


The editors have produced a valuable book that will serve the broad community of research-

ers who seek to conduct scientifi cally sound research on botanicals used for medicinal 

purposes. The content evolved from an American Society of Pharmacognosy workshop 

titled “Clinical Pharmacognosy: Contribution of Pharmacognosy to Clinical Trials of Bo-

tanicals and Dietary Supplements” and highlights some of the best quality research, the 

complexities of studying botanical extracts, and potential pitfalls and challenges of search-

ing for active compounds.

The book contains authoritative chapters, ranging from how to ensure quality products 

through to clinical aspects of widely used and emerging botanical medicines. The topics 

and par tic u lar botanicals chosen are illustrative of the detailed examination and knowledge 

needed to take an herb from the fi eld to the phytochemistry laboratory, to a clinically use-

ful product. It is important, given signifi cant marketing spin in product advertising, labels, 

and Internet sites, that the book as a compilation, enables the reader to see the links between 

the extracting methods, the design of basic scientifi c studies, and the questions asked in a 

clinical trial, based on scientifi c rationale, as well as documented use.

Data are succinctly presented and include multicomponent interactions; detailed pharma-

cology; mechanisms of action, safety and toxicology; and exemplify issues to take into con-

sideration when conducting research or reading scientifi c papers on botanicals.

Or ga nized into three sections— selection and quality of botanical preparations, preclini-

cal and clinical approaches, and a practitioner’s view of the challenges for those interested 

in exploring botanical preparations— this book is, to the best of my knowledge, the fi rst to 

address all three of these subject areas under the same cover. This book enables clinical 

researchers to appreciate the unique challenges of researching herbal products, and basic 

scientists and developers of the fi nal products to be cognizant of what is relevant to clinicians 

who seek to guide patients on the choice and use of herbal products. It is important to under-

stand the biological activity for a par tic u lar indication, which would lead to more informed 

and productive clinical trials. This approach will facilitate the development of effective dos-

ing and should reduce the ambiguity created by multiple clinical trials of the “same” product 

with different intended outcomes. This book is valuable for anyone seeking to understand the 

intricacies of researching botanical medicines.

More than twenty scientifi c contributors have prepared chapters based on their own ex-

pertise and experience, or from detailed analyses of the literature. The editors, Drs. Ray 

Cooper and Fredi Kronenberg, should be congratulated for bringing together such a diverse 

group of contributors with such high expertise with the goal of facilitating high- quality bo-

tanical research.

Norman R. Farnsworth, Ph.D.

FOREWORD
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Plants have been used for medicinal purposes across history and cultures and even across 

species. Over the past several de cades, scientifi c literature, pop u lar media articles on ad-

verse drug effects, and an increased interest in natural products by the general public have 

helped fuel a greater scientifi c awareness of botanical medicine.

A majority of the world still relies heavily on herbal remedies for their primary health 

care. With the increasing movement of people across countries, there is an accompanying 

movement of their respective traditional medicines. While globalization of medicine has 

typically been thought of as being the movement of Western medicine to developing coun-

tries, there is now, in China, for example, signifi cant discussion of the “globalization of 

traditional Chinese medicine” and discussion of how to improve the quality of Chinese 

medicinal products and interest in developing a body of research evidence for their effec-

tiveness. This is particularly relevant given the establishment of traditional Chinese medi-

cine programs and practitioners around the world. The interest in traditional herbal 

medicines has also contributed to a resurgence of interest in Western herbal medicine 

(natural products), particularly in the United States and Eu rope, and a desire for informa-

tion about its safety and effi cacy.

Further, as societies have improved methods for treating acute medical problems and 

have improved public health mea sures, there is now greater attention on the chronic ill-

nesses that are beginning to consume a signifi cant portion of health care bud gets, particu-

larly in the face of an aging world population. Some chronic illnesses may be ameliorated, 

and the search for natural means of optimizing the health of aging populations may be fa-

cilitated through the use of botanical remedies. Yet, some of the top- selling dietary supple-

ments, although pop u lar with the consumer, do not possess suffi cient scientifi c data to 

support their intended use.

Botanical Medicine: From Bench to Bedside is based loosely on the workshop “Clinical 

Pharmacognosy: Contribution of Pharmacognosy to Clinical Trials of Botanicals and Di-

etary Supplements” held at the American Society of Pharmacognosy (ASP) Meeting in 

Portland, Maine. The book offers chapters by leaders in the fi eld from academe and indus-

try that address critical issues facing the fi eld of botanical medicine. These include the 

challenges of conducting sound scientifi c studies of botanicals: from the sourcing of ap-

propriate products to details on the preparation of the products and understanding the types 

of scientifi c inquiry that will advance this fi eld. This discussion also includes challenges to 

the dietary supplement industry to continue to improve the quality of botanical products 

and to increase the industry’s commitment to facilitating the collection of data that will 

provide the evidence base for the safety and effectiveness of the products being produced. 

This will reassure current consumers and health care providers and bring into the user 

group clinicians and a wider public who all seek treatments that are safe and effective and 

that have the fewest side effects possible.

Pharmacognosy, commonly referred to as the pharmacology of natural products, derives 

from two Greek words, pharmakon, or drug, and gnosis, or knowledge. Its scope includes 

the study of the physical, chemical, biochemical, and biological properties of drugs, drug 

substances, or potential drugs or drug substances of natural origin as well as the search for 

new drugs from natural sources. Research in pharmacognosy often includes studies in the 
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areas of phytochemistry, microbial chemistry, biosynthesis, biotransformation, chemotax-

onomy, and other biological and chemical sciences.

The role of pharmacognosy in furthering the quality of botanical preparations and the 

quality of clinical research is evident throughout. Examples are provided of high- quality 

scientifi c research required to achieve higher- quality preclinical and clinical studies of 

herbal preparations and better- quality herbal products. Topics in the book  were chosen to 

illustrate many of the issues and a variety of scientifi c approaches that address the chal-

lenges in botanical research.

As the number of studies increases, there is increased concern over the quality and spe-

cifi c composition of botanical preparations that are tested in clinical trials, because the manu-

facture of poor- quality product may contribute to ambiguous, incorrect, or nonreproducible 

results. The quality of the outcome is only as good as the quality of the product used. This 

is true for preclinical and clinical research alike.

For example, several preparations of St. John’s wort used in earlier research studies  were 

based on levels of hypericin; valerian extracts  were based on valerenic acids; and the pop-

u lar echinacea extracts are standardized to echinacosides, alkylamides, or phenolic acids. 

These compounds may be considered as the plants’ respective biomarkers but may not nec-

essarily be the components that are key to any therapeutic effect (1, 2). For many botanical 

medicines, there is little information, or maybe controversy, about which constituents are 

the “actives” for par tic u lar medical indications. Inconclusive or negative results may be due 

to the use of extracts with less-than- optimal composition. In the absence of an identifi ed 

bioactive constituent, at a minimum the extract requires identifi cation of a biomarker for 

the plant. Dosing also is often insuffi ciently examined prior to initiating a large- scale clini-

cal trial. Optimally, dose- ranging studies should be conducted on the population to be 

studied before large clinical trials are undertaken.

The methods used in extraction of the plant material can infl uence the chemical compo-

sition of the resulting extracts and potentially, the biological activity. The more information 

on the product that is provided in research publications, the greater will be the ability to 

compare among studies and understand differences in results that may emerge.

This book addresses the characterization of phyto- equivalence/generic herbal issues 

facing the supplement industry. The preparations must be qualifi ed at all stages of research, 

and the chapters deal with the following stages: preclinical and clinical studies on botani-

cals and the safety, effi cacy, and dose of botanical preparations. We have chosen as topics 

either pop u lar botanical preparations— for example, valerian, St. John’s wort, and cran-

berry— or subjects that highlight issues germane to broader questions— for example, Ibero-

gast to highlight analysis of multicomponent mixtures, and chaste tree to highlight challenges 

facing the health practitioner.

The book is or ga nized into three parts: selection and quality of botanical preparations, 

preclinical and clinical approaches to botanical preparations, and a practitioner’s view of the 

challenges for those interested in exploring botanical preparations.

Part I addresses how high- quality scientifi c research, and thus clinically relevant outcomes, 

depend on a well- characterized product including the accurate identifi cation of the plant 

and its constituents. Chapter 1 addresses product quality issues, botanical standards, and 

approaches to characterizing product consistency and stresses the importance of including 

chemical and biological profi ling. Accurate identifi cation of plant content requires a careful 
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analysis (by the company making a product or by another laboratory) of the chosen botani-

cal preparations (intermediate extracts and the end product). Companies providing botani-

cal products for research (or making any product for sale) should be able to provide the 

researcher with detailed documentation including the plant’s Latin botanical name; an au-

thentic voucher specimen; the plant part used, collection dates, and geo graph i cal collection 

location; a detailed description of extraction, drying methods, and preparation; a Certifi -

cate of Analysis, the extract “fi ngerprint” and method of analysis; and the manufacturing 

protocol following the guidelines of the Food and Drug Administration’s (FDA) Good 

Manufacturing Procedures (GMPs). Chapter 1 reviews the information with which every-

one conducting botanical research should at least be conversant. It is with high-quality, re-

producible research in mind that the National Institutes of Health’s (NIH) National Center 

for Complementary and Alternative Medicine (NCCAM) has issued guidelines for botani-

cal products used in clinical research.

Chapter 2 offers a review and a critical commentary on botanicals chosen for research 

on controlling blood glucose levels. With diabetes a growing cause of morbidity and mor-

tality for an already large and rapidly growing number of adults and obese children, bo-

tanical therapies to control blood glucose levels are gaining attention. While there are 

antidiabetic pharmaceutical medications that are well studied for lowering blood glucose 

levels (3), there are traditional herbal remedies for diabetes used in the United States and 

elsewhere, and some intriguing basic and clinical research is evolving. Chapter 2 describes 

the extent of the research to date while pointing out the challenges for future research.

Topical botanical preparations are also emerging as more natural approaches for treating 

various skin ailments. Studies of these products also exemplify how information on tradi-

tional use and some knowledge of the mechanism of action of plant constituents guide cur-

rent research and product development. This research includes products for skin conditions 

as well as products to meet a growing demand of a large aging population seeking to re-

main youthful looking. Chapter 3 is a comprehensive review of botanical preparations used 

for various skin ailments and safety issues regarding the use of these products.

In Part II, we selected botanicals that exemplify ways to address the issue of  whole extract 

versus par tic u lar constituents and to study the complexity of herb- drug interactions (St. 

John’s wort) and the painstaking preclinical work necessary to develop a multicomponent 

herbal mixture (Iberogast). We also present valerian and hops as examples of herbs studied 

both individually and in combination for the additive properties conferred by different 

mechanisms of action.

The chapters in Part II offer examples of the rigorous attention to detail that is necessary 

at the preclinical stage to achieve botanically relevant and appropriately targeted clinical 

studies. This is not meant to be an exhaustive discussion of well- researched botanicals. Such 

a list might include, for example, ginkgo and black cohosh, which have been substantively 

reviewed elsewhere. Rather, we chose to present botanicals perhaps not as often reviewed, 

such as St. John’s wort, paw paw, and cranberry; Iberogast; a standardized curcuminoid ex-

tract from the rhizomes of turmeric; and green tea as a therapeutic intervention in HIV- 1 

infection.

Cranberry, with a long traditional use in folk medicine, was until recent times manufac-

tured as extracts based on the organic acid content. Although it is well known that cranber-

ries contain up to 25– 30% organic acids, there was no serious consideration to link the 



bioactivity related to urinary tract infections to the presence of the proanthocyanidins in 

cranberries. Chapters 10 and 11 lay out the preclinical and clinical evidence linking these 

tannin- like compounds with bioactivity, as well as discuss evidence for broader use for 

cardiovascular and other medical indications.

Even if the active compounds or mode of action is not yet clear for many herbal products, 

nutraceuticals, and dietary supplements, there is a need to enforce quality standards for 

these products. Product standards defi ne the consistency of the content, using a chemical 

constituent or a class of compounds (e.g., a phytochemical marker, using the active principal[s] 

when known), and offer some quality control over potency and effi cacy. It should be noted 

that standardization to one constituent does not guarantee the levels of other components, 

does not represent any synergistic effects, does not describe unidentifi ed actives, and is not 

a description of the plant, its part, or the extraction pro cess.

Information about biological activity, using in vivo studies, ideally will provide informa-

tion to answer the following questions:

•   Is there signifi cant evidence for the intended biological activity or improvement of 

the condition?

•   Does the herbal preparation (active compound if known) reach the biological target 

within the body in a bioavailable form?

•   What are the pharmacokinetics of the product?

•   What is the required daily dose for achieving the desired effect or a maximum ef-

fect (as this may not be derived only from in vivo studies in animals)?

•   How does the effi cacy profi le of the product change over time (i.e., what are the shelf 

life attributes of the product)?

Questions related to safety can be addressed in a variety of ways, including animal 

testing (LD50) and evaluating human safety via clinical trials, establishing postmarket-

ing surveillance, and creating an adverse event reporting (AER) system (see Chapter 6 on 

Iberogast).

In designing clinical studies on botanicals, it also may be helpful to consider knowledge 

of prior human experience and traditional use to choose the end point most relevant to the 

plant’s use. This will increase the likelihood of obtaining a reproducible and desired clini-

cal end point. Ancient and traditional ethnomedicines are now often modifi ed from “tea-

style” consumption (i.e., a diluted form) to concentrates (powders and tablets) by the 

modern industry. Accompanying claims of safety based on a long history of use are pre-

sumptive, given the new formulations and concentrations not seen in traditional use, and 

rarely suffi ciently studied before marketing.

Finally, in Part III, a perspective from a health practitioner is offered. Currently, many 

products on store shelves raise signifi cant concerns because of insuffi cient information and 

misleading label claims. When in de pen dently tested, identifi cation and concentration of 

the labels’ ingredients are often found to not match the claim or reveal inconsistencies from 

batch to batch. These and other concerns relevant to clinical recommendations are dis-

cussed in Chapter 12 on the use of chaste tree extract.

In conclusion, our intent is to present information on the science required to achieve (a) 

better- quality botanical products; (b) research well designed to match the product to its in-

tended use, to ensure adequate quality control, and to take into consideration the complexi-
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ties of activities of biological products on biological systems, with the product described 

adequately to enable reproducibility; and (c) setting clinical end points based on results from 

historical use or preclinical studies. If we can make a small contribution to this important 

discussion that will increase the quality of botanical preparations, and thus the quality of 

research, we may help consumers and manufacturers create safe, effective, and clinically 

proven botanical medicines.

Raymond Cooper, Ph.D.

Fredi Kronenberg, Ph.D.
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Chapter 1

Botanical Preparations: Achieving 
Quality Products

Steven Dentali

The scientifi c study of botanical materials for their medicinal properties, squarely in the do-

main of natural product chemists and ethnobotanists, is once again receiving greater atten-

tion from investigators with expertise in clinical and preclinical applied research. However, 

these latter researchers are not often suffi ciently acquainted with botanical preparations to 

make good choices when choosing them for scientifi c investigations. They generally have 

little to no exposure either to botanical research standards or to basic requirements for quali-

fying botanical study materials. Research on botanical products for therapeutic or dietary 

supplement applications requires specifi c knowledge in order to ensure that the materials 

chosen for scientifi c study have met appropriate identity and quality specifi cations. The 

determination of these specifi cations (and ensuring that they are met) requires expertise not 

generally found within the ranks of biomedical researchers.

Historically, herbs have always played a signifi cant role in treating illness or preventing 

disease. Accepting the effectiveness of well- established traditional botanical use helps ex-

plain the wide use of medicinal plants prior to the development of more modern pharma-

ceutical agents. The challenge now is to understand and employ botanical preparations in 

the context of our modern medical system in which practitioners are largely uninformed 

about their use and effective applications (1). Mass manufacturing, distribution, and ac cep-

tance of botanical drug standards for safety and effi cacy may require clinical trials, for 

which high- quality, standardized materials must be employed (2). It is also desirable to 

demonstrate some mode of action in vitro and in vivo in order to identify effi cacious and 

safe dosages and establish consistent results through clinical studies.

Creating an appropriate research team for the study of botanical medicines requires fa-

miliarity with issues specifi c to botanicals. While individual researchers are themselves not 

likely to produce the materials they will be studying, they should be familiar with these 

issues so that they will know which questions to ask and whom to consult, in order to ob-

tain the products most appropriate for their research. This chapter reviews ways to choose 

and qualify botanical products successfully as materials suitable for scientifi c study. It also 

presents basic concepts of plant identity, characterization, reasonable chemical consistency, 

American Herbal Products Association, Silver Spring, Mary land; sdentali@ahpa.org



4 BOTANICAL MEDICINE: FROM BENCH TO BEDSIDE

“fi t- for- purpose” standardization, and standardized reporting of results from clinical trials 

employing botanical materials.

