Caramel color

characteristic pleasant flavor but little tincto-
rial power.

CHEMICAL COMPOSITION

Many of the higher molecular weight constitu-
ents in caramel colors are still unknown.
Among the low molecular substances identified
are pyrroles, pyrazines, pyridines, and imida-
zoles. Other types of compounds reported to be
present in certain caramel colors include anhy-
drosugars, oligosaccharides, furanoid com-
pounds,' about 50% digestible carbohydrate,
25% nondigestible carbohydrate, and 25% mel-
anoidins. Minor components include ammonia
(0.2-2.0%), iron, and copper.>*® Available data
also show the presence of substituted imida-
zoles such as 4-methylimidazole (0.005-0.1%)
and other nitrogenous compounds.6’9

TOXICOLOGY

The four caramel colors have undergone ex-
tensive testing for toxic effects in animal and
in vitro studies, including genotoxicity stud-
ies, and were found safe at dosage levels far in
excess of those used in foods.'*°

USES

Pharmaceutical, Cosmetic, and Food. Typ-
ical uses of the four caramel colors include
desserts, distilled spirits, spice blends (I),l ice
creams, brandies, liqueurs, vermouths (II),12
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beer, gravies, baked goods (III), pet foods,
soups, and soft drinks (Iv).!

Caramel color is one of the most commonly
used food colors and produces pale yellow to
dark brown colors in products intended for
drug, cosmetic, and food uses. Formerly, ex-
tracts produced by the botanical industry were
mostly dark due to the antiquated technology
used; for a time, it became the tradition since
to add caramel color to lighter extracts that
were produced by modern methods to obtain
the same color effects, as it was generally
believed that a light extract means low
strength. Furthermore, caramel color is used
directly in practically every category of food
product, including baked products, cola bev-
erages, root beers, wines, gravies, jams, pre-
pared meats, frozen desserts, and confections.
Its ubiquitous presence in foods is matched
perhaps only by salt or sugar. Highest average
maximum use levels of caramel color are
reported in gravies (5.4%) and reconstituted
vegetables (4.8%).

COMMERCIAL PREPARATIONS

Various types (acid proof, beer, spirit, bakers,
and confectioners, etc.); also powdered form.>!
Official in N.F. and E.C.C.

Regulatory Status. GRAS as a multiple pur-
pose food substance (§182.1235); also ap-
proved as a color additive exempt from
certification, to be used in foods and drugs
(§73.85 and §73.1085, respectively).

See the General References for FEMA; FURIA; MARTINDALE;, MERCK.
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CARAWAY

Source: Carum carvi L. (syn. Apium carvi
Crantz) (Family Umbelliferae or Apiaceae).

Common/vernacular names: Caraway, cara-
way fruit, caraway seed, carum.

GENERAL DESCRIPTION

Biennial herb with second-year stem up to
about 0.75 m high, widely branching; native to
Europe and western Asia and naturalized in
North America; widely cultivated. Part used is
the dried ripe fruit. An essential oil is obtained
from the fruit by steam distillation (GUENTHER).

CHEMICAL COMPOSITION

The seeds contain glucides (coniferin, syrin-
gin, benzyl-B-p-glucopyranoside and others),
monoterpenoid alcohols,1 2-8% (usually
3-7%) volatile oil, about 15% lipids, 20%
protein, a B(1 — 4) mannan, and flavonoids
(quercetin-3-glucuronide, isoquercitrin, etc.),
furano- and hydroxycoumarins, among others
(JTANGSU; MARSH; WICHTL).z’6

The volatile oil is composed mainly of a
ketone, carvone (50-65%), and a terpene,
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limonene (35-45%) (a terpene), with minor
amounts of carveol, dihydrocarveol, dihydro-
carvone, thujone, pinene, phellandrene,
o-thujene, B-fenchene, and others (MASADA;
wicHTL).>®™ Concentrations of the compo-
nents vary, depending on the degree of ripe-
ness of the fruit; contents of carvone, and other
oxygenated components increase as fruit
ripens.® Therefore, oils obtained from fully
mature seeds contain more carvone and less
limonene (and other terpenes) and are consid-
ered to be of a better quality (ARCTANDER).’

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Caraway is generally considered to have car-
minative and stomachic properties. Caraway
oil has been reported to exhibit antibacterial
activities in vitro as well as larvicidal proper-
ties.'!" Tt also has antispasmodic and anti-
histaminic activities on isolated animal organs
(JIANGSU).'* '

Powdered caraway inhibited lipid peroxida-
tion in stored chicken meat. An ethanol extract
of the seeds showed greater potency.15 As a
supplement in the diet of mice, the oil inhibited
carcinogen-induced skin tumors; however,
best results were found from topical applica-
tion of the oil.'"® Carvone and limonene have
shown in vitro chemopreventive activity by
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inducing the detoxifying enzyme glutathione
S-transferase (GST) in several mouse target
tissues. Compounds that induce an increase in
the activity of GST detoxification are consid-
ered potential inhibitors of carcinogenesis.'’

TOXICOLOGY

Caraway seeds showed no mutagenic activity
in the Ames test.'® The acute oral LDs, of
caraway oil in rats is 6.68 g/kg and 3.5 mL/kg.
The acute dermal LDs of the oil in rabbits is
1.78 mL/kg.19 Carvone showed no mutagenic
activity in the Ames test, although it did
produce chromosomal aberrations in CHO
cells and induced sister chromatid changes;
however, no carcinogenic activity was found
in mice of either sex administered carvone
by gavage daily (375 or 750mg/kg/day,
5 days/week) for 2 years.”® Other toxicity
studies have found that at 1% of the diet of
rats for 16 weeks, carvone produced testicular
atrophy and retarded growth; at 0.1% and
0.25% of the diet of rats for 28 weeks it had
no deleterious effects; and that based on a
12-week study, the maximum acceptable daily
intake of carvone in rats was 1 mg/kg."”

USES

Medicinal, Pharmaceutical, and Cosmetic.
Used in some carminative, stomachic, and
laxative preparations. Caraway oil is widely
used in Europe in combination with pepper-
mint oil (see peppermint) and other oils in the
treatment of dyspepsia;(”zo’26 also used as a
flavor in pharmaceuticals and as a fragrance
component in cosmetic preparations including
toothpaste, mouthwash, soaps, creams, lo-
tions, and perfumes, with maximum use level
of 0.4% reported in perfumes.
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Food. Caraway is widely used as a domestic
spice. Itis also extensively used in commercial
food products particularly baked goods (rye
bread, etc.) and meat and meat products,
among others. Caraway oil is used in all major
categories of foods, including alcoholic and
nonalcoholic beverages, frozen dairy desserts,
candy, baked goods, gelatins and puddings,
meat and meat products, condiments and
relishes, and others. Highest average maxi-
mum use level is reported to be about 0.02%
(225 ppm) in baked goods.

Dietary Supplements/Health Foods. Oil and
extract are used as ingredients in some pro-
ducts as spasmolytic aids to digestion (FOSTER;
WREN).

Traditional Medicine. Used as an antispas-
modic, antiflatulent, carminative, expectorant,
and stomachic for dyspepsia; also used to treat
incontinence and indigestion;>?’ relieving
menstrual discomforts, promoting milk secre-
tion, and others (WICHTL; WREN).

COMMERCIAL PREPARATIONS

Fruit and oil; official in N.F. and F.C.C,;
formerly official in U.S.P.

Regulatory Status. GRAS as a spice, natural
flavoring, or seasoning (§182.10); essential
oil, oleoresin, and natural extractives are also
GRAS (§182.20). Both essential oil and fruits
are subjects of German therapeutic mono-
graphs. Essential oil (in daily dose of 3-6
drops); spasmolytic, antimicrobial; for dys-
peptic complaints such as mild gastrointesti-
nal spasm, bloating, and fullness. Seed used
similarly, though therapeutic use not recom-
mended since efficacy is not well documented
(BLUMENTHAL 1).

See the General References for BAILEY 1; BARRETT; BISSET; BLUMENTHAL 1; CLAUS; FEMA; FOSTER; GRIEVE;
GUENTHER; JIANGSU; LIST AND HORHAMMER; LUST, MCGUFFIN 1 & 2; USD 26th; WREN.



140

1. T. Matsumura et al., Phytochemistry, 61,
455 (2002).

2. 1. Bochenska and J. Kozlowski, Herba
Pol., 15, 251 (1969).

3. M. B. Embong et al., Can. J. Plant Sci.,
57, 543 (1977).

4. H. Hopf and O. Kandler, Phytochemistry,
16, 1715 (1977).

5. J. Kunzemann and K. Herrmann, Z.
Lebensm. Unters. Forsch.,164,194(1977).

6. E. Nemeth and R. Hardman, eds., Med.
Arom. Plants Ind. Profiles, 7 (1998).

7. H. Rothbaecher and F. Suteu, Planta
Med., 28, 112 (1975).

8. D. Razinskaite, Nauji Laimejimai Biol.
Biochem., Liet. TSR Jaunuju Mokslini-
nku Biol. Biochem. Moksline Konf., 35
(1967).

9. A. Salveson and A. B. Svendsen, Planta
Med., 30, 93 (1976).

10. F. M. Ramadan et al., Chem. Microbiol.
Technol. Lebensm., 2, 51 (1972).

11. K. Oishi et al., Nippon Suisan Gakkaishi,
40, 1241 (1974).

12. A. M. Debelmas and J. Rochat, Plant.
Med. Phytother., 1, 23 (1967).

13. M. Reiter and W. Brandt, Arzneim.-
Forsch., 35, 408 (1985).

14. K. J. Goerg and T. Spilker, Aliment.
Pharmacol. Ther., 7, 445 (2003).

CARDAMOM

Source: Elettaria cardamomum (L.) Maton
var. cardamomum (syn. E. cardamomum
var. miniscula Burkill) (Family Zingibe-
raceae).

Common/vernacular names: Cardamom, car-
damom seed.
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GENERAL DESCRIPTION

Perennial reed-like plant with lance-shaped
leaves borne on long sheathing stems, up to
about 4 m high; native to tropical Asia; now
cultivated extensively in tropical regions, par-
ticularly India (Malabar coast), Sri Lanka
(Ceylon), Laos, Guatemala, and El Salvador.
Parts used are the dried, nearly ripe fruits with
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seeds from which an essential oil is obtained
by steam distillation. The long wild native
cardamon of Sri Lanka is obtained from
E. cardamomum var. major Thwaites (syn.
E. cardamomum var. miniscula Burkill),
which has comparatively more elongated
fruits (up to approximately 4 cm) than var.
cardamomom, and dark brown pericarps with
coarse striations, the oil of the which is used as
a natural flavoring in liqueurs.

CHEMICAL COMPOSITION

Contains 2.8-6.2% volatile oil, approximately
10% protein, 1-10% fixed oil, up to 50%
starch, manganese, and iron, among others
(LIST AND HORHAMMER; MARSH; WICHTL). The
volatile oil is composed mainly of o-terpinyl
acetate and 1,8-cineole, each of which may
be present at concentrations of up to 50% or
more; lesser components include limonene,
sabinene, linalool, linalyl acetate, o-pinene,
o-terpineol, camphene, myrcene, 1,4-cineole,
borneol, and others (MASADA).H‘ Acid consti-
tuents of the oil include acetic, butyric,
decanoic, dodecanoic, citronellic, geranic,
hexanoic, heptanoic, nerylic, and perillic
acids.>* The fixed oil mainly consists of waxes
containing n-alkanes and sterols, including
[B-sitostenone, stigmasterol, and [ES—sitosterol.5

Compositions of oils vary, depending on
types (e.g., Mysore and Malabar). Oils con-
taining a low content of cineole but high
content of terpinyl acetate are considered to
be of superior quality for flavor applications.®

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Cardamom is considered to have carminative,
stimulant, and stomachic properties.
Cardamom oil has shown in vitro antispas-
modic activity on isolated mouse’ and rabbit
intestine.® Various constituents of the essential
oil show antimicrobial activity in vitro.
Against 14 different species, 1,8-cineole was
only active against Propionibacterium acnes.’
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Alcohol and aqueous extracts of various plant
parts of E. cardamomum inhibited the in vitro
growth of a human pathogenic strain of Sal-
monella typhi."°

An aqueous extract of the seeds increases
trypsin activity in buffer solution.''

TOXICOLOGY

Available data indicate cardamom oil to be
nontoxic.'? No mutagenic activity was found
from cardamom in the Ames test.'

USES

Medicinal, Pharmaceutical, and Cosmetic.
Cardamom is used in some carminative, sto-
machic, and laxative preparations. The seed
oil is mainly used as a flavor ingredient in
Compound Cardamom Spirit to flavor phar-
maceuticals; also used as a fragrance compo-
nent in soaps, detergents, creams, lotions, and
perfumes, with maximum use level of 0.4%
reported in perfumes.'?

Food. Cardamom is used extensively as a
domestic spice in curries, breads, and cakes;
also in coffee, especially in India, Britain, Ger-
many, Scandinavia, the Middle East, and Latin
America. Both cardamom seed and its oil are
widely used as flavor components in most
categories of food products, including alcoholic
and nonalcoholic beverages, frozen desserts,
candy, baked goods, gelatins and puddings,
meat and meat products, condiments and
relishes, and gravies, among others. Highest
average maximum use level reported for the
seed is 0.5% in gravies and about 0.01%
(117 ppm) for the oil in alcoholic beverages.

Dietary Supplements/Health Foods. Whole
or ground cardamom used as a flavoring in-
gredient in India-inspired popular tea known
as chai.

Traditional Medicine. Cardamom has been
used in medicine for centuries in India and
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China as a carminative, stimulant, and to treat
urinary problems, among other conditions.
The cardamom used in China for these
purposes is the fruit of Amomum cardamo-
mum L., which is considered in Chinese med-
icine to be superior to that of Elettaria
cardamomum (JIANGSU). Amomum carda-
moms are from Java and Siam (WICHTL).

COMMERCIAL PREPARATIONS

Seed and oil; official in N.F. and F.C.C.

REFERENCES
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Regulatory Status.  Use of the seed as a spice,
natural flavoring, and natural seasoning
(§182.10), and the essential, natural extrac-
tive, and solvent-free oleoresins of the seed are
GRAS (§182.20). Fruits subject of a German
therapeutic monograph in medium daily dose
of 1.5 g for treatment of dyspeptic disorders
(BLUMENTHAL 1).

See the General References for ARCTANDER; BARRETT; BIANCHINI AND CORBETTA; FEMA; GREIVE; GUENTHER;
GUPTA; JTANGSU; LUST; MASADA; MCGUFFIN 1 & 2; NANJING; ROSENGARTEN; STAHL; TERRELL; UPHOF; WICHTL.
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CAROB

Source: Ceratonia siliqua L. (Family Legu-
minosae or Fabaceae).

Common/vernacular names: Carob, carob
bean, locust bean, St. John’s bread.

GENERAL DESCRIPTION

Dome-shaped evergreen tree with dark green
compound leaves, consisting of two to five
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pairs of large, rounded glossy leaflets; fruits
(pods) up to 30cm long, indehiscent, and
sometimes borne on the tree trunk; tree up to
15 m high; native to southeastern Europe and
western Asia; widely cultivated in the Medi-
terranean region. Part used is the dried ripe
fruit, from which three major commercial
products are obtained: carob extract of the
dried pod, either roasted or unroasted; carob
flour from the pulp or the whole pod; and carob
bean gum or locust bean gum from the endo-
sperm of the seed. Spain, Italy, and Portugal
are the major producers of carob.’
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Carob pods are believed to be the locusts
consumed by St. John the Baptist, hence the
name St. John’s bread. Seeds were used in
ancient times as weight units for gold from
which the term carat is reportedly derived.

CHEMICAL COMPOSITION

Pod pulp contains 30—40% total fiber,"
30-60% (usually 40-50%) sugars mainly
composed of sucrose (up to 26% in pulp),
fructose (13%), xylose, maltose, dextrose,
inositols, among others; proteins; amino acids
(alanine, proline, valine, etc.); gallic acid; fats;
starch; abscisic acid (a plant growth inhibitor);
and others.'™ Carob pods also contain high
quantities of dietary fiber' and polyphenols,
including proamthocyamidins,6 catechin, (—)-
epicatechin gallate, (—)-epigallocatecin gal-
late, gallic acid, quercetin, and ellagic acid.
The fiber component (derived from the water-
insoluble fraction of the pods) contains 3.94%
polphenols (dry weight), including gallotan-
nins, cinnamic, ferulic, gallic (1.65%), p-cou-
maric, and syringic, acids; flavones (luteolin,
apigenin, and chrysoeriol), flavanones (genis-
tein, isoflavone, and naringenin), flavonols
(isorhamnetin, kaempferol, myricetin, and
quercetin), and flavonol glycosides (quercetin
arabinoside and others).’

The seeds contain protein, a high content of
essential fatty acids (mostly oleic, linoleic,
and palmitic acids), tannins, gum (a galacto-
mannan), and others.>1° The protein is lo-
calized in the embryo and cotyledons while
the gum is present mainly in the endosperm
(LIST AND HORHAMMER).

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Rats fed preparations of carob pods rich in
dietary fiber along with a high-fat diet showed
significantly lower serum cholesterol levels
and greater fecal mass compared to controls.'!
A tannin-rich carob pod preparation also
lowered cholesterol levels in rats.'” Rats fed
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a diet containing 15% carob gum lost weight
compared with control animals and showed
decreases in blood glucose, plasma cholester-
ol, and insulin levels, along with an increase in
glucose tolerance.?

An infusion of the pods inhibited the
in vitro proliferation of mouse hepatocellular
tumor (T1) cells and induced apoptosis in the
cells.'* The crude polyphenol fraction of car-
ob pods exhibits in vitro lipid peroxidation-
inhibiting, antioxidant, and free radical
scavenging activities.'

Selective in vitro binding to peripheral
benzodiazepine receptors was found from a
methanol extract of the pods, as well as an
extract of the leaves.'®

In a double-blind, placebo-controlled trial
in patients diagnosed with hypercholesterol-
emia, a preparation of carob pulp rich in
insoluble fiber (15 g/day) significantly low-
ered total and LDL-cholesterol levels. How-
ever, triglyceride levels were only lowered in
the female patients and total cholesterol levels
decreased by 4% in the females versus only
1% in the male patients.'”

Infants aged 3-21 months diagnosed with
acute diarrhea treated with a carob pod
powder containing 40% tannins (1.5 g/kg/day)
showed a significant increase in normal defe-
cation and a faster return to normal body
temperature and weight and the cessation of
vomiting compared to placebo.'®

TOXICOLOGY

The addition of carob bean gum (9.5 g) to the
normal daily diet of healthy humans (ages
19-25 years) was found to significantly reduce
the absorption of iron, calcium, and zinc, but
not copper.'

USES

Food. Carob has served as an emergency
food and as a sweet for children’ and was
used by the ancient Egyptians to make beer
(MANNICHE). Carob flour and carob extracts
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(carob syrup, etc.) have been used as food for
centuries. Currently, the flour is popular in
health foods and as a cocoa substitute, for
which roasted kibbles are used, while carob
extracts are widely used as flavor ingredients
(e.g., butterscotch, imitation chocolate, and
vanilla) in all kinds of food products, including
alcoholic and nonalcoholic beverages, frozen
dairy desserts, candy, baked goods, gelatins and
puddings, meat and meat products, condiments
and relishes, fruit and ices, sweet sauces, grav-
ies, imitation dairy, and many others. Highest
average maximum use levels reported are in
imitation dairy (0.50%), fruit and ices (0.50%),
gravies (0.46%), sweet sauces (0.46%), and
condiments and relishes (0.42%). Carob seed
is also the source of locust bean gum (galacto-
mannan) thatis widely used in foods to increase
viscosity.

Dietary Supplements/Health Foods. Carob
flour is widely used in health food products,
including weight-loss formulations, “‘energy”
bars, tea formulations, and other products,
primarily as a chocolate substitute.

Use of carob in the United States is largely
as a chocolate substitute; imitation chocolate

REFERENCES
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products containing carob include brownies,
carob chip cookies, candy bars, bits, creams,
fudge, carob-flavored milk, and so on.?

Traditional Medicine. The dried seed ker-
nels (GHAZANFAR) and carob flour has long
been used as an antidiarrheal by people of the
Mediterranean and Aegean regions.”' The
ancient Egyptians used the pods in topical
treatments of wounds and eye conditions,
and internally in other conditions (MANNICHE).
A decoction of the pods has been used for
catarrhal infections (UPHOF).

COMMERCIAL PREPARATIONS

Roasted and unroasted crude (kibbles), syr-
up, and extracts; extracts usually come in
specific flavor strengths, depending on users’
requirements.

Regulatory Status.  Essential oil, solvent-free
oleoresin, and natural extractives of
carob bean/St. John’s bread are GRAS
(§182.20).

See the General References for ARCTANDER; BIANCHINI AND CORBETTA; FEMA; UPHOF.
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CARRAGEENAN

Source: Chondrus crispus (L.) Stackh.,
Eucheuma, and Gigartina species or relat-
ed red algae (seaweeds) of the class
Rhodophyceae.

Common/vernacular names: Carrageenan,
carrageenin, carragheenan, chondrus extract,
Irish moss extract.

GENERAL DESCRIPTION

Carrageenan is a seaweed gum (hydrocolloid)
obtained from various red algae growing along
the Atlantic coast of Europe and North Amer-
ica, with C. crispus (Irish moss) as its major
source. It occurs in the intercellular matrix and
cell walls of the algae and constitutes 60—-80%
of their salt-free dry weight. S ts primary use
is as a food stabilizer.

In the manufacture of carrageenan, the
dried seaweed is first cleaned with cold water
and mechanical devices to remove salt and
other extraneous materials. It is then extracted
with hot water containing calcium or sodium
hydroxide. The extract is clarified by filtration,
its pH adjusted to slightly basic, and carra-
geenan is obtained either by direct drum or roll
drying of the filtrate or by precipitation with
alcohol (e.g., ethyl or isopropyl), depending
on the type or purity desired.*” The United
States and European countries (e.g., Denmark,
France, and Spain) are the major carrageenan
producers, with the United States being by far
the largest.

Carrageenan comes in many types with
different solubilities and gel characteristics,
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depending on the process and types of algae
used for its manufacture. It readily dissolves in
water to form viscous solutions or gels, de-
pending on its chemical composition. Its re-
action to heating and shearing forces also
depends on its chemical nature.

Carrageenan has high reactivity with cer-
tain proteins, particularly milk protein, to
form weak to strong gels.

CHEMICAL COMPOSITION

Carrageenan is a sulfated, straight-chain poly-
galactan composed of residues of p-galactose
and 3,6-anhydro-p-galactose with a molecular
weight usually of 100,000-500,000. It con-
tains a high content of sulfate (20-40% dry
weight basis). The number and position of
the sulfate groups and the ratio of galactose
to 3,6-anhydrogalactose vary greatly. Carra-
geenan generally contains two major frac-
tions: a gelling fraction called x-carrageenan
and a nongelling fraction called A-carrageen-
an; K-carrageenan contains D-galactose, 3,6-
anhydro-p-galactose and ester sulfate groups,
while A-carrageenan contains p-galactose and
its monosulfate and disulfate esters. Other
types of carrageenan include i-carrageenan,
which is composed mainly of monosulfates
of p-galactose and 3,6-anhydro-p-galactose
(FURIA).2’6’7

A-Carrageenan is readily soluble in cold
water to form a viscous solution regardless of
the cations present, whereas K-carrageenan is
precipitated by potassium ions. The potassium
salt of carrageenan, however, is soluble in
water on heating and forms an elastic gel on
cooling; the elasticity or rigidity of the gel
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depends on the amounts of potassium ions
present. 1-Carrageenan (obtained mostly
from Eucheuma spinosum) forms thermally
reversible elastic gelatin-like gels with calci-
um ions.