QUALITY

Quality botanical preparations are achieved through the development of procedures and 

practices designed to ensure conformity to specifi cations— the conditions and circumstances 

under which a consistent, high- quality product is produced. The activities necessary to 

implement such procedures and practices, including the determination of appropriate spec-

ifi cations, fall within the purview of several disciplines: botany, chemistry, pharmacology, 

and the one that encompasses all of these, that of pharmacognosy (3).

VOUCHER SPECIMENS

Correctly identifying plant materials may require the acquisition of a reference standard 

known as a voucher specimen. A voucher specimen “is a sample of collected or studied mate-

rial that serves as permanent documentation of that specifi c material, and that can be re- 

examined to confi rm the identity and nature of the material from which research results 

 were derived. The essential character of a voucher for medical research is not its form or 

quality, but that it is material preserved from the same batch as the test material, collected in 

the same place at the same time. It is essential that the location of vouchers be specifi ed in 

print” (4). Voucher specimens can be obtained at any stage of pro cessing, such as an initial 

small amount of bulk material, the dried herb before it is ground to powder, ground mate-

rial, or a sample of commercial extract, and then stored for possible future re- examination in 

order to confi rm the identity of material from which the study results  were derived.

For research that solely focuses on identifying the chemical constituents of a par tic u lar 

botanical through phytochemical analysis, the collection and deposition of a voucher plant 

specimen into an herbarium are essential. No further identifi cation may be required be-

cause the voucher specimen can be reviewed at a later date if there is any question regard-

ing its identity. Standard reference materials, certifi ed reference materials, and other 

commercially available botanical reference materials have distinct uses, including stan-

dards for chemical analysis both as markers of identity and as references from which the 

analytical method’s per for mance may be evaluated.

REASONABLE CHEMICAL CONSISTENCY

Ge ne tic and environmental factors infl uence the chemical composition of plants, leaving 

the possibility that botanical preparations may not be absolutely uniform from batch to batch. 

With single chemical compounds it is possible to create products that are exactly uniform, 

with no variations in detail, as is the case for most prescription drugs. Botanical prepara-

tions, however, are complex, containing scores of chemical constituents. Expecting the type of 

uniformity possible with single active ingredients is not a realistic goal when dealing with 

 whole-plant products. The goal, therefore, is to work with material that agrees with or con-
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forms to appropriate specifi cations within an acceptable range of variation. This approach 

usually includes conforming to chemical specifi cations that can help establish minimum qual-

ity; however, chemical mea sure ment is not always an absolute requirement for achieving 

reasonable product consistency and therefore acceptable quality.

The type of product uniformity desired for clinical research depends on the type of study 

material and its origins. For example, reasonable chemical consistency of an exotic fruit 

beverage used in clinical research may be ensured by securing juice that is obtained from 

fruit from the same farms from year to year. A properly stored sample from material of the 

same harvest as that of the test material may be reasonable enough to achieve future prod-

uct consistency. If specifi c biological activities of individual chemicals or chemical classes 

are to be evaluated, then standardization must include specifi cations for the chemicals of 

interest and any other information that helps ensure reasonable chemical consistency of the 

study material.

Accurate identifi cation of bioactive compounds in this case may begin with a combina-

tion of phytochemical, in vitro, and in vivo studies; screening and identifying the highest- 

yielding species; and selecting the correct plant parts during the optimal growing season in 

order to obtain the compounds identifi ed as having biological activity in the assays or sys-

tems of interest. This is followed by extraction using appropriate solvents and drying methods 

to ensure safety and stability. The fi nal extract can then be examined for chemical consis-

tency and adjusted to achieve the desired concentration and effi cacy of biologically active 

compounds, if they are known.

One way to ensure a minimum defi ned quality is to ensure that the botanical materials 

conform to pharmacopoeial monograph standards. However, while monographs can establish 

minimum quality pa ram e ters, they do not always provide adequate assurance that all materi-

als that conform to their standards will always give the same research results, because only 

certain specifi ed standards are mea sured and activity may also reside elsewhere. Nevertheless, 

pharmacopoeial quality standards are important quality references if properly developed and 

observed.

“FIT- FOR- PURPOSE” STANDARDIZATION

“Fit- for- purpose” standardization is an approach that is appropriate to the question be-

ing asked and condition being studied, as was discussed for the exotic fruit juice example 

previously.

In a different example, for example, the evaluation of coffee or tea ingested for the pur-

pose of increasing alertness, a good mea sure for standardizing the potency of a preparation 

is the caffeine concentration of a cup of the beverage because the activity of caffeine ac-

counts for the increase of alertness from the consumption of that beverage. In a similar way 

the sennosides in senna (Senna alexandrina) account for the laxative effect of a tea made 

from senna. Caffeine and sennosides have very similar, if not the same, potencies when de-

livered in a non- purifi ed tea form or as single purifi ed compounds. The action of most bo-

tanicals is not simplistically determined by the identifi cation of single compounds. Often 

classes of compounds such as catechins in tea are identifi ed, with each individual com-

pound contributing to the activity of the extract and with no single compound able to ac-

count for the  whole of the extract’s biological activity. The different situations regarding 
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identifi cation of single active compounds, or groups of compounds, and their relationship to 

the activity of the  whole plant or extract can be defi ned, but before doing so  here, it is impor-

tant to understand how quantitative standards, such as the relationship of starting material 

to fi nished product, are properly described. One place to start is with a brief discussion of 

the term “standardization.”

A common misconception is that standardization of botanical products is achieved by 

simply controlling a small percent of chemical constituents. For example, a ginger extract 

“standardized” to 5% gingerols says nothing about the content of individual gingerols (there 

are more than one) or the composition of the other 95% of the extract. The 5% designation 

is a statement of strength but not of the biological effect: that is, the potency of the extract. 

Two different extracts meeting the same 5% gingerol strength claim could vary signifi -

cantly in their biological activity because of the composition of that 5% and bioactivity that 

might be contributed by some compound in the other 95% of the extract. Thus, standard-

ization requires a thorough description of the starting plant material and of the  whole extrac-

tion pro cess because factors such as good agricultural and collection practices (GACP) and 

good manufacturing practice (GMP) affect the outcome of the fi nal product. Standardiza-

tion is not accomplished simply through the assay of an active principle or marker. “Stan-

dardization signifi es the body of information and controls that are necessary to guarantee 

constancy of composition” (5).

Standardizing a fruit juice by obtaining cultivated material from a single farm’s harvest 

may be appropriate for research involving the dietary intake of that food. The juice studied 

would be a reasonable repre sen ta tion of material found in the marketplace and yet would 

have a known production history. Additional material of reasonable consistency for similar 

studies could be secured. Another example, previously mentioned, is the standard of bo-

tanical identity assured through proper taxonomic identifi cation and a deposited voucher 

specimen. This taxonomic standard may adequately defi ne botanical identity for wild har-

vested materials intended for phytochemical exploration. Other materials for other studies 

may require much greater characterization.

Some fi nished products, including well- characterized, registered, Eu ro pe an phytomed-

icines, have well- defi ned specifi cations and pro cesses in place to ensure consistent and 

well- characterized products. Such pro cesses and procedures include generating crude herbs 

produced according to GACP, manufacturing ingredients according to GMP, and matching 

products characterized to bioactive compounds or bioactive fractions to rigorous specifi ca-

tions throughout the shelf life of the product. Other products may have reasonable standards 

for their raw material but cannot be adjusted to a concentration of an active chemical com-

pound because no such entity has been identifi ed.

FDA GUIDELINES ON LABELING AND IDENTIFICATION OF STANDARDS 
USED FOR FINISHED PRODUCTS

The Food and Drug Administration (FDA) specifi es certain labeling requirements for 

foods, supplements, and drugs. For example, the federal regulations that specify how an 

herbal tincture may be labeled include the following statement: “Information may be in-

cluded on the concentration of the dietary ingredient and the solvent used, e.g., ‘fresh dande-

lion root extract, x (y:z) in 70% ethanol,’ where x is the number of milliliters (mL) or mg of 

the entire extract, y is the weight of the starting material and z is the volume (mL) of solvent. 
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Where the solvent has been partially removed (not to dryness), the fi nal concentration, when 

indicated, shall be stated (e.g., if the original extract was 1:5 and 50 percent of the solvent 

was removed, then the fi nal concentration shall be stated as 1:2.5)” (6). This spells out useful 

information necessary to express and understand how much plant material was used in the 

creation of the fi nished product and the ratio of starting plant material to the volume of fi n-

ished tincture in a standardized fashion.

The FDA also regulates how solid extracts are to be defi ned. “For a dietary ingredient 

that is an extract from which the solvent has been removed, the weight of the ingredient shall 

be the weight of the dried extract” (7). Because the FDA provided no information to guide 

labeling of solid extracts, the American Herbal Products Association (AHPA) has further 

defi ned solid extracts similarly to liquid extracts, and in both cases fresh material should be 

identifi ed as such if used in pro cessing. Solid (dry) extracts can be labeled with the portion 

of the preparation that originates from the extraction of the plant without any added fi llers, 

excipients, binders, or other ingredients.

This portion of an extract that derives from the plant alone is expressed as percent native 
extract: the extract that is “native” to the plant. For example, using AHPA’s defi nition of an 

extract, one kilogram of dried valerian root would be required to yield 250 g of a valerian 

root extract identifi ed as 4:1 (80% native). The 80% native designation would indicate that 

of the 250 g of extract, the amount of actual material that was native to the dried root would 

have been 200 g. Added carriers and excipients,  etc., amounting to 50 g would give a total 

extract weight of 250 g. This 250 g represents one part fi nished extract derived from four 

parts (by weight) of dried valerian root (8). Other repre sen ta tions, such as basing the ratio 

on the amount of material used to the amount of native extract yield without added carriers, 

are also possible. In fact, this is the convention in Eu rope. In this example, the same valer-

ian extract would be represented as 200 g of dried valerian root extract 5:1 with the carri-

ers,  etc., disclosed separately. In addition to defi ning the amount of extract as the native 

extract, the Eu ro pe an  Union (EU) also has standard ways to describe products relating 

descriptions to standards of activity.

EU EXTRACT DEFINITIONS

The Eu ro pe an  Union differentiates extracts depending on the ability to attribute bioac-

tivity of the extract to its known chemistry. When the activity of the botanical material can 

be attributed wholly to its known chemistry, such as in the earlier examples of caffeine in 

coffee or tea, and sennosides in senna, then the term standardized may be used. If the 

activity of the botanical material can be partly, but not wholly, attributed to specifi c known 

chemical constituents, then the term quantifi ed is employed. In cases where the bioactiv-

ity of the botanical material cannot be explained by its known chemistry, as is often the 

case, materials are referred to as other. These defi nitions are applied equally to herbal 

substances (the starting material of a preparation), to herbal preparations that contain only 

milled or powdered herbs, and to herbal extracts. They are used to help defi ne the quality 

of an ingredient or the product containing the ingredient in relation to what is known 

about the connection to its chemistry and biological activity (9). Each example is explained 

in a bit more detail below. It is important to keep in mind that such terms can serve to 

identify crude dried plant material, intermediate preparations, and the presence of either 

of these classes of substances in a fi nished product.
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The EU Defi nition of “Standardized”

In the Eu ro pe an  Union, standardized herbal substances are adjusted within an accept-

able tolerance to a given content of constituents with known therapeutic activity. This is a 

way to standardize the therapeutic effect and can be achieved only with materials for which 

the identifi ed active compounds completely account for the activity of the substance. In this 

case standardization may be achieved by adding excipients in order to adjust the potency of 

the herbal substance or by blending different batches of the herbal substance with higher or 

lower concentrations of the target active(s) as needed. In describing such herbal substances, 

the name and quantitative content of the constituent(s) with known therapeutic activity should 

be stated. The equivalent quantity of the genuine herbal substance should be also given, which, 

if applicable, can also be represented as a range of values.

The EU Defi nition of “Quantifi ed”

In the Eu ro pe an  Union, a quantifi ed herbal substance is one that is adjusted to a de-

fi ned range of constituents where those constituents are known to be partially respon-

sible for the activity of the herbal substance. Adjustments are made by blending different 

batches of herbal substances used in the manufacturing pro cess. As in the standardized 

example above, different strengths of batches can be combined to achieve the desired 

concentration of the specifi ed compound. Unlike the situation for standardized materi-

als, the addition of inert excipients to dilute material too high in the compounds to be 

quantifi ed is not permitted. For quantifi ed herbal substances, the name of the active com-

pounds (those constituents that contribute to but do not fully account for the biological 

activity of the material) should be stated and their quantitative content should be given as 

a range. The equivalent quantity of the genuine herbal substance should also be given.

The EU Defi nition of “Other” Herbal Substances

When neither constituents with known therapeutic activity nor marker compounds con-

tributing partial activity have been identifi ed in an herbal substance, it is essentially defi ned 

by its production pro cess and specifi cations. For such “other” herbal substances, the quan-

tity of the herbal substance itself should be specifi ed. In the EU model, the names and 

quantitative content of analytical markers, the known chemical constituents that do not 

contribute to the activity of the herbal substance, should not be stated in fi nished product 

labeling as they provide no useful information with regard to the potency of the material. 

Table 1.1 provides examples of each of these three defi nitions for herbal substances and 

preparations and how their presence in the product containing them should be described.

DEFINING PRODUCTS BEFORE AND AFTER CLINICAL TRIALS

The National Center for Complementary and Alternative Medicine (NCCAM) at the 

National Institutes of Health (NIH) instituted a procedure for ensuring the integrity of ma-
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terials to be studied in grants that it funds. Researchers with successful grant applications 

have been responsive to the botanical guidance that details the type of information needed 

on the raw material and fi nished preparations that form the test materials (10). This is a 

requirement for reproducible scientifi c work. For this reason a researcher must not only 

properly qualify the material used but also include suffi cient detail in reporting the study 

so that the reader may know what was used and be able to compare studies that employed 

equivalent test materials. Fortunately, standard reporting recommendations for studies that 

employ botanical materials are available.

Table 1.1. EU Guidelines for Herbal Substances and Preparations

Standardized herb example: cut senna leaf
Constituents with known therapeutic activity 

are identifi ed and quantifi ed.

2.55% hydroxyanthracene glycosides, 

calculated as sennoside B

Quantity of the genuine herbal substance is 

presented as a range.

85– 96%

Quantity of excipients for adjustment 

is disclosed.

4– 15%

Declaration of the quantity of the 

standardized herbal substance (herbal 

substance and excipients for adjustment) 

in the product is given.

1.3 g per sachet or tea bag

Quantifi ed herb example: cut willow bark
Co- active compounds are identifi ed and 

quantifi ed.

1.5– 1.7% of total salicylic derivatives 

 calculated as salicin

Quantity of the herbal substance in the herbal 

medicinal product is identifi ed.

3.0 g per sachet or tea bag

Declaration of the quantity of the ingredient 

in the fi nished product is given.

One tea sachet/bag contains 3.0 g willow 

bark, corresponding to 45–51 mg 

of total salicylic derivatives, calculated 

as salicin.

Other substance example: dried valerian root extract
Quantity of the genuine extract is stated. 80% genuine extract 

Herb extract ratio = 3 – 6 : 1

Quantity of other excipients is stated. 20%

Extraction solvent is identifi ed. Ethanol 70% v/v

Quantity of the dry extract (genuine herbal 

preparation with excipients) in the herbal 

medicinal product is given.

200 mg/capsule

Declaration of the quantity of the extract 

in the fi nished product is provided with 

either the extract ratio or the equivalent 

amount of raw herb stated. Extraction 

solvent is identifi ed.

One capsule contains 160 mg of extract from 

valerian root [(3 – 6:1) OR (equivalent 

to 480 mg – 960 mg of valerian root)]. 

 Extraction solvent: ethanol 70% v/v
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CONSORT GUIDELINES

The Consolidated Standards of Reporting (Randomized Controlled) Trials (CONSORT) 

recommendations  were designed as guidelines for the minimum of information that should 

be provided in reports of clinical trials. Those guidelines have been modifi ed to include 

descriptions of trials that employ herbal interventions (11, 12). For botanicals, this infor-

mation includes the Latin binominal of the plant used, its family and common names, the 

herbal product name, the brand or extract and manufacturer names, and whether the prod-

uct is licensed or registered. Characteristics of the herbal product that should be reported 

include the plant part(s) used to make the product or ingredient and the type of product it is, 

that is, fresh, dry, raw, extract, or some identifi ed other. The type and concentration of sol-

vent used in the extraction and the ratio of herbal raw material used to fi nished extract are 

also important herbal product characteristics to report. For example, an extract should be 

described as to the solvents needed to prepare it and the ratio of starting material to native 

extract reported, or to the amount of total extract with the percent native revealed. The 

method of authentication of raw material, who authenticated it, the manufacture lot num-

ber, the voucher specimen number, and where the voucher is retained also need to be noted. 