Solutions and gels of carrageenan are
degraded rapidly by low pH and high tem-
peratures. Degraded carrageenans (molecular
weight approximately 15,000) do not have the
viscosity or gelling properties of food-grade
carrageenans (molecular weight >100,000).

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Carrageenan has been reported to exhibit
many pharmacological activities in animals,
including lowering of blood cholesterol level,
reducing gastric secretions and food absorp-
tion, and increasing water content of the gut
when large doses are ingested. However,
carrageenan is not absorbed following oral
administration and does not undergo metabo-
lization to lower molecular weight substances.
When administered parenterally, it has
shown anticoagulant, hypotensive, and immu-
nosuppressive activities. Furthermore, when
injected into a rodent’s paw, carrageenan
produces a reproducible inflammatory condi-
tion, which is extensively used as a model
for screening potential anti-inflammatory
drugs.>®?

Carrageenan, both in the degraded (poli-
geenan; molecular weight <20,000) and un-
degraded forms, has been reported to alleviate
peptic and duodenal ulcers in humans (MARTIN-
DALE). Carrageenan has inhibitory effects on
pepsin activity in vitro. Its degraded form
(no viscosity) and forms with low and high
viscosities, all exhibit antiproteolytic activi-
ties in vitro against papain.'

TOXICOLOGY

At high doses the degraded form of carrageen-
an (poligeenan) shows various toxic effects,

Carrageenan

especially when administered by injection.
Food-grade carrageenan (molecular weight
>100,000) has undergone extensive toxico-
logical testing, which demonstrated that they
are not absorbed through the gutand and are
nontoxic,” noncarcinogenic, nongenotoxic,
and not tumor promoting. Studies that have
shown any toxicity from carrageenan involved
injecting the substance into animals or used
doses far in excess of amounts that pertain to
human exposure.’

USES

Medicinal, Pharmaceutical, and Cosmetic.
Used extensively as binder, emulsifier, or
stabilizer in toothpastes; also in hand lotions,
creams, tablets, and others.

The degraded form has been used in pre-
parations for treating peptic ulcers, primarily
in Europe (France).

Food. Carrageenan (or its salts) is extensive-
ly used in food products for its gelling, stabi-
lizing, and thickening properties. Carrangee-
nans have been used by the meat processing
industry to improve the texture of produced
meat products with reduced fat."' Other pro-
ducts that incorporate carrageenans include
milk products such as chocolate milk, ice
cream, sherberts, cottage cheese, cream
cheese, evaporated milk, milk desserts, pud-
dings, yogurts, infant formulas, and others.
Carrageenan is also used in gravies, thicken-
ing sauces, bread doughs, jams, and jellies,
among others. Its major functions are as thick-
ening, gelling, emulsifying, stabilizing, and
suspending agents, preventing the settling of
solids, and in the case of ice cream, to prevent
ice crystal formation, among others. For use in
gel products such as jams and jellies, its use
level is usually 0.5-1.1%; locust bean gum is
often used with carrageenan to improve its gel
strength and elasticity.

Dietary Supplements/Health Foods. Carra-
geenan is used in various weight-loss



Carrot oils

formulations; also in drinks, especially aloe
vera, fruit juice, and herbal drinks.

COMMERCIAL PREPARATIONS

Carrageenan and its ammonium, calcium,
potassium, and sodium salts come in many

REFERENCES
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grades and types to meet specific end use
requirements. Official in F.C.C. and N.F.

Regulatory Status. Carrageenan and its salts
are GRAS (§172.620, §172.623, §172.626),
§182.7255, §582.7115, §582.7255).

See the General References for FEMA; FURIA; GLICKSMAN; GRIEVE; LAWRENCE; LEWIS AND ELVIN-LEWIS; LUST;
MARTINDALE; MCGUFFIN 1 & 2; UPHOF; WHISTLER AND BEMILLER; WREN; YOUNGKEN.
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CARROT OILS

Source: Daucus carota L. (Family Umbelli-
ferae or Apiaceae).

Common/vernacular names: Carrot oil, oil of
carrot, wild carrot oil, Queen Anne’s lace.

GENERAL DESCRIPTION

Annual or biennial herb with erect, much
branched stem; up to about 1.5m high. The
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Toxicol., 32, 413 (2002).

8. J. E. Sawicki and P. J. Catanzaro, Int.
Arch. Allergy Appl. Immunol., 49, 709
(1975).

9. C.J.Morris, Methods Mol. Biol., 225,115
(2003).

10. E. E. Deschner et al., Clin. Gastro-
enterol., 10, 755 (1981).

11. E Arnal-Peyrotand J. Adrian, Med. Nutr.,
13, 49 (1977).

12. A. Trius and J. G. Sebranek, Food Sci.
Nutr., 36, 69 (1996).

common cultivated carrot, D. carota
L. subsp. sativus (Hoffm.) Arcang., has an
edible fleshy, orange-red taproot, while the
wild carrot, or Queen Anne’s lace, D. carota
L. subsp. carota, has an inedible, tough
whitish root; wild carrot is native to Europe,
Asia, and North America; naturalized in
North America. Part used is the dried fruit,
from which carrot seed oil is obtained by
steam distillation. Carrot root oil is obtained
by solvent extraction of the red carrot (root);
it contains high concentrations of carotenes

(o, B, etc.).
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CHEMICAL COMPOSITION

Carrot seed oil contains o-pinene (up to
13.3%), B-pinene, carotol (up to 18.29%),
daucol, limonene, B-bisabolene, B-elemene,
(—)-B-bergamotene, y-decalactone, B-farne-
sene, geraniol, geranyl acetate (up to
10.39%), caryophyllene, caryophyllene oxide,
methyl eugenol, nerolidol, eugenol, trans-asar-
one, vanillin, asarone, o-terpineol, terpinen-
4-ol, y-decanolactone, coumarin, -selinene,
2.4,5-trimethoxybenzaldehyde, among others.
Other constituents present include oleic acid,
palmitic acid, butyric acid, 4-hydroxybenzyl
alcohol, and others (jianGsu).'™'° Oil content is
highly variable, from 0.05% to 7.15%.'°

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

COX-I and -II-inhibiting activity of the oil is
largely attributed to trans-asaraone, 2,4,5-tri-
methoxybenzaldehyde, geraniol, and oleic
acid."*trans-Asaraone is toxic to mosquito
larvae in vitro and some species of nematodes
and caterpillars in vivo. It also inhibits
the in vitro growth of Candida albicans,
C. kruseii, and C. parapsilasis."" The seed oil
inhibits the in vitro growth of Campylobacter
Jjejuni'> and Helicobacter pylori. In mice in-
fected with H. pylori, oral administration of
the oil cleared the bacteria in 20-30% of
cases.'® In vitro activity of the oil was also
shown against Aspergillus parasiticus and its
production of aflatoxin. Active constituents
were identified as limonene and terpinene.'’
Carrot seed oil has also shown in vitro
vasodilatory and smooth-muscle relaxant
activities on isolated animal organs. It also
depressed cardiac action in isolated frog and
dog hearts.

TOXICOLOGY

Data indicate carrot seed oil to be nontoxic.’
However, the chloroform/methanol fraction
and petroleum ether extracts of the seeds have

Carrot oils

shown antifertility activity in female rats
(20 mg/kg p.o.)."®

USES

Medicinal, Pharmaceutical, and Cosmetic.
Carrot seed oil is used primarily as a fragrance
component in soaps, detergents, creams,
lotions, and perfumes. Highest use level re-
ported is 0.4% in perfumes.’

Carrot root oil is used in certain sunscreen
preparations and as a source of 3-carotene and
vitamin A.

Food. Carrot seed oil is used as a flavor
ingredient in most major categories of food
products, including alcoholic (particularly
liqueurs) and nonalcoholic beverages, frozen
dairy desserts, candy, baked goods, gelatins
and puddings, meat and meat products; con-
diments and relishes, and soups, usually in
rather low use levels (<0.003%).

Carrot root oil is used mainly as a yellow
food color because of its carotene content.

Traditional Medicine. Seeds used as a di-
uretic and emmenagogue and for flatulence in
the form of a decoction or infusion; in Chinese
medicine to treat chronic dysentery and as an
anthelmintic.

Others. Carrot seed oil can serve as sources
of carotol and daucol, which have potential as
starting materials for the synthesis of new
fragrance compounds.*'?

COMMERCIAL PREPARATIONS

Available as carrot oil (that can be either seed
oil or root oil); seed oil is official in F.C.C.

Regulatory Status.  Carrot (seed) oil is GRAS
(§182.20), and carrot (root) oil has been ap-
proved for use as a food color (§73.300); no
distinction between root oil and seed oil is
given in §182.20.
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CASCARA SAGRADA

Source: Frangula purshiana (DC.) J. G.
Cooper (syn. Rhamnus purshiana D C.)
(Family Rhamnaceae).

Common/vernacular names: Cascara, cascara
sagrada, chittem bark, sacred bark.

GENERAL DESCRIPTION

Small- to medium-size, deciduous tree with
reddish brown bark and hairy twigs; up to
about 13 m high; native to the Pacific Coast
of North America (northern California,
Oregon, Washington, British Columbia, Idaho,
and Montana). Part used is the bark, which is
removed from trees with trunk diameter of
about 10 cm or more; it is then allowed to dry
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and age for 1 year before use, as the fresh
bark has an emetic principle that is destroyed
on prolonged storage or by heating. This emet-
ic principle is now generally considered to
be composed of monoanthrones and their
O-glycosides that are oxidized to nonemetic
anthraquinones or anthrone C-glycosides on
storage or heat treatment.'

CHEMICAL COMPOSITION

Contains 6-10% (usually ca. 8%) anthragly-
cosides as its active principles that consist
primarily (60% or more) of C-glucosides
(cascarosides) A, B, C, D, E, and F and
barbaloin and chrysaloin), with minor con-
centrations of O-glycosides (e.g., frangulin)
also present. Other constituents include free
anthraquinones (e.g., emodin, aloe-emodin,
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isoemodin, and chrysophanol, also known as
chrysophanic acid), resins, tannins, and lipids,
among others (staHL).!™®

Cascarosides account for 60-70% of the
total anthraglycosides (anthracene deriva-
tives) present; the remainder (10-20%) con-
sists mostly of anthraquinone-O-glucosides
(e.g., frangulaemodin- and aloe-emodin-
8-O-glucoside), aglycones of chrysophanol,
frangulaemodin, aloe-emodin, and physcion),
and small amounts of hetero- and isodian-
thrones (wicHTL). Cascarosides A and B are
O-glucosides of barbaloin, while cascarosides
C and D are O-glucosides of chrysaloin. Mild
acid hydrolysis of cascarosides yields aloins,
which, however, can be broken down to their
aglycones only by strong oxidative hydrolysis.

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Cascarosides A and B are responsible for most
of the cathartic properties in cascara and act
on the large intestine by inducing increased
peristalsis (see senna).”” Cascarosides are
more active than their hydrolyzed products
(aloins and free anthraquinones).lo_12

Laxatives can potentially interfere with
orally administered drugs taken at the same
time through a decrease in intestinal transit
time. Long-term use of anthranoid-containing
laxatives can result in potassium depletion; for
those taking cardiac glycosides potassium
deficiency may result in cardiac arrhythmias
(FUGH-BERMAN; WICHTL).

USES
Medicinal, Pharmaceutical, and Cosmetic.

Used extensively in laxative preparations; also
used in sunscreens.

REFERENCES

Cascara sagrada

Food. Only the bitterless extract is repor-
tedly used as a flavor component in foods,
including nonalcoholic beverages, frozen
dairy desserts, and candy and baked goods.
Average maximum use level is below 0.008%

(75 ppm).

Dietary Supplements/Health Foods. Crude
aged bark used in laxative and detoxicant teas;
extracts in herbal formulas (capsules, tablets,
drinks, etc.) for the laxative and alleged
detoxicant effects.

Traditional Medicine. Bark infusion used
by various North American Indian tribes as
a laxative and purgative; also taken for arthri-
tis and rheumatism, as a treatment for worms
in children, and used topically for sores
(MOERMAN); reportedly used in treatments of
cancer. "

COMMERCIAL PREPARATIONS

Crude and fluid extract, aromatic fluid extract,
solid extract (bitter, bitterless, aromatic), pow-
der extract, granular extract, and cascaroside
concentrates; crude, aromatic fluid extract,
and bitter fluid and powder extracts are official
in U.S.P. Strengths of extracts (see glossary)
are expressed in weight-to-weight ratios as
well as total cascaroside content.

Regulatory Status. Allowed as a natural fla-
voring substance at subtherapeutic levels
(8§172.510). In 2002, the U.S. FDA. ruled that
in over-the-counter products cascara sagrada
is not GRAS and effective.'* Bark subject of
a German therapeutic monograph; allowed
for short-term use in laxative formulations;
only sold in pharmacies (BLUMENTHAL 1;
WICHTL).

See the General References for APhA; BAILEY 1; BARNES; BLUMENTHAL 1; BRUNETON; DER MARDEROSIAN AND
BEUTLER; ESCOP 1; FEMA; FUGH-BERMAN; KROCHMAL AND KROCHMAL; LUST; MARTINDALE; STAHL; WICHTL;

YOUNGKEN.
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CASCARILLA BARK

Source: Croton eluteria (L.) Sw. (Family
Euphorbiaceae).

Common/vernacular names: Cascarilla, sweet
bark, and sweetwood bark.

GENERAL DESCRIPTION

Large shrub to small tree, flowering and fruit-
ing year round; up to 12 m high; native to the
West Indies (Bahamas, Jamaica, Cuba, etc.);
also grows in tropical America (Mexico,
Colombia, and Ecuador).! Part used is the
dried bark from which an essential oil is
obtained by steam distillation; mainly from
the Bahamas.

CHEMICAL COMPOSITION

Contains cascarillan as the major constituent
and other diterpenes (cascarillans A-D,
cascallin, cascarillone, cascarilladone,’ eleu-
terins A-K, pseudoeleuterin B*?); lupeol
(triterpene);3 1.5-3.0% volatile oil, a bitter
principle (cascarillin A), resins, tannin, starch,
andlipids, among others (LISTAND HORHAMMER).
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The volatile oil consists primarily of
p-cymene, camphene, dipentene, d-limonene,
B-caryophyllene, o-terpineol, o-and B-pi-
nene, o-thujene, borneol, terpinen-4-ol, euge-
nol, and others.>® Additional constituents in-
clude cineole, methylthymol, cuparophenol,
and cascarilladiene (MAsADA).”~

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

An acetone extract of the bark and carscarillin
potentiated histamine-stimulated gastric acid
secretion in a mouse stomach preparation.’

The essential oil has shown antimicrobial
activities.""'?

TOXICOLOGY

Data indicate that cascarilla bark is not toxic.'?

USES

Medicinal, Pharmaceutical, and Cosmetic.
Tinctures and extracts are used in certain bitter
tonic preparations; essential oil as a fragrance
component in soaps, detergents, creams,
lotions, and perfumes (particularly oriental
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types and men’s fragrances), with maximum
use level of 0.4% reported in perfumes.'* The
oil is used by compounders, especially for
men’s fragrances, because of its power and
tenacity.’

Food. Extract is mainly used as a tobacco
additive* and in alcoholic (bitters and li-
queurs) and nonalcoholic beverages, with av-
erage maximum use levels of 0.01% and about
0.08% (775 ppm), respectively. Essential oil
is used as a flavor ingredient in most major
categories of food products, including alco-
holic and nonalcoholic beverages, frozen
dairy desserts, candy, baked goods, and con-
diments and relishes. Highest average maxi-
mum use level is 0.007% (72.1 ppm) reported
for the last category.

REFERENCES

Cassie absolute

Traditional Medicine. Used in the treat-
ment of fevers,'* malaria, dysentery, dyspep-
sia (DUKE 2), and as digestive,3 aromatic
bitter, aromatic stimulant, and body tonic
(AYENSU).

Others. Used in flavoring smoking tobacco.

COMMERCIAL PREPARATIONS

Crude, extracts, and essential oil; oil is official
in F.C.C.

Regulatory Status.  Essential oil, solvent-free
oleoresin, and natural extractives are GRAS
(§182.20).

See the General References for ARCTANDER; AYENSU; BAILEY 2; FEMA; GUENTHER; GRIEVE; MCGUFFIN 1 & 2;

MERCK; TERRELL; UPHOF; YOUNGKEN.
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Common/vernacular names: Cassie absolute,
huisache, popinac absolute, and sweet
acacia.



Cassie absolute
GENERAL DESCRIPTION

Thorny shrub to small tree, 3-9 m high, with
very fragrant flowers; believed to be native of
the Old World, now widespread and cultivated
in subtropical and tropical regions of the
world." Parts used are the flowers from which
a concréte is first prepared by extraction with
petroleum ether; the absolute is then obtained
by alcohol extraction of the concréte. Produced
primarily in Cannes, France; also in India.

CHEMICAL COMPOSITION

The absolute contains approximately 25% of
volatile constituents, which are composed
mainly of benzyl alcohol, methyl salicylate,
farnesol, and geraniol, with more than 40
other minor compounds, including o-ionone,
geranyl acetate, linalyl acetate, nerolidol, dihy-
droactinidiolide, (—)-3-methyl-dec-3-en-1-ol,
(—)-3-methyl-dec-3-enoic acid, and trans-3-
methyl-dec-4-enoic acid. The last three
compounds are responsible for much of the
characteristic fragrance of cassie oil.>~

The nonfragrant material present accounts
for about 75% of the absolute and consists
mostly of high molecular weight lipids (e.g.,
hydrocarbons and waxes).?

USES
Medicinal, Pharmaceutical, and Cosmetic.

The absolute is used as a fragrance component
in some high-cost perfumes.

REFERENCES
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Food. The absolute is used as a flavor ingre-
dient (fruit flavors) in most major categories of
food products, including alcoholic and nonal-
coholic beverages, frozen dairy desserts, can-
dy, baked goods, and gelatins and puddings,
with average maximum use levels generally
below 0.002%.

Traditional Medicine. Flowers used topi-
cally to relieve headache; also used as anti-
spasmodic, aphrodisiac, antidiarrheal, febri-
fuge, antirheumatic, stimulant, and insecticide
in the form of an infusion; used in baths for
dry skins. In India, leaves are used to treat
inflammatory conditions® and gonorrhea; root
chewed for sore throat; dried gum ground to
powder for diarrhea.” Root has been used in
treating stomach cancer in Venezuela;® also
used in China to treat theumatoid arthritis and
pulmonary tuberculosis.

Others. Bark and pods (23% tannin) used
for tanning; gum marketed with other acacia
gums; used in confectionery.

COMMERCIAL PREPARATIONS

Absolute and oil.

Regulatory Status.  Approved for food use as
a natural flavoring (§172.510).

See the General References for ARCTANDER; BAILEY 1; CSIR I; DUKE 1; DUKE 2; GUENTHER; GUPTA; JIANGSU;
LIST AND HORHAMMER; MCGUFFIN 1 & 2; MORTON 2; ROSE; UPHOF.
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CASTOR OIL

Source: Ricinus communis L.
Euphorbiaceae).

(Family

Common/vernacular names: Castor bean,
palma christi, and ricinus.

GENERAL DESCRIPTION

An annual herb (up to 5 m high) when grown
in temperate zones and a perennial shrub or
tree (up to about 15m high) in warmer cli-
mates. Castor bean is composed of many
varieties. It is generally believed to be a native
of Africa or India and is extensively cultivated
worldwide. Parts used are the ripe seeds from
which a colorless to pale oil is obtained by
cold pressing; yield, 25-35%; hot pressing
and solvent extraction yield darker grades
of oil, which are of lower quality. Castor oil
is remarkably stable and does not easily turn
rancid. Major castor oil-producing countries
include Brazil, China, and India."?

CHEMICAL COMPOSITION

Castor oil contains fatty acid glycerides of
linoleic, oleic, dihydrostearic, and stearic acids,
with ricinoleic acid comprising 80-90% of the
total fatty acid glyceride content. Ricinoleic
acid is a hydroxy acid, and as a result of
hydrogen bonding of its hydroxyl groups, cas-
tor oil has a characteristically high viscosity.' ™

Castor bean (seed) contains a highly poi-
sonous protein (ricin), which remains in the
seed cake (pomace) after the expression
of castor oil. Ricin is reported to contain
18 different amino acids and to have a molec-

Castor oil

7. M. B. Siddiqui and W. Husain, Fitoterapia,
62(4), 325 (1991).

8. 1. L. Hartwell, Lloydia, 33, 97 (1970).

ular weight of 53,000-54,000. Steam or moist
cooking of the pomace destroys the ricin. The
seed also contains ricinine (an alkaloid), lec-
tins, and a very powerful heat-stable allergen
(MARTINDALE). 14

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Due to the content of ricinoleic acid, castor oil
has cathartic properties, acting on the small
intestine and producing purgation 2—8 h after
ingestion; its usual dose is about 15 mL. Large
doses may produce, besides purgation, nau-
sea, vomiting, and colic. It also has emollient
properties on the skin and is soothing to the
eyes.

TOXICOLOGY

Castor oil facilitates the absorption of oil-
soluble anthelmintics and should not be used
with them.

Castor seed is extremely toxic due to its
content of ricin, which is not present in the oil;
chewing a single seed may be fatal to a child
(MARTINDALE), and whereas seven or eight
seeds are believed to be sufficient to kill an
adult, as few as three seeds can cause fatal
gastroenteritis.’

Glycoprotein allergens present in the seed
pulp can cause serious symptoms (asthma,
eye irritations, hay fever, skin rashes, etc.) in
certain individuals (MARTINDALE). Allergic
reactions are also reported from wearing or-
namental necklaces made of the seeds.’

A feeding study in chicks found that at
concentrations of 0.5-5% of the diet, castor
seed produced toxicity characterized by
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locomotor disturbances, impaired vision,
abnormal posture, growth depression, anemia
with significant increases in serum sorbitol
dehydrogenase, glutamic dehydrogenase, glu-
tamic oxaloacetic transaminase, potassium,
and total hepatic and cardiac lipids. Decreases
in hepatic vitamin A, serum protein totals, and
manganese were also observed.” Other animal
studies on the seeds have reported fever,
perspiration, vomiting, diarrhea, and eventual
death.’

USES

Medicinal, Pharmaceutical, and Cosmetic.
Used as a cathartic, particularly in the treat-
ment of food poisoning and in evacuation of
the bowel before X-ray examination; as a
solvent or vehicle in some parenteral and
ophthalmic preparations; as an ingredient in
lipsticks, hair-grooming products, ointments,
creams, lotions, transparent soaps, supposito-
ry bases, and others.