Knowing these guidelines in advance makes it possible for researchers to be sure up front 

that they will be able to get the desired information from the manufacturer.

Additional reported information should include product dosage, the duration of the prod-

uct’s administration, and how this information was determined. The content, by weight and 

percent of quantifi ed constituents, and added materials such as excipients should be 

 reported. In trials in which standardized products (according to the EU defi nition) (9) are 

employed, the quantity of active and/or marker constituents per unit dosage should be iden-

tifi ed. Where quantifi ed and “other” types of extracts are used as the bioactive test agent in 

clinical trials, the reporting of qualitative analytical testing may be important. This infor-

mation may include a chemical fi ngerprint and the methods used to obtain it and by whom. 

The location of any retained voucher samples of the test material should be identifi ed. Other 

important descriptors for the quality of an herbal intervention in the reporting of clinical tri-

als are descriptions of any special testing, including purity tests. These tests may represent 

the standardization information employed and how the material was mea sured (for example, 

as active or marker compounds) for quality to be assured. The placebo or control should be 

described as well as the rationale for the appropriateness of its choice.

ACCEPTABLE IDENTITY OF BOTANICAL STUDY MATERIALS

Sometimes it helps to understand what to do by understanding what not to do. For exam-

ple, it is unacceptable to specify “ginseng” as the test material for a clinical trial without 

determining the exact source: American ginseng (Panax quinquefolius), Asian ginseng (P. 
ginseng), the misnamed “Siberian ginseng” correctly termed eleuthero (Eleutherococcus 
senticosus), or some other plant. Describing only where a product was purchased and iden-

tifying the manufacturer of the botanical ingredient by the company name on the label and 

not the supplier of the active material are likewise insuffi cient for describing the product. 

When investigators deal with botanical study materials, these types of shortfalls invariably 
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occur because investigators are unaware of the fi eld of pharmacognosy and fail to secure the 

cooperation of a pharmacognosist or other qualifi ed expert during the early stages of plan-

ning investigations that are to involve herbal study materials.

TRADITIONAL COMBINATION PRODUCTS

Securing botanical study material for single-plant products where adequate information 

is available to ensure reasonable chemical or biological consistency and appropriate stan-

dardization for the study at hand can be daunting even for an expert. Additional care and 

attention are required to characterize formulas made from several crude herbs that are 

combined prior to extraction. In most general cases, using marker compounds and fi nger-

printing is inadequate for determining adequate characterization standards for combina-

tion products. One possible solution may begin with the evaluation of the individual raw 

herbs that comprise each of the ingredients of the fi nal formula. This approach requires a 

voucher sample for each ingredient prior to combination and subsequent extraction. Ade-

quate quality specifi cations and analytical evaluations for each ingredient would have to be 

obtained, such as documentation of conformance to pharmacopoeial monograph quality 

specifi cations. An example of a multicomponent mixture is presented in Chapter 9.

COMMERCIAL FOODS AS A STUDY MATERIAL

Commercial foods do not come with specifi cations of levels of active ingredients and are 

often not highly pro cessed. As botanical materials, commercial foods can also represent 

quality botanicals suitable for study materials in a clinical trial as long as appropriate speci-

fi cations are created and met. It is essential that the agricultural source of the material be 

identifi ed even if purchased at a farmer’s market or grocery. The par tic u lar variety of the 

botanical material must be identifi ed and some idea of annual product consistency should 

be ascertained. It could also be useful to obtain some chemical characterization of the food 

product test item.

CONCLUSIONS

A study of product quality guidelines (10) can be very helpful in understanding the scope 

and depth of information essential to adequately describing botanical study materials both 

prior to initiating research and when reporting the results of scientifi c investigations. The qual-

ity of herbal study materials requires interdisciplinary research teams when the research 

design is still at the stage of inception. It should be clear that to conduct clinical trials using 

botanical materials, researchers should take pains to avail themselves of appropriate exper-

tise such as botanical and natural product experts, phytochemists, pharmacognosists, or 

other similarly qualifi ed individuals very early in the design of a scientifi c investigation.

The specifi c product quality requirements for every possible research study cannot be 

specifi ed and cannot be elucidated by a simple checklist. Different research aims and dif-

ferent types of botanical products require customized approaches in order to match the 
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requirements of the investigation with the attributes of the desired study material. As an 

increasing number of investigators enter this fi eld, it is hoped that the growing body of in-

formation and available guidelines will result in more well- designed studies reported ac-

curately and completely in order to provide information desired by clinicians and the public 

alike.
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Chapter 2

Preclinical and Clinical Evidence 
for Botanical Interventions for 
Type 2 Diabetes

Joseph L. Evans

Diabetes mellitus has reached epidemic proportions in the United States and worldwide (20.8 

million and 171 million individuals, respectively) and is projected to increase dramatically 

(1, 2). In the United States, 7% of the population suffer from diabetes, including 14.6 mil-

lion diagnosed cases and 6.2 million undiagnosed cases. The epidemic of diabetes is not 

restricted to affl uent, westernized countries but is also affecting developing countries such 

as Brazil, China, India, and Rus sia (Table 2.1). In less than 25 years, diabetes in these coun-

tries will account for nearly 38% of the worldwide burden. Globally, the direct health care 

cost of diabetes for people in the 20– 79 age group is estimated to be at least $153 billion 

annually (3).

Type 2 diabetes accounts for about 90% to 95% of all diagnosed cases of diabetes. It 

usually begins as insulin re sis tance, a disorder in which the cells do not respond to insulin 

adequately. As the need for insulin rises, the pancreas gradually loses its ability to produce 

it. Type 2 diabetes is associated with older age, obesity, a family history of diabetes, a his-

tory of gestational diabetes, impaired glucose metabolism, physical inactivity, and race or 

ethnicity. Furthermore, the prevalence of insulin re sis tance, an in de pen dent risk factor 

for cardiovascular disease and the metabolic syndrome X, is even more widespread (4– 6). 

This situation is exacerbated by obesity, a major risk for developing type 2 diabetes. The 

number of adults overweight or obese is 125 million in the United States (65% of the popu-

lation) and 1.3 billion worldwide (20% of the population) (7). Since dietary modifi cation 

and increased physical activity provide insuffi cient glucose control over the long- term 

course of the disease, the vast majority of patients require some type of pharmacological 

intervention (8).

Although pharmacological options for the management of type 2 diabetes have been in-

creasing and will continue to do so (9– 14), not all patients benefi t from them. In addition, the 

cost of prescription medications may exceed the fi nancial capacity of an increasing number 

of older citizens, those without adequate health insurance, and those living in poverty (15, 

JERIKA Research Foundation, Redwood City, California 94061; jevansphd@earthlink.net
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16). Furthermore, certain ethnic groups who are at increased risk for developing diabetes 

(e.g., Asians, Hispanics, and Native Americans) come from cultures with a long history of use 

of traditional medicines and are likely to employ one or more traditional (botanical) treat-

ments rather than prescription medications (17– 26). Though a majority of diabetic patients 

are being treated, many are unable to achieve the current American Diabetes Association– 

recommended goal of HbA
1C

 < 7% (Hemoglobin A
1C

, the gold- standard surrogate marker for 

long- term glycemic control). Thus, in patients with poorly controlled type 2 diabetes, espe-

cially those who are obese, there is a need to identify and evaluate adjunctive therapies that 

are safe, effi cacious, and cost- effective.

Botanical extracts represent a rich, potential source of affordable therapies for type 2 dia-

betes and insulin re sis tance for the impoverished in developed countries and throughout much 

of the developing world. Several recent comprehensive reviews have focused on the use of 

botanicals for diabetes (21, 23, 27– 32). The overall objective of this chapter therefore is to pro-

vide a concise, comparative overview of those botanicals that have received the most scien-

tifi c attention and hold the most promise for qualifying as clinically validated “alternate 

therapies,” defi ned  here as signifi cantly lowering HbA
1C

 in multiple, randomized, double- 

blind, placebo- controlled clinical trials.

BOTANICAL INTERVENTIONS

Botanicals have been used for medicinal purposes since the dawn of civilization (33). It 

is well documented (26) that many pharmaceuticals commonly used today are structurally 

derived from natural compounds found in traditional medicinal plants. The development of 

the antihyperglycemic drug metformin (dimethlybiguanide) can be traced to the traditional 

use of Galega offi cinalis to treat diabetes and the subsequent search to identify active com-

pounds with reduced toxicity (34– 36). G. offi cinalis is far from the only botanical to have 

been used as a treatment for diabetes. Chinese medical books written as early as 3000 b.c. 

spoke of diabetes and described therapies for this disease (37, 38). These historical ac-

counts reveal that type 2 diabetes existed long ago, and medicinal plants have been used 

for many millennia to treat this disease. To date, the antidiabetic activities of well over 

1,200 traditional plants have been reported, although scant few have been subjected to 

rigorous scientifi c evaluation for safety and effi cacy in humans (37, 39– 43). This section 

will provide an overview of those botanicals used for diabetes that have received the most 

Table 2.1.    Global Prevalence of Diabetes

Country 2000 2030

India 31,705,000 79,441,000

China 20,757,000 42,321,000

Brazil 4,553,000 11,305,000

Rus sia 4,576,000 5,320,000

BRIC Total 61,591,000 138,387,000

World Total 171,000,000 366,000,000

BRIC, as % of World Total 36.0 37.8

Source: World Health Or ga ni za tion

BRIC=Brazil, Rus sia, India, China; CAGR=Current Annual Growth Rate
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scientifi c attention, have been evaluated for their antidiabetic effects in individuals with 

diabetes, and deserve additional research. The botanicals are presented in the order of 

their relative (highest- to- lowest) ranking for safety and effi cacy and are summarized in 

Table 2.2.

Ipomoea batatas (Caiapo)

Caiapo is derived from the skin of a variety of white sweet potato of South American ori-

gin, Ipomoea batatas, which is cultivated in a mountainous region in Kagawa Prefecture, 

Japan. It has been eaten raw for centuries in the belief that it is effective for anemia, hyper-

tension, and diabetes. Caiapo is commercially available throughout Japan without prescrip-

tion and used for the prevention and treatment of type 2 diabetes. In rodents, caiapo exhibits 

antidiabetic activity, and the active component is thought to be a high- molecular- weight acid 

glycoprotein (44, 45).

A benefi cial effect of caiapo on glycemic control, including the reduction of HbA
1C

, has 

been reported and confi rmed in several clinical studies. In a pi lot study, a total of 18 male 

patients with type 2 diabetes (age: 58 ± 8 years; weight: 88 ± 3 kg; BMI [body mass index]: 

27.7 ± 2.7 kg/m2; means ± SEM [standard error of the mean]) treated by diet alone  were ran-

domized to receive placebo (n = 6) or 2 g (low dose; n = 6) or 4 g (high dose; n = 6) caiapo 

(four tablets each containing 168 or 336 mg powdered white- skinned sweet potato, respec-

tively) before breakfast, lunch, and dinner for six weeks (46). At the end of treatment, no 

statistically signifi cant changes in fasting glucose, insulin, or lipids occurred in either the 

low- dose caiapo or placebo groups. In the group treated with the high- dose caiapo, fasting 

plasma glucose (−13%) as well as cholesterol (total [−10.5%] and LDL [−13%] cholesterol) 

 were signifi cantly decreased (P < 0.05, compared to baseline). Body weight and blood pres-

sure remained unchanged in all three groups. In patients receiving low- dose caiapo, insulin 

sensitivity (S
I
) increased by 37% (2.02 ± 0.70 vs. 2.76 ± 0.89 104 min−1 · μU−1 · ml−1, P < 0.05); 

in those on high- dose caiapo, the FSIGT (frequently sampled intravenous glucose tolerance 

test) demonstrated an increase of S
I
 by 42% (1.21 ± 0.32 vs. 1.73 ± 0.40 104 min−1 · μU−1 · ml−1, 

P < 0.03). No changes  were seen for S
I
 in patients receiving placebo (1.52 ± 0.28 vs. 1.35 ± 0.21 

104 min−1 · μU−1 · ml−1). Glucose tolerance was signifi cantly increased (~72%; P < 0.02) in the 

high- dose group (47). No adverse events  were reported.

The results of this pi lot study have been confi rmed in a randomized, double- blind, 

placebo- controlled trial (48). A total of 61 patients with type 2 diabetes treated by diet  were 

given 4 g caiapo (n = 30; mean age 55.2 ± 2.1 years; BMI 28.0 ± 0.4 kg/m2) or placebo (n = 31; 

mean age 55.6 ± 1.5 years; BMI 27.6 ± 0.3 kg/m2) once daily for 12 weeks. Each subject un-

derwent a 75 g oral glucose tolerance test (OGTT) at baseline and after one, two, and three 

months to assess two- hour glucose levels. Additionally, fasting blood glucose, HbA
1C

, total 

cholesterol, and triglyceride levels  were mea sured. Fasting blood glucose levels decreased 

in the caiapo group (143.7 ± 1.9 vs. 128.5 ± 1.7 mg/dl; P < 0.001) and remained unchanged in 

the placebo group (144.3 ± 1.9 vs. 138.2 ± 2.1 mg/dl; P = 0.052). In the caiapo group, HbA
1C

 

decreased signifi cantly (−0.53%; P < 0.001) from 7.21 ± 0.15 to 6.68 ± 0.14% and re-

mained unchanged in the placebo group (7.04 ± 0.17 vs. 7.10 ± 0.19%; P = 0.23). Two- hour 

glucose levels  were signifi cantly (P < 0.001) decreased in the caiapo group (193.3 ± 10.4 

vs. 162.8 ± 8.2 mg/dl) compared with the placebo group (191.7 ± 9.2 vs. 181.0 ± 7.1 mg/dl). 

Mean cholesterol at the end of the treatment was signifi cantly lower in the caiapo group 
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(214.6 ± 11.2 mg/dl) than in the placebo group (248.7 ± 11.2 mg/dl; P < 0.05). A decrease in 

body weight was observed in both the placebo group (P = 0.0027) and the caiapo group 

(P < 0.0001); in the caiapo group, body weight was related to the improvement in glucose 

control (r = 0.618; P < 0.0002). No signifi cant changes in triglyceride levels or blood pressure 

 were observed. Unfortunately, possible effects on fasting insulin, C-peptide, or insulin sen-

sitivity  were not reported in this study. Caiapo was well tolerated without signifi cant ad-

verse effects. This study confi rms the results of the pi lot with regard to the benefi cial 

effects of caiapo on short- term glycemic control (as well as cholesterol levels) and documents 

the effi cacy of caiapo on long- term glycemic control in patients with type 2 diabetes. The 

magnitude of the effect of caiapo at reducing HbA
1c

 (−0.53% absolute decrease) is compa-

rable with that of acarbose, an approved oral antihyperglycemic medication (10), although 

it falls short of what has been suggested as the minimal acceptable level for a new antihy-

perglycemic medication (−0.7% absolute decrease) (49).

A fi ve- month follow- up of this study (48) was conducted to further evaluate the mode of 

action of caiapo on insulin sensitivity over an extended period of time as well as its effects 

on fi brinogen and other clinical markers of low- grade infl ammation (50). In the group re-

ceiving caiapo (4 g/day), insulin sensitivity and adiponectin both increased signifi cantly, 

while fi brinogen decreased. This was associated with an improvement in HbA
1C

 (de-

creased from 6.46% ± 0.12% to 6.25% ± 0.11%; P = 0.008), fasting glucose, and triglycer-

ides. Body weight, lipid levels, and C-reactive protein  were not altered. No changes  were 

observed in the placebo group except for HbA
1C

, which signifi cantly increased from 

6.25% ± 0.10% to 6.50% ± 0.12%; (P = 0.0001). This study confi rms the benefi cial effects 

of caiapo on glucose and HbA
1C

 control in patients with type 2 diabetes after fi ve months’ 

follow- up. Improvement of insulin sensitivity was accompanied by increased levels of adi-

ponectin and a decrease in fi brinogen. Thus, caiapo can be considered a natural insulin 

sensitizer with potential antiatherogenic properties. It will be of interest and important to 

see if the results of these very exciting outcomes with caiapo can be confi rmed in other 

well- designed clinical trials by other groups and to establish that caiapo does not exhibit 

any adverse interaction with existing antihyperglycemic medication.

Coccinia indica

Coccinia indica is a creeper plant (one that spreads by means of stems that creep) that 

grows wildly in Bangladesh and in many other parts of the Indian subcontinent. Although 

C. indica has a long history of use as an antidiabetic treatment in Ayurvedic medicine (a 

holistic system of healing that originated among the Brahmin, the Hindu priestly caste) 

(25), it has not been subjected to the number of clinical trials that have evaluated M. cha-
rantia, fenugreek, or G. sylvestre (based on published reports). Neither the bioactive 

compounds nor mode of action of C. indica has been well characterized, but there is 

some suggestion that a component or components of the plant possess insulin- mimetic 

activity (30).