Food. Castor oil is used as an antisticking
and release agent in hard candy production
and as a component of protective coatings in
tablets (vitamins, minerals, etc.); as a flavor
component (e.g., butter and nut flavors) in
major categories of foods such as nonalcohol-
ic beverages, frozen dairy desserts, candy,
baked goods, and meat and meat products,
with highest average maximum use level of
0.055% reported for frozen dairy desserts.

Traditional Medicine. Castor oil has been
used for centuries in India, Egypt, and China
as a cathartic and externally for sores and
abscesses, among others; seeds also reportedly
used as an oral contraceptive in Algiers® and
India.” A teaspoon of the oil with parsley has
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been used to treat asthma (Haiti). Other uses of
the oil include intestinal colic (Iran), vomiting,
prolapse of the rectum, hemorrhoids (Brazil),
diarrhea (South Africa), and as a purgative
(Italy, Indonesia, Philippines, Mexico, Argen-
tina, Columbia, and Brazil). Topical uses
include bone deformities, limb paralysis
(Algeria), bedsores (Nigeria), bronchial catarrh
(Guatemala), flatulence in children, mastitis
during breastfeeding (Indian and Pakistan),
tinea or seborrhea of the scalp (Ethiopia),
scabies (Angola), sedative (East and South
Africa), warts, old age spots, ulcerated feet
(Columbia), scalds (Brazil), burns, eczema
(Russia), conjunctivitis (India), sties, and red-
dening and irritation of the eyes (Columbia).
Theoilhasalsobeeninstilled intothe eartotreat
otitis (Sri Lanka) and earache (Italy).5

Others. The seed oil was used by the ancient
Egyptians for embalming in mummification;’
however, by far the largest use of castor oil
is as its dehydrated or partially dehydrated
form in industrial lubricants, coatings, paints,
varnishes, and others; also in synthesis of
urethanes, foams, plastics, and certain per-
fume chemicals, among others."*'° Sulfonat-
ed castor oil (Turkey red oil) is widely used
in the textile and printing industry as a
surfactant.'!

COMMERCIAL PREPARATIONS

No. 1 and no. 3 quality oils. Castor oil is
official in U.S.P. and F.C.C.

Regulatory Status. Castor oil is approved for
use in foods as a natural flavoring substance
(§172.510) and as a diluent in color additive
mixtures for finished foods in a concentration
of not more than 500 ppm (§73.1).

See the General References for BAILEY 2; BIANCHINI AND CORBETTA; DER MARDEROSIAN AND BEUTLER; DUKE
4; FEMA; GRIEVE; JIXIAN; BRUNETON; JIANGSU; HUANG; LEWIS AND ELVIN-LEWIS; GRIEVE; MARTINDALE; MCGUFFIN

1 & 2; MERCK; NANJING; UPHOF; USD 26th; YOUNGKEN.
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CASTOREUM

Source: Castor fiber L. or C. canadensis
Kuhl (Family Castoridae).

Common/vernacular names: Secretion of
Canadian beaver (C. canadensis) and Siberian
or European beaver (C. fiber).

GENERAL DESCRIPTION

Beavers are large pale brown to chestnut-
brown rodents. The Canadian beaver inhabits
lakes and rivers of Canada and northern Unit-
ed States, while the Siberian beaver is found in
Europe and Siberia. Castoreum is the secre-
tion accumulated in glands located near the
pubis (between anus and sex organs) of these
animals. These scent glands with their secre-
tion (castoreum) are collected and dried, from
which extracts (absolute, tincture; etc.) are
prepared by solvent extraction. Canadian cas-
toreum is considered superior in quality to the
Siberian castoreum.’

CHEMICAL COMPOSITION

Contains 1-2% volatile oil; 0.33-2.5% cas-
torin (a waxy crystalline substance separated

Castoreum
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11. A. V. Nawaby et al., J. High Resolut.
Chromatogr., 21, 401 (1998).

from the hot alcoholic extract on cooling); up to
80% of an alcohol-soluble resinoid material;
acids (benzoic, salicylic, cinnamic acids, etc.);
phenols (phenol, o-ethylphenol, p-ethylphe-
nol, p-propylphenol, chavicol, betuligenol,
etc.); ketones (acetophenone and its deriva-
tives, an ionone derivative, etc.); castoramine;
cholesterol and other alcohols (benzylalcohol,
cis-1,2-cyclohexanediol, etc.); 1.4% calcium
phosphate; and others (ARCTANDER; LIST AND
HORHAMMER; POUCHER).2 Canadian castoreum
and Siberian castoreum differ considerably in
their relative concentrations of certain of these
constituents, with the Siberian material gener-
ally higher in volatile oil, castorin, and resinoid
matter (LIST AND HORHAMMER).

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Believed to have sedative, nervine, and other
properties. No pharmacological data are
available.

TOXICOLOGY

Few tests (primarily dermatological) using
castoreum tincture have indicated it to be
nontoxic.’



Catechu (black and pale)
USES

Medicinal, Pharmaceutical, and Cosmetic.
Rarely used in pharmaceuticals. Main use
(generally as a tincture) is in cosmetics as a
fragrance component or fixative in perfumes
(particularly men’s fragrances and oriental
types), soaps, creams, and lotions, with maxi-
mum use level of 0.4% reported in perfumes.”

Food. Extracts used as flavor components
(particularly in vanilla flavors) in most major
categories of foods such as alcoholic and
nonalcoholic beverages, frozen dairy desserts,

REFERENCES

157

candy, baked goods, gelatins and puddings,
meat and meat products, and gravies. Average
maximum use levels reported are usually be-
low 0.009% (93.7 ppm).

Traditional Medicine. Used in amenorrhea,

dysmenorrhea, hysteria, restless sleep, and as
analeptic and nervine, among others.

COMMERCIAL PREPARATIONS

Mainly crude.

See the General References for ARCTANDER; FEMA; LIST AND HORHAMMER; MARTINDALE; POUCHER.

1. E. Shiftanin A. Standen, ed., Kirk-Othmer
Encyclopedia of Chemical Technology,
Vol. 14, 2nd ed., Wiley-Interscience,
New York, 1967, p. 717.

CATECHU (BLACK AND
PALE)

Source: Black catechu: Acacia catechu
(L.f) Willd. (Family Leguminosae or
Fabaceae). Pale catechu: Uncaria gambir
(W. Hunter) Roxb. (Family Rubiaceae).

Common/vernacular names: Catechu, dark
catechu, black cutch, cutch, cachou, pegu
catechu, cashou (A. catechu); catechu, brown
cutch, white cutch, gambir, gambier, gambir
catechu, pale catechu, terra japonica
(U. gambir).

GENERAL DESCRIPTION

Acacia catechu is a spiny, deciduous medium-
size tree, up to 13 m high, native to India and
Myanmar. Part used is the heartwood, which
is extracted with boiling water; the aqueous
extract after filtration, evaporation, and drying
yields black catechu, a shiny black mass.

2. Z. Valenta et al., Experientia, 17, 130
(1961).

3. D. L. I. Opdyke, Food Cosmet. Toxicol.,
11, 1061 (1973).

Uncaria gambir is an evergreen woody
vine, native to southeastern Asia (Malaysia,
Indonesia, etc.). Parts used are the leaves
and twigs, which are extracted with boiling
water to yield pale catechu after filtration and
evaporation of the extract to dryness; itisapale
brown to dark mass occurring in cubes (EVANS).

Both black catechu and pale catechu are
incompatible with alkaloids, proteins (e.g.,
gelatin), and metallic salts (e.g., iron).

The terms catechu and cutch can also mean
products other than black catechu and pale
catechu; examples include Bombay catechu
and Borneo cutch, which are derived from
Areca catechu (betel nut) and a mangrove
species, respectively.'

CHEMICAL COMPOSITION

Black catechu contains 2—12% /- and d/-cate-
chin, 22-50% catechutannic acid, /- and
dl-epicatechin, quercitin, quercitrin, 25-33%
phlobatannin (Evans), fisetin, red pigments,
and others (JIANGSU).
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Pale catechu contains d- and d/-catechin
(7.33%) and the condensation product cate-
chutannic acid (22-50%), quercitin, gambir-
fluorescein, catechu red (Evans), gallic acid,
ellagic acid, catechol, pigments, and others. In
addition, it contains several indole alkaloids,
including gambirtannine, dihydrogambirtan-
nine, and oxogambirtannine. Gambirine,
gambirdine, and others are also found in
leaves and/or stems (JIANGSU).Z’S

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Because of their high tannin content, black
catechu and pale catechu have astringent,
antibacterial, and other pharmacological
properties, as well as toxicities of tannins
(see tannic acid).

d-Catechin has been reported to cause con-
striction of isolated rabbit ear blood vessels
and suppression followed by enhancement
of the amplitude of the isolated toad heart
(IIANGSU).

Gambirine has been reported to have hypo-
tensive properties (GLASBY 1).

An aqueous extract of A. catechu (small
branches) has shown hypotensive effects in
anesthetized dogs and rats following i.v.
administration.®

TOXICOLOGY

Fed to rats as part of the normal diet (0.1%),
Indian catechu (‘“‘katha’) was found to de-
crease liver and blood levels of niacin by 43%
and 48%, respectively.” Also, at 0.5% of the
diet, the minimum daily requirement of niacin
was increased and niacin content of liver,
blood, and muscle was decreased.®

USES

Medicinal, Pharmaceutical, and Cosmetic.
Both black and pale catechus are used

Catechu (black and pale)

primarily as an astringent in certain antidiar-
rheal preparations and in mouthwashes.

Food. Both are used as flavor components in
major categories of food products, including
alcoholic and nonalcoholic beverages, frozen
dairy desserts, candy, baked goods, and gela-
tins and puddings. Black catechu extract (type
of extract not specified) has been reported as
the more commonly used, with highest aver-
age maximum use levels of 0.01% and 0.016%
reported in candy and alcoholic beverages,
respectively.

Traditional Medicine. Both black and pale
catechus are used in stopping nose bleeding and
in treating boils, sores, ulcers, hemorrhoids,
and others; black catechu is also reported to be
used in cancers.” In India, an extract of the bark
of black catechu has been orally administered
in the treatment of leprosy.10 Various parts of
the plant have also been used topically for
bathing leprous sores (NADKARNI). Other Indian
uses of black catechu include abortifacient,'!
antipyretic, anti-inflammatory, anthelminitic,
ulcers, anemia, psoriasis, bronchitis (bark
extract), expectorant, anodyne, and others
(wiLLIAMSON). In China, one of the major uses
of black catechu is in treating indigestion in
children.

Pale catechu has been used to treat
aphthous ulcers of the mouth, and, diluted
with water, used as a gargle to treat sore throat
(NADKARNI).

Others. As a source of tannic acid used for
tanning and dyeing.

COMMERCIAL PREPARATIONS

Crude and extracts (e.g., tincture). Black cat-
echu was formerly official in U.S.P., while
pale catechu was official in N.F.

Regulatory Status. Black catechu is ap-
proved for food use as a natural flavoring
(8172.510).
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CATNIP

Source: Nepeta cataria L.

Lamiaceae).

(Family

Common/vernacular names: Catnep, catnip,
and catmint.

GENERAL DESCRIPTION

Gray, hairy, erect, branched perennial,
40-100cm high; leaves ovate, crenate, base
cordate; 2-8 cmlong; flowering in spike, white,
tinged with purple; native to southern and east-
ern Europe; widely naturalized elsewhere in
Europe and North America, Central Asia, and
the Iranian plateaus; commercially harvested
from naturalized populations in Virginia, North
Carolina; cultivated in Washington, Europe,
and Argentina. Part used is the flowering tops
and the essential oil obtained from steam
distillation.

CHEMICAL COMPOSITION

Contains0.3—1%essential oil consisting mainly
of terpenoids, nepetalic acid, B-caryophyllene,

6. J. S. K. Sham et al., Planta Med., 50, 177
(1984).

7. P. N. Chaudhari and V. G. Hatwalne,
J. Vitaminol., 17, 105 (1971).

8. P. N. Chaudhari and V. G. Hatwalne,
J. Vitaminol., 17, 125 (1971).

9. J. L. Hartwell, Lloydia, 33, 97 (1970).

10. D. Ojha et al., Int. J. Lepr. Other
Mycobact. Dis., 37, 302 (1969).

11. A.Jainetal., J. Ethnopharmacol.,90, 171
(2004).

nepetalic anhydride, plus high amounts of
nepetalactone (GUENTHER) and its two isomers,
(E,Z- and Z E-nepetalactone), plus 5,9-dehy-
dronepetalactone,dihydronepetalactone,isodi-
hydronepetalactone, and neonepetalactone;'+
high amounts of geranyl acetate, citronellyl ac-
etate, citronellol, geraniol,3 geranial (citral a),
andneral (citral b); also B-caryophyllene, nerol,
humuline, limonene, B-pinene, myrcene, [3-
ocimene,* carvacrol, pulegone, thymol, and
others; plant also contains tannins (LIST AND
HORHAMMER); iridoids, including 1,5,9-epide-
oxyloganic acid® and 7-deoxyloganic acid.®

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Best known for its ability to elicit behavioral
responses in cats, including sniffing, licking,
and chewing with head shaking, chin and
cheek rubbing, sexual stimulation, and
head-over rolling and body rubbing; known
as “‘the catnip res.ponse.”2 The response is
observed in domestic and large cats, such as
lions, jaguars, tigers, leopards, and others
following exposure to the odor of the plant;
however, not all cats, domestic or large, re-
spond; outgoing cats respond well, whereas
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withdrawn cats respond poorly. Nepetalactone
or catnip oil elicit the response when applied
as an odor,” but not when administered orally
or by i.p. injection.” Acute doses of catnip
in mice (10% of diet) increased locomotion
frequencies, rearing, and susceptibility to in-
duced seizures and decreased sodium pento-
barbital-induced sleeping time. Short-term
effects were ‘“‘amphetamine-like,” whereas
long-term administration produced tolerance
with adaptative changes.®

Diethyl ether extract of plant and nepeta-
lactones have shown in vitro antibacterial and
antifungal activities.”'” Vapors of nepetalac-
tone have shown repellent activity in 13 fami-
lies of insects.'! The essential oil and the two
isomers of nepetalactone have shown insect
repellent activity to subterranean termites
(Reticulitermes spp)'? and to male German
cockroaches (Blattella germanica); E,Z-nepe-
talactone showed greaterrepellentactivity than
DEET (N,N-diethyl-3-methylbenzamide). "

TOXICOLOGY

As 10% of the diet of pregnant mice, the dried
leaves decreased maternal body weight and
reduced fetal, placental, and offspring
weights; some organ development delayed in
both sexes.'* Others have reported increased
food consumption in mice administered cat-
nip.® A hypotonic episode (CNS depression
lasting approximately 60 h) was reported in a
19-month-old male who ingested raisons
soaked in a commercial catnip tea.'”

USES

Medicinal, Pharmaceutical, and Cosmetic.
Essential oil used in cosmetics and perfumes.*

REFERENCES

Catnip

Food. The leaves and flowering tops have
been used as a flavoring in sauces and cooked
foods; dried in mixtures for soups, stews, and
so on (DUKE 2).

Dietary Supplements/Health Foods. Topsin
teas; pleasant-tasting, mint-like characteristic
(FOSTER).

Traditional Medicine. American Indian
uses include colds, fever, colic, sedative, sleep
aid, headaches, constipation, diarrhea, rheu-
matism and pains in babies, and tea; also used
as a diaphoretic; majority of uses in infants
(MoerMAN). Used in Europe in the treatment of
colds, fever, headaches, insanity, restlessness,
nervousness, flatulence; bruised leaves in
ointment for hemorrhoids; also diaphoretic,
antispasmodic, and mild stimulant; children’s
remedy (GRIEVE).

Others. Dried, loosely powdered leaves
alone and as stuffing in cat toys; nepetalac-
tones commercially derived from catnip used
in the production of aphid sex pheromones
(insect attractants).'® Oil formerly used as an
attractant in wild cat traps (DUKE 2).

COMMERCIAL PREPARATIONS

Crude herb; extracts, essential oil; formerly
official in both N.F. and U.S.P.

Regulatory Status. Regulated in the United
States as a dietary supplement. Formerly
included in U.S.P. (1840-1870) and N.F.
(IV-VID).

See the General References for CSIR VII; DER MARDEROSIAN AND BEUTLER; DUKE 2; GUENTHER; HARBOURNE
AND BAXTER; LIST AND HORHAMMER; GRIEVE; MCGUFFIN 1 & 2; SIMON, STEINMETZ; TUTIN 3; TYLER 1-3; uphof;

wren.
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CEDAR LEAF OIL

Source: Thuja occidentalis L.
Cupressaceae).

(Family

Common/vernacular names: American arbor-
vitae, cedar leaf, eastern white cedar, northern
white cedar, thuja, and white cedar oils.

GENERAL DESCRIPTION

Thuja occidentalis is a small- to medium-size
tree belonging to the cypress family and grows
up to about 20 m high; native to northeastern
North America (Nova Scotia south to North
Carolina and west to Illinois). There are many
cultivated varieties. Parts used are the fresh
leaves and twigs, from which cedar leaf oil is
obtained by steam distillation. Major produ-
cers of the oil are Canada and the United
States.

CHEMICAL COMPOSITION

Contains mainly thujone, isothujone, /-fench-
one, borneol, /-bornyl acetate, dl/-limonene,
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d-sabinene, d-terpinen-4-ol, pinene, camphor,
myrcene, and /-o-thujene, among others,
with thujone in major concentration and
accounting for up to 65% (w/w) of the oil
(KARRER).'

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Oil is believed to have expectorant, uterine
stimulant, emmenagogue, anthelmintic, and
counterirritant properties.

Antiviral activity has been demonstrated
in vitro.® Leaf extract stimulates phagocytosis
(erythrocytes) through Kupffer’s cells in iso-
lated rat liver.’

TOXICOLOGY

The oil is reported to be nontoxic when applied
externally.4 Due to its high thujone content, the
oil is poisonous when ingested in large quanti-
ties, producing symptoms such as hypotension
and convulsions and eventually death (see
absinthium) (MERCK).
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USES

Medicinal, Pharmaceutical, and Cosmetic.
Used primarily as a counterirritant in certain
analgesic ointments and liniments. In Europe,
tincture used externally for its antifungal and
antiviral activities in treating warts (WREN).
Used in German phytomedicine for nonspe-
cific immunostimulant therapy.® Principal use
inthe United States is as a fragrance ingredient
in soaps, detergents, creams, lotions, and
perfumes, with maximum use level of 0.4%
reported in perfumes.*

Food. Oil is used as a flavor ingredient in
most categories of foods, including alcoholic
and nonalcoholic beverages, frozen dairy des-
serts, candy, baked goods, gelatins and pud-
dings, meat and meat products, condiments
and relishes, and others. Reported average
maximum use levels are quite low, with the

REFERENCES

Cedarwood oil

highest being 0.002% in condiments and
relishes.

Traditional Medicine. Ointment or decoc-
tion of fresh leaves is used to treat rheumatism,
coughs, fever, gout, and other ailments. Oil is
used internally as an expectorant, antirheu-
matic, diuretic, and emmenagogue and
externally to treat skin diseases and as insect
repellent; also used in treating condyloma and
cancers.’

COMMERCIAL PREPARATION

Essential oil; official in F.C.C.

Regulatory Status. Approved for food use as
a natural flavoring, provided that the finished
food is thujone-free (§172.510).

See the General References for ARCTANDER; BAILEY 1; FEMA; GUENTHER; KROCHMAL AND KROCHMAL; LUST;
GRIEVE; MCGUFFIN 1 & 2; merck; terrell; uphof; wren; youngken.
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CEDARWOOD OIL

Source: Cedarwood oil Virginia: Juniperus
virginiana L. (Family Cupressaceae);
cedarwood oil Texas: Juniperus mexicana
Spreng. (Family Cupressaceae); cedar-
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wood oil Atlas: Cedrus atlantica Manetti
(Family Pinaceae).

Common/vernacular names: Cedar oil, cedar-
wood oil, red cedarwood oil (cedarwood oil
Virginia); cedarwood oil Moroccan (cedar-
wood oil Atlas).



Cedarwood oil
GENERAL DESCRIPTION

There are several cedarwood oils with differ-
ent physical and chemical properties. They are
often referred to in the literature simply as
cedarwood oil. The most common ones, ce-
darwood oil Virginia, cedarwood oil Texas,
and cedarwood oil Atlas, are derived from
J. virginiana, J. mexicana, and C. atlantica,
respectively. Others such as cedarwood oil
Himalaya, cedarwood oil East Africa, and
cedarwood oil Japanese are obtained from
other conifers (ARCTANDER). Juniperus ashei
Buchh. is also used as a source of cedarwood
oil; other species (e.g., J. erythrocarpa Cory
and J. scopulorum Sarg.) containing high oil
content are potential sources.

Cedarwood oil Virginia is obtained by
steam distillation of the wood (sawdust, shav-
ings, and other lumber wastes) of J. virginiana,
commonly known as red cedar, eastern red
cedar, and savin, which is a tree up to about
33 m high growing in North America east of
the Rocky Mountains. The tree has many cul-
tivated varieties. This oil is primarily produced
in the United States and is most commonly
referred to as cedarwood oil or cedar oil; it has
a sweet “pencil wood” and balsamic odor.

Cedarwood oil Texas is prepared by steam
distillation of the wood (shavings, etc.) of
J. mexicana, which is a small tree up to about
6 m high growing in mountains of southwest-
ern United States, Mexico, and Central Amer-
ica. The oil is produced in Texas; it has an odor
similar to that of Virginia cedarwood oil.

Cedarwood oil Atlas is obtained by steam
distillation of the wood of C. atlantica, which
is a pyramidal tree closely related to the pines
up to about 40m high and growing in the
Atlas Mountains of Algeria. This oil is pro-
duced primarily in Morocco; it has different
odor characteristics than the Virginian and
Texan oils.

CHEMICAL COMPOSITION

Cedarwood oil Virginia contains mainly
o-and B-cedrene (ca. 80%), cedrol (3-14%),
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and cedrenol. Other sesquiterpenes present
include thujopsene, B-elemene, caryophyl-
lene, cuparene, o-acoradiene (‘‘acorene’),
and others. Monoterpenes are also present
(mostly sabinene and sabinyl acetate)
(MASADA).2_8

Cedarwood oil Texas contains similar ma-
jor constituents as cedarwood oil Virginia
(ARCTANDER; KARRER).3’5 9

Cedarwood oil Atlas contains as its major
odoriferous components o- and ‘y-atlantone.
Other constituents include acetone, o-ionone,
and o-caryophyllene, among others.'*™'?

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Oil of Cedrus atlanticainhibited the growth of
Candida albicans in vitro"® and has shown
molluscicidal activity.'*

Exposure to cedrol evaporated in the air
produced sedative effects in mice and rats. In
rats, cedrol exposure also caused a significant
prolongation of sleeping time."”

Humans exposed to cedrol fumes showed
significant decreases in heart rate, diastolic and
systolic blood pressure, and respiratory rate.
Tests indicted that cedrol inhalation also
caused a reduction in sympathetic and an
increase in parasympathetic nervous system
activity, results supporting the alleged relaxant
effect of cedar oil.'® In addition, a decrease in
nonrapid eye movement sleep latency was
found in humans exposed to cedar essence.'’