In a double- blind, placebo- controlled trial, a preparation from the leaves of the plant was 

administered to patients with uncontrolled type 2 diabetes for six weeks (51). Of the 16 pa-

tients who received the experimental preparations, 10 showed signifi cant improvement in 

their glucose tolerance (P < 0.001), while none out of the 16 patients in the placebo group 
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showed improvement. Several other studies also offered supporting evidence of the benefi -

cial effect of this treatment (reviewed in [30]). No adverse effects  were reported.

Convincing evidence for the clinical utility of this extract has recently been provided (52). 

The design of this study was a double- blind, placebo- controlled, randomized trial employ-

ing subjects with type 2 diabetes. Sixty newly diagnosed patients with type 2 diabetes (aged 

35 to 60 years) needing only dietary or lifestyle modifi cations with fasting blood glucose in 

the range of 110 to 180 mg/dl  were recruited into the study. The subjects  were randomly as-

signed into the placebo (n = 30) or treatment (n = 29) group and  were provided with 1 g alco-

holic extract of C. indica for 90 days. In the treatment group, there was a signifi cant decrease 

in both the fasting (−16%) and postprandial blood glucose (−18%) of the experimental group 

compared with placebo. Most importantly, there was a signifi cant reduction in HbA
1c

 of the 

experimental group at day 90 (6.1 ± 1.1%) compared with baseline (6.7 ± 1.2%), while there 

was no change in the placebo group (baseline HbA
1c

 = 6.4 ± 0.9%). The magnitude of the ef-

fect of C. indica at reducing HbA
1c

 (−0.6% absolute decrease) is comparable with that of 

acarbose, an approved oral antihyperglycemic medication (10), and it approximates what 

has been suggested as the minimal acceptable level for a new antihyperglycemic medication 

(−0.7% absolute decrease) (49). No signifi cant changes  were observed in the serum lipid lev-

els or daily energy intake. No serious adverse events  were reported. In the experimental group, 

17 (59%) experienced mild hypoglycemic symptoms such as perspiration, excessive hunger, 

and slight dizziness once or twice during the study period. The other observed adverse 

events  were minor and limited to mild symptoms of the gastrointestinal tract such as ab-

dominal distention, fl atulence, constipation, and gastritis. Seven (24%) of the subjects from 

the experimental group and eight (27%) of the subjects from the placebo group experienced 

these minor adverse effects. These symptoms  were present in both groups of subjects and 

subsided within a week. This study indicates that C. indica extract has an antihyperg-

lycemic action in patients with mild type 2 diabetes. However, further studies clearly are 

warranted to confi rm this activity, to assess its potential effi cacy in patients with more se-

vere diabetes and in combination with other antidiabetic medications, and to elucidate the 

mechanism(s) of action.

Trigonella foenum- graecum (Fenugreek)

Trigonella foenum- graecum, also known as fenugreek, is an herb native to southeastern 

Eu rope, northern Africa, and western Asia but is also widely cultivated in other parts of 

the world (53). Fenugreek has a long history of traditional use among Ayurvedic sages of 

ancient India and Nepal (approximately 3000– 5000 years ago) and Chinese medicine (54) 

and has been widely used for the treatment of diabetes (41). The defatted seeds of the 

fenugreek plant contain ~ 50% fi ber (similar to guar gum), along with a variety of bioac-

tive saponins, alkaloids, coumarins, and 4- hydroxyisoleucine, the principal bioactive com-

pound (40, 41). This last compound exhibits insulinotropic activity (55– 57); following a 

six- day subchronic administration, 4- hydroxyisoleucine (50 mg/kg/day) reduced fasting 

hyperglycemia and insulinemia and improved glucose tolerance in diabetic rats (57). In 

addition, an aqueous extract of fenugreek seeds contains insulin- like activity, including 

the stimulation of hepatic glucokinase and hexokinase activities, suggesting an extrapan-

creatic mode of action (58).
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The clinical studies that have evaluated the effi cacy of fenugreek in individuals with both 

type 1 and type 2 diabetes have been reviewed (23). In one study, 17 of 21 patients with type 

2 diabetes showed a reduction in two- hour postprandial glucose averaging 30 mg/dl follow-

ing administration of 15 g of ground fenugreek seed (59). In a crossover, placebo- controlled 

trial with 60 individuals with type 2 diabetes, the treatment group received 12.5 mg defat-

ted fenugreek at lunch and dinner with isocaloric diets for 24 weeks (60). Fasting blood 

glucose was 151 mg/dl at baseline and decreased to 112 mg/dl after 24 weeks (P < 0.05). 

Fenugreek also caused a signifi cant decrease in the area under the glucose curve by ap-

proximately 40%.

In a small study, the effects of fenugreek seeds on glycemic control and insulin re sis tance 

in mild to moderate type 2 diabetes was performed using a double- blind, placebo- controlled 

design (61). Twenty- fi ve newly diagnosed patients with type 2 diabetes (fasting glu-

cose < 200 mg/dl)  were randomly divided into two groups. Group I (n = 12) received 1 g per 

day of fenugreek seeds, and group II (n = 13) received standard care (dietary control, exer-

cise) plus placebo capsules for two months. After two months, fasting blood glucose and 

two- hour postglucose load-levels were not signifi cantly different. However, following an 

oral glucose challenge, the area under the curve (AUC) for blood glucose (2375 ± 574 vs. 

27597 ± 274) and insulin (2492 ± 2536 vs. 5631 ± 2428) was signifi cantly lower (P < 0.001), 

as was the HOMA- IR index (112.9 ± 67 vs. 92.2 ± 57; P < 0.05) in the treatment group 

compared to control. Serum triglycerides decreased and HDL cholesterol increased sig-

nifi cantly (both P < 0.05) following fenugreek treatment. Signifi cant reductions in total 

cholesterol and triglycerides have also been reported in other studies following fenugreek 

treatment (23).

In an open- label pi lot study, fenugreek seeds  were evaluated in combination with M. 
charantia and jamun seeds (Syzigium cumini) for effects on glycemic control in patients 

with type 2 diabetes (62). The patients  were divided into two groups of 30 each. The pa-

tients of group I  were given the raw powdered mixture in the form of capsules; the patients 

of group II  were given this mixture in the form of salty biscuits. Daily supplementation of 

1 g of this powdered mixture for a 1.5- month period and increased to 2 g for another 1.5 

months signifi cantly reduced the fasting as well as the postprandial glucose level of the dia-

betic patients. A signifi cant decrease in oral hypoglycemic drug intake and decline in per-

centage of the subjects who  were on hypoglycemic drugs  were found after the three- month 

feeding trial. The authors concluded that 2 g of this powdered mixture of traditional me-

dicinal plants in either raw or cooked form can be used successfully for lowering blood 

glucose in diabetics.

The doses of fenugreek used in clinical studies have ranged from 2.5 g to 15 g daily of 

the crushed and defatted seeds. Crushing is important to release the viscous gel fi ber, which 

presumably contributes to the effi cacy of fenugreek. Typical doses of seeds are in the 

range of 1 to 3 g mixed with food and taken at mealtime. The most common side effects 

are gastrointestinal upset (diarrhea and fl atulence), which often can be alleviated by dose 

titration. Since the fenugreek fi ber might absorb other oral medications, fenugreek should 

be taken in de pen dently (e.g., one to two hours) of other medications. Because of the abil-

ity of fenugreek to lower blood glucose, individuals should monitor their glucose levels 

carefully when they use fenugreek in combination with insulin or other glucose- lowering 

agents. Fenugreek can exhibit anticoagulant activity; it should not be used with other an-

ticoagulating agents because of the increased risk for bleeding.
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The potential genotoxicity of a fenugreek seed extract (THL) containing a minimum of 

40% 4- hydroxyisoleucine was evaluated using the panel of assays recommended by the U.S. 

Food and Drug Administration for food ingredients (i.e., reverse mutation assay, mouse 

lymphoma forward mutation assay, and mouse micronucleus assay). THL was determined 

not to be genotoxic under the conditions of the tested ge ne tic toxicity battery (63).

Opuntia (fuliginosa, streptacantha) (Prickly Pear Cactus; Nopal)

Nopal, a member of the Opuntia genus, is widely used in Mexico as a treatment for glu-

cose control (64). It grows in arid regions throughout the Western Hemi sphere and is 

known in the United States as prickly pear cactus. This plant produces a vegetable called 

nopal and a red egg- shaped fruit called tuna. Nopal is a common component of everyday 

foods including soups, salads, and sandwiches and is blended in drinks. When used for 

glucose control, nopal is prepared as a food and is available in bulk, as dried powder, or in 

capsules. The glucose- lowering activity of nopal is likely due to its very high soluble fi -

ber and pectin content (40, 41, 65), although its ability to reduce fasting glucose is sugges-

tive of additional modes of action (64).

The results of most human studies of this plant have been reported in Spanish- language 

journals (30, 64); two studies evaluating the acute effects of nopal have been published in 

En glish by Frati et al. (66, 67). Both studies used Opuntia streptacantha Lemaire and re-

ported improved glycemic control (decreased serum glucose) and improved insulin sensi-

tivity (decreased serum insulin) following a single dose (500 g of broiled or grilled nopal 

stems) in patients with type 2 diabetes (n = 14 and n = 22). No effect was observed in healthy 

individuals (66), nor  were any adverse effects reported.

A more recent study has reported that the addition of nopales (prickly pear cactus pads) 

to typical Mexican breakfasts (chilaquiles, burritos, quesadillas) signifi cantly improved (30%– 

48% reduction) the postprandial glucose response in subjects with type 2 diabetes (68). 

Although the study was small (n < 12 per group) and not controlled for varying degrees of 

insulin re sis tance, overweight, or obesity, the results clearly support further study of a stan-

dardized extract to evaluate its potential clinical effi cacy.

Mormordica charantia (Bitter Melon)

Mormordica charantia is reported to be the most pop u lar plant used worldwide to treat 

diabetes (40, 41). It has many names depending on the geographic location of origin: in In-

dia, where it is widely used for diabetes (25), M. charantia is known as karela, bitter melon, 

and bitter gourd. In other parts of the world, it is also known as wild cucumber, ampalaya, 

and cundeamor (23). The glucose- lowering activity of M. charantia (administered as both 

fresh juice and unripe fruit) has been well documented in animal models of diabetes (25, 

69, 70). Compounds possessing antidiabetic activity include charantin and vicine (30, 41, 71). 

In addition, other bioactive components of bitter melon extract appear to have structural 

similarities to animal insulin (e.g., polypeptide- p) (69, 71). Several modes of action have 

been proposed to account for the antidiabetic activity of M. charantia, including inhibition 

of glucose absorption in the gut, stimulation of insulin secretion, and stimulation of hepatic 
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glycogen synthesis (23, 69). More recent work has identifi ed additional potential modes of 

action including alteration of the expression of lipid enzymes (72, 73), increased insulin 

signaling (74), and activation of AMP- activated protein kinase (75).

Four clinical trials have reported bitter melon juice, fruit, and dried powder to have a 

moderate hypoglycemic effect (23, 30, 76). However, these studies  were small,  were not ran-

domized or double- blind, and  were of insuffi cient quality to recommend the use of M. cha-
rantia without careful monitoring. When used at typical doses, 300 to 600 mg of juice 

extract or 1 to 2 g of powdered leaf daily, M. charantia is generally well tolerated, although 

it should not be used by children or pregnant women (23, 71, 76).

Allium (sativum and cepa) (Garlic)

Allium sativum (garlic) had been used as a medicinal herb by the ancient Sumerians, 

Egyptians, Greeks, Chinese, Indians, and later the Italians and En glish (79). The leading In-

dian ancient medical text, Charaka- Samhita, recommended garlic for the treatment of 

heart disease and arthritis over many centuries (79). Compounds present in aqueous garlic 

extract or raw garlic homogenate thought to be the principal bioactive components include 

allicin (allyl 2- propenethiosulfonate or diallyl thiosulfonate), allyl methyl thiosulfonate, 

1- propenyl allyl thiosulfonate, and γ- L-glutamyl- S-alkyl- L-cysteine.

In modern times, garlic preparations have been widely recognized as agents for pre-

vention and treatment of cardiovascular and other metabolic diseases, atherosclerosis, hy-

perlipidemia, thrombosis, hypertension, and diabetes (80– 83). Epidemiological evidence 

indicates an inverse correlation between garlic consumption and the reduced risk of the 

development of cardiovascular disease (84– 86). The effi cacy of garlic in cardiovascular 

diseases has been more evident in nonclinical models, thus prompting a variety of clinical 

trials (79). Many of these trials have reported benefi cial effects of garlic on almost all 

cardiovascular conditions mentioned above (87); however, a number of studies have re-

ported no benefi cial effects, casting doubt on the reputed health benefi ts of garlic. These 

differences could have arisen as a result of methodological shortcomings, the use of dif-

ferent formulations or preparations of garlic, heterogeneity of patient populations, dietary 

inconsistencies, and different time scales of the studies. The glucose- lowering activity of 

garlic in humans with type 2 diabetes is not well studied. In the studies that have evalu-

ated garlic, the data have been confl icting (30, 79, 88). Thus, the role of garlic in glucose 

control has yet to be established convincingly but is worthy of further study.

Gymnema sylvestre (Gurmar)

Gymnema sylvestre (also called gurmar), a woody plant that grows wild in India, has a 

long history of use in Ayurvedic medicine (25). The leaves of G. sylvestre contain glyco-

sides and the peptide gurmarin (40, 41). Other plant constituents include resins, gymnemic 

acids, saponins, stigmasterol, quercitol, and several amino acid derivatives. A water- soluble 

acidic fraction called GS4 has been used in most clinical studies (see next paragraph). Sev-

eral modes of action have been proposed to account for the antidiabetic activity of G. syl-
vestre, including increased glucose uptake and utilization, increased insulin secretion, and 
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increased b- cell number (30, 77). The use of G. sylvestre for diabetes has been the subject 

of a recent review (78).

There have been several small clinical studies in individuals with type 1 and type 2 diabe-

tes (reviewed in [23]). These studies have reported that G. sylvestre decreased fasting glucose 

and HbA
1c

, lowered insulin requirements in individuals with type 1 diabetes, and lowered 

the dose of antihyperglycemic medications in individuals with type 2 diabetes. G. sylvestre 

also appears to facilitate endogenous insulin secretion, but it is not a substitute for insulin. 

There are no data from double- blind, placebo- controlled studies in humans that validate 

the effi cacy of G. sylvestre in type 1 or type 2 diabetes. The extract (∼400 mg daily) of G. 
sylvestre is well tolerated, and no signifi cant side effects have been reported.

Panax (ginseng, japonicus, and quinquefolius) and Eleutherococcus

Ginseng, a member of the plant family Aaraliaceae, has been used in traditional Chi-

nese medicine for thousands of years (33, 38, 89). The botanical name for Asian ginseng 

(Chinese or Korean) is Panax ginseng; Japa nese ginseng is known as Panax japonicus; 
American ginseng is Panax quinquefolius. Siberian ginseng belongs to the genus Eleuthero-
coccus. Many therapeutic claims have been ascribed to the use of ginseng root extract, in-

cluding improved vitality and immune function along with benefi cial effects on cancer, 

diabetes, cardiovascular disease, and sexual function (90). Bioactive compounds that have 

been identifi ed in ginseng species include ginsenosides, polysaccharides, peptides, and fatty 

acids (40, 41). Most pharmacological actions are attributed to the ginsenosides, a family of 

ste roids named saponins (40, 41). A comprehensive review of the randomized controlled 

trials (RCTs) evaluating ginseng extracts (mostly Panax ginseng and Panax quinquefolius) 
has been performed, and the authors concluded that there was insuffi cient evidence to sup-

port effi cacy for any of the indications given above (90). However, in light of the extreme 

compositional variability of ginsenoside concentrations reported in a sampling of 32 stud-

ies, it is possible that the antihyperglycemic effi cacy might be as variable as the ginseno-

side content of the extract (91, 92). There are ample reports supporting the benefi cial effects 

of various types of ginseng in rodent models of diabetes (93– 95).