TOXICOLOGY

Cedarwood oil, most likely Virginia, showed
tumor-inducing properties on mouse skin.'®
Cedarwood oil (Virginia and/or Texas)
is reported to have slight local allergenic
(acute and chronic) and acute local irritant
properties (sax).'® However, other dermato-
logical data indicate that cedarwood oils
(Virginia, Texas, and Atlas) are generally
nontoxic.**'?
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USES

Medicinal, Pharmaceutical, and Cosmetic.
All three types of cedarwood oils (Virginia,
Texas, and Atlas) are primarily used as fra-
grance components or fixatives in cosmetic
and household products, particularly soaps
and detergents; others include creams, lotions,
and perfumes. The maximum use level re-
ported is 0.8% for all three in perfumes.®*'?

Traditional Medicine. Cedarwood oil Vir-
ginia has been used as an insect repellent.
Decoctions of the leaves, bark, twigs, and
seeds of J. virginiana are used to treat various
illnesses including coughs, bronchitis, rheu-
matism, venereal warts, and skin rash, among

REFERENCES

Cedarwood oil

others.?° Cedar wood oils (J. ashei, J. virgini-
ana, and Cedrus atlantica) are also used in
aromatherapy in the treatment of stress-relat-
ed disorders (EvaNs) and topically (Cedrus
altantica) in treating alopecia areata.

Others. Cedarwood oil Virginia is used in
microscopy as a clearing agent and, thickened
together with resins, as an immersion oil. It
can also serve as source of cedrene, a starting
material for fragrance chemicals.

COMMERCIAL PREPARATIONS

The essential oils.

See the General References for ARCTANDER; BAILEY 1; FERNALD; GUENTHER; KROCHMAL AND KROCHMAL;

MARTINDALE; POUCHER; SAX.
1. R. P. Adams, Econ. Bot., 41, 48 (1987).

2. J. A. Wenninger et al., J. Assoc. Offic.
Anal. Chem., 50, 1304 (1967).

3. W.D. Fordham in L. W. Codd et al., eds.,
Chemical Technology: An Encyclopedic
Treatment, Vol. 5, Barnes & Noble,
New York, 1972, p. 1.

4. D.V.Banthorpeetal., Planta Med., 23, 64
(1973).

5. G. C. Kitchens et al., Givaudanian, 1, 3
(1971).

6. D. L. J. Opdyke, Food Cosmet. Toxicol.,
12(Suppl.), 845 (1974).

7. J. A. Marshall et al. in W. Herz et al., eds.,
Progress in the Chemistry of Organic
Natural Products, Vol. 31, Springer-
Verlag, Vienna, 1974, p. 283.

8. G. C. Kitchens et al., Ger. Offen.
2,202,249 (1972).

9. D. L. J. Opdyke, Food Cosmet. Toxicol.,
14, 711 (1976).

10. A. S. Pfau and P. Plattner, Helv. Chim.
Acta, 17, 129 (1934).

11. D.R. Adams et al., Tetrahedron Lett., 44,
3903 (1974).

12. D. L.J. Opdyke, Food Cosmet. Toxicol.,
14, 709 (1976).

13. S. Abeetal., Jpn. J. Med. Mycol., 44, 285
(2003).

14. M. Lahlou, Pharm. Biol., 41, 207 (2003).

15. D. Kagawa et al., Planta Med., 69, 637
(2003).

16. S. Dayawansa et al., Auton. Neurosci.
Basic Clin., 108, 79 (2003).

17. A.Sano et al., Psychiatry Clin. Neurosci.,
52, 133 (1998).

18. F. J. C. Roe and W. E. H. Field, Food
Cosmet. Toxicol., 3, 311 (1965).

19. H. Franz et al., Contact Dermatitis, 38,
182 (1998).

20. J. L. Hartwell, Lloydia, 33, 288 (1970).

21. 1. C. Hay et al., Arch. Dermatol., 134,
1349 (1998).



Celery seed

CELERY SEED

Source: Apium graveolens L. (Family Um-
belliferae or Apiaceae).

Common name: Celery fruit and celery seed.

GENERAL DESCRIPTION

An erect biennial herb, up to about 1 m high;
native to southern Europe; extensively culti-
vated. There are many varieties. Apium grave-
olens var. dulce (Mill.) Pers. yields the celery
vegetable that is its leafstalk (petiole), and
A. graveolens var. rapaceum (Mill.) Gaudich.,
the turniprooted celery, yields celeriac. The
seeds (dried ripe fruits) used for oil production
or as spices are produced from other varieties.
Major seed-producing countries are France
and India. Celery seed oil is obtained by steam
distillation of the whole or crushed seeds in
about 2-3% yield. An oleoresin and extracts
are also prepared by extracting the seeds with
solvents.

CHEMICAL COMPOSITION

Celery seed contains coumarins (aprigravin,
celerin, osthenol) and coumarin glycosides,
including bergapten, apiumoside, apiumetin,
vellein, celereoin, nodakenin, and celereoside
(wicHTL);" also, pthalide glycosides (celeph-
talides A—C), sesquiterpenoid glucosides (cel-
eriosides A—E),” phthalides (senkyunolide-J
and -N), 3’-methoxy apiin, tryptophan, and
others.’

Major components of the oil are d-limo-
nene (ca. 60%) and other limonene-type
terpenes4selinene (ca. 10%), and about 3%
phthalides. Other constituents include santa-
lol, o- and B-eudesmol, dihydrocarvone, and
fatty acids (linoleic, palmitic, petroselinic, stea-
ric, oleic acids, etc.), among others (JIANGSU;
LIST AND HORHAMMER).S -1

The phthalides are the odoriferous princi-
ples and consist mostly of 3-n-butyl phthalide,
sedanenolide (3-n-butyl-4,5-dihydrophthalide),
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sedanolide, and sedanonic anhydride, with
several others in minor amounts.’

Celery seed oleoresin contains more odor-
iferous principles and less terpenes; it also
contains apiin and other flavonoids (JIANGSU).

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

In vitro inhibition of proinflammatory chemi-
cal messengers (COX-1 and -2 and of topo-
isomerase-I and -II) was found from various
constituents of the seeds (sedanolide, senkyu-
nolide-J, senkyunolide-N, 3’-methoxy apiin,
and tryptophan), the latter two also showing
in vitro antioxidant activity.’

In rat models of acute inflammation and
chronic arthritic inflammation, oral administra-
tion of extracts (alcohol and supercritical fluid)
of wild, green celery seed suppressed NSAID-
and ethanol-induced gastric injury, whereas
against ibuprofen-induced gastrotoxicity, most
commercial flavorant celery seed oils (derived
from aged, brown seeds) were inactive.'> A
similar outcome was found from celery seed
products in a rat model of polyarthritis, some
being effective anti-inflammatories (notably
one made from wild, green seeds), whereas the
majority were ineffective.'?

Hepatoprotective activity in rats was found
from oral administration of methanol extracts
of celery seeds against chemically induced
liver toxicity.'*'?

Phthalides (sedanolide and 3-n-butyl
phthalide) present in celery seed oil have
shown tumor-inhibiting activity and glutathi-
one-inducing activity from oral administra-
tion in mice.* Sedative activities in mice from
phthalides in the seed oil have also been
reported.” 3-n-Butyl phthalide has shown an-
ticonvulsant effects in experimental chronic
epilepsy induced by coriaria lactone in rats.
Its anticonvulsant effects were weaker than
those of diazepam, but its ability to counteract
the learning and memory impairment caused
by coriaria lactone was greater than that of
diazepam, causing no damage to brain
cells.'®!” It also has low acute and chronic
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toxicities and showed no teratogenic activity
in animal experiments.'®

The petroleum ether-soluble fraction of
celery seed exhibited antioxidative properties
on lard."

TOXICOLOGY

Celery seed oil is reported to be generally
nonirritating, nonsensitizing, and nonphoto-
toxic, though cases of mild to severe dermati-
tis resulting from contact with celery plants
are well documented®®?! and owe to the pres-
ence of phototoxic furanocoumarins also
found in the seeds (wicHTL). The seeds are
contraindicated in pregnancy (NEWALL).

USES

Medicinal, Pharmaceutical, and Cosmetic.
Oil is used in certain tonic, sedative, and
carminative preparations and as a fragrance
component in soaps, detergents, creams, lo-
tions, and perfumes. Use levels in cosmetics
range from a low of 0.0003% (3 ppm) in
detergents to a maximum of 0.4% in
perfumes.20

Food. Celery seed oil, celery seed, and cel-
ery seed extracts are all extensively used as
flavoring ingredients in all major food pro-
ducts, including alcoholic and nonalcoholic
beverages, frozen dairy desserts, candy, baked
goods, gelatins and puddings, meat and meat
products, condiments and relishes, soups,
gravies, snack foods, and others. Use levels
reported for the oil are usually very low, with
the highest average maximum of about

0.005% (46.6ppm) in condiments and
relishes.
REFERENCES

Celery seed

Dietary Supplements/Health Foods. Celery
seed or celery seed extracts are used as flavor-
ing or for anti-inflammatory, sedative, urinary
antiseptic, and mild diuretic effects in herbal
dietary supplements; also in antirheumatic
formulations (NEWALL; WREN).

Traditional Medicine. The seeds are used in
India as an antispasmodic to treat asthma and
bronchitis and diseases of the liver and spleen
(NADKARNI); also in kidney failure, bladder and
kidney calculi, edema, gout, pleurisy, flatu-
lence, and others (wicHTL). Oil reportedly used
as diuretic in dropsy and bladder ailments, as a
nervine and antispasmodic, and in rheumatoid
arthritis. In the European tradition, the seeds
have been used as carminative, stomachic,
emmenagogue, diuretic, and laxative; also for
glandular stimulation, gout, kidney stones,
rheumatic complaints, nervous unrest, loss of
appetite, and exhaustion (BLUMENTHAL I;
wicHTL). Leaves and petioles are used for skin
problems in addition to above uses.

COMMERCIAL PREPARATIONS

Oil and oleoresin (extracts); seed was former-
ly official in N.F,, and oil is official in F.C.C.
Extracts come in various forms with strengths
(see glossary) expressed in weight-to-weight
ratios or in flavor intensities. Celery (includ-
ing stems, roots, herb, and seed) is the
subject of a German therapeutic monograph.
Effectiveness of traditional claims is not
documented; therefore, use is not recom-
mended (BLUMENTHAL 1).

Regulatory Status. The seed is regulated as a
dietary supplement and is GRAS as a natural
flavoring or seasoning (§182.10). The solvent-
free oleoresin, essential oil, and natural ex-
tractives of the seed are also GRAS (§182.20).

See the General References for APPLEQUIST; ARCTANDER; BAILEY 2; BARNES; BISSET; DER MARDEROSIAN AND
BEUTLER; FEMA; GRIEVE; GUENTHER; GUPTA; HUANG; JIANGSU; LIST AND HORHAMMER; LUST; MARTINDALE;
NEWALL: ROSENGARTEN; TERRELL; UPHOF; WICHTL; WREN.
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CENTAURY

Source: Centaurium erythraea Rafn. (syn.
C. umbellatum Gilib., C. minus Moench
and Erythraea centaurium Pers.) (Family
Gentianaceae).

Common/vernacular names: Bitter herb,
common centaury, drug centaurium, European
centaury, lesser centaury, minor centaury,
red cantarone.

GENERAL DESCRIPTION

Annual, mostly biennial herb with upright
stem branching near the top; up to 0.5 m high;
leaves opposite; flowers in corymbiform
cymes, sessile, rose-purple; native to Europe,
western Asia, and northern Africa and natural-
ized in North America in dry grassland, scrub,
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and mountain slopes. Variable (stem branch-
ing, leaf shape and size, flower size, etc.),
separated into six subspecies in Europe, more
or less restricted by geographic region (TUTIN
ET AL. 3). Part used is the dried flowering herb;
not to be confused with the genus Centaurea
(Compositae). Major commercial sources are
Morocco and eastern Europe (WICHTL).

CHEMICAL COMPOSITION

Contains several bitter glucosides (gentiopi-
crin, centapicrin, swertiamarin, gentioflavo-
side, and sweroside), alkaloids, (gentianine,
gentianidine, gentioflavine, etc.), phenolic
acids (protocatechuic, m- and p-hydroxyben-
zoic, vanillic, syringic, p-coumaric, ferulic, 3,4-
dihydroxyphenylacetic, sinapic, caffeic acids,
etc.), triterpenes (- and B-amyrin, erythrodiol,
crataegolic acid, oleanolic acid, oleanolic
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lactone, etc.), xanthones (decussatin, eustomin,
desmethyleustomin, methylbellidifolin, etc.),
sterols (sitosterol, campesterol, etc.), fatty acids
(palmitic and stearic acids, etc.), n-alkanes
(nonacosaneandheptacosane, etc.), wax,amino
acids, and others (wicutr).! ™2

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

An infusion of the dried flowering tops showed
in vitro hydroxyl radical and hypochlorus
acid scavenging activity.'* Orally adminis-
tered, a filtered water suspension of the dried
herb showed anti-inflammatory activity in arat
model of polyarthritis and when topically ap-
plied in a cream (2.5-10%) in the air-pouch
granuloma bioassay. Antipyretic activity was
found in rats from oral administration of the
suspension against 2,4-dinitrophenol- and
amphetamine-induced hyperthermia.'> Anti-
pyretic activity of the herb is reported to be
due to phenolic acids.'® Hepatoprotective ac-
tivity against acetaminophen-induced toxicity
was shown from oral administration of a meth-
anol extract of the leaves.'’

Gentiopicrin is reported to have antimalar-
ial properties (MERCK).

USES

Medicinal, Pharmaceutical, and Cosmetic.
Used in some bitter tonic preparations in

REFERENCES

Centaury

Europe to increase gastric secretions for
dyspeptic discomfort and loss of appetite
(BLUMENTHAL 1; wicHTL). Also reportedly used
in some cosmetic and toiletry preparations
for its alleged soothing and astringent
properties.'®

Food. Used in bitters and vermouth formu-
lations; average maximum use level reported
is very low, about 0.0002% (2.29 ppm). Also
reportedly used in nonalcoholic beverages at
an average maximum use level of 0.0008%.

Traditional Medicine. Used since ancient
times in Egypt to treat hypertension and to
eliminate kidney stones, and in Europe as a
tonic, stomachic, febrifuge, and sedative.
Used in lotions to remove freckles, spots,
and other skin blemishes and in treating
cancers."?

COMMERCIAL PREPARATIONS

Mainly the crude herb.

Regulatory Status. Regulated in the United
States as a dietary supplement. Approved for
use as a natural flavoring in alcoholic bev-
erages only (§172.510). Herb subject of a
German therapeutic monograph (in daily dose
of 1-2 g); use not recommended since effec-
tiveness is not verified (BLUMENTHAL 1).

See the General References for BARNES; BIANCHINI AND CORBETTA  BISSET; BLUMENTHAL 1; DER MARDEROSIAN
AND BEUTLER; FEMA; LIST AND HORHAMMER; LUST; MCGUFFIN] & 2; STAHL; TUTIN ET AL. 3; UPHOF.
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CHAMOMILE (GERMAN
AND ROMAN)

Source: German chamomile Matricaria
recutita L. (syn. Matricaria chamomilla
L., Chamomilla recutita (L.) Rauschert)
(Family Compositae or Asteraceae);
Roman chamomile Chamaemelum nobile
(L.) All. (syn. Anthemis nobilis L..) (Family
Compositae or Asteraceae).

Common/vernacular names: Chamomile,
German chamomile, Hungarian chamomile,
manzanilla, matricaria, sweet false chamo-
mile, wild chamomile (M. recutita); English
chamomile, garden chamomile, Roman cham-
omile (C. nobile); camomile.

GENERAL DESCRIPTION

German chamomile is a fragrant, low annual
herb, with ligulate flowerheads about 2cm
broad; up to about 0.6 m high; native to Europe
and northern and western Asia; naturalized
in North America; extensively cultivated, par-
ticularly in Hungary, Romania, Bulgaria, the
Czech Republic, Slovakia, Germany, Greece,
Argentina, and Egypt. Parts used are the dried
flowerheads. Anessential oil obtained from the
flowers by steam distillation is blue when fresh.

Frequent changes in interpretation of the
scientific name of German chamomile have
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led to great confusion over the past two dec-
ades. The currently accepted scientific name
is Matricaria recutita, though Chamomilla
recutita and, to a lesser extent, Matricaria
chamomilla are still commonly seen in the
literature.'

Roman chamomile is a strongly fragrant,
hairy, half-spreading, and much-branched
perennial, with mostly white ligulate flower-
heads up to 3cm across; up to about 0.3 m
high; native to southern and western Europe;
naturalized in North America; cultivated in
England, Belgium, the United States, Argen-
tina, and other countries. Parts used are the
dried expanded flowerheads.

CHEMICAL COMPOSITION

Four chemotypes, characterized as A, B, C,
and D, dominate M. recutita, although as
many as 11 different German chamomile che-
motypes have been reported, which show
considerable variation in flavonoid concentra-
tion and bisaboloid profile, but with only slight
differences in coumarin and phenolic acid
content.' The four main chemotypes are dom-
inated, respectively, by bisabolol, bisabolol
oxide A, bisabolol oxide B, and bisabolone
oxide A.

German chamomile contains variable
amounts of volatile oil (0.24-1.9%); flavo-
noids including apigenin, apigetrin (apigen-
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in-7-p-glucoside), apigenin-7-O-glucoside,
and acetylated derivatives thereof, apiin (api-
genin-7-apiosylglucoside), quercetin, rutin
(quercetin-3-rutinoside), luteolin, patuletin,
and quercimeritrin (quercetin-7-p-glucoside),
among others; coumarins, including aescule-
tin, scopoletin, scopoletin-7-B-glucoside,
umbelliferone (7-hydroxycoumarin) and its
methyl ether (herniarin); proazulenes (matri-
cin, matricarin, etc.); triterpene alcohols
(a- and B-amyrin, lupeol, taraxerol); sterols
(campesterol, cholesterol, sitostanol, sitoster-
ol, stigmasterol, taraxasterol, etc.); sesquiter-
penes ((—)-o-bisabolol oxides A, B, and C,
cadinene, calamene, chamazulene, matricin,
spathulenol, and others); plant acids (anisic,
caffeic, syringic, and vanillic) and fatty
acids (linoleic, oleic, and others; tannins
(catechin and gallic); water-soluble polysac-
charides; choline; amino acids; and others
(JIANGSU; LIST AND HORHAMMER; MCKENNA;
STAHL; WICHTL).1_7

The volatile oil contains sesquiterpenoids,
including matricarin and matricin and the
fragrant constituent farnesol. Matricin and its
degradation product, chamazulene, are mainly
responsible for the characteristic blue colora-
tion; chamazulene, farnesene, (—)-o-bisabo-
lol oxides A, B, and C, spathulenol, E- and
Z-en-yn-dicycloether are the major constitu-
ents, with their relative concentrations varying
considerably, depending on the sources
(JIANGSU; LIST AND HORHAMMER;, MCKENNA:
STAHL; WICHTL).8_16

Roman chamomile contains 0.6-2.4% vol-
atile oil that mainly consists of angeloyl,
isobutyryl, methacryl, and tigloyl esters of
aliphatic alcohols (isobutanol, amylalcohol,
3-phenylpropanol, and others); also, bisabo-
lol, chamzulene, pinocarvone, and others.
Other constituents include about 0.6% of bit-
ter sesquiterpene lactones (germacranolides
and guaianolides), which include nobilin,
3-epinobilin, 1,10-epoxynobilin, 3-dehydro-
nobilin, 4o-hydroperoxyromanolide, and
others; flavonoids (apigenin, apigenin-7-O-
glucoside, apigetrin, apiin, anthemoside,
chamaemeloside, quercitrin, luteolin-7-O-
glucoside, etc.); coumarins, phenolic acids;

Chamomile (german and roman)

acetylenes; choline; fatty acids; and others
(LIST AND HORHAMMER; WICHTL).'""'®

The volatile oil contains mainly (ca. 85%)
esters of angelic and tiglic acids (e.g., butyl,
amyl, isoamyl, and hexyl angelates or ti-
glates). The major constituents are 2-methyl-
butyl angelate and isobutyl angelate. Other
constituents reported to be present include
amyl angelate, a-pinene, farnesol, nerolidol,
chamazulene, myrcene, [-trans-pinocarveol,
I-trans-pinocarvone, and 1,8-cineole, among
others; the last two terpenoids, reported to be
present in greatest quantity in Roman chamo-
mile oil, which is held to have the highest
content in esters of any known essential oil.'
Relative concentrations of the constituents
vary, depending on sources of the oil (ARCTAN-
DER; MARTINDALE; WICHTL).'®

The dark blue to blue-green color of cham-
omile oils is due to azulenes, formed by
steam distillation or exposure to acidic pH,
from proazulenes (azulene from matricarin,
chamazulene from matricin). Guaiazulene
(1,4-dimethyl-7-isopropylazulene), as blue as
chamazulene (1,4-dimethyl-7-ethylazulene)
but less biologically active, is synthetically
available and has been used as an adulterant to
increase the blueness of commercial chamo-
mile extracts. Chamazulene and biabolol are
very unstable, resulting in discharge of blue
color on aging of chamomile oil.**

Adulteration of commercial chamomile oil
and chamomile preparations with essential
oil of the wood of the Brazilian tree Vanillos-
mopsis erythropappa Schultz Bip. was noted to
be widespread in the last decade. The cheaper
Brazilian oil contains almost exclusively (—)-
a-bisabolol, which can only be detected by
Isotope Ratio Mass Spectrometry (IRMS).>*

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

An extract of German chamomile inhibited
the formation indomethacin-induced ulcers
in rats.?> Addition of German chamomile to
the diet of rats suppressed chemically in-
duced itching.?® The oil has bactericidal and
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fungicidal activities, particularly against
Gram-positive bacteria (e.g., Staphylococcus
aureus) and Candida albicans. It also re-
duced blood urea concentration in rabbits to
a normal level "+

Umbelliferone has fungistatic properties.”
Chamazulene, a major component of the
oil, has shown pain-relieving, wound-healing,
antispasmodic, anti-inflammatory, and anti-
microbial properties; o-bisabolol, another
constituent of the oil, has shown anti-inflam-
matory, antiedemic, antimicrobial, and
in vitro antipeptic activities; the cyclic spiro
ethers (e.g., cis/trans-en-yn-dicyloethers)
have shown antimicrobial, anti-inflammatory,
antianaphylactic, and antispasmodic activities
(JIANGSU; LIST AND HORHAMMER; MARTINDALE;
MCKENNA).'>?7%  Anti-inflammatory — and
spasmolytic activities are also attributed to
apigenin that also exhibits growth-inhibitory
activity against human cancer lines, including
breast and prostate tumor cell lines and mela-
noma cells and cancer chemopreventive
activity against chemical- and ultraviolet
B-induced skin tumors in mice. Apigenin and
(—)-a-bisabolol exhibited in vitro antispas-
modic activity in smooth muscles, and api-
genin has shown anxiolytic activity in rats.
Both the essential oil and en-yn-dicycloether
inhibited histamine release from rat mast cells
(MCKENNA; WICHTL). In vitro histamine release
from rat mast cells is moderately stimulated
by en-yn-dicyclother at low concentrations
and strongly inhibited at higher concentra-
tions. Chamazulene and (—)-o-bisabolol
showed little effect at the lower concentrations
and stimulated histamine release at the higher
concentrations.>* Whereas (—)-a-bisabolol
is the most active antispasmodic constituent
of the essential oil,” topical anti-inflammatory
(antiphlogistic) activity of chamomile is
largely attributed to apigenin, followed by
matricin, (—)-0-bisabolol, and chamazulene.
Teas contain little or no apigenin and an
extract prepared from the fresh flowers was
devoid of apigenin. Matricin is preserved in
alcoholic tinctures.”

A double-blind clinical trial of standard-
ized extract of German chamomile applied in

5
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dressings to dermabrasion wounds following
tattoo removal found more rapid would heal-
ing compared to placebo.” In a randomized
placebo-controlled trial, patients with the
common cold who inhaled the steam from hot
water to which an extract of German chamo-
mile was added experienced greater relief of
upper and middle respiratory tract symptoms
compared to those treated with a placebo
inhalant.*® In a placebo-controlled double-
blind study, an extract of German chamomile
combined with an extract of Angelica sinensis
was found to significantly reduce hot flashes
in postmenopausal women compared to
placebo.37

Three germacranolide sesquiterpene lac-
tones (nobilin, 1,10-epoxynobilin, and 3-dehy-
dronobilin) isolated from Roman chamomile
are reported to exhibit antitumor activities in
vitro against human tumor cells.'” Chamae-
meloside has shown hypoglycemic activity in
animals.>® Topical application of an extract of
the dried flowers is reported to be preventative
against sunburn and to facilitate more rapid
healing of sunburned skin (WICHTL).

TOXICOLOGY

Allergic contact dermatitis to German (rare)
or Roman chamomile may occur in people
sensitized to certain sesquiterpene lactones or
who are already allergic to ragweed (BRADLY;
FUGH-BERMAN; MCKENNA; WICHTL).39 Allergic
conjunctivitis of the eyelids was reported
in sensitive patients who applied chamomile
tea as an eyewash.*® Anaphylaxis attributed
to chamomile has been shown to be
almost certainly due to Anthemis cotula L.
(dog or stinking chamomile).*' German
Kamillosan®, a total extract of the bisabolol
chemotype, has been shown to possess a low
sensitizing capacity while the bisabolol oxide
B chemotype of M. recutita has an evident
moderate allergenic potential. Allergenicity
is apparently due to low variable levels of
the highly allergenic sequiterpene lactone
anthecotulid, dominant in A. cotula.** British
Kamillosan®, an ointment containing Roman
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chamomile, has been implicated in a case of
allergic contact dermatitis of the nipple.*?
The acute oral LDso of German or Roman
chamomile in rats is >5 g/kg; oral LDsy of
German chamomile oil in mice is 2.5 mL/kg.
The oil of Roman chamomile lacks phototoxic
effects in animals, and neither oil showed
irritating nor sensitizing effects on human skin
(NEWALL).* 4 Long-term oral toxicity studies
of German chamomile in dogs and rats found
no toxicity and no changes in pups from
prenatal dosing; also, no teratogenic effects
in rats after long-term administration; no tox-
icity from 3-week topical application on rab-
bits; no toxic effects from the oil applied to the
backs of hairless mice and limited irritation
applied for 24 h to the skin of rabbits.'

USES

Medicinal, Pharmaceutical, and Cosmetic.
Both German chamomile and Roman cham-
omile extracts are used in pharmaceutical
preparations, with the former more fre-
quently used; they are used in antiseptic
ointments, creams, and gels to treat cracked
nipples, sore gums, inflammations, irritation
of the skin and mucosa, respiratory tract
inflammation, and for wound healing. The
volatile oils are used in carminative, anti-
spasmodic, and tonic preparations, among
others. An infusion or tincture of the flower-
heads is used for gastrointestinal spasms,
inflammatory conditions of the gastrointes-
tinal tract, and peptic ulcers, menstrual
disorders, in addition to mild sleep disor-
ders, especially in children (BRADLY;
EScoP 1; WICHTL).I

Extracts of both German and Roman cha-
momiles are used in cosmetics and body care
products including bath preparations, hair dye
formulas (for blond hair), shampoos, sun-
screen preparations, mouthwashes, and others.
The oils are used as fragrance components or
activeingredients in soaps, detergents, creams,
lotions, and perfumes. Use levels reported
range from a low of 0.0005% in detergents to
a maximum of 0.4% in perfumes; considered

Chamomile (german and roman)

deodorant and stimulative to skin metabolism
(BLUMENTHAL 1).!

Food. The essential oils and extracts of
both German and Roman chamomiles are used
as flavor components in most major food
categories, including alcoholic (bitters, ver-
mouths, Benedictine liqueurs, etc.) and non-
alcoholic beverages, frozen dairy desserts,
candy, baked goods, and gelatins and pud-
dings. Average maximum use levels reported
are usually less than 0.002% for the oils.

Dietary Supplements/Health Foods. Ger-
man chamomile and to a lesser extent Roman
chamomile crude flower heads or extracts are
one of the most widely used herb tea ingre-
dients, singly or in combination with other
ingredients. Topical products are used in cos-
metics against inflammation. Tinctures and
extracts are used as mild sleep aids, antispas-
modics, and digestive aids (FOSTER).

Traditional Medicine. An infusion of Ger-
man chamomile is used in Turkish folk medi-
cine to treat bronchitis and as a laxative and
digestive. A compress containing the infusion
is applied to treat eye strain and to clean the
eyes and face of babies.*’ Since ancient times,
German chamomile has been used in treating
colic, diarrhea, malarial symptoms, depres-
sion, indigestion, flatulence, insomnia, infan-
tile convulsions in teething, mouth sores,
toothache, bleeding and swollen gums, sore
throat, and other ailments, usually in the
form of an infusion, decoction, or tincture.
Also used for sciatica, gout, lumbago, skin
problems, and inflammation in the form of
compresses.'

Roman chamomile is used essentially for
the same purposes (wicHTL). Both German
and Roman chamomiles have reportedly been
used against cancers.*®

COMMERCIAL PREPARATIONS

Crude, extracts, and volatile oils. German
chamomile was formerly official in N.F., and
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English chamomile (i.e., Roman) in U.S.P;
both oils are prone to insect infestation on
storage. Strengths (see glossary) of extracts
are expressed in weight-to-weight ratios.

Regulatory  Status. Both German and
Roman chamomiles are regulated as dietary
supplements and are GRAS as natural sea-
sonings and flavorings (§182.10) Essential
oils, solvent-free oleoresins, and natural ex-
tractives are also GRAS (§182.20). German
chamomile flowers subject of a positive Ger-
man therapeutic monograph; preparations
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allowed; internally for gastrointestinal
spasms and inflammatory diseases of the
gastrointestinal tract; externally for skin and
mucous membrane inflammation, bacterial
skin disease or the oral cavity and gums;
inflammatory disease of the respiratory tract
(as inhalations); bath and irritation or inflam-
mation of the genital and anal areas. Owing
to a lack of documented effectiveness, Ro-
man chamomile flowers are the subject of a
negative German therapeutic monograph
(BLUMENTHAL 1).
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CHAPARRAL

Source: Larrea tridentata (Sessé & Mog.
ex DC) Coville (Family Zygophyllaceae).

Common/vernacular names: Chaparral, cre-
osote bush, gobernadora, greasewood,
hediondilla.

GENERAL DESCRIPTION

Erect to prostrate evergreen shrub, 1-3 m high;
resinous, distinctively aromatic leaves, lance-
olate to curved, 18 mm long, 8.5mm wide;
flowers solitary in axils, yellow, five-petaled,
twisted or propeller-like; 2.5 cm wide; domi-
nant shrub of desert scrub in much of the arid
western United States (southwest Utah to
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California and Texas); also central Mexico.
Clones known to live 10,000 4 years; longer
than any other plants (HICKMAN). Larrea is
represented by five species (one North Ameri-
can; four South American); cytologically dis-
tinct L. tridentata populations in the Sonoran,
Chihuahuan, and Mojave deserts often consid-
ered conspecific with South American L. di-
varicata Cav.' Parts used are leaves and stems.

CHEMICAL COMPOSITION

Lignans dominate chemistry of resin, stems,
and leaves, especially nordihydroguaiaretic
acid (NDGA), at 1.6-6.55% and 10-15%
of the dried leaves;’ plus dihydroguaia-
retic acid, mesodihydroguaiaretic acid, 3'-
methoxyisoguaiacin, 3'-demethoxyisoguaia-
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cin,** 6,3'-di-O-demethylisoguaiacin (previ-
ously designated 3’-hydroxynorisoguaiacin),
6-0-demethylisoguaiacin (norisoguaiacin),
didehydro-3’-demethoxy-6-0O-demethylgu-
aiacin,  3’-demethoxy-6-O-demethylguaia-
cin,® 4-epi-larreatricin, larreatricin, 3',3”-di-
methoxylarreatricin, 3,4-dehydrolarreatricin,
larreatridenticin, and others;7 flavonoids in-
clude 2,6-di-C-glucopyranosylapigenin, 6,8-
di-C-glucopyranosylchrysoeriol, gossypetin
3,7-dimethyl ether, 5,8,4'-trihydroxy-3,7,3'-
trimethoxyflavone,® quercetin, kaempferol,
rhamnetin, rutin;9 triterpenes, including
larreagenin A, larreic acid, erythrodiol-3-B-
(4-hydroxy-cinnamdyl), erythrodiol-3-B-(4-
dihydroxy cinnamdyl); essential oil contains
o-pinene, A-3-carene, limonene, camphene,
linagolo]l, borneol, camphor, bornyl acetate,
etc.”

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Uterine relaxation activity in vitro led to the
isolation of an antiimplantation agent from
the leaves and twigs (3’-demethoxyisoguaia-
cin).®*"Larrea tridentata extracts have also
shown in vitro antimicrobial,l3 antioxidant,14
and hepatic enzyme-inhibiting activity."!

In vitro studies have shown that NDGA
induces apoptosis in various human and ani-
mal cancer cell lines'>'® and cell growth of
estrogen-positive human breast cancer cells
(MCE-7)."” Among other activities, it also
inhibits platelet aggregation,18 testosterone
release,'® insulin secretion,”” human lipoxy-
genases,”! and from topical application, skin
tumor formation in rodents.*?

A clinical trial of chaparral tea (16-24
oz./day) in patients with advanced malignan-
cies found a significant number appeared to
show tumor progression.>

TOXICOLOGY

At high doses (580 mg/kg p.o.), solvent ex-
tracts of the leaves and twigs and of the stems
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have shown antifertility effects in pregnant
rats. Behavioral and reproductive organ tox-
icity was shown in male hamsters (water/
ethanol extract of dried leaves at 4% of diet).
Fed to chicks (3 weeks old) at 5% of the diet,
the ground leaves resulted in body weight-
gain inhibition, but not at 2.5% of the feed.
In vitro tests found cytotoxicity in human and
rat kidney and liver slices (ethanol/water tinc-
ture) and in primary rat hepatocytes (water,
ethanol/water tincture, and various solvent
extracts).!' Chaparral tea was only weakly
cytotoxic to rat hepatocytes in vitro.**

Contact dermatitis from Larrea species is
common (DE SMET ET AL). Case reports of liver
toxicity in subjects largely taking chaparral
orally in tablets or capsules (alone or in com-
bination with other substances)>>® are con-
founded by a lack of hepatotoxicity from
chaparral or NDGA in animal studies, poor
characterization of the ‘‘chaparral” taken,
possible pre-existing liver disease, and other
factors.'' In a retrospective clinical study,
small amounts of a tincture of the leaves and
flowers (water/ethanol extract) as part of a
more complex herbal preparation (8—10 other
herbs) taken by patients over 2 years appeared
to be safe. Topical use of chaparral in Ricinus
oil also appeared to be safe.”

NDGA was extensively used as a food
antioxidant from 1943 to 1968. It was re-
moved from GRAS status after a chronic
feeding study in rats (0.5-1% NDGA for 74
weeks) found lymph node and kidney
lesions."!

USES

Medicinal, Pharmaceutical, and Cosmetic.
NDGA is approved for use in topical form in
the U.S. in the treatment of skin cancer, psori-
asis, and actinic keratosis.'!

Food. NDGA was formerly used as an anti-
oxidant in numerous food products (0.02%);
currently, use is permitted only in animal fat
products (lard, animal shortenings at 0.01%)
under USDA authority (TYLER 3).!11
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Dietary Supplements/Health Foods. Dried
leaves, stems and twigs in loose, powder, and
extract forms in capsules, tablets, teas, and
other products (MOORE 1.

Traditional Medicine. A decoction of chap-
arral leaves has been taken internally by south-
west American Indian tribes in the treatment
of theumatism, sores, gonorrhea, tuberculosis,
bowel complaints, cramps, stomachaches,
sore gums (gargle), and as an emetic to bring
down high fevers; externally for rheumatism,
arthritis, sore body parts,, sores on animals;
leaf infusion taken internally to treat colds,
dysuria, asthma, and congestion and used
externally against arthritis, rheumatism,
sprains, aching bones, infected skin, dandruff,
and impetigo sores; stems also used in various
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preparations, alone and combined with leaves
(MoERMAN); widely used popular folk remedy
for cancer (in the United States) for facial,
stomach, liver, lung, kidney, skin cancers,
melanoma, and leukemia.*°

COMMERCIAL PREPARATIONS

Crude herb; extracts.

Regulatory Status. NDGA is prohibited from
use in human foods (§189.165); herb consid-
ered unsafe by the FD.A;?” oral forms volun-
tarily removed from U.S. market in 1992, but
continue to be sold.'! Class 2b (not to be used
during pregnancy).

See the General References for BARNES; DER MARDEROSIAN AND LIBERTI; DE SMET ET AL. ; DUKE 2; GLASBY 1;
HARBOURNE AND BAXTER; HICKMAN; HUANG; MCGUFFIN 1 & 2 ; MOORE 1; NIKITAKIS; STEINMETZ; TYLER 1;

TYLER 3; UPHOF.
1. D. M. Porter, Taxon, 23, 339 (1974).

2. J. L. Valentine et al., Anal Lett., 17, 1617
(1984).

3. W. R. Obermeyer et al., Proc. Soc. Exp.
Biol. Med., 208, 6 (1995).

4. F.R.Fronczeketal., J. Nat. Prod., 40,497
(1987).

5. O. Gisvold and E. Thaker, J. Pharm. Sci.,
63, 1905 (1974).

6. C. Konno et al., J. Nat. Prod., 52, 1113
(1989).

7. C. Konno et al., J. Nat. Prod., 53, 396
(1990).

8. M. Sakakibrara et al., Phytochemistry,
15, 727 (1976).

9. J. T. Mabry et al., eds., Creosote Bush,
Biology and Chemistry of Larrea in New
World Deserts, Dowden, Hutchinson and
Ross, Stroudsburg, PA, 1977.

10. C.F. M. T. J. Bohnsted, Rev. Latinoamer.
Quim., 10, 128 (1979).

11. Institute of Medicine and National
Research Council, National Academies,
Prototype Monograph on Chaparral.
Dietary Supplement Ingredient Proto-
type Monographs, The National Acade-
mies Press, Washington, DC, 2004.

12. C. Konno et al., Proceedings of
International Congress on Natural
Products, 2, 328 (1987).

13. M. Angeles Verastegui et al., J. Ethno-
pharmacol., 52, 175 (1996).

14. L.Y.Zangetal., Mol. Cell. Biochem., 196,
157 (1999).

15. D. G. Tang and K. V. Honn, J. Cell.
Physiol., 172, 155 (1997).

16. T. Seufferlein et al., Br. J. Cancer, 86,
1188 (2002).

17. N. Sathyamoorthy et al., Cancer Res., 54,
957 (1994).

18. J. Chungetal., J. Biol. Chem., 272, 14740
(1997).



Chaste-tree

19. F. Romanelli et al., Life Sci., 63, 255
(1998).

20. B.R. Hsuet al., Cell Transplant., 10, 255
(2001).

21. S. Whitman et al., J. Med. Chem., 45,
2659 (2002).

22. Z. Y. Wang et al., Mutat. Res., 261, 153
(1991).

23. C.R. Smart et al., Rocky Mt. Med. J., 67,
39 (1970).

24. D.Pritchardetal., In Vitro Cell. Dev. Biol.
Anim., 30a, 91 (1994).

25. M. Katz Miriam and F. Saibil, J. Clin.
Gastroenterol., 12, 203 (1990).

CHASTE-TREE

Source: Vitex agnus-castus L. (Family
Verbenaceae).

Common names: Agnus castus, chasteberry,
chaste-tree, monk’s pepper, and vitex.

GENERAL DESCRIPTION

Deciduous shrub growing to 6 m in height;
leaves palmately compound; leaflets linear
lanceolate, entire, white tomentose beneath,
glabrous above, to 10 cm long; flowers blue,
purple, or pink in spike-like panicles; indige-
nous to the Mediterranean region, Crimea,
Central Asia and western Asia to northwest
India; naturalized in north America (Florida,
Georgia, Alabama, Mississippi, Louisiana,
Arkansas, Texas, southeast Oklahoma, north
to Maryland), Nigeria and northern Brazil.
Part used is the dried fruit (a small, brownish-
to olive-black drupe) with four seeds.

CHEMICAL COMPOSITION

Fruits contain the fatty acid linoleic acid' and
the flavone apigenin;” other flavonoids in the
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fruits and leaves include casticin, vitexin,
isovitexin, orientin, isoorientin, xyloside;
others include penduletin, 6-hydroxykaemp-
ferol-3,6,7,4'-tetramethylether, chrysosple-
nol-p, luteolin-7-glucoside, homoorientin,
and so on;> " iridoid glycosides in the leaf,
fruit, and flower include aucubin and agnuside
and eurostoside in the leaves;7’8 other iridoids
in the leaves, flowers and twigs include agnu-
castosides A, B, and C and mussaenosidic
acid;’ essential oil of the fruits, leaves, and
flowers contains monoterpenes (limonene,
o-pinene, 1,8—cinr.=,ole);10 in essential oil of
leaves also contains B-pinene, citronellol,
myrcene, linalool, sabinene, and others; ses-
quiterpenes in the essential oil of the flowers,
fruit, and leaves include P-caryophylline
oxide, caryophylline, farnesene, and others;
diterpenes in the fruit include vitexilactone,
rotundifuran (MCKENNA; WICHTL), and others;'!
triterpenoids include 3[B-acetoxyolean-12-
en-27-oic acid; 2o.,30-dihydroxyolean-5,12-
dien-28-oic acid; 2p,30-diacetoxyolean-5,
12-dien-28-oic acid; and 2o,3B-diacetoxy-
18-hydroxyolean-5,12-dien-28-oic acid;'? ke-
tosteroids detected in flower extracts include
progesterone, 17a-hydroxyprogesterone, tes-
tosterone, and epitestosterone; leaf extracts
yield andro-stenedione."?
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PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Ethanol extracts of the leaves inhibit the
in vitro growth of various bacteria and fungi
(E. coli, Staphylococcus aureus, Streptococ-
cus faecalis, Candida krusei, Epidermophyton
Sfloccosum, Trichophyton mentagrophytes,
and others). Ethanol extracts of the fruits,
flowers, and leavesinhibited the in vitro growth
of Bacillus subtilis, E. coli, Candida albicans,
and Shigella sonei. Flavonoids (casticin,
orientin, vitexin, xyloside, and others) and
iridoids (aucubin and agnoside) of the fruits
and leaves also showed in vitro antibacterial
activity (S. aureus, Bacillus cereus, and
B. megaterium) (MCKENNA).

Extracts of the berries have shown in vitro
cycotoxic activity against human carcinoma
cells (breast, gastric, small lung, and colon
carcinoma);'%in vitro growth inhibition of an
estrogen- and progesterone-positive human
mammary cancer cell line (T-47D) (MCKENNA);
invitro estrogenic activity with binding of both
a- and B-estrogen receptors;'*' and estrogenic
activity in female rats administered an extract
in feed (MckenNA). Oral administration of
a standardized extract of the berries with -
estrogen receptor-specific activity to female
rats produced estrogenic activity withouteffects
on uterine genes or uterine weight. "' Estrogenic
activity of the berries is attributed to linoleic
acid,' apigenin, penduletin, and vitexin.?

Dopaminergic compounds in the fruits with
in vitro prolactin-suppressive activity are di-
terpenes, including rotundifuran'® and others
(clerodadienols).'!

Clinical trials of standardized extracts of
the berries (double-blind, placebo-controlled)
have shown significant benefits in the treat-
ment of women with latent hyperprolactine-
mia, abnormal menstrual cycles, and corpus
luteum insufficiency, cyclical mastalgia, pre-
menstrual syndrome, and premenstrual ten-
sion syndrome (MCKENNA). 17,18

TOXICOLOGY

Generally considered safe; rare occurrences
of itching and urticaria have been reported
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(BLUMENTHAL 1). No toxicity was found in
mice or rats administered a standardized ex-
tract of the berries at a single dose of 7000 mg.
Doses of up to 3500 mg in rats for over 5 weeks
also failed to produce toxic effects. Decreased
milk production in rats was attributed to the
prolatic-depressing activity of a vitex berry
extract (MCKENNA).

USES

Medicinal, Pharmaceutical, and Cosmetic.
Used in modern Europe in the treatment of
premenstrual and menopausal disorders in-
cluding premenstrual mastodynia (mastalgia)
and other symptoms of PMS;'" also in treat-
ments of premenstrual tension syndrome, Par-
kinson’s disease, acne, uterine myomas, as a
galactogogue, as an adjunctive therapy in
endometriosis (MCKENNA), and upon termina-
tion of use of birth control pills; also used
to help re-establish normal menstruation and
ovulation, to increase or stimulate milk flow;
reduce water retention during menstruation;
allay effusions in the knee joints associated
with premenstrual syndrome.'%!!

Dietary Supplements/Health Foods. Dried
fruits and extracts thereof in capsules, tea,
and so on (FOSTER).

Food. Seeds used as a spice and substitute
for pepper (GRIEVE; KIPLE AND ORNELAS).

Traditional Medicine. Syrup made from the
seeds was used in medieval Europe to sup-
press the libido. Berries and leaves were used
in 16th century Europe as an emmenagogue.
Eclectic medical practitioners (19th century)
used a tincture of the fresh fruit as galacta-
gogue and emmenagogue (FELTER AND LLOYD).
Plant used in Anatolia to treat anxiety,
stomachache, to prevent early birth, and as
a diuretic, digestive, and antifungal.” Seed
decoctions and fruits used in ancient Greece
to treat uterine inflammations (MCKENNA) and
in Arabian medicine in baths to treat uterine
tumors and pain; 19 plant also used in Arabian
medicine to treat insanity, hysteria, epilepsy;



Chenopodium oil

leaves and root bark used in Nigeria to treat
depression. Seeds used in Ayurvedic medi-
cine to induce abortion, as a diuretic, and for
stomachache and ocular conditions; seeds
used in Unani medicine as a contraceptive
and purify the liver and brain; plant used
in Amazonia Brazil as an emmenagogue,
anaphrodisiac, diuretic, and for stomachache,

headache, flu, and other conditions
(MCKENNA).
REFERENCES
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COMMERCIAL PREPARATIONS

Crude herb, alcoholic and aqueous extracts of
pulverized fruits and their formulations.