Two small clinical studies have evaluated the use of ginseng in diabetes. In a double- blind, 

placebo- controlled study, 36 patients with type 2 diabetes  were treated for eight weeks with 

ginseng extract (species not specifi ed) at 100 (n = 12) or 200 (n = 12) mg per day, or with a 

placebo (n = 12) (96). Ginseng (100 and 200 mg/day) but not placebo lowered fasting blood 

glucose by approximately 0.5– 1 mmol/l (P < 0.05). Eight subjects who  were given ginseng 

and two who  were given placebo achieved normal fasting blood glucose. In response to an 

oral glucose challenge, the area under the two- hour blood glucose curve was reduced ap-

proximately 16% (P < 0.001) in the eight ginseng- treated patients who had normalized fast-

ing blood glucose, without any concomitant change in immunoreactive insulin or C-peptide. 

The 200 mg dose improved HbA
1c

 (~0.5% decrease; P < 0.05) and physical activity compared 

to placebo. Ginseng had no effect on plasma lipids.

More recently, the results of a double- blind, randomized, crossover- design clinical study 

evaluating a Korean red ginseng (P. ginseng) preparation was reported (97). Nineteen 

participants with well- controlled type 2 diabetes (sex: 11 M:8 F, age: 64 ± 2 years, BMI: 

28.9 ± 1.4 kg/m2, HbA
1c

: 6.5%) received the selected Korean red ginseng preparation 
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(rootlets) and placebo at the selected dose (2 g/meal = 6 g/day) for 12 weeks as an adjunct 

to their usual antidiabetic therapy (diet and/or medications). Although the participants 

remained well controlled (HbA1
c
 = 6.5%) throughout the study, there was no signifi cant 

change in the HbA
1c

; however, an improvement in oral glucose tolerance and insulin sensi-

tivity was reported.

Another small study reported the acute effects of Panax quinquefolius administration 

(single dose on four separate occasions; 3 g/treatment) or placebo on glucose tolerance in 

patients with type 2 diabetes (n = 9) and in nondiabetic subjects (n = 10) (98). In both groups, 

ginseng caused a signifi cant reduction (P < 0.05) in the area under the blood glucose curve 

by approximately 20% compared to placebo. The potential clinical effi cacy of ginseng ex-

tract is ambiguous but warrants further study using standardized extracts.

Aloe Vera

The dried sap of the aloe plant (aloes) is a traditional botanical remedy frequently used 

to treat dermatitis and burns and to enhance wound healing (99), and is one of a variety of 

plants used for diabetes in India (25) and the Arabian Peninsula (100). There is some evi-

dence of effi cacy of aloe extract in rodent models (101, 102).

The ability of aloe extract to lower the blood glucose was studied in fi ve patients with 

type 2 diabetes (103). Following the ingestion of aloe (one- half a teaspoonful daily for 4 to 

14 weeks), fasting serum glucose level decreased in every patient from a mean of 273 ±  25 

(SE) to 151 ± 23 mg/dl (P < 0.05) with no change in body weight. This glucose- lowering ac-

tivity has been confi rmed in two other studies which reported that oral administration of 

the aloes juice (1 tablespoon twice daily) reduced fasting glucose and triglycerides in sub-

jects with type 2 diabetes in both the absence and presence of concomitant sulfonylurea 

therapy (104, 105). No adverse effects  were reported in these studies. Aloe gel also holds the 

potential for glucose- lowering activity, as it contains glucomannan, a water- soluble fi ber 

that reportedly has glucose- lowering and insulin- sensitizing activities (106, 107). The po-

tential clinical effi cacy of this plant is unclear but warrants further study.

Cinnamomum cassia (Cinnamon)

Anderson and colleagues have previously reported that an ammonium hydroxide extract 

of cinnamon potentiated the effect of insulin on glucose oxidation in isolated rat adipocytes 

(108, 109). Close evaluation of these in vitro data reveals that the cinnamon extract actually 

possessed insulin mimetic activity, since the stimulatory effects  were in de pen dent of insulin 

concentration and no added insulin was required to achieve maximal glucose oxidation (109). 

A water- soluble polyphenolic polymer from cinnamon has been isolated and shown to have 

insulin- like activity as well as antioxidant activity in vitro (110, 111). Additionally, enzyme 

inhibition studies have shown that the bioactive compound(s) isolated from cinnamon can 

stimulate autophosphorylation of a truncated form of the insulin receptor and can inhibit 

PTP- 1, the rat homolog of the tyrosine phosphatase PTP- 1B that inactivates the insulin re-

ceptor (110, 111).

Two small studies have reported benefi cial effects of cinnamon extract on glucose toler-

ance in healthy, nondiabetic individuals. The intake of 6 g cinnamon with rice pudding was 
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reported to reduce postprandial blood glucose and delay gastric emptying without affecting 

satiety (112). Cinnamon ingestion (5 g) reduced total plasma glucose responses in an oral 

glucose tolerance test ( judged by the area under the curve) by 10% to 13%; P < 0.05, com-

pared to placebo, as well as improving insulin sensitivity (113).

Five small studies (n < 50 subjects per group) yielded information on the use of cinna-

mon intervention in individuals with type 2 diabetes. Kahn et al.  were the fi rst to report a 

benefi cial effect of cinnamon extract glycemic and lipid control (114). A total of 60 people 

with type 2 diabetes (30 men and 30 women aged 52.2 ± 6.32 years)  were divided randomly 

into six groups. Groups 1, 2, and 3 consumed 1, 3, or 6 g of cinnamon daily, respectively, and 

groups 4, 5, and 6  were given placebo capsules corresponding to the number of capsules 

consumed for the three levels of cinnamon. The cinnamon was consumed for 40 days, fol-

lowed by a 20- day washout period. After 40 days, all three doses of cinnamon signifi cantly 

reduced the mean fasting serum glucose (18%– 29%), triglyceride (23%– 30%), LDL choles-

terol (7%– 27%), and total cholesterol (12%– 26%) levels; no signifi cant changes  were noted 

in the placebo groups. Changes in HDL cholesterol  were not signifi cant, and no signifi cant 

adverse events  were reported. The results of this interesting study suggest that intake of 1, 3, 

or 6 g of cinnamon per day reduces serum glucose, triglyceride, LDL cholesterol, and total 

cholesterol.

A more recent trial examined an aqueous- purifi ed cinnamon extract on long- term glyce-

mic control and lipids in patients with type 2 diabetes with equivocal results (115). A total of 

79 patients on insulin therapy but treated with oral antidiabetics or diet  were randomly as-

signed to take either cinnamon extract or a placebo capsule three times a day for four months 

in a double- blind study. The amount of aqueous cinnamon extract corresponded to 3 g of cin-

namon powder per day. The mean absolute and percentage differences between the pre- and 

postintervention fasting plasma glucose levels of the cinnamon and placebo groups  were sig-

nifi cantly different. There was a signifi cantly higher reduction in the cinnamon group (10.3%) 

than in the placebo group (3.4%). No signifi cant intragroup or intergroup differences  were 

observed regarding HbA
1c

, lipid profi les, or pre- and postintervention levels of these pa ram e-

ters. The decrease in plasma glucose correlated signifi cantly with the baseline concentrations, 

indicating that subjects with a higher initial plasma glucose level exhibited a greater response 

from cinnamon intake. This observation is consistent with that observed for prescription oral 

antihyperglycemic agents (49). No adverse effects  were observed.

In the third study, 25 postmenopausal patients with type 2 diabetes (aged 62.9 ± 1.5 y, BMI 

30.4 ± 0.9 kg/m2) participated in a six- week intervention, during which they  were supple-

mented with either cinnamon (1.5 g/day) or a placebo (116). Before and after two and six 

weeks of supplementation, arterialized blood samples  were obtained and oral glucose tol-

erance tests  were performed. Blood lipid profi les and multiple indices of  whole- body insu-

lin sensitivity  were determined. There  were no Time × Treatment interactions for  whole- body 

insulin sensitivity or oral glucose tolerance. The blood lipid profi le of fasting subjects did 

not change after cinnamon supplementation. These results showed that cinnamon supplemen-

tation (1.5 g/day) did not improve  whole- body insulin sensitivity or oral glucose tolerance 

and did not modulate blood lipid profi le in postmenopausal patients with type 2 diabetes.

In the fourth study, 60 subjects with type 2 diabetes  were randomized (single- blind) to 

either 1.5 g per day of cinnamon cassia powder or placebo, as add- on treatment in combi-

nation with their current therapy (metformin or sulfonylurea). The duration of treatment 

was 12 weeks. The primary end point was a reduction in HbA
1c

. After a 12- week period, 

HbA
1c

 was decreased similarly in both groups, from 8.14% to 7.76% in the cinnamon 
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group and from 8.06% to 7.87% in the placebo group. This change was not found to be 

statistically signifi cantly different. No signifi cant intergroup differences  were observed in 

either fasting plasma glucose or lipid control. Thus, cinnamon cassia powder (1.5 g/day) 

was judged to be in effec tive at improving either glycemic or lipid control in subjects with 

type 2 diabetes.

In the fi fth study and the fi rst to be conducted in the United States, it was reported that 

cinnamon taken at a dose of 1 g daily for three months produced no signifi cant change in 

fasting glucose, HbA
1c

, insulin, or lipid control (117). Recently, a meta- analysis of the ran-

domized controlled trials evaluating cinnamon intervention has been published (118), and 

the conclusion of the authors was that cinnamon does not appear to improve HbA
1c

, fasting 

glucose, or lipid pa ram e ters in patients with type 1 or type 2 diabetes. However, it is pos-

sible that differences between studies related to dose, type of cinnamon evaluated, method 

of extraction, and varying degrees of diabetes, overweight, obesity, insulin re sis tance, and 

concurrent medications could also contribute to the confl icting results (119). Thus, the abil-

ity of cinnamon to improve long- term glycemic or lipid control has yet to be confi rmed, 

and its use for type 2 diabetes is not recommended.

Traditional Chinese Medicine

A discussion of botanical interventions for type 2 diabetes would not be complete with-

out the thoughtful consideration of traditional Chinese medicine. Over the centuries, Chi-

nese herbal “drugs” have served as a primary source for the prevention and treatment of 

many diseases, including diabetes. Xiao- ke is a term used to refer to wasting and thirsting 

syndrome (type 1 diabetes); the more modern term, Tang- niao- bing, means “sugar urine 

illness” (type 2 diabetes) (120). Unfortunately, a review of traditional Chinese medicine in 

the context of type 2 diabetes is beyond the scope of this chapter. However, several excel-

lent reviews on this subject are available and will provide the reader with a more defi nitive 

evaluation of this subject than can be presented herein (121– 127).

SUMMARY AND POSSIBILITIES FOR TREATMENT

Clearly, many natural products including botanicals and other nutraceuticals have hypo-

glycemic, antihyperglycemic, insulin-sensitizing, antihyperlipidemic, antihypertensive, and 

anti- infl ammatory activities. There are published studies reporting the antidiabetic activity 

of well over a thousand different botanicals and nutraceuticals. The number of those treat-

ments evaluated in clinical trials is approximately 100 (30). In the vast majority of these tri-

als, the botanicals and nutraceuticals  were evaluated as an adjunct to diet and prescription 

medications. Fifty- eight of the trials  were controlled and conducted in individuals with dia-

betes or impaired glucose tolerance. Of these, statistically signifi cant treatment effects  were 

reported in 88% of trials (23 of 26) evaluating a single botanical and 67% of trials (18 of 

27) evaluating individual vitamin or mineral supplements (reviewed in [30]). When reported, 

side effects  were few and generally mild (gastrointestinal irritation and nausea).

However, many of the studies suffered from design fl aws including small sample sizes (< 10 

subjects), heterogeneity of subjects, and short duration of treatment. Furthermore, there is a 

lack of multiple studies for many of the individual supplements. Despite the apparent lack of 



BOTANICAL INTERVENTIONS FOR TYPE 2 DIABETES 27

side effects of these treatments, it would be prudent to be aware of the potential for dietary 

supplements, especially botanicals, to interact with a patient’s prescription medication. One 

of the most important potential botanical- drug interactions is that of garlic, Trigonella, and 

Ginkgo biloba with nonsteroidal anti- infl ammatory drugs (including aspirin) or warfarin, as 

these botanicals possess limited anticoagulant activity (53, 128). Another potential interac-

tion of concern is one involving G. biloba, a botanical widely used for the treatment of memory 

and concentration problems, confusion, depression, anxiety, dizziness, tinnitus, and headache 

(129, 130). Ingestion of G. biloba extract by patients with type 2 diabetes may increase the 

hepatic metabolic clearance rate of not only insulin but also hypoglycemic medications, re-

sulting in reduced insulin- mediated glucose metabolism and elevated blood glucose (131). 

Another issue to consider with botanicals is the potential for batch- to- batch variation caused 

by age of the plant, geographic source, time of harvest, and method of drying and prepara-

tion, all of which can dramatically impact the purity and potency of active ingredients. None 

of the agents discussed  here are recommended for use in pregnant or lactating women or in 

children. Furthermore, patients should be advised on the proper use of any alternative treat-

ment to avoid the risk of hypoglycemia.

That being stated, several botanical extracts merit consideration as complementary ap-

proaches for use in patients with type 2 diabetes. Botanical treatments with the strongest evi-

dence of clinical safety and effi cacy include I. batas (caiapo), C. indica, T. foenum- graecum 

(fenugreek), M. charantia (bitter melon), and Opuntia (prickly pear cactus; nopal).
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Chapter 3

Botanicals in Dermatology 
and Skin Health

Juliane Reuter,1 Irmgard Merfort,2 Ute  Wölfl e,1 
Günter Seelinger,3 and Christoph M. Schempp1,*

Botanical extracts have been used for cosmetic and therapeutic purposes in the form of fresh 

plants or dried or extracted plant material since ancient times. These extracts are often 

registered as botanical medicine, also referred to as herbal medicine, phytotherapy, or 

phytomedicine (1). Today, increasing numbers of patients and consumers are asking for 

plant- based therapeutic preparations as a complementary dermatologic therapy. Botanical 

therapies are considered as therapeutic alternatives, as agents of safer choice in comparison 

to conventional therapy, or sometimes as the only effective therapeutic way remaining to 

treat a certain skin disease. The cosmetic industry is expanding the use of botanicals by 

introducing plant extracts, herbs, fl owers, fruits, and seed oleates into their products, prom-

ising a gentler, more organic approach to beauty. Botanical- based cosmetics are well ac-

cepted by the consumers because they are said to possess the ability to detoxify, hydrate, 

strengthen, stimulate, relax, and balance the skin and hair. These products with active 

compounds are collectively referred to as “cosmeceuticals” (2)— a portmanteau of cos-

metic and pharmaceutical.

Because the use of botanicals in dermatologic products is becoming increasingly pop u-

lar, clinicians need to learn about their effi cacy and possible side effects. The present chap-

ter mainly focuses on botanicals that have been investigated in clinical trials. However, 

experimental research on botanicals was also considered to a limited extent when it seemed 

promising for product development in the near future.

The present chapter reviews the results of controlled clinical studies on botanicals used 

in dermatology. Plant- derived single compounds already established in dermatological 

therapy such as dithranol, salicylates, or podophyllotoxin are also discussed (Table 3.1). In 

the following sections, the botanicals are discussed under the dermatological indications 

where they have been studied or would be primarily indicated according to their mode of 

action (Table 3.2). Most of the studies on botanical extracts have been performed with 

1 Competence Center Skintegral, Department of Dermatology, University Medical Center Freiburg, Freiburg, Germany
2 Institute of Pharmaceutical Sciences, University of Freiburg, Freiburg, Germany
3 Medical and Pharmaceutical Ser vices, Berlin, Germany
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Table 3.1. Plant- Derived Compounds Already Established in 
Dermatology

• Dithranol (Anthralin) from Andira arraroba
• 8- Methoxypsoralen from Ammi majus
• Podophyllin from Podophyllum peltatum
• Salicylates from Salix alba
• Tannins from Cortex quercus

topical preparations. Where appropriate, studies with botanical food supplements are con-

sidered as well. Finally, the most important limitations for the use of botanicals in derma-

tology are outlined.

Literature references  were obtained between December 2007 and June 2008 covering 

“botanicals,” “phytomedicine,” “phytotherapy,” “herbal therapy,” and “herbal medicine,” 

combined with “dermatology” and “skin.” This combination addresses specifi c skin disor-

ders: “acne,” “rosacea,” “atopic dermatitis,” “psoriasis,” “chronic venous insuffi ciency,” “skin 

infections,” “alopecia,” “vitiligo,” “wounds,” and “skin cancer,” but also “UV- protection” 

and “sunscreen.” To provide the reader with information on the quality of the studies, each 

study was classifi ed according to the levels of evidence (LOE) A-D suggested by the U.K. 

National Health Ser vice (3). In brief, LOE- A is assigned to consistent, randomized, con-

trolled clinical trials and cohort studies; LOE- B is assigned to consistent retrospective co-

horts, exploratory cohorts, outcome researches, case- control studies, or extrapolations from 

LOE- A studies; LOE- C is assigned to case- series studies or extrapolations from LOE- B 

studies; LOE- D is assigned to expert opinions without explicit critical appraisal or based 

on physiology, bench research, or fi rst principles. Whenever possible, the level of evidence 

was indicated for each study in squared brackets, for example, as [LOE- A].

Table 3.2.    Possible Claims and Targets for Botanicals in Dermatology 
According to Their Mode of Action (MOA)

MOA

Cosmetological Claims/Targets                         Pharmacological Claims/Targets

antimicrobial

“impure skin,” acne, infections

dandruff seborrhoic eczema

anti- infl ammatory

“sensitive skin” atopic dermatitis

antiproliferative

dry, scaly skin psoriasis

wound- healing

“fragile skin” ulcers

photoprotective

anti- aging

“mature skin” solar keratoses, skin cancer
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INFLAMMATORY SKIN DISEASES

Atopic Dermatitis

Atopic dermatitis (AD, atopic eczema, neurodermatitis) is a chronic infl ammatory skin 

disease which is most abundant in children but may persist to adulthood or, more often, can 

be replaced by hay fever and asthma in later years (“atopic career”). It represents a hyper-

sensitivity of the immune system with a strong hereditary component and increased re-

sponsiveness to environmental or food allergens or climate and to psychological factors 

like stress or fatigue. Prevalence of AD is increasing, with approximately 10% to 20% of 

children in industrial countries being affected and 1% to 3% of adults.

AD is characterized by red, itching skin with papulovesicles and oozing erosions in the 

acute stage and dry and scaly skin in chronic phases. Lesional skin is often subject to bacte-

rial infections, especially with Staphylococcus aureus. Face, neck, bends of elbows, and hol-

lows of the knees are primary sites, but any other skin areas may also be affected. There is 

no cure for AD, but relief from symptoms is possible and in children there is hope that it will 

vanish over the years. Prevention of atopic outbursts includes avoidance of food allergens or 

inhalative allergens but also optimized skin care, adequate clothing, and many other factors. 

Treatment includes stage- adequate skin care and anti- infl ammatory, antipruritic, and anti-

microbial treatment. The most important drugs are corticosteroids or calcineurin inhibitors 

that are usually applied topically but in severe cases also applied systemically.

Traditional herbal treatment of AD has to consider the actual stage of the disease. Acute, 

oozing eczema is covered (but not occluded) with cold wet packs made from oak bark (Quer-
cus spp.), witch hazel (Hamamelis virginiana), black tea (Camellia sinensis), or chamomile 

(Matricaria recutita) decoctions. In subacute stages and intervals, ointments or creams 

with antiphlogistic and antipruritic drugs like balloon vine (Cardiospermum halicacabum), 

bittersweet (Solanum dulcamara), witch hazel, or oat straw are recommended. Oils from 

borage (Borago offi cinalis) or from eve ning primrose (Oenothera biennis) are rich in g- 

linoleic acid and used for systemic and topical application. Bacterial superinfections are 

treated topically with chamomile tea or oil from St. John’s wort (Hypericum perforatum) 

(4, 5) [LOE- D].

Topical application: For most of these traditionally used herbal treatments, there is lim-

ited evidence from clinical studies (an overview of clinical studies in AD is given in Table 

3.3). A partially double- blind, randomized study was carried out as a half- side compari-

son of a cream containing chamomile (Matricaria recutita) extract from the chemical race 

“Manzana” versus 0.5% hydrocortisone cream and the vehicle cream as placebo in 72 

patients suffering from medium- degree AD. After two weeks of treatment, the chamomile 

cream displayed only a marginal superiority compared to 0.5% hydrocortisone and was not 

superior to placebo (6) [LOE- A].

Since bacterial colonization plays a role in the pathogenesis of AD, antimicrobial activ-

ity of a medical skin care product for AD would be benefi cial. Recently, the antimicrobial 

property of a distillate of witch hazel (Hamamelis virginiana) and urea, formulated as a 

topical dermatological preparation that contains both active ingredients, has been investi-

gated in vivo by using the simple occlusion test in 15 healthy volunteers.

The test revealed a signifi cant antimicrobial activity of the product (7) [LOE- C]. For-

mulations containing Hamamelis distillate have mainly anti- infl ammatory, hydrating, and 
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barrier- stabilizing effects that may be benefi cial in AD maintenance therapy. However, 

Hamamelis is not effi cient enough to treat severe AD, as shown in a double- blind, random-

ized paired trial in patients suffering from moderately severe AD. Seventy- two patients  were 

treated with a Hamamelis distillate cream compared with the corresponding drug- free ve-

hicle and 0.5% hydrocortisone cream over a period of 14 days. The Hamamelis preparation 

was not superior to the vehicle (8) [LOE- A].

In contrast, both antimicrobial activity and therapeutic effi cacy have been demonstrated 

for St. John’s wort (Hypericum perforatum) extract (9, 10). A medical skin care product in 

the form of a cream distributed in Eu ro pe an countries was tested in a randomized, placebo-

 controlled, double- blind, half- side comparison study in 28 patients with AD. The effi cacy 

of the Hypericum cream was signifi cantly superior to its vehicle. The skin tolerance and 

cosmetic acceptability of the Hypericum cream was excellent (9) [LOE- A]. In addition to 

antimicrobial activity, one possible mode of action of St. John’s wort and its major com-

pound hyperforin might be the inhibition of the antigen- presenting capacity of epidermal 

Langerhans cells (11) [LOE- D].

Another placebo- controlled study with only seven AD patients was performed with Shi-

unko, a typical Japa nese Kampo drug made from herbal extracts. The clinical effectiveness 

and the changes in bacterial species and cell numbers on the skin  were evaluated. Bacterial 

counts  were reduced with Shiunko in four of seven patients compared to one for placebo 

(12) [LOE- B].

No effect superior to placebo could be demonstrated in the following trials: a random-

ized, double- blind, placebo- controlled trial with 53 patients with mild to intermediate AD 

using 20% and 10% sea buckthorn (Hippophae rhamnoides) containing cream (13) [LOE-

 A]; a randomized, double- blind, placebo- controlled study with 20 AD patients using an 

ointment containing 15% black seed (Nigella sativa L.) oil (14) [LOE- A].

Oregon grape root: Besides displaying antimicrobial activity due to berberine and 

other constituents, Oregon grape root inhibits proinfl ammatory cytokines. A cream con-

taining 10% Mahonia extract (“psorberine”) has recently been evaluated in an open- label 

trial in 42 adult AD patients treated three times daily over a period of 12 weeks. There 

was a signifi cant improvement of the Eczema Area and Severity Index (EASI) score (15) 

[LOE- B].

An open, noncontrolled study with 27 children suffering from AD was conducted with 

an over- the- counter herbal ointment containing 5% of homeopathic mother tinctures each 

of the botanicals Oregon grape root (Mahonia aquifolium), pansy (Viola tricolor horten-
sis), and gotu kola (Centella asiatica). Within the 2–4- week observation period, the symp-

toms resolved completely in 22% of the patients, an additional 60% reporting marked 

improvement (16) [LOE- B]. In a previously conducted, double- blind, clinically vehicle- 

controlled, randomized, half- side comparison with 88 adult patients suffering from mild to 

moderate AD, the same ointment was not superior to the vehicle after four weeks of treat-

ment. However, a subanalysis indicated that the cream might be effective under conditions 

of cold and dry weather (17) [LOE- A].

Glycyrrhetinic acid as the most important compound from licorice has been shown to pos-

sess pronounced anti- infl ammatory activity (18) [LOE- D]. A standardized extract of licorice 

(Glycyrrhiza glabra) in the form of a 1% and 2% gel has been investigated in the treatment 

of AD. In a double- blind, vehicle- controlled phase II trial, 2% licorice gel was more effec-

tive than 1% gel and the vehicle in reducing the scores for erythema, oedema, and itching 

after two weeks of treatment (30 patients in each group) (19) [LOE- A].
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A new, pharmacy- sold, phytotherapeutic cream for the treatment of AD contains 2% 

glycyrrhetinic acid, an extract of the leaves of grape vine (vitis vinifera), allantoin, and telm-

esteine (3- ethylhydrogen- 3,4- thiazolidine- dicarboxylate). The compound telmesteine and 

the Vitis vinifera extract display antiprotease activity that inhibits harmful enzymes pro-

duced by damaged skin (20) [LOE- D]. Vitis vinifera contains oligomeric proanthocyani-

dines, which are among the most potent antioxidants in nature. They scavenge and neutralize 

free radicals and prevent oxidative damage to vascular endothelium. In addition, proantho-

cyanidines form a barrier against enzymes involved in the destruction of elastin, collagen, 

and other substances that maintain skin integrity (21) [LOE- D]. Telmesteine has also been 

shown to possess free radical– scavenging activities. In a small, randomized, double- blind, 

vehicle- controlled trial with 20 subjects, this cream was superior to the vehicle in im-

proving the sodium lauryl sulfate– induced irritant contact dermatitis as mea sured by pa-

ram e ters such as the transepidermal water loss (22) [LOE- B]. A Eu ro pe an randomized, 

double- blind, vehicle- controlled study with 30 adult AD patients suffering from mild to mod-

erate AD revealed that the above cream is safe and effective in the treatment of AD (20) 

[LOE- A]. This study was followed by a multicenter, randomized, vehicle- controlled clini-

cal study over a period of fi ve weeks with 218 AD patients in the United States, which 

confi rmed the results of the pi lot study, demonstrating highly signifi cant superiority over 

placebo in all test pa ram e ters (21) [LOE- A].

Oral application: Oolong tea, a variety of black tea (Camellia sinensis), orally adminis-

tered (1000 ml distributed to three serving sizes per day) seems to be effective in the treat-

ment of recalcitrant AD. In an open study conducted over a period of six months with 121 

patients, 63% of the subjects showed moderate to marked improvement of the skin after 

one month of treatment. Good treatment response was still observed in 54% of the patients 

after six months. The therapeutic effi cacy of oolong tea in AD is attributed to the antialler-

gic properties of the oolong tea polyphenols (23) [LOE- B].

Japa nese Kampo medicines have been investigated for effi cacy and safety in 95 patients 

with recalcitrant AD (24) [LOE- C]. The most commonly used Kampo formula was Hochu-

 ekki- to containing astragalus root (Astragalus membranaceus), licorice (Glycyrrhiza glabra), 

jujube (Ziziphus zizyphus), ginseng (Panax ginseng), white Atractylodes rhizome (Atracty-
lodes macrocephalae), fresh ginger (Zingiber offi cinale), and Chinese angelica root (Angel-
ica sinensis). Since Kampo medicines are individually formulated for each patient, it was 

not possible to choose a defi ned Hochu- ekki- to formula as treatment for all types of AD in a 

randomized controlled study. The outcome of the study with 95 AD patients showed a slight 

(38%) to moderate (35%) or marked (20%) effect on the suppression of AD. The formula was 

in effec tive in 4% of the patients (24) [LOE- C].

Japa nese herbal medicine is thought to be useful as an alternative therapy of intractable 

AD in association with diet. It has been shown that increased blood eosinophil counts in 

patients with recalcitrant AD decreased signifi cantly, and the serum- IgE levels also showed 

a tendency to decrease after administration of Hochu- ekki- to (25) [LOE- D].

Traditional Chinese herbal medicines (TCM) have been used to treat AD for many years, 

and their effi cacy has attracted public attention. Several clinical trials have demonstrated the 

effi cacy of TCM. Recently, a randomized, double- blind, placebo- controlled trial with 85 chil-

dren suffering from AD has been conducted with twice daily dosing of three capsules of ei-

ther TCM or placebo for 12 weeks. The daily dose corresponded to 9 g of an herbal formula 

consisting of Lonicerae fl os (Jinyinhua) 2 g, Menthae herba (Bohe) 1 g, Moutan cortex 
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(Danpi) 2 g, Atractylodis rhizoma (Cangzhu) 2 g, and Phellodendri cortex (Huangbai) 2 g. 

The results of this study suggested that the TCM concoction is effi cacious in improving qual-

ity of life and reducing topical corticosteroid use in children with moderate to severe AD. 

However, there was no signifi cant difference in the improvement of symptoms as determined 

by SCORAD (Scoring of Atopic Dermatitis) (26) [LOE- A]. Another double- blind, placebo-

 controlled crossover trial investigated a formulation of ten orally administered Chinese 

medicinal plant extracts (Clematis armandii, Dictamnus dasycarpus, Glycyrrhiza glabra, 

Ledebouriella saseloides, Lophatherum gracile, Rehmannia glutinosa, Paeonia lactifl ora, 

Potentilla chinensis, Tribulus terrestris, and Schizonepeta tenuifolia) in 40 adult patients. 

Patients had to drink 200 ml of freshly prepared decoction once a day, corresponding to 

10 g of the above blend, or to a placebo blend of plants not estimated as helpful for AD. The 

extent and severity of erythema and surface damage  were signifi cantly reduced under 

verum compared to placebo. A subjective improvement of itching and sleep could be de-

noted during the treatment phase (27) [LOE- A]. Symptoms  were signifi cantly improved and 

stabilized during the one- year follow- up (28) [LOE- A].

A double- blind, placebo- controlled, randomized trial with 49 patients could not demon-

strate that oral administration of a triherbal combination of Siberian ginseng (Eleutherococ-
cus senticosus), yarrow (Achillea millefolium), and white deadnettle (Lamium album) in 

addition to topical treatments has an advantage over placebo in the treatment of AD (29) 

[LOE- A]. A randomized, double- blind, placebo- controlled, parallel group trial with 151 AD 

patients including children investigated the effi cacy and tolerability of oral high- dosage treat-

ment with borage oil, which contains a high concentration of g- linolenic acid (30) [LOE- A].

In summary, good scientifi c data are scarce for most traditionally used botanical treat-

ments of AD, but their application seems justifi ed on the basis of long- time clinical experi-

ence and theoretical considerations based on their active ingredients. However, their effi cacy 

depends on good knowledge of drug quality, adequate preparation, and correct application. 

It is therefore desirable that more standardized preparations be developed and clinically 

proven. Of the plant species reported  here, St. John’s wort, Oregon grape root, licorice, and 

some traditional Chinese medicines are clearly on this path.

Psoriasis

Like AD, psoriasis represents an infl ammatory erythematous and scaly skin disease but 

with a Th1 rather than Th2 cytokine pattern and an abnormal hyperproliferation of kerati-

nocytes. Psoriasis also has a hereditary component, that is, when arthritis is present, and may 

be aggravated by lifestyle factors like alcohol and smoking. In severe stages, psoriasis may 

cover the  whole body surface, and it can affect nails and joints. Mainly adult people are 

concerned, with a prevalence of about 2% to 3% in Western countries. Treatment strategies 

include topical application of anthralin, tar, and corticosteroids but also systemic immuno-

modulatory and anti- infl ammatory treatments with methotrexate, cyclosporine, or new bio-

technological drugs like TNF or adhesion molecule antagonists. Phototherapy with 

ultraviolet B (UVB) or psoralen plus ultraviolet A (PUVA) is also effective.

Plant- derived standard therapies: The basic psoriasis therapy includes topical prepara-

tions containing salicylic acid (SA), originally derived from white willow bark (Salix 
alba). SA is ubiquitously found in plants, where it functions as a phenolic phytohormone. 
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SA- containing preparations have exfoliative effects on hyperkeratotic skin lesions and are 

therefore benefi cial to “prepare” psoriatic skin for an anti- infl ammatory treatment.

One of the most important topical psoriasis treatments is dithranol (in Germany, cigno-

lin; in the United States, anthralin). Currently manufactured synthetically, dithranol was 

derived in former days from chrysarobin, a constituent of the bark of the araroba tree 

(Andira araroba) or goa tree found in the rain forests of the Amazon. Dithranol inhibits the 

release of proinfl ammatory cytokines and the growth of keratinocytes. Recently, a random-

ized, multicenter study with 106 patients revealed that topical dithranol, although diffi cult 

to use in an outpatient setting, is even superior to other established topical psoriasis drugs 

such as vitamin D3 analogues (31) [LOE- A].

The abnormal growth of keratinocytes is also inhibited by psoralens in combination with 

ultraviolet A irradiation (PUVA). The most potent psoralen is 8- methoxypsoralen (8- MOP, a 

furocoumarin from Ammi majus). Psoralens are photosensitizers that occur in different 

plant families such as Apiaceae, Rutaceae, and Moraceae (32) [LOE- D]. While PUVA was 

widely used as a systemic therapy in the United States and Eu rope, various studies have re-

cently confi rmed the antipsoriatic effi cacy of 8- MOP as a bath additive or cream in combi-

nation with phototherapy for the topical treatment of psoriasis (33, 34) [LOE- A].

Traditional oral treatment of psoriasis with depurative teas has no scientifi c backup. 