Regulatory Status. Class 2b dietary supple-
ment (not to be used during pregnancy). In
Germany, formulation indicated for menstrual
disorders due to primary or secondary corpus
luteum insufficiency; premenstrual syndrome,
mastodynia, inadequate lactation, menopaus-
al symptoms (BLUMENTHAL 1).

See the General References for APPLEQUIST; BARNES; BLUMENTHAL 1 & 2; DER MARDEROSIAN AND BEUTLER;
FELTER AND LLOYD; FOSTER; MCGUFFIN 1 & 2; MCKENNA; STEINMETZ; TUTIN 3; UPHOF; WEISS; WICHTL.

1. J.Liuetal., Phytomedicine, 11,18 (2004).

2. H. Jarry et al., Planta Med., 69, 945
(2003).

3. G. Hahn et al., Notabene Med., 16, 233,
297 (1986).

4. E. Wollenweber and K. Mann, Planta
Med., 48, 126 (1983).

5. R. Hansel and H. Rimpler, Arch. Pharm.
(Wienhiem), 296, 598 (1963).

6. C. S. Gomaa et al., Planta Med., 52, 277
(1978).

7. R. Hansel and E. Winder, Arzneim.-
Forsch, 9, 180 (1959).

8. K. Gorler et al., Planta Med., 51, 530
(1985).

9. A. Kuruuzum-Uz et al., Phytochemistry,
63, 959 (2003).

10. E. Winder and R. Hansel, Arch. Pharm.
(Weinheim), 293, 556 (1960).

CHENOPODIUM OIL

Source: Chenopodium ambrosioides L. var.
anthelminticum (L.) A. Gray or C. ambro-
sioides 1.. (Family Chenopodiaceae).

Common/vernacular — names: Oils of
American wormseed (C. ambrosioides var.

11. W. Wuttke et al., Phytomedicine, 10, 348
(2003).

12. A.S.Chawalaetal., J. Nat. Prod., 55,163
(1992).

13. M. Saden-Krehula et al., Short Reports of
Short Lectures and Poster Presentations,
Bonn BACANS Symposium, P; 77, July
17-22, 1990, p. 59.

14. K. Ohyama et al., Biol. Pharm. Bull., 26,
10 (2003).

15. JLiuetal.,J. Agric. Food Chem., 49,2472
(2001).

16. A. Antolic and Z. Males, Acta Pharm.
(Zagreb), 47, 207 (1997).

17. D. Propping, Therapiewoche, 38, 2992
(1988).

18. D. Propping and T. Katzorke, Z. Allg., 63,
932 (1987).

19. F. Alakbarov, HerbalGram, 57,40 (2003).

anthelminticum), Mexican tea, and epazote
(C. ambrosioides).

GENERAL DESCRIPTION

Strongly aromatic, hairy annual or perennial
herb up to about 1.5 m high; native to tropical
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America; naturalized and cultivated world-
wide. Part used is the fresh aboveground
flowering and fruiting plant, from which the
volatile oil (with a disagreeable odor and bitter
taste) is obtained by steam distillation. Major
producing countries include India, China,
Brazil, and the United States. Due to its high
ascaridole (a peroxide) content, chenopodium
oil may explode when heated or treated with
acids and should be handled with caution.

CHEMICAL COMPOSITION

Contains variable amounts of ascaridole
(17-90%, usually 60-80%), [-limonene, myr-
cene, p-cymene, O-terpinene, saturated hydro-
carbons (C,; to C3; with Cy9 predominant),
triacontyl alcohol, a-spinasterol, and others
(JIANGSU; LIST AND HORHAMMER).'

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Ascaridole, the active principle of the oil, has
anthelmintic properties, particularly against
roundworms (Ascaris); it is also effective
against hookworms and dwarf tapeworms but
not large tapeworms.

TOXICOLOGY
The oil is considered as very toxic. Toxic

effects include irritation of skin and mucous
membranes, vomiting, headache, vertigo,

REFERENCES

Chenopodium oil

kidney and liver damage, temporary deafness,
and circulatory collapse, among others. Ef-
fects may be cumulative. Cases of death have
also been reported. (GOSSELIN; MARTINDALE).4

USES

Medicinal, Pharmaceutical, and Cosmetic.
Now seldom (if at all) used in pharmaceutical
preparations as it is largely replaced by syn-
thetic anthelmintics such as piperazine and
other compounds. Major use is as a fragrance
component in soaps, detergents, creams,
lotions, and perfumes, with maximum use
level of 0.4% reportedly used in perfumes.*

Food. The leaves and seeds of C. ambro-
sioides are used in Mexican cooking as
a carminative flavoring with bean dishes
(MOORE 1).

Traditional Medicine. Used as an anthel-
mintic for roundworms, hookworms, and
dwarf tapeworms, among others. Leaf, root,
and plant of C. ambrosioides have been used
in tumors.’ In China, the fresh root is used to
treat articular rheumatism.

COMMERCIAL PREPARATION

Essential oil. It was formerly official in N.F.
and U.S.P.

Regulatory Status. Not permitted in foods.

See the General References for FERNALD; GRIEVE; GUENTHER; JIANGSU; MOORE 1; NANJING; TYLER 3; USD

26th; YOUNGKEN.
1. L. Bauer et al., Rev. Bras. Farm., 54, 240
(1973).

2. G.S.Guptaand M. Behari, J. Indian Chem.
Soc., 49, 317 (1972).

3. G.S. Guptaand M. Behari, Indian Perfum.,
18(Pt. 2), 40 (1975).

4. D. L. J. Opdyke, Food Cosmet. Toxicol.,
14, 713 (1976).

5. J. L. Hartwell, Lloydia, 31, 71 (1968).



Cherokee rosehip

CHEROKEE ROSEHIP

Source: Rosa laevigata Michx. (syn. R.
sinica Murr.; R. cherokensis Donn.; R.
ternata Poir.; R. nivea DC.; R. Camellia
Hort.) (Family Rosaceae).

Common/vernacularnames: Chineserosehip,
Fructus Rosae Laevigatae, and jinyingzi.

GENERAL DESCRIPTION

High-climbing shrub (up to 5 m), with slender
green prickly branches; flowering in May and
fruiting in September to October. Native to
China and Japan; naturalized in the southern
United States; now widely distributed through-
out China.

Part used is the dried ripe prickly fruit (hip)
collected when it turns red in autumn. After
partially dried under the sun, the fruits are
placed in a barrel and their prickles removed
by stirring with a wooden bat. They are then
further dried to yield whole jinyingzi. The
whole hips are normally further processed to
yield jinyingzi rou (meat) by soaking in water
until soft, slicing in half, removing the seeds
and again sun drying. Commercial Cherokee
rosehips are either whole or sliced, the latter
yielding more extractives.

CHEMICAL COMPOSITION

Fruits contain hydrolysable tannins (laeviga-
tins A to G,'2 agrimoniin, agrimonic acids A
and B,' pedunculagin, and sanguiin H-4?)
euscaphic, oleanolic, and ursolic acid deriva-
tives, sterol glucosides,3 laevigatanoside
A (20,3B,190,23-trihydroxy-12-ursorlic-28-
glucopyester),* saponin glycosides; vitamin
C; sugars; plant acids (citric, malic, etc.);
amino acids,’ starch; pigments; resin; and
others (IMM-3; JIANGSU).
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PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

A hot water extract of Cherokee rosehip
showed potent antimutagenic activities in the
Ames test.’

TOXICOLOGY

Polyhydroxy pigments: LDs, (white mice)
519+ 105 mg/kg i.p.; and s.c. injection of
500 mg/kg and 1100 mg/kg in white rats (ob-
served 1-2 weeks) retarded weight gain and
caused an increase in white blood cells and
decrease in red cells but no pathological
changes in heart, liver, kidney, spleen, intes-
tine, and adrenal tissues.’

USES

Dietary Supplements/Health Foods. Used
in tonic (especially male tonic) preparations
in various forms (drinks, soup packets, tablets,
and capsules).

Traditional Medicine. Considered one of
the most important Chinese health tonics. First
described around ap 500, traditional Chinese
medicine considers it to have gu jing (strength-
ens male essence), suo niao (antidiuretic), yi
shen (tonic; invigorates urinary and reproduc-
tive functions), and se chang (intestinal astrin-
gent) properties. Traditionally used to treat
male sexual inadequacies, including nocturnal
emission and spermatorrhea; female problems
(e.g., uterine bleeding and leukorrhea); chronic
diarrhea and enteritis; sweating and night
sweating; polyuria and enuresis; also used in
sexual neurasthenia, hypertension, and chronic
cough (LU AND LI).

COMMERCIAL PREPARATIONS

Mainly crude (both whole and sliced).
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Regulatory Status. Although essential oil
solvent-free oleoresins and natural extractives

of other Rosa spp. are GRAS (§182.20), the

REFERENCES

Cherry bark, wild

U.S. regulatory status of Rosa laevigata is not
established.

See General References for BAILEY 2; CHEUNG AND LI; CHP; FOSTER AND DUKE; IMM-3; JIANGSU; JIXIAN; LU

AND LI; MCGUFFIN 1 & 2.; NATIONAL.
1. T. Yoshida et al., Chem. Pharm. Bull., 37,
920 (1989).

2. T. Yoshida et al., Phytochemistry, 28, 2451
(1989).

3. . Fang et al., Phytochemistry, 30, 3383
(1991).

CHERRY BARK, WILD

Source: Prunus serotina Ehrh. (Family
Rosaceae).

Common/vernacular names: Black cherry,
capulin, rum cherry bark, Wild black cherry,
and wild cherry bark.

GENERAL DESCRIPTION

Large tree with rough dark trunk and reddish
brown branches; up to about 1.5 m in diameter
and 30 m in height; native to North America
(Nova Scotia to Florida and west to Nebraska
and Texas.) Part used is the dried stem bark,
free of the rough outer bark, preferably col-
lected in the fall.

CHEMICAL COMPOSITION

Bark contains condensed tannins,1 prunasin (d-
mandelonitrile glucoside); emulsin; eudesmic
acid (3,4,5-trimethoxybenzoic acid); p-couma-
ric acid; scopoletin; sugars; and others (KARRER).
Fruit skin contains capulin anthocyanins.2
Prunasin is a cyanogenic glucoside that
is hydrolyzed by the enzyme prunase into
hydrocyanic acid (HCN, prussic acid),

4. X. Li, Zhongguo Zhong Yao Za Zhi/
Zhongguo Zhongyao Zazhi, 22,298 (1997).

5. X.Sheetal.,ActaHort. Sin., 15,240 (1988).
6. X. B. Ni, Zhongcaoyao, 22, 429 (1991).

7. L. Sun et al., Jiangxi Yixueyuan Xuebao,
30(3), 5 (1990).

glucose, and benzaldehyde. The yield of HCN
by the bark varies with the times of collection
and the thickness and types of bark. Bark
collected in the fall has the highest HCN yield
(ca. 0.15%), while that collected in the spring
has only about 0.05% yield of HCN. In con-
trast, leaves have been reported to yield the
highest amounts of HCN in the spring, up to
about 0.25% of potential HCN yield in fresh
leaves (LIST AND HORHAMMER). Leaves also
contain amygdalin.*

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Believed to have astringent, sedative, and
antitussive properties.

TOXICOLOGY

Hydrocyanic acid, present in bark extracts
(MARTINDALE), is a lethal poison.

USES

Medicinal, Pharmaceutical, and Cosmetic.
Extracts used extensively in cold and cough



Cherry laurel leaves

preparations in the form of syrups, particularly
in formulations based on White Pine
Compound.

Food. Extracts used in most major food
products as a flavoring substance, including
alcoholic and nonalcoholic beverages, frozen
dairy desserts, candy, baked goods, gelatins
and puddings, processed fruits, and others.
Highest average maximum use level of the
extract (strength and type unspecified)
reported is 0.06% in alcoholic beverages.

Dietary Supplements/Health Foods. Used
in cough syrups or bronchial formulations;
tea ingredient (FOSTER AND DUKE).

Traditional Medicine. Bark used by a num-
ber of American Indian tribes for colds and
coughs; by the Cherokee Indian to treat laryn-
gitis and as a wash for sores and ague; by
the Delaware to treat diarrhea and women’s
diseases; by the Iroquois in a poultice for
headaches (MOERMAN). Also reportedly used
against cancers.” Used by Canadian Indians
(Delaware, Iroquois, Malecite, and Ojibwa) in
treatments of diabetes and its complications.6

REFERENCES
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In China, the stem bark and root of a related
Prunus species (P. armeniaca L., the apricot)
has been used for centuries in treating apricot
kernel poisoning. Recent clinical reports
have substantiated this usage. Decoctions of
the fresh bark were used to treat 80 cases of
apricot kernel poisoning; all patients were
reported to recover completely within 4h
(JIANGSU).

COMMERCIAL PREPARATIONS

Crude and extracts. Crude and syrup were
formerly official in U.S.P., and fluid extract
was official in N.F. The crude comes in two
types: thin and thick with the former being
considered superior in quality. Strengths (see
glossary) of extracts are expressed in weight-
to-weight ratios; extracts may contain detect-
able amounts of prunasin or its hydrolysis
product, HCN.

Regulatory Status.  Essential oil, solvent-free
oleoresin and natural extractives GRAS
(§182.20); no HCN limits are specified.

See the General References for BAILEY 2; CLAUS; FEMA; FERNALD; FOSTER AND DUKE; GRIEVE, KARRER;

MARTINDALE; UPHOF; USD 26th; YOUNGKEN.
1. L. Buchalter, J. Pharm, Sci., 58, 1272
(1968).

2. A. Ordaz-Galindo et al., Food Chem., 65,
201 (1999).

3. D. M. Smeathers et al., Agron. J., 65, 775
(1973).

CHERRY LAUREL LEAVES

Source: Prunus laurocerasus L. (syn. Laur-
ocerasus officinalis M. Roem.) (Family
Rosaceae).

4. E.F. Santamour, Phytochemistry, 47, 1537
(1998).

5. 1. L. Hartwell, Lloydia, 34, 103 (1971).

6. L. M. McCune and T. Johns, J.
Ethnopharmacol., 82, 197 (2002).

Common/vernacular names: Cherry laurel
leaves, common cherry laurel, and laurocer-
asus leaves.
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GENERAL DESCRIPTION

An evergreen bush to small tree with oblong
leathery leaves 7.5-15 cmlong; up to about 6 m
high; native to western Asia; widely cultivated.
Parts used are the fresh leaves. The oil is
obtained by steam distillation of the warm-
water macerated leaves. During maceration the
enzyme prunase (or emulsin) hydrolyzes the
cyanogenic glucoside present to yield benzal-
dehyde and hydrocyanic acid (HCN), which
are volatile and distilled with steam. Most of
the HCN is removed by neutralization and
washing of the oil. Cherry laurel water is the
water distillate adjusted to contain 0.1% HCN."

CHEMICAL COMPOSITION

The leaves contain variable amounts (usually
ca. 1.5%) of prunasin (d-mandelonitrile glu-
coside), with the young and small leaves
containing the highest concentrations. During
isolation, prunasin is partially converted to its
isomer sambunigrin (/-mandelonitrile gluco-
side), resulting in a racemic mixture of the two
isomers known as prulaurasin (d/-mandeloni-
trile glucoside). Other constituents present
in the leaves include 1% ursolic acid, wax,
tannin, emulsin, and others (KARRER).2_4

The oil, like bitter almond oil, is composed
almost entirely of benzaldehyde and HCN,
with small amounts of benzyl alcohol.

Cherry laurel oil (FFPA) for food use
should not contain HCN.

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Cherry laurel oil (FFPA) is practically
equivalent to pure benzaldehyde and has the

REFERENCES

Cherry laurel leaves

pharmacological and toxicological properties
of benzaldehyde (see bitter almond).

TOXICOLOGY

Hydrocyanic acid is a deadly poison.

USES

Medicinal, Pharmaceutical, and Cosmetic.
Not used in the United States, but cherry laurel
water is used in Europe as sedative, anodyne,
and antispasmodic and in eye lotions.

Food. Cherry laurel oil (FFPA) is used as a
flavor component in numerous food products,
including alcoholic (liqueurs such as cordials,
etc.) and nonalcoholic beverages, frozen
dairy desserts, candy, and baked goods. High-
est average maximum use level reported is
0.014% in candy.

Traditional Medicine. Leaves used in treat-
ing coughs, insomnia, stomach and intestinal
spasms, vomiting, and other ailments; also
reportedly used in cancers.’

COMMERCIAL PREPARATION

Cherry laurel oil (FFPA).

Regulatory Status. Leaves approved for food
as natural flavoring substance provided prus-

sic acid (HCN) does not exceed 25ppm
(§172.510).

See the General References for ARCTANDER; BAILEY 1; BIANCHINI AND CORBETTA; FEMA; GRIEVE; LIST AND
HORHAMMER; MCGUFFIN 1 & 2; MARTINDALE; MERCK; UPHOF.

1. A.Puechetal., Trav. Soc. Pharm. Montp.,
36, 101 (1976).

2. M. Henriet et al., J. Pharm. Belg., 29, 437

(1974).



Chervil

3. L. P. Miller in L. P. Miller, ed.,
Phytochemistry, Vol. 1, Van Nostrand
Reinhold, New York, 1973, p. 297.

CHERVIL

Source: Anthriscus cerefolium (L.) Hoffm.
(syn. A. longirostris Bertol.) (Family
Umbelliferae or Apiaceae).

Common/vernacular names: Chervil, garden
chervil, and salad chervil.

GENERAL DESCRIPTION

Slender annual with small leaves and erect
branching stem, hairy near the nodes; up to
about 0.8m high; native to Europe (the
Caucasus and south Russia) and western
Asia; naturalized in North America (Quebec
to Pennsylvania), Australia, and New Zeal-
and; widely cultivated. Parts used are the
leaves (fresh or dried) and the dried flower-
ing herb.

CHEMICAL COMPOSITION

Contains a volatile oil (ca. 0.03% in the herb
and 0.9% in the fruits), apiin (apigenin-7-
apiosylglucoside), bitter principles, and high
concentrations of potassium (ca. 4.7%), calci-
um (ca. 1.3%), magnesium (130 mg/100 g),
phosphorus (450 mg/100 g), and others. Fruits
(seeds) contain luteolin-7-glucoside and
about 13% fixed oils, which are composed of
petroselinic acid and linoleic acid as the main
components, with minor concentrations of
palmitic acid and short-chain hydrocarbons
(Cy3 or less, mainly branched-chain C7). The
volatile oil contains estragole (methyl chavi-
col) and 1-allyl-2,4-dimethoxybenzene as ma-
jor constituents, with anethole also reported to
be present in the oil of Indian origin (KARRER;
LIST AND HORHAMMER; MARSH).' ™
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4. L. Stammitti et al., Phytochemistry, 43, 45
(1996).

5. J. L. Hartwell Lloydia, 34, 103 (1971).

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

In vitro antioxidant, lipid peroxidation-inhi-
biting, and copper chelating activities were
found from aqueous extracts of the leaves and
roots.”

TOXICOLOGY

Estragole, the major component of the volatile
oil, has been reported to produce tumors in
mice (see sweet basil).

USES

Food. Used as a flavor ingredient in food
products, including nonalcoholic beverages,
frozen dairy desserts, candy, baked goods,
meat and meat products, and condiments and
relishes. Highest average maximum use level
reported is 0.114% of the herb in meats and
meat products.

Theleaves (particularly when fresh) are used
as a domestic spice in soups, salads, vinegar for
salad dressings, omelets, and other dishes.

Traditional Medicine. Used as diuretic, ex-
pectorant, and digestive; also to lower blood
pressure, in the form of an infusion. The juice
from the fresh herb is used to treat eczema,
gout stones, and abscesses, among others.

COMMERCIAL PREPARATION
Available mainly as the crude.

Regulatory Status. GRAS as a natural flavor-
ing or seasoning (§182.10). Essential oil, nat-

ural extractives, and solvent-free oleoresin
also GRAS §182.20).
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REFERENCES

Chestnut leaves

See the General References for BAILEY 2; FEMA; LUST; ROSENGARTEN; TERRELL; UPHOF.

1. J. H. Zwaving et al., Pharm. Weekbl., 106,
182 (1971).

2. J. Van Loon, Z. Lebensm. Unters. Forsch.,
153, 289 (1973).

3. S. O. Brown et al., Phytochemistry, 14,
2726 (1975).

CHESTNUT LEAVES

Source: Castanea dentata (Marsh.) Borkh.
(syn. C. americana (Michx.) Raf.) (Family
Fagaceae).

Common/vernacular names: American chest-
nut leaves, chestnut leaves.

GENERAL DESCRIPTION

Deciduous tree with rough bark and glabrous
mature leaves that reach about 25 cm in length
and 5Scm in width; up to about 30m high;
native to North America. Parts used are the
dried leaves.

Once a dominant hardwood species in
eastern North America, the American chest-
nut has been extensively destroyed by a
fungal disease during recent years caused
by Cryphonectria (Endothia) parasitica
(Murrill) Barr (chestnut disease fungus).1
Consequently, the leaves used in commerce
are mostly derived from Spanish chestnut
leaves (C. sativa Mill.), a native of the
Mediterranean region, or from other Casta-
nea species.

CHEMICAL COMPOSITION

Contains 8—9% tannins, mucilage, resins, and
others.

4. J. B. Harborne and C. A. Williams,
Phytochemistry, 11, 1741 (1972).

5. S.Fejesetal., J. Ethnopharmacol., 69,259
(2000).

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Considered to have tonic and astringent prop-
erties; also antitussive, antirheumatic. Offers no
advantage over other antitussives (WEISS; WREN).

USES

Food. Used in alcoholic and nonalcoholic
beverages in the form of an extract; reported
use levels are low, less than 0.0075%.

Traditional Medicine. Decoction of leaves
used by the Cherokee Indians in a compound
formula to treat coughs; leaves used by
the Mohegans to treat colds and rheumatism;
leaf infusion used to treat whopping cough
(MOERMAN); infusion of a gargle in pharyngitis;
also as sedative, tonic, and astringent.

COMMERCIAL PREPARATIONS

Crude and extracts. Crude was formerly offi-
cial in N.F. and U.S.P. Strengths (see glossary)
of extracts are expressed either in weight-
to-weight ratios or, when intended for food
use, in flavor intensities.

Regulatory Status. Leaves approved for food
use as natural flavoring substance (§172.510);
only C. dentatais listed. Castanea sativaleaves
are the subject of a German therapeutic mono-
graph; however, use is not recommended since
efficacy isnot well documented (BLUMENTHAL 1).
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See the General References for BAILEY 2; BIANCHINI AND CORBETTA; BLUMENTHAL 1; FEMA; FERNALD;
KROCHMAL AND KROCHMAL; MCGUFFIN 1 & 2; STAHL; UPHOF; WEISS; WREN.

1. L. K. Rieske et al., Environ. Entomol., 32,
359 (2003).

CHICKWEED

Source: Stellaria media (L.) Villars (Family
Caryophyllaceae).

Common/vernacular names: Chickweed, sta-
rweed, star chickweed, and hakobe (Japan).

GENERAL DESCRIPTION

Prostrate to decumbent annual herb to 40 cm;
leaves ovate, sessile, glabrous; flower white,
star-shaped, petals two lobed, to 3 mm long,
sepals to 5 mm; mainly a weed of cultivated
ground around human dwellings; throughout
Europe, North America; cosmopolitan else-
where; part used is the herb.

CHEMICAL COMPOSITION

Carboxylic acids, oxalic acid, coumarins,
hydroxycoumarins; glycosides; flavonoids,
including rutin, hexosylapigenins, pentosyla-
pigenins,' apigenin C-glycosylflavones (e.g.,
7,2"-di-O-B-glucopyranosyl vitexin),” luteo-
lin, vicenin-2, and the isoflavone genistein;3
saponins, steroids, triterpene zgr,lycosides,l’4
hydroxybenzoic acids (e.g., p-hydroxyben-
zoic acid, vanillic acid), hydroxycinnamic
acids (caffeic, chlorogenic, ferulic,” and
trans-ferulic acid); galactolipids;5 vitamin
C, dehydroascorbic acid, thiamine, riboflavin,
niacin, carotenoids; linolenic acids™® (DUKE
2); aminoadipic acid, and saccharopine;7
octadecatetraenoic acid in leaf lipids concen-
trated in monogalactoxyl diglyceride fraction;
v-linolenic acid in polar fraction.®

Stellaria dichotoma var. lanceolata con-
tains wogonin (flavone derivative), a-spinas-
terol, stimast-7-enol, palmitate and furan
3-carboxylic acid, and C-glycosyl-flavonoids.’

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Extracts of the aerial parts have shown in vitro
antioxidant activity (xanthane oxidase-
inhibiting).'®

USES

Food. Aerial part used in salads in Italy;"'
forage plant of chickens living among the Iro-
quois Indians (MOERMAN); formerly a source of
vitamin C; traditionally a pot herb, emergency
food; seeds once acommercial bird seed source.

Dietary Supplements/Health Foods. Leaves
in capsules, teas; widely used emollient in
salves and ointments (WREN); used in Japan
in a herbal toothpaste (“‘Hakobe-salt”)."?

Traditional Medicine. Chippewa Indians
used a strained decoction of the leaves used
to wash sore eyes; used by Iroquois in a
compound poultice to treat theumatism (MOER-
MAN); also antirheumatic,'’ galactogogue,
gastroenteric diseases, toothache, swellings,
antipuritic,12 demulcent, emollient, and vul-
nerary activity reported; externally applied
in poultices for boils, eczema, inflammation,
psoriasis, sores, ulcers; ointment also used to
allay itching. wEeiss reports negative results as
antirheumatic.
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COMMERCIAL PREPARATIONS

Crude herb; extracts.

REFERENCES

Chicle

Regulatory Status. Class 1 dietary supple-
ment (herbs can be safely consumed when
used appropriately).

See the General References for APPLEQUIST; DER MARDEROSIAN AND BEUTLER; DUKE 2; FOSTER AND DUKE;
GRIEVE; MCGUFFIN 1 & 2; STEINMETZ; TUTIN 1; TYLER 1; UPHOF; WEISS; WREN.

1. G. G. Tsotsoriua et al., Kromatogr.
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2. J. Budzianowski and G. Pakulski, Planta
Med., 57, 290 (1991).

3. G. M. Kitanov, Pharmazie, 47, 470
(1992).

4. J. L. Guil et al., Plant Foods Hum. Nutr.,
51, 99 (1997).

5. J. Hohmann et al., Fitoterapia, 67, 381
(1996).

6. M. L. Salo and T. Makinen, Maataloust.
Aikakousk, 37, 127 (1965).

7. R. Nawaz and H. Sorenson, Phyto-
chemistry, 16, 599 (1977).

CHICLE

Source: Manilkara zapota (L.) P. Royen
(syn. M. zapotilla (Jacq.) Gilly; M. achras
(Mill.) Fosb.; Sapota achras Mill.; Achras
sapota L.; A. zapotilla (Jacq.) Nutt.)
(Family Sapotaceae).

Common name: Chicle.

GENERAL DESCRIPTION

An evergreen tree with shiny leaves, up to
about 33 m high; native to Central America
and the Yucutan Peninsula of Mexico; now
extensively cultivated in the tropics for its
edible fruit (naseberry or sapodilla). Part used
is the latex present in the bark, pith, and leaves;
it is collected by making multiple incisions
in the trunk and dried by careful boiling to

8. G. R. Jamieson and E. H. Reid,
Phytochemistry, 10, 1575 (1971).

9. A. M. Rizk, The Phytochemistry of the
Flora of Qatar, Scientific and Applied
Research Centre, University of Qatar,
Doha, 1987, p. 26.

10. A. Pieroni et al., Phytother. Res., 16, 467
(2002).

11. P. M. Guarrera, Fitoterapia, 74, 515
(2003).

12. F. Kuginuki and T. Nanba, Jpn. J.
Pharmacol., 47, 182 (1993).

remove excess water. Crude chicle is purified
by repeatedly washing with strong alkali and
neutralizing with sodium acid phosphate, fol-
lowed by drying and powdering. The resulting
product is a water-insoluble, amorphous pow-
der that softens on heating.'*

CHEMICAL COMPOSITION

Crude chicle contains 15-20% hydrocarbons
that are polyisoprenes (mixture of low molec-
ular weight cis-1,4 and trans-1,4 units in an
approximately 2:7 ratio); up to 55% of ayellow
resin, consisting primarily of lupeol acetate
with minor amounts of B-amyrin and o-spi-
nasterol acetates; also, taraxasterol and other
triterpene alcohol acetates; a gum composed
of a (1 — 4)-linked xylan backbone highly
substituted with oligosaccharide chains; sugar;
inorganic salts; and others (KARRER).' ™
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Refined chicle for use in chewing gums
does not contain the water-soluble constitu-
ents present in crude chicle. However, data on
its precise chemical composition are limited.
TOXICOLOGY
Limited available data indicate chicle to be
nontoxic.'®
USES
Medicinal, Pharmaceutical, and Cosmetic.

Claimed to be a useful ingredient in hair
preparations (dressings and pomades).'!*'?
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Food. The primary use of chicle is as the
“gum’ base in chewing gum; its use level in
chewing gum is about 20%. The rest of the
chewing gum is sugar and corn syrup, with
small amounts of flavorings. This “gum” is
not a true gum (see glossary) but is close in
chemical and physical nature to natural rubber
and resins; hence it is soft and plastic when
chewed and is reportedly not soluble in
saliva.'?

COMMERCIAL PREPARATIONS
Mainly crude.

Regulatory Status. Approved for foods use
as a chewing gum base (§172.615).

See the General References for HORTUS 3rd; LIST AND HORHAMMER;, MCGUFFIN 1 & 2; TERRELL; UPHOF;

YOUNGKEN.
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CHICORY ROOT

Source: Cichorium intybus L. (Family
Compositae or Asteraceae).
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Common/vernacular names: Blue sailors,
chicory, chicory root, common chicory root,
wild chicory, and succory.
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GENERAL DESCRIPTION

Biennial or perennial herb with spindle-
shaped taproot, bright blue flowers, and cau-
line hairy leaves (borne on stem) resembling
those of dandelion; up to 2 m high; believed to
be native to Europe and Asia; naturalized and
weedy in North America (FOSTER). Parts used
are the dried root and the dried aboveground
parts, collected in autumn.

CHEMICAL COMPOSITION

The root contains a high concentration (up to
58% in fresh cultivated root) of inulin
(a mixture of linked fructans), which yields on
hydrolysis mostly fructose, with glucose in
minor amounts. The root also contains fatty
acids (mostly palmitic and linoleic), the bitter
principles lactucin and lactucopicrin (intybin),
cichoriin (esculetin-7-glucoside), o-lactucer-
ol (taraxasterol), tannins, sugars (fructose,
mannose, etc.), pectin; fixed oils, choline, and
others (JIANGSU; LIST AND HORHAMMER). '~

The roasted root contains a steam-distillable
fraction (aroma), which is composed of pyra-
zines, benzothiazoles, aldehydes, aromatic hy-
drocarbons, furans, phenols, organic acids, and
others, totaling33identifiedcompounds,among
which acetophenone is a characteristic compo-
nent of roasted chicory not previously reported
as a component of aroma of any heated food
products such as coffee.® Other constituents of
the roasted root include 2-acetylpyrrole, furfu-
ral, phenylacetaldehyde, phenylacetic acid, and
vanillin.” Small amountsof twoindolealkaloids
(B-carbolines), harman and norharman, have
also been isolated from the roasted root.’

The herb (leaves, flowers, shoots, etc.)
contains inulin, fructose, choline, resin, chi-
coric acid (dicaffeoyl tartaric acid), esculetin,
esculin (esculetin-6-glucoside), cichoriin, and
others (LIST AND HORHAMMER).51°

PHARMACOLOGY AND BIOLOGICAL
PROPERTIES

Addition of inulin to ground beef before
frying inhibited the formation of mutagenic

Chicory root

compounds (heterocyclic aromatic hydrocar-
bons) after frying."'

As part of the diet of rats, chicory inulin
inhibited tumor formation (colon,12 mamma-
ry, and lung) and potentiated the cytotoxic
effects of various common anticancer drugs
at subtherapeutic dosages (cyclophospha-
mide, cytarabine, doxorubicine, 5-fluoroura-
cil, methotrexate, and Vincristine).13

Chicory inulin stimulates the growth of
bifidobacteria in the human colon and is clas-
sified as a prebiotic.'* In a placebo-controlled
study, dietary supplementation with chicory
inulin increased bifidobacteria counts and
reduced clostridia, fusobacteria, and bacter-
oides.'® In a randomized, double-blind study
in hypercholesterolemic men on a controlled
diet, a supplement of ice cream containing
chicory inulin produced a significant decrease
in serum triglyceride levels.'®

TOXICOLOGY

The herb (vegetable) has been reported to
cause contact dermatitis in humans.'”'® An
aqueous suspension of the root at a sublethal
dosage (8.7 g/lkg p.o. per day for 10 days)
decreased body weight and impaired sper-
matogenesis in mice, whereas the threshold
dosage (4.5 g/kg) had neither effect.'®

USES

Medicinal, Pharmaceutical, and Cosmetic.
In Germany, cut herb and root used in infusion
or extract for loss of appetite and dyspeptic
disorders. Contraindicated in allergies to
chicory or other Compositae; in gallstones,
only after consultation with physician
(BLUMENTHAL 1).

Food. Extracts are used extensively as a fla-
vor ingredient in major food products, includ-
ing alcoholic (primarily bitter formulations)
and nonalcoholic beverages (e.g., instant
coffee substitutes), frozen dairy desserts,
candy, baked goods, and gelatins and puddings,
among others. Highest average maximum use
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level reported for the extract (type unspecified)
is about 0.61% (6116 ppm) in frozen dairy
desserts, though use level in instant coffee
substitutes could be much higher.

Ground roasted root is increasingly more
used admixed with coffee to impart “richer”
flavor and to decrease the caffeine content of
the resulting coffee formulation. This use is
very common in Europe.

Chicory leaf buds known as ‘“‘chicons,”
usually obtained from the Witloof variety, are
used as a vegetable and salad.?’

Chicory inulin has 10% of the sweetness of
sugar and is used as a fat and sugar replace-
ment, fiber, and prebiotic in dairy products,
frozen desserts, fruit preparations, breads and
baked goods, and dietetic products; also as
a fat replacement in table spreads, salad
dressings, meat products, and fillings; as a
fiber and prebiotic in breakfast cereals; sugar
replacement and fiber in chocolate; also used
to provide form stability, moisture retention,
texture improvement, texture, crispness, and
mouthfeel in diverse foods.*!

Dietary Supplements/Health Foods. The

root and leaves reportedly used as a flavor
component in herb teas; also in diuretic and
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digestive formulations (FOSTER). Inulin is tak-
en in tablets as a sugar replacement, dietary
fiber, and prebiotic.*

Traditional Medicine. Both root and herb
reportedly used as bitter tonics to increase
appetite and to treat digestive problems, usu-
ally in the form of tea or as juice. Also used as
diuretics and in treating gallstones, liver ail-
ments (e.g., hepatitis), and cancers, among
others (JiaNGsu).>

COMMERCIAL PREPARATIONS

Crudes (both roasted and unroasted) and their
extracts; strengths (see glossary) of extracts
are either expressed in weight-to-weight ratios
or in terms of flavor potencies.

Regulatory Status. Essential oil, natural
extractive, and solvent-free oleoresin are
GRAS (§182.20). Chicory inulin is confirmed
GRAS.?* Root and herb subject of a combined
positive German therapeutic monograph for
mild dyspeptic disorders and loss of appetite
(BLUMENTHAL 1).

See the General References for BAILEY 2; BIANCHINI AND CORBETTA; BLUMENTHAL 1; FEMA; FERNALD;
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CHIRATA

Source: Swertia chirata (Roxb. ex Fleming)
(syn. Swertia chirata (Wall.) C.B. Clarke)
(Family Gentianaceae).

Common/vernacular names: Bitter stick,
chirata, chirayta, chiretta, and East Indian
balmony.

GENERAL DESCRIPTION

Annual herb with opposite leaves and branch-
ing, four-angled stem, with large continuous
pith; about 1 m high; leaves broadly lanceo-
late, subsessile; flowers in large panicles,
greenish yellow, purple-tinged; native to
northern India, Nepal, and Pakistan in temper-
ate altitudes of the Himalayas from 1200 to
3000 m. Part used is the whole dried herb.
Other Swertia species appear as adulterants
(especially S. angustifolia; also Andrographis
paniculata and roots of Rubia cordifolia); S.
chirata is distinguished by the large dark stem
pith and intensely bitter flavor.

CHEMICAL COMPOSITION

Contains a bitter glucoside amarogentin (chir-
atin), bitter glycosides (amarogentin, amaros-
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19. C. A. Roy, Indian J. Ind. Med., 42, 217
(1996).

20. J. Swabey in L. W. Codd et al., eds.,
Chemical Technology: An Encyclopedic
Treatment, Vol. 7, Barnes & Noble,
New York, 1975, p. 287.

21. A.Franck, Br. J. Nutr.,87(Suppl. 2), S287
(2002).

22. R.A.A.Coussement,J. Nutr.,129(Suppl.),
7S, 14128 (1999).

23. J. L. Hartwell, Lloydia, 31, 71 (1968).

werin, sweroside); (—)-syringaresinol (lig-
nan);1 numerous tetraoxygenated xanthones,
including chiratol (1,5-dihydroxy-3,8-dime-
thoxy xanthone),” swertinin (7,8-dihydroxy-
1,3-dimethoxyxanthone), swertianin (1,7,8-
trihydroxy-3-methoxyxanthone), swerchirin
(1,8-dihydroxy-3,5-dimethoxyxanthone), de-
cussatin  (1-hydroxy-2,6,8-trimethoxyxanth-
one), isobellidifolin (1,6,8-trihydroxy-4-meth-
oxyxanthone), 1,3,7,8-tetrahydroxyxanthone,
1,8-dihydroxy-3,7-dimethoxyxanthone, 1-hy-
droxy-3,5,8-trimethoxyxanthone, mangiferin,
and others; also triterpenes (3-amyrin, chira-
tenol, lupeol, oleanolic acid, pichierenol, swer-
tenol, swertanone, taraxerol, ursolic acid, etc.);
and monoterpene alkaloids, among others
(KARRER).!¥7

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Chirata xanthones (swertianin, 1,3,7,8-tetra-
hydroxyxanthone, and 1,8-dihydroxy-3,7-
dimethoxyxanthone) are claimed to have
antituberculous activities.* Amarogentin has
shown in vitro hepatoprotective activity
against carbon tetrachloride toxicity.® Swerch-
irin has shown antimalarial activity in vivo.’
Oral administration of a total benzene ex-
tract of the aerial parts of chirata inhibited
hind paw edema induced in rats by bradykinin,
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carrageenin, prostaglandin, and serotonin.'®
In a mouse model of arthritis, an aqueous
extract of the stems administered orally pro-
duced a dose-dependent increase in the anti-
inflammatory cytokine interleukin-10 and
reduced levels of proinflammatory cytokines
(tumor necrosis factor-o., interferon-vy, inter-
luekin-6, and interleukin-1B).""

Oral feeding of an ethanolic extract of the
whole plant lowered blood glucose levels in
alloxan diabetic'? and tolbutamide- and glu-
cose-loaded rats.'* Hypoglycemic activity is
attributed to the xanthone swerchirin.'*~'°

USES

Medicinal, Pharmaceutical, and Cosmetic.
Used in certain bitter tonic preparations.

Food. Reportedly used in alcoholic (bitters)
and nonalcoholic beverages. Average maxi-
mum use levels reported are 0.0016% and
0.0008%, respectively.
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Dietary Supplements/Health Foods. Some-
times used in bitter tonic formulations; tea
(GRIEVE).

Traditional Medicine. Chirata is used in
India as a bitter tonic, febrifuge, anti-inflamma-
tory, and in the treatment of thirst, biliousness,17
diarrhea, skin diseases, sciatica, depression,
cough (NADKARNI), asthma, anemia, liver disor-
ders;'" also taken to prevent epidemic malaria,
cholera, and gastroenteritis during the rainy
season;18 used against cancer. 19

COMMERCIAL PREPARATIONS
Limited availability as crude
Regulatory Status. Approved for use as a

natural flavoring substance in alcoholic bev-
erages only (§172.510).

See the General References for CSIR I; FEMA; GRIEVE; GUPTA; MCGUFFIN 1 & 2; UPHOF; YOUNGKEN.
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CINCHONA (RED AND
YELLOW)

Source: Red cinchona: Cinchona officinalis
L.,C. pubescensM. Vahl. (syn. C. succirubra
Pavon ex Klotzsch) and its hybrids; Yellow
cinchona: Cinchona calisaya Weddell, C.
ledgeriana Moens ex Trimen, and their hy-
brids with other Cinchona species (Family
Rubiaceae).

Common/vernacular names: Red bark, red
Peruvian bark, cinchona rubra (C. pubescens);
yellow bark, calisaya bark, ledger bark, brown
bark, cinchona flava (C. calisaya and C. led-
geriana); Jesuit’s bark, Peruvian bark, China
bark, cortex chinae, and fever tree.

GENERAL DESCRIPTION

Evergreen shrubs or trees, up to about 30 m
high; C. calisaya being the tallest, while
C. pubescens reaching about 24m and
C. ledgeriana only up to 6 m; native to moun-
tains of tropical America (Bolivia, Costa Rica,
Ecuador, Guatemala, Peru, etc.) between alti-
tudes of about 900 and 3400 m; extensively
cultivated in Central and South America,
Southeast Asia (India, Java, Sumatra, China,
etc.), and Africa. Part used is the dried bark.

CHEMICAL COMPOSITION

Contains up to about 16% (average 6—10%)
total quinoline alkaloids that consist mainly of
quinine, quinidine, cinchonine, and cinchoni-
dine, with quinine usually in major concen-
tration. Other alkaloids in minor amounts
include quinamine, epiquinamine, epiquinine,
hydroquinine, hydroquinidine, and many
others, totaling over three dozen. Contents of
the total alkaloids vary, depending on the
sources, with C. ledgeriana generally contain-
ing a higher amount than C. pubescens. Other
constituents present include norsolorinic acid
(an anthraquinine), quinovic acid, quinovin A,
B, and C (bitter glycosides), quinic acid,
[B-sitosterol, tannins, starch, resin, wax, and
others (JIANGSU; LIST AND HORHAMMER; MORTON
3; NANJING; STAHL; USD 26th).14

Cinchona (red and yellow)

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Cinchona has astringent and bitter tonic prop-
erties; also reportedly has analgesic and local
anesthetic properties, among others (GOODMAN
AND GILMAN; JIANGSU; NANJING).

Quinine, quinidine, cinchonine, cinchoni-
dine, and cinchonicinol have shown in vitro
inhibitory activity against the cytotoxicity of
polyorphonuclear leucocytes.5 Potent mono-
amine oxidase inhibiting activity in vitro was
found from quinine, cinchonicinol, and cinch-
onaminone derived from C. succirubra.®

The alkaloids of cinchona have antimalari-
al and antipyretic activities, with quinine be-
ing the most potent. Certain strains of malarial
parasites, particularly those of Vietnamese
origin that have become resistant to synthetic
antimalarials, are still susceptible to quinine
treatment.”

A double-blind, placebo-controlled trial of
quinine in the treatment of nocturnal cramps
found significant reductions in the pain, inten-
sity, and frequency of cramps.®

TOXICOLOGY

Use of the bark is contraindicated in pregnan-
cy and ulcers, intestinal or gastric, and if
taken concomitantly with anticoagulants can
increase their effects (wicHTL). For some in-
dividuals, even low doses of quinine, such as
those found in tonic and gin drinks, can elicit
thrombocytopenia with purpura (*“‘cocktail
purpura’’); usually a self-limited and benign
syndrome provided immediate cessation of
quinine.® Quinidine and quinine have cardi-
ac-depressant properties, with quinidine being
twice as active as quinine (GOODMAN AND
GILMAN; MARTINDALE; UsD 26th). High plasma
levels of quinine (16 mg/L) are strongly asso-
ciated with cardiac arrhythmias.”

Quinine has been reported to cause a hyper-
sensitivity reaction known as ‘“black water
fever,” which consists of hemolysis, hemo-
globinuria, and hemoglobinemia and can ad-
vance to renal failure. The syndrome is more
commonly reported in patients with G6PD
deficiency, pregnant women, and those with
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malaria.” Ground cinchona bark and quinine
have been reported to cause urticaria, contact
dermatitis, and other hypersensitivity reac-
tions in some individuals (GOODMAN AND
GILMAN; MARTINDALE; USD 26th; WICHTL).
Cinchona alkaloids are toxic. Poisoning
(cinchonism) is usually due to overdosage or
hypersensitivity, with symptoms including
blindness, deafness, severe headache, tinnitus,
delirium, vasodilation, abdominal pain, diar-
rhea, convulsions, paralysis, and collapse.
Cinchonism has resulted from as little as a
single dose of 4 g quinine. A single oral dose
of 8 g quinine may be fatal to an adult (Goop-
MAN AND GILMAN; MARTINDALE; USD 26th).9

USES

Medicinal, Pharmaceutical, and Cosmetic.
In European phytomedicine, the dried bark is
seldom used alone. Extracts are ingredients of
herbal formulas (wicHTL) used to stimulate
saliva and gastric secretions in the treatment
of loss of appetite and dyspeptic discomfort
(BLUMENTHAL 1).

The current use of quinine, apart from
treating malaria, is primarily in the form of
the sulfate salt in preparations for treating
cold and flu and nocturnal leg cramps, mostly
as prescription drugs (MARTINDALE). Besides
being used as an antimalarial, quinine has
been used for treating various conditions,
including hemorrhoids and varicose veins
(as hardening agent), and in eye lotions for
its astringent, bactericidal, and anesthetic
effects.