The following antipsoriatic drugs are all applied topically. An overview of clinical studies 

on botanicals for psoriasis is given in Table 3.4. Oregon grape root (Mahonia aquifolia or 

Berberis aquifolium) is used not only for the treatment of acne but also for psoriasis. Re-

cently, a report on three open clinical trials using Mahonia aquifolium cream and a review 

of earlier clinical data with Mahonia aquifolium for the treatment of plaque psoriasis has 

indicated that this botanical is a safe and possibly effective treatment for patients with 

mild to moderate psoriasis (35). A recent randomized, double- blind, placebo- controlled 

study in 200 patients yielded statistical proof of effi cacy and safety of a 10% topical Ma-
honia cream standardized to 0.1% berberine in the treatment of psoriasis, with improve-

ment in the Psoriasis Area Severity Index (PASI) as well as in the Quality of Life Index 

(36) [LOE- A].

Avocado oil combined with vitamin B12 in a cream has been shown in a randomized, 

prospective clinical trial to be equally benefi cial as calcipotriol in the topical treatment of 

psoriasis without any adverse effects, especially with regard to long- term treatment (37) 

[LOE- A].

A double- blind, placebo- controlled clinical trial with 197 patients has shown that cap-

saicin (trans- 8- methyl- N-vanillyl- 6- nonenamide), the main ingredient in cayenne pepper 

(Capsicum frutensis), applied as an 0.025% cream four times daily for six weeks signifi -

cantly decreases symptoms in psoriasis. The psoriasis severity score combined from scal-

ing, thickness, erythema, and pruritus was different between both treatment groups from 

week 4 to week 6 (p = 0.03) (38) [LOE- A]. These observations have already been estab-

lished in former days in a double- blind, placebo- controlled study in 44 patients during a six- 

week treatment with topical capsaicin in moderate and severe psoriasis vulgaris; there was 

no difference in effi cacy between 0.01% and 0.025% capsaicin cream but signifi cant supe-

riority of both to placebo (39) [LOE- A]. Transient burning at the site of application is the 

most frequent adverse effect reported in both trials. However, capsaicin is contraindicated 

on injured skin and should not be used on the face. Moreover, the time of application 

should be limited.
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The effi cacy of bitter melon (Momordica charantia), another botanical that has been 

traditionally used for the treatment of psoriasis (40) [LOE- D], has not been proven yet in 

controlled clinical studies.

Aloe vera (Aloe barbadensis) is utilized as an ingredient in a myriad of health and cos-

metic products, principally because of its valuable moisturizing emollient effects. Scientifi c 

literature yields confl icting reports on the effi cacy of aloe vera in the treatment of psoriasis. 

A randomized, double- blind, placebo- controlled study with 60 patients treated with 0.5% 

aloe vera extract in a hydrophilic cream three times daily for up to four weeks showed the 

cream to be more effective than placebo without any side effects. Only 2 of 30 patients in 

the placebo group but 25 of 30 in the treatment group  were rated as cured after four weeks, 

and the Psoriasis Area Severity Index (PASI) decreased from 8.9 to 8.2 in the placebo 

group and from 9.7 to 2.2 under verum treatment (41) [LOE- A]. In contrast, another double-

 blind, placebo- controlled study with 41 patients with slight to moderate psoriasis showed 

only a modest effect of a commercial, aloin- free aloe vera gel that was not superior to pla-

cebo. However, the high response rate of the placebo gel indicated a possible effect of the 

placebo in its own right, which could have made the aloe vera gel less effective (42) [LOE-

 A]. The difference may also be caused by the presence or absence of aloin, belonging to the 

anthranoids, which are known to have benefi cial effects on psoriasis.

A double- blind, placebo- controlled pi lot study with 30 patients was conducted to deter-

mine the effectiveness of the oil of the kukui nut tree (Aleurites moluccana) as a topical treat-

ment for psoriasis. No signifi cant benefi cial effect of the oil could be demonstrated [LOE- A], 

although anecdotal reports existed from psoriasis patients visiting Hawaii who seemed to 

benefi t from topical kukui nut oil (43).

In the treatment of psoriasis, traditional Chinese herbal medicines (TCM) are commonly 

used. Randomized, controlled clinical trials to assess the effi cacy of Chinese herbs are dif-

fi cult to undertake, because TCM, similar to Japa nese Kampo medicines, consist of a mix-

ture of herbs individually formulated for the patient. The specifi c combination utilized is 

often changed over time according to the clinical status of the patient. Therefore, scientifi c 

literature yields little with regard to controlled clinical trials to substantiate the effects of 

those herbal mixtures. However, a great number of uncontrolled studies have been per-

formed with TCM in psoriasis. In these trials, a total of 174 Chinese herbs have been used. 

The ten most commonly used herbs are Rhemannia glutinosa, Angelica sinensis, Salvia 
miltiorhiza, Dictamnus dasycarpus, Smilax glabra, Oldenlandia diffusa, Lithospermum 
erythrorhizon, Paeonia lactifl ora, Carthamnus tinctorius, and Glycyrrhiza uralensis. Most 

of the key actions of those botanicals, relevant to reduce psoriatic symptoms, refl ect anti- 

infl ammatory activities, modulation of cytokine production, or inhibition of angiogenesis 

(44) [LOE- D]. More experimental studies are needed to elucidate the exact mode of action 

of the specifi c herbs.

India madder root (Rubia cordifolia) is a Chinese herb with antiproliferative properties. 

There is evidence that induction of apoptosis of keratinocytes is the underlying mechanism 

for the observed antiproliferative action of Rubiae radix. Experimental results suggest that 

this drug is a promising source from which an herb- based topical agent could be developed 

for the treatment of psoriasis (45) [LOE- D].

In summary, there are some promising herbal treatments for psoriasis, which is a diffi cult-

 to- treat and chronic disease requiring a number of well- tolerated alternatives for individual 

therapy. In addition to the well- established plant- derived molecules, Oregon grape root 

and capsaicin are interesting candidates, and it is defi nitely reasonable to conduct more 
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controlled clinical trials to substantiate positive effects of TCM in the treatment of psoria-

sis. However, psoriasis will require combination rather than monotherapy, and tolerability 

and cosmetic effects of botanical formulations are nearly as important as their therapeutic 

potency.

Acne

Acne is a common dermatological disease affecting about three of four juvenile people. 

It is characterized by numerous comedones which get infl amed at varying degrees, form-

ing papules and pustules. Increase in androgenic ste roids during puberty and a ge ne tic 

disposition are the main causes, leading to overproduction of sebum and supranormal kera-

tinization of hair follicles. Acne may be aggravated by external factors like smoking and 

use of inadequate cosmetics and especially by bacterial infection with Propionibacterium 
acnes. Severe acne (“acne conglobata”) may cause serious social and psychological prob-

lems and leave scars in face and soul. Medical treatment aims at normalization of sebum 

production and keratinization and includes hygienic mea sures, peeling of hyperkeratinized 

skin, and anti- infl ammatory and antibiotic drugs applied topically or systemically.

Traditional phytomedicines play an adjuvant role in acne therapy in Eu rope in addi-

tion to or in combination with intensive cosmetic care. A large number of herbs with anti- 

infl ammatory, antihydrotic and/or antibacterial compounds are used for washings or steam-

baths. Examples are chamomile (Matricaria recutita), marigold (Calendula offi cinalis), and 

wheat bran (Triticum aestivum) (46). After cleaning, creams or aqueous decoctions with as-

tringent compounds like tannins are applied topically. Witch hazel (Hamamelis virginiana) 

bark extract is most commonly used because it is considered to be very safe in topical admin-

istration. Other tannin- containing plants include white oak bark (Quercus alba), En glish 

walnut leaf (Juglans regia), agrimony (Agrimonia eupatoria), goldenrod (Solidago virgau-
rea), jambolan bark (Syzygium cuminum cortex), Labrador tea (Ledum latifolium), lady’s 

mantle (Alchemilla mollis), lavender (Lavandula angustifolia), mullein (Verbascum thap-
sus), rhatany (Krameria triandra), Chinese rhubarb (Rheum palmatum), St. John’s wort 

(Hypericum perforatum), and yellow dock (Rumex crispus) (47) [LOE- D]. Other herbs tradi-

tionally used topically or as depurative teas are daisy (Bellis perennis), pansy (Viola tricolor), 
quitch (Elymus repens), and dandelion (Taraxacum offi cinale) (46).  Horse tail (Equisetum 
spp.) tea is recommended because of its high content of silicic acid, and topical application 

of yellow milk from fresh leaves of aloe (Aloe ferox) for its anthranoids [LOE- D].

Oral application: Vitex (Vitex agnus- castus) orally taken has been shown to be effective 

in the treatment of premenstrual acne (48) [LOE- D]. The  whole- fruit extract increases pro-

gesterone levels and decreases estrogen levels by acting upon follicle- stimulating hormone 

and luteinizing hormone levels in the pituitary gland and decreases exceedingly high pre-

menstrual prolactin levels via dopaminergic mechanisms (49). The German Commission E 

has recommended an intake of 40 mg per day. The agent should not be taken by pregnant 

or nursing women and adverse effects such as gastrointestinal tract upset and skin rashes 

are reported (49).

Topical effects: Besides the traditionally used antiacne botanicals, several herbs have 

been investigated for antimicrobial activities to evaluate their potential as herbal therapeu-

tics for acne. Propionibacterium acnes, an anaerobic pathogen, plays an important role in 

the pathogenesis of acne and seems to initiate the infl ammatory pro cess by triggering the 
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release of reactive oxygen species (ROS) and proinfl ammatory cytokines (50) [LOE- D]. 

Interestingly, the pronounced antibacterial effect of licorice (Glycyrrhiza glabra) against 

Propionibacterium acnes is not associated with the induction of re sis tance in the bacteria 

(51) [LOE- D]. A recent screening of plant extracts for antimicrobial activity against bacte-

ria and yeasts with dermatological relevance revealed a strong inhibitory effect on Propi-
onibacterium acnes of usnic acid, the major constituent of beard lichen (Usnea barbata). 

Bacterial growth was inhibited at concentrations from 1 μg/ml up. Moreover, Usnea bar-
bata displays antioxidative and broad antimicrobial properties, making it a promising agent 

for the treatment of acne (52) [LOE- D]. A four- week open clinical trial compared essential 

oil from basil (Ocimum gratissimum) in four different concentrations (0.5% to 5%) and in 

four different bases to placebo and standard therapy (10% benzoyl peroxide). Two percent 

Ocimum essential oil in hydrophilic (alcohol or cetomacrogol) bases reduced lesions faster 

than standard and was well tolerated, while 5% was also highly effective but irritating. Al-

though 126 students  were included in the patient population, the number of treatment groups 

was too high for valid statistical proof of effi cacy (53) [LOE- B]. Because of their antimicro-

bial effects, the German Commission E has also approved topically administered bittersweet 

nightshade (Solanum dulcamara) and systemically administered brewer’s yeast (Saccharo-
myces cerevisiae) in the treatment of acne (48) [LOE- D]. Topical duckweed (Lemna minor) 
is used in China to treat acne (48) [LOE- D].

Oregon grape root (Mahonia aquifolium or Berberis aquifolium) is used for chronic skin 

eruptions or rashes associated with pustules in Western traditional medicine as well as in 

the Japa nese Kampo medicines (Japa nese traditional herbal medicines based on combina-

tions of a number of individual medicinal plants). The main constituents of the crude ma-

honia extract are the two protoberberine alkaloids, berberine and jatrorrhizine, that display 

antimicrobial activity against various strains of coagulase negative staphylococci, Propi-
onibacterium acnes and Candida species in vitro (54) [LOE- D]. It has been shown recently 

in an animal model that 100 μM berberine suppresses sebaceous gland lipogenesis by 63% 

(55) [LOE- D]. The alkaloid berberine is a bitter substance which displays antiadipogenic 

and anti- infl ammatory effects on 3T3- L1 adipocytes in vitro, and the antiadipogenic effect 

seems to be caused by the down- regulation of adipogenic enzymes and transcription fac-

tors (56) [LOE- D]. However, the exact mode of action of berberine and berberine- rich bo-

tanicals in acne is still unknown.

The volatile oil of tea tree (Melaleuca alternifolia), a traditional herbal remedy of the 

Australian aborigines for bruises and skin infections, might also be benefi cial in the treat-

ment of acne. Besides its well- known antimicrobial properties, tea tree oil (TTO) displays 

anti- infl ammatory activities by reducing histamine- induced infl ammation of the skin (57) 

[LOE- D]. In a three- month, single- blind clinical trial with 124 patients, both 5% TTO and 

5% benzoyl peroxide ameliorated acne, although the onset of action was slower for TTO; 

however, fewer patients in the TTO group complained of skin discomfort (58) [LOE- B]. 

While a placebo group was missing in this older report, recently, a 45- day, randomized, 

double- blind, placebo- controlled study with 60 patients has proven the effi cacy of 5% 

topical TTO gel in mild to moderate acne vulgaris. TTO gel was 3.55 times more effective 

than placebo in terms of the total acne lesions counting test and 5.75 times more effective 

in the acne severity index (59) [LOE- A]. Although the study provided no evidence for dif-

ferences in side effects and tolerability, the sensitizing potential of TTO and oxidized 

monoterpenes should be taken into account when using TTO for the treatment of acne 

(60) [LOE- C].
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Gluconolactone is formed from a polyhydroxy acid synthesized by Saccharomyces bul-
deri (61) [LOE- D]. The results of a 150- patient, double- blind clinical study with topical ap-

plication of 14% gluconolactone solution demonstrated a clearance of infl amed acne lesions 

that was signifi cantly superior to placebo and comparable to 5% benzoyl peroxide but with 

fewer side effects (62) [LOE- A].

In summary, traditional herbal treatment in combination with cosmetic care is a well- 

established basis of acne therapy. Some botanicals, especially Oregon grape root, TTO, sac-

charomyces, and perhaps basil, may have the potential to replace chemical standard therapy 

in mild to moderate cases because of their effi cacy and higher tolerability. Further valid con-

trolled clinical studies that also consider optimization of pharmaceutical preparations are 

needed.

INFECTIOUS SKIN DISEASES

Bacteria, viruses, and fungi may not only cause primary infections of the skin like warts, 

herpes, folliculitis, onychomycosis, erysipelas, and many more but also complicate existing 

dermatological disorders like oozing eczema or intertrigo. Three factors suggest that infec-

tions of the skin will remain important in the future: increased mobility with dispersal of 

microorganisms across the world, susceptibility of the skin because of intensive hygiene, and 

development of resistant strains, for example, in Staphylococcus aureus. Plant extracts, 

juices, and decoctions have always been used to treat infections of the skin.

Bacterial infections: Numerous botanical compounds exhibit antimicrobial activities in 

vitro. Usually, antiseptic or antibiotic treatment is still the treatment of choice, and plant- 

derived antimicrobial therapeutics are rather used in an adjuvant manner or in mild cases of 

bacterial infections. For example, tea tree oil (Melaleuca alternifolia; TTO) not only is 

benefi cial in the topical therapy of acne as mentioned before. It also functions as a topical 

antiseptic with an effi cacy superior to that of phenol and displays broad- spectrum antimicro-

bial activity in vitro against gram- negative bacteria such as Escherichia coli, gram- positive 

bacteria such as Staphylococcus aureus, and the yeast Candida albicans (63) [LOE- D]. 

Disruption of plasma membrane barriers for ions and small molecules is discussed as a 

mode of action, monoterpenes being the active compounds.

Hyperforin, a major compound from St. John’s wort (Hypericum perforatum), has been 

demonstrated to be highly effective against a panel of gram- positive bacteria, including 

multiresistant Staphylococcus aureus (10) [LOE- D].

Coriander oil (Coriandrum sativum) is another topical plant- derived agent with distinct 

antibacterial effi cacy and good skin tolerance (32) [LOE- D]. It has been shown to be highly 

effective against Escherichia coli and other bacteria and fungi in vitro (64– 68) [LOE- D]. 

Some isolated compounds (long-chain alcohols and aldehydes) may be very effective, but 

their combined effects in the crude oils are diffi cult to predict. Dodecenal from coriander 

had a minimum bactericidal concentration of 6.25 μg/ml against Salmonella choleraesius 

(68). Strength and spectrum of coriander oil fractions often exceeded those determined in 

the crude oil, but mixing of single fractions could result in additive, synergistic, or antago-

nistic effects. Recently, a topical lipolotio containing 1% v/v coriander oil has also been 

shown to inhibit UVB- induced erythema in humans to a signifi cantly higher extent com-

pared to placebo but less than 1% hydrocortisone (69) [LOE- A], making coriander oil an 

interesting treatment for infl ammatory skin diseases with bacterial colonization.
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Various plant extracts and isolated compounds have been screened for antimicrobial ef-

fects on bacteria and yeasts with dermatological relevance. Plant extracts from olibanum 

(Boswellia serrata), rosemary (Rosmarinus offi cinalis), sage (Salvia offi cinalis), and others 

have been shown to inhibit the growth of several gram- positive bacteria such as Staphylococ-
cus aureus (including methicillin- resistant strains), Propionibacterium acnes, and Coryne-
bacterium species (52) [LOE- D].

Japa nese Kampo formulations have also been shown to possess antibacterial properties 

directed toward Propionibacterium acnes, Staphylococcus epidermidis, and Staphylococ-
cus aureus (70) [LOE- D].

Fungal infections: Numerous botanicals, especially essential oils, exhibit antifungal ac-

tivities in vitro. The essential oil of snow gum (Eucalyptus paucifl ora) has been shown to pos-

sess strong antifungal properties against a broad spectrum of human pathogenic fungi, 

including Epidermophyton, Microsporum, and Trichophyton species. Within a non-vehicle-

 controlled clinical study, 1% essential oil formulated into an ointment was applied topically 

twice a day for three weeks to 50 patients suffering from tinea pedis, tinea corporis, or tinea 

cruris. After the second week of treatment, all patients  were negative for fungal infection 

confi rmed by microscopic evaluation of the scraping from the infected area after staining 

with 10% potassium hydroxide (KOH). After three weeks of treatment, 60% of the patients 

recovered completely as proven by microscopic evaluation and clinical signs such as erythema, 

scaling, itching, maceration, vesiculation, and pustulation, and 40% of the patients showed 

signifi cant improvement of the clinical signs of tinea without any adverse effects. No KOH- 

negative cases relapsed at reexamination of the patients two months after the end of the 

treatment (71) [LOE- B].

Another antifungal plant is garlic (Allium sativum). Garlic contains the biologically active 

ingredient ajoene, a trisulphur compound that has been demonstrated to possess antifungal 

properties. In a clinical study with 34 patients suffering from tinea pedis, the use of an 0.4% 

ajoene cream resulted in complete clinical and mycological cure in 79% of the patients af-

ter seven days of treatment. The remaining 21% of patients achieved complete healing 

after seven additional days of treatment. All patients  were evaluated for recurrence of my-

cotic infections 90 days after the end of treatment, yielding negative mycological cultures 

(72) [LOE- B].

Viral infections: Numerous botanicals exhibit antiviral properties in vitro. Only a few 

have been studied in vivo so far. Lemon balm (Melissa offi cinalis) formulated into a cream 

was investigated in a double- blind, placebo- controlled, randomized trial in 66 patients 

with recurrent herpes simplex labialis. The cream was used four times daily over a period 

of fi ve days on the affected area. Lemon balm treatment resulted in signifi cantly faster 

healing time and reduced spread of infection, blistering, and pain compared to placebo (73) 

[LOE- A].

A well- established dermatological therapy of Condylomata acuminata, which are caused 

by human papilloma viruses, is podophyllotoxin, extracted from the root of American may-

apple (Podophyllum peltatum). Recently, in a randomized, double- blind study, 97 patients 

suffering from recurrent condylomata acuminata  were treated with a podophyllotoxin solid 

lipid nanoparticles gel and a standard podophyllotoxin gel. The condyloma clearance rate 

in patients receiving podophyllotoxin solid lipid nanoparticle gel was 97.1%, close to that 

for patients treated with the routine preparation of 90.6%, but the nanoparticle preparation 

signifi cantly reduced the recurrence rate and adverse side effects. It was concluded that 

podophyllotoxin delivered via solid lipid nanoparticle gel can effectively clear Condylomata 
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acuminata and reduce the recurrence rate with only mild, tolerable side effects (74) 

[LOE- A].

An extract of arbor vitae (Thuja occidentalis) in the form of a tincture has traditionally 

been used as a topical treatment for common warts (Verrucae vulgares). Similarly, the ap-

plication of fresh juice from greater celandine (Chelidonium majus) is said to be benefi cial 

in the treatment of warts (52) [LOE- D]. Traditional systemic botanical treatment of warts 

includes immunostimulating plant extracts from purple conefl owers (Echinacea purpurea) 

or Siberian ginseng (Eleutherococcus senticosus) administered orally over a period of eight 

weeks (52) [LOE- D]. However, the effi cacy of these traditional therapies has not been proven 

in controlled clinical trials so far.

In summary, there are effective botanicals for topical treatment of bacterial, fungal, and 

viral infections of the skin. They can be used adjuvant to other therapeutical mea sures or 

alone in mild to moderate cases. Especially when essential oils are used, possible contact 

sensitizations should be kept in mind. An important aspect is that garlic or aromatic herbs 

may be available when modern medicine is not, and this applies not only to the Third World 

but also to catastrophes in industrial nations, as we are experiencing them again and again. 

Some of these treatments are old  house remedies that should not be forgotten.

CHRONIC VENOUS INSUFFICIENCY

Age, sedentary lifestyle, and obesity favor chronic venous insuffi ciency (CVI)— all fac-

tors with increasing importance in modern industrial societies. Primarily a vascular disease 

characterized by insuffi cient blood fl ow, edema, and heavy legs, CVI will cause itching, dark-

ening, and hardening of lower leg skin and fi nally ulcera, thus entering the fi eld of dermatol-

ogy. Physical training is regarded as the best therapy, but many older patients are limited in 

this respect. Compression stockings and diuretics may give some relief, but their effect is 

only symptomatic. Topically applied creams and ointments have, apart from short- time re-

lief from itching or infl ammation, little effect beyond the physical massage pro cess and of-

ten bear a risk of causing an allergic rush. There is, however, no convincing orally applied 

synthetic drug either.

Some botanicals reduce edema and infl ammation, display antioxidative and proteolytic 

effects, and are able to seal the capillaries in CVI. Furthermore, they increase the venous 

tone and enhance the lymphatic fl ow. Orally administered botanicals for the venous system 

are especially used in the case of insuffi ciency, contraindication, or intolerance of compres-

sion therapy. Several botanicals are traditionally used to treat CVI and are fi rst- line treat-

ments for this indication today.

Extracts from the seeds of the  horse chestnut (Aesculus hippocastanum) with the major 

constituent escin, a complex mixture of biologically active triterpenes, have traditionally been 

used to treat patients with CVI and to alleviate associated symptoms, including lower leg 

swelling. The effi cacy of preparations containing  horse chestnut seed extract is believed to be 

largely caused by an inhibitory effect on the catalytic breakdown of capillary wall proteo-

glycans (75) [LOE- D]. More than a dozen placebo- or reference- controlled clinical trials have 

shown that  horse chestnut extract is superior to placebo and as effective as reference medica-

tions in improving objective symptoms of CVI like pain and leg volume (76) [LOE- A].

Flavonoid- containing drugs: Japa nese pagoda tree (Styphnolobium japonicum) extract 

contains a high amount of the fl avonoid rutin, which has pronounced antioxidative capacity 
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(77) [LOE- D]. The capacity of 1 to 2 g oxerutin (syn. 7- O-g- hydroxyethyl- rutosides) daily 

to improve symptoms of CVI stages I and II and to protect long- distance fl yers from edema 

with ankle swelling and pain was reported in several controlled clinical trials, for example, 

(78– 80) [LOE- A]. In a double- blind, randomized, placebo- controlled multicenter study, the 

effi cacy of oxerutin has been evaluated in 120 female patients suffering from stage II CVI. 

The patients received 1 g oxerutin daily over a treatment period of 12 weeks with a follow-

 up period of 6 weeks. It turned out that the oxerutin treatment combined with compression 

therapy was signifi cantly superior to compression therapy alone with regard to edema re-

duction. Moreover, the therapeutic effect of oxerutin was per sis tent even after cessation of 

the treatment (81) [LOE- A].

Rutin derivatives (“fagorutin”) are also found in buckwheat (Fagopyrum esculentum); 

a randomized, double- blind, placebo- controlled clinical trial with 67 patients suffering 

from CVI found no change in leg edema during 12 weeks of treatment phase but a signifi -

cant increase in the placebo group. Changes in other pa ram e ters  were not signifi cant (82) 

[LOE- A].

Red wine leaf (Vitis viniferae folium) extract is an herbal medicine containing various 

fl avonoids, with quercetin- 3- O-beta- glucuronide and isoquercitrin (quercetin- 3- O-beta- 

glucoside) as the main components (83). Red wine leaf extract has been administered orally 

in once- daily doses of 360 mg and 720 mg in comparison to placebo in a 12- week, random-

ized, double- blind, placebo- controlled, parallel- group, multicenter study in patients with stage 

I and incipient stage II CVI. The extract was safe and effective in a dose- related manner in 

the treatment of mild CVI, signifi cantly reducing edema and circumference of the lower leg 

and improving CVI- related symptoms to a clinically relevant extent. The edema reduction was 

at least equivalent to that reported for compression stockings and/or other edema- reducing 

agents (83) [LOE- A].

An extract from French maritime pine bark (Pinus maritima) (pycnogenolTM) standard-

ized for oligomeric proanthocyanidins has been shown to be benefi cial at 150 mg daily in 

the treatment of CVI in a randomized, placebo- controlled, four- week trial with 39 patients; 

resting fl ux, rate of ankle swelling, edema, and a complex analogue scale for symptom rat-

ing all showed signifi cant improvement versus start and versus placebo (84) [LOE- A]. In 

an open, controlled study with 40 patients comparing the effi cacy of 360 mg pycnogenol 

daily to 600 mg  horse chestnut seed extract over a period of four weeks, both medications 

 were equally well tolerated, but French maritime pine bark extract was superior to the  horse 

chestnut seed extract (85) [LOE- B]. Diosmin, a fl avonoid glycoside found in citrus fruits, 

has also been shown in several randomized, controlled clinical studies to reduce edema 

and accelerate venous ulcer healing by anti- infl ammatory action in patients suffering from 

CVI (86, 87) [LOE- A].

Butcher’s broom (Ruscus aculeatus) is an orally used botanical medicine containing ste-

roid saponines (ruscogenins) for the treatment of lower leg edema in patients with CVI. The 

effi cacy and safety of a Ruscus extract has been confi rmed in a multicenter, double- blind, 

randomized, placebo- controlled trial with 166 women suffering from CVI (88) [LOE- A].

Not directly aiming at CVI but nevertheless interesting, 400 mg daily of an extract of yel-

low sweet clover (Melilotus offi cinalis) containing 8 mg coumarin has been shown to be ef-

fective in reducing lymphedema of the upper arm caused by lymphadenectomy for breast 

cancer. A possible mode of action is the edema- preventing property of coumarines that 

results from the activation of macrophages and subsequent proteolysis in the tissue affected 

by chronic lymphedema (89) [LOE- C].
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An uncontrolled clinical trial with a cream containing yellow sweet clover and Butcher’s 

broom revealed improvement of edema, pain, heaviness, and itch of patients suffering from 

CVI. The cream was well tolerated (90) [LOE- C]. Another comparative controlled study 

suggests mild effi cacy of the combination of a- tocopherol, rutin, Melilotus offi cinalis, and 

Centella asiatica administered orally in patients with CVI (91) [LOE- A].

In summary, there are some botanicals that are widely used and intensively investigated 

in CVI. Design and conductance of virtually all clinical trials have been criticized repeat-

edly, and clinical evidence for the use of oral botanicals in CVI was questioned (92). This, 

however, also applies to all other CVI therapies; high response to placebo may also be a 

reason why studies in venous insuffi ciency are diffi cult to perform (92). Nevertheless, the 

products are well accepted by the patients. Apart from minor or major shortcomings in in-

dividual studies, the broad data basis for chestnut and fl avonoid drugs supports their use-

fulness as experienced by patients and therapists.

UV- INDUCED SKIN DAMAGE AND NONMELANOMA SKIN CANCER

Photoaging and the development of skin cancer are of increasing importance since changes 

in lifestyle have led to a signifi cant increase of the individual cumulative ultraviolet (UV) 

doses. This trend is likely to continue. Therefore, the adverse effects of UV irradiation on 

the skin have become a major human health concern. New prevention strategies have to 

be developed to reduce UV exposure and delay photoaging pro cesses aiming at reducing 

the incidence of skin cancer. Within this context, topically as well as orally adminis-

tered botanicals are of interest. Basically all botanicals that have been shown to possess 

antioxidant properties can be considered benefi cial in the prevention of photocarcinogen-

esis. It is suggested that routine consumption of those botanicals may provide protection 

against many harmful effects of UV irradiation. In combination with sunscreens or skin 

care lotions, they may provide an effective strategy for reducing UV- induced skin dis-

eases (93).

UV- induced skin damage can be classifi ed into three clinical stages. The acute stage of 

skin damage is sunburn, characterized by clinical signs of infl ammation such as erythema, 

pain, and swelling and histologically by sunburn cells. In chronically UV- exposed skin, the 

elastic and collagenous fi bers are rarefi ed and precancerous skin conditions such as actinic 

keratoses are present. Finally, in long- term UV- exposed skin, eventually nonmelanoma 

skin cancer such as squamous cell carcinoma and basal cell carcinoma may develop. The 

mechanisms, prevention, and therapy have been reviewed extensively by Yaar et al. (94). 

Various botanicals have been reported to prevent photocarcinogenesis by displaying anti-

carcinogenic and antimutagenic activities because of antioxidative and anti- infl ammatory 

properties (95).

Protection from acute erythema: The extract of the tropical cabbage palm fern (CPF) 

(Phlebodium aureum or Polypodium leucotomos) is a plant- derived product that has been 

studied in vitro as well as in vivo. A clinical study with 21 healthy subjects exposed to UV 

irradiation before and after administration of CPF demonstrated that CPF, orally adminis-

tered as well as topically used, displays signifi cant photoprotective properties by preventing 

sunburn and psoralen- induced phototoxic reactions and immunohistochemically revealed 

photoprotection of epidermal Langerhans cells (96) [LOE- B]. In a recent small study with 

ten subjects, it was shown that CPF is an effective protector against PUVA- induced skin 
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phototoxicity and protects the skin from damaging effects of PUVA as evidenced by histol-

ogy (97) [LOE- C]. Another trial with nine volunteers assessed erythema reactions after UV 

irradiation without CPF and after oral administration of CPF. Clinical together with histo-

logical results revealed that oral CPF extract decreases UV- induced skin damage (98) 

[LOE- C]. One possible molecular mechanism for this protection seems to be the inhibition 

of UV- induced photoisomerization of trans- urocanic acid, a common photoreceptor located 

in the stratum corneum. The CPF extract also blocks its photodecomposition in the presence 

of oxidizing reagents such as H
2
O

2
 and titanium dioxide. Additionally, it was shown that 

CPF protects human fi broblasts from UV- induced death in vitro (99) [LOE- D].

Topical application of anti- infl ammatory plant extracts immediately after irradiation can 

reduce symptoms of sunburn. In 40 human volunteers, an ointment containing 2% extract 

of sage (Salvia offi cinalis) rich in phenolic diterpenes inhibited UV- induced erythema in 

vivo to a similar extent as did 1% hydrocortisone (100) [LOE- A]. Anti- infl ammatory effi -

cacy in a UVB erythema test could also be demonstrated for a topical preparation contain-

ing 10% of a distillate from witch hazel (Hamamelis virginiana) (101) [LOE- A].

Dietary supplements that provide moderate protection against UV- induced erythema are 

carotenoids such as ß- carotene or lycopene. In a placebo- controlled, parallel group study 

design, 36 volunteers received ß- carotene, a carotenoid mix, or placebo for 12 weeks. Caro-

tenoid levels in serum and skin of the palm and erythema intensity before and 24 hours after 

irradiation with a solar light simulator  were mea sured at baseline and after 6 and 12 weeks 

of treatment. The results showed that long- term supplementation for 12 weeks with a carote-

noid mix ameliorates UV- induced erythema in humans. The effect was comparable to a 

daily supplementation with 24 mg ß- carotene alone (102) [LOE- A]. Within a study of 36 

healthy volunteers, the photoprotective effect of synthetic lycopene in comparison with a 

tomato extract and a drink containing the tomato extract in a solubilized form was evaluated. 

With these different carotenoid sources, the volunteers ingested similar amounts of lycopene 

(about 10 mg/day). After 12 weeks of supplementation, signifi cant increases in lycopene se-

rum levels and total skin carotenoids  were observed in all groups. The induced erythema at 

week 0, week 4, and week 12 was most decreased at week 12, with a protective effect most 

pronounced in the group consuming the solubilized tomato extract (48% after 12 weeks) 

(103) [LOE- B].

EFFECTS OF LONG- TERM ORAL APPLICATION ON SKIN AGING 
AND CANCER PREVENTION

Green tea extract (manufactured from Camellia sinensis) with a high content of oligo-

meric proanthocyanidins is another UV damage– preventing agent. It mainly contains cat-

echin