Quinidine is used in prescription prepara-
tions mainly for treating cardiac arrhythmias.

In cosmetics, extracts of cinchona are
primarily used in hair tonics, reportedly for
stimulating hair growth and controlling oili-
ness (DE NAVARRE).
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Food. Quinine and extracts of cinchona
(mostly red cinchona) are extensively used as
a bitter in tonic water,’ alcoholic bitters, li-
queurs, and soft drinks (bitter lemon drinks);
amounts in commercial soft drinks are approx-
imately 61-67 mg/L."°

Other food products in which red cinchona
extract has been reportedly used include
frozen dairy desserts, candy, baked goods,
and condiments and relishes. Use levels re-
ported are lower than those reported in
beverages.

Traditional Medicine. Cinchona is used in
treating malaria, fevers, indigestion, and for
mouth and throat problems, usually in the
form of an infusion; has been used in China
to treat hangovers; also reportedly used in
cancers.'' An infusion of yellow cinchona
was used by the Cherokee Indians as a tonic
and treatment for impotence (MOERMAN).

COMMERCIAL PREPARATIONS

Available as crude and extracts (fluid extract,
solid extract, etc.). Both red and yellow
cinchonas were formerly official in U.S.P. and
N.F; quinine sulfate and quinidine sulfate
and gluconate are official in U.S.P.; quinine
hydrochloride and sulfate are also official in
EC.C.

Regulatory Status. Both red and yellow cin-
chona barks have been approved for use in
beverages only, with the limitation that the
total cinchona alkaloids do not exceed 83 ppm
(0.0083%) in the finished beverage (§172.510
and §172.575). Concentration must be de-
clared on the label; in China, quinine is not
permitted for use in beverages.'® Crude drug
subject of a positive. German therapeutic
monograph (BLUMENTHAL 1).

See the General References for BLUMENTHAL 1; FEMA; GOSSELIN; GUPTA; JIANGSU; LUST; MCGUFFIN 1 & 2;

MERCK; NANJING; TERRELL; UPHOF; YOUNGKEN.
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CINNAMON (AND CASSIA)

Source: Cinnamon Cinnamomum verum
Berchthold and Presl (syn. C. zeylanicum
Nees), and C. burmanii (C.G. Th. Nees)
Blume; Chinese cassia Cinnamomum cassia
(L.)Berchthold & Presl. (syn. C. aromaticum
Nees, C. loureirii Nees) (Family Lauraceae).

Common/vernacular names: Sri Lankan cinna-
mon and true cinnamon (C. verum); Batavia
cassia, Fagot cassia, Indonesian cassia, Indone-
sian cinnamon, Java cassia, Korintji cassia,
and Padang cinnamon (C. burmanii); Chinese
cassia, Chinese cinnamon, false cinnamon, cas-
sialignea, and Vietnam cassia (C. cassia). Inthe
United States, the common name cinnamon
applies to C. verum, C. burmanii, and C. cassia,
whereas in the United Kingdom and continental
Europe, the name applies only to C. verum.

GENERAL DESCRIPTION

Sri Lankan or true cinnamon (C. verum) is a
medium-size evergreen tree up to 16m in
height and up to 60 cm in diameter at breast
height; bark is thin, smooth, light pinkish-
brown; leaves opposite, elliptic or oval to
lanceolate—oval; flowers pale yellowish-
green; native to south India and Sri Lanka.
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Indonesian cinnamon (C. burmanii) reaches
15 min height; leaves are sub-opposite; native
to Sumatra—Java. Chinese or Vietnam cassia
(C. cassia) is native to China and Vietnam
reaching heights of 18-20 m with a diameter
of 40-60cm; bark is gray brown; trunk is
cylindrical and straight; leaves simple or
sub-opposite; flowers white. Parts used are
the dried bark, leaves, and twigs. The trees
are mostly cultivated for commercial produc-
tion of cinnamon and are usually cut back
(coppiced) to form bushes or shrubs. The
essential oils are obtained by steam distilla-
tion. Cassia oil (Chinese cinnamon oil) is
obtained from leaves, bark, and twigs of
C. cassia and is mainly produced in China;
cinnamon bark oil is derived from the dried
inner bark of C. verum and cinnamon leaf oil
from the leaves and twigs of the same species
(RAVINDRAN).

In the United States, cinnamon bark
(particularly from C.verum) and its oils are
generally considered superior in flavor char-
acteristics to Chinese cassia bark and cassia
oil and are also more valued than oils from
Indonesian cinnamon (RAVINDRAN).

CHEMICAL COMPOSITION

C. verum bark yields 0.4-0.8% oil; tannins,
consisting of polymeric 5,7,3',4’-tetrahydrox-
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yflavan-3,4-diol units;' large amounts of ca-
techins and proanthocyanidins (condensed
tannins)” and procyanidins; resins; mucilage;
gum; sugars; calcium oxalate; two insecticidal
compounds (cinnzelanin and cinnzelanol);3
coumarin (lowest concentration in Ceylon
cinnamon); and others (LIST AND HORHAMMER;
RAVINDRAN). 373

C. verum cinnamon bark oil contains as its
major component cinnamic aldehyde (usually
60-80%); other major constituents include
sesquiterpenoids (4—5%) (e.g., a-humulene
and [B-caryophyllene that make up 3—4% of
the total, limonene, and others), eugenol, eu-
genol acetate, cinnamyl acetate, cinnamyl
alcohol, methyl eugenol, benzaldehyde, cu-
minaldehyde, benzyl benzoate, monoterpenes
(e.g., linalool, pinene, phellandrene, and cym-
ene), carophyllene, safrole, and others (LisT
AND HORHAMMER; MASADA; RAVINDRAN). %10

C. verum leaf oil contains high concentra-
tions of eugenol (Ceylon type 80-88%;
Seychelles type 87-96%); it also contains
many of the major constituents present in
cinnamon bark oil (e.g., benzyl benzoate
(6%), cinnamaldehyde, cinnamyl acetate,
eugenol acetate, benzaldehyde, linalool, o-ter-
pinene, and others), as well as other minor
compounds, including o-humulene, B-caryo-
phyllene, o-ylangene, methyl cinnamate, and
cinnamyl acetate (MASADA; RAVINDRAN).>61°

The bark of C. burmanii yields 1.32% oil
containing 1,8-cineole (51.4%), o-terpineol
(12.5%), camphor (9.0%), terpinen-4-ol
(8.5%), borneol (1.8%), o-pinene (1.6%),
B-caryophyllene (1.6%), p-cymene (1.0%),
and lesser amounts of myristicin, o.-humu-
lene, B-eudesmol, and others. The leaf oil
contains mostly 1,8-cineole (28.5%) and bor-
neol (16.5%) with lesser amounts of o.-terpin-
eol (6.4%), p-cymene (6.1%), spathulenol
(5.8%), terpinen-4-ol (4.1%), P-caryophyl-
lene (2.9%), and others. Eugenol is absent in
both the bark and leaf oils (RAVINDRAN).

Cassia bark (C. cassia) contains 1-2% of
volatile oil and other constituents, including
glycosides (cassioside, cinnamoside),"" diter-
penes (cinnacassiol B and D,),'*'? 2/-hydox-
ycinnamaldehyde,'* cinnamic acid, vanillic
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acid, syringic acid, choline, protocatechuic
acid, condensed tannins (proanthocyanidins),
procyanidins, resins, sugars, calcium oxalate,
coumarin, mucilage, and minerals, notably
manganese (LIST AND HORHAMMER; NANJING;
RAVINDRAN). 15

Cassia bark oil grown in Australia contains
mainly cinnamic aldehyde (87%), whereas the
bark oil from trees grown in China contains
mostly (E)-cinnamic aldehyde (65.5%). Other
major constituents present in Australian bark
oil are benzaldehyde (4.7%), 2-phenylethanol
(2.5%), and 3-phenylpropanol (2.0%); others
found in lesser amounts include cuminalde-
hyde, coumarin, eugenol, linalool, ethyl
cinnamate, chavicol, and others. In Chinese
cassia bark oil, the other major constituents are
coumarin (8.7%), cinnamyl acetate (3.6%),
and 2-methoxycinnamaldehyde (2.7%); others
found in lesser amounts include benzyl benzo-
ate, cinnamyl alcohol, 2-phenylethyl acetate,
eugenyl acetate, (Z)-cinnamic aldehyde, and
others. Eugenol occurs in trace amounts (JIANG-
SU; LIST AND HORHAMMER; NANJING; RAVINDRAN).”

The leaf oil of C. cassia grown in Australia
contains mostly cinnamic aldehyde (77.2%),
coumarin (15.3%), cinnamyl acetate (3.6%),
benzaldehyde (1.2%), and in lesser amounts,
4-ethylguaiacol, ethyl cinnamate, 2-pheny-
lethyl acetate, o-terpineol, terpinen-4-ol, and
others. The leaf oil of China-grown trees
contains mostly cinnamic aldehyde (74.1%),
2-methoxycinnamaldehyde (10.3%), cinna-
myl acetate (6.6%), coumarin (1.2%), and
lesser amounts of benzaldehyde (1.1%), sal-
icyaldehyde, cinnamyl alcohol, 2-phenylethyl
acetate, o-pinene, and others (RAVINDRAN).

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Extracts of the dried bark of C. verum have
shown in vitro inhibitory activity against
Candida albicans.'® The essential oil of the
bark inhibits the growth of human pathogenic
fungi (Aspergillus niger, Candida albicans,
Rhizopus oligosporus) and various bacteria
(Escherichia coli, Enterobacter cloacae,
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Micrococcus luteus, Staphylococcus aureus,
Streptococcus faecalis, and others)."” A meth-
anol extract exhibited significant in vitro nem-
aticidal activity against Toxocara canis.'®
Extracts of the bark have also shown signifi-
cant insulin-like activity in vitro (increased
glucose oxidation and uptake,'**° and insulin
receptor kinase activation and inhibition of
insulin receptor dephosphorylation activi-
ty);zl’22 insulin activity potentiating activities
are attributed to a methylhydroxychalcone
polymer®® and polyphenol type A polymers
isolated from korintje cinnamon from Suma-
tra (C. burmannii) consisting of oligomeric
procyanidins.*®

Rats fed a high-fat diet containing 10%
C. verum bark powder showed significant
decreases in heart and liver levels of hydro-
peroxides and significantly increased levels of
antioxidant enzymes (catalase, glutathione,
glutathione S-transferase, and superoxide dis-
mutase) in the same organs.”* Anti-inflamma-
tory and pain-inhibiting activities were found
in mice orally administered an ethanolic ex-
tract of the bark.”

Extracts of the dried stem bark of C. cassia
have shown in vitro growth inhibition of hu-
man intestinal bacteria (Bacteriodes fragilis
and Clostridium perfringens), an effect attrib-
uted to cinnamaldehyde.26 Extracts of the bark
have also shown in vitro insulin-like activi-
ty,'” protective activity against glutamate-
induced toxicity to rat cerebellar granule
cells,?” antioxidant,?®?° free radical scaveng-
ing activity, and inhibition of HMG-CoA re-
ductase,’*"! cyclooxygenase-2, and inducible
nitric oxide synthase.®> An aqueous extract™
and diterpenes from the bark (cinnacassiol B
and D,;) have shown anticomplement
activity.'*"*In vitro stimulation of human
lymphocyte proliferation, interleukin-1, and
immunoglobulin G production by an infusion
of the bark was attributed to glycoproteins.®*
Cinnamaldehydes  (2'-benzoxycinnamalde-
hyde and 2’-hydroxycinnamaldehyde) derived
from the bark inhibited in vitro proliferation
of lymphocytes and induced in vitro T-cell
differentiation.® 2/ -Hydroxycinnamaldehyde
(HCA) inhibited the in vitro growth of
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29 different human cancer cell lines.*® Cinna-
maldehyde induced apoptotic cell death in
human leukemia cells in vitro.”” A methanol
extract of the bark inhibited the in vitro growth
of human hepatocellular carcinoma HepG2
cells.*® Glycosides (cassioside, cinnamoside,
and a B-p-glucopyranoside) isolated from an
aqueous extract of the dried stem bark are
attributed to antiulcerogenic activity.''

In mice with influenza-induced fever, an
aqueous extract of the dried stem bark (p.o.)
showed antipyretic activity and suppressed
the production of interleukin-la. Solvent
fractions were also active. Active constituents
were identified as acetic acid cinnamylester,
cinnamic acid ethylester, 7-hydroxycoumarin,
and 4-allylanisole, which were active by the
oral route.*

A randomized placebo-controlled clinical
study of powdered C. cassia bark in type 2
diabetics taking sulfonylurea drugs and main-
taining their usual diets found that daily
supplementation with the bark immediately
after each of three daily meals produced
significant decreases in triglyceride, LDL, and
total serum cholesterol levels and serum
glucose levels.*

TOXICOLOGY

No significant chronic (90 days) or acute
(500mg, 1g, or 3g/kg p.o.) mortality was
found in mice administered an ethanol extract
of C. verum bark. No change in body weight
was found from chronic dosing; liver weight
and hemoglobin levels were reduced, and
reproductive organ weights, sperm counts,
and sperm motility were increased without
spermatotoxic effects.*' Allergic skin reac-
tions to C. verum are common (WICHTL).
Cinnamaldehyde can cause dermatitis in
humans and allergic reactions have occurred
from contact with products (foods, tooth-
pastes, ointments, mouthwashes) containing
either cinnamaldehyde or cinnamon oil
(DE SMET ET AL.). Cinnamon may cause allergic
reactions in some people who are allergic to
balsam of Peru.*? Cassia oil causes mucous



Cinnamon (and cassia)

membrane and dermal irritation, both effects
being attributed to cinnamaldehyde (DE SMET
ET AL; RAVINDRAN).

An alcoholic extract of cinnamon, cinna-
mon oil, and cassia oil have shown in vitro
mutagenic activity (DE SMET ET AL.). However,
arecent test of the essential of C. cassia found
no mutagenic activity in the Ames test.*’
Cinnamaldehyde is also reported to have
mutagenic44 and both in vitro®*° (Ames test,
micronucleus test, and bone marrow chromo-
somal aberration assay) and in vivo antimuta-
genic activities.*’ Microencapsulated trans-
cinnamaldehyde failed to produce neoplasms
in rats after 2 years of exposure to 1000, 2100,
and 4100ppm in their feed. Reductions in
body weights were seen in rats exposed to
4100 ppm and in mice from 2100 ppm.*® The
oral LDsy of cinnamaldehyde in mice is
2225 mg/kg.*

USES

Medicinal, Pharmaceutical, and Cosmetic.
Cassia, cinnamon, and their bark oils have
been used either as flavors or as carminative,
stomachic, tonic, or counterirritants in phar-
maceutical and cosmetic preparations, includ-
ing liniments, suntan lotions, nasal sprays,
mouthwashes or gargles, and toothpaste,
among others.

In European phytomedicine, cassia and
cinnamon bark (2.0-4.0 g daily) or the essen-
tial oils (0.05-0.2 g daily) are used in teas and
other galenicals as antibacterial, carminative,
fungistatic; also as gastrointestinal remedies
for loss of appetite and dyspeptic disturbances
(BLUMENTHAL 1; WICHTL).

Sri Lankan cinnamon leaf oil is used as a
fragrance component in soaps, detergents,
creams, lotions, and perfumes, with highest
reported maximum use level of 0.8% in per-
fumes.>® Cinnamon bark oil and Chinese cassia
oil find limited use in perfume industries owing
totheir skin sensitizing properties (RAVINDRAN).

Food. The dried inner bark of cinnamon
(C. burmannii and C. verum), widely used as
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a spice in domestic cooking and for flavoring
processed foods, is tan in color; used as an
ingredient of curry powders, mulled wines,
baked products, candies, desserts, beverages,
chewing gum, sauces, soups, pickles, canned
fruits; added to chocolate in Mexico and
Spain. The bark oil is more commonly used
in the food industry than the bark powder
owing to the more uniform flavor it imparts;
less expensive leaf oil also used in flavor
industry; eugenol derived from the leaf oil
used to prepare synthetic vanillin (RAVINDRAN).

Chinese cassia has a more powderful aroma
than cinnamon and is reddish-brown; used as
an ingredient of Chinese five-spice powder
and in flavoring beverages, confectioneries,
meat dishes, bakery products, sauces, and
pickles. The cassia oil of commerce (made
from the leaves, stalks, and twigs) is widely
used for the same purposes as the powdered
bark and is also widely used for flavoring soft
drinks and liqueurs (RAVINDRAN).

Dietary Supplements/Health Foods. Ground
bark widely used as flavor ingredient in nu-
merous herbal tea formulations and herbal
tonics; also in digestive and stimulant in cap-
sulated, tableted products, tinctures, and so on.
(DUKE 2).

Traditional Medicine. Both cassia and cin-
namon bark have been used for several thou-
sand years in Eastern and Western cultures in
treating chronic diarrhea, flatulence, dyspep-
sia, vomiting, rheumatism, colds, abdominal
and heart pains, kidney troubles, hypertension,
female disorders (amenorrhea, cramps, men-
orrhagia, etc.), and cancer, among others (BIAN-
CHINI AND CORBETTA; FARNSWORTH 1; FOGARTY;
JIANGSU; NADKARNT; NANJING; RAVINDRAN).> !

Others. A major use of cinnamon leaf oil is
for the isolation of eugenol.
COMMERCIAL PREPARATIONS

Bark, extracts, and oils; oils are of various types
and qualities. Cassia oil (Chinese cinnamon
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oil) is official in N.F,, where it is simply
monographed as cinnamon oil; it is also offi-
cial in F.C.C. Sri Lankan cinnamon bark oil
and cinnamon leaf oil (both Sri Lankan and
Seychelles types) are official in F.C.C.

Regulatory Status. Indonesia cassia or cin-
namon (C. burmanni), Sri Lankan (C. verum),
and Chinese or Vietnam (C. cassia) are GRAS
as spices, natural flavorings, and seasonings
(§182.10). Essential oils, solvent-free oleor-
esins, and natural extractives of the barks of
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CITRONELLA OIL (CEYLON
AND JAVA)

Source: Cymbopogon nardus (L.) Rendle
(syn. Andropogon nardus L.); C. winter-
ianus Jowitt and their varieties (Family
Poaceae).

Common/vernacular names: Ceylon Lenaba-
tu citronella oil (C. nardus); Java or Maha
Pengiri citronella oil (C. winterianus).

GENERAL DESCRIPTION

Cymbopogon nardus (citronella) and C. win-
terianus (Java citronella) are both perennial
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grasses. The former is extensively cultivated
in southern Sri Lanka, while the latter is
widely cultivated in many parts of the tropical
world (e.g., Java, Taiwan, Hainan Island,
Indonesia, India, Nepal, Africa, Vietnam,
Guatemala, Brazil, Paraguay, and Argentina).

The essential oils are obtained by steam
distillation of the fresh, partly dried, or dried
grass. The Java-type oil is generally considered
to be of superior quality to the Ceylon oil.'

CHEMICAL COMPOSITION

Both Ceylon and Java citronella oils contain
citronellal, citronellol, and geraniol and as
the major components, with the Java type
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having a higher concentration of these con-
stituents than the Ceylon type; the relative
proportions of these components vary greatly,
depending on the sources (ARCTANDER; LIST
AND HORHAMMER; MARTINDALE; MASADA;
YOUNGKEN). -9

Other constituents include esters (acetates,
propionates, etc.) of geraniol, citronellol, and
linalool; monoterpenes (limonene, pinene,
camphene, etc.); sesquiterpenes and alcohols
(bourbonene, caryophyllene, elemol, farnesol,
etc.); phenols (eugenol, methyl eugenol, etc.);
and free acids, among others. Java citronella
oil contains higher amounts of sesquiterpenes,
while the Ceylon type contains much larger
amounts of monoterpenes (ARCTANDER; LIST
AND HORHAMMER). "">*~%® Other major constit-
uent monoterpenes of Ceylon citronella oil
are cis-sabinene hydrate, and Yy-terpineol,
and among sesquiterpenes, nerolidol, B-car-
yophyllene, and germacrene-ol.'”

PHARMACOLOGY AND BIOLOGICAL
ACTIVITIES

Citronella oil has shown antibacterial and
antifungal activities in vitro,"' ™' the Ceylon
oil being as active as penicillin against certain
Gram-positive bacteria."*'> The most active
volatile constituents of Ceylon oil against the
growth of Aspergillus, Eurotium, and Penicil-
lium species were citronellal and linalool.'®
Java citronella oil also displays in vitro nem-
aticidal activity.'” Both types of citronella oil
have mosquito-repellent activity.'®'? Ceylon
oil has shown mosquito larvicidal activity
against Culex quinquefasciatus larvae. The
most active constituent in the monoterpene
fraction was myrcene.’

TOXICOLOGY

Citronella oil is mildly irritant to the skin
(TISSERAND AND BALAZS) and is reported to
cause contact dermatitis in humans (DE SMET
ET AL.; LEWIS AND ELVIN-LEWIS).”! However, at
8% concentration no sensitization was found

Citronella oil (ceylon and java)

in a 2-day closed patch test. The LDsy of
citronella oil in rats was over 5 g/kg p.o.>!

USES

Medicinal, Pharmaceutical, and Cosmetic.
Both oils are used as a component in certain
insect repellent formulations. Major current
use is as a fragrance component in soaps,
brilliantines, disinfectants, and perfumes,
among others. Maximum use levels reported
for the Ceylon oil were 0.6% in soaps and
0.8% in perfumes.21

Food. The Ceylon oil is reportedly used as
flavor ingredient in numerous food products,
including alcoholic and nonalcoholic bev-
erages, frozen dairy desserts, candy, baked
goods, gelatins and puddings, and breakfast
cereals. Highest average maximum use level
reported is about 0.005% in candy and baked
goods (45.9 and 47.6 ppm, respectively).

Dietary Supplements/Health Foods. Essen-
tial oil of citronella widely available in health
food stores, primarily used as an insect repel-
lent for humans and pets (ROSE).

Traditional Medicine. Leavesof Ceylon cit-
ronella are used in medicinal and aromatic teas,
as vermifuge, febrifuge, stomachic, diaphoret-
ic, diuretic, emmenagogue, antispasmodic,
and stimulant in various cultures (LIST AND
HORHAMMER; ROSE). The oil is used as a rubifa-
cient and is reputed to be carminitive, diapho-
retic, stimulant, and antispasmodic (KIRTIKAR).

COMMERCIAL PREPARATIONS
Both Oils are Available

Regulatory Status. Essential oil, natural ex-
tractive, and solvent-free oleoresin GRAS,
with only C. nardus listed (§182.20). Subject
of a German therapeutic monograph as a mild
astringent and stomachic; efficacy not docu-
mented (BLUMENTHAL 1).
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CIVET

Source: Viverra civetta Schreber (syn. Ci-
vettictis civettaSchreber), V.zibethal ., and
other related species (Family Viverridae).

Common/vernacular names: African civet
(V. civetta), large Indian civet (V. zibetha),
and zibeth.

GENERAL DESCRIPTION

Civets, also known as civet cats, are not related
to cats and have shorter legs and longer muz-
zles than do cats. Both the African civet and
the large Indian civet have gray coats with
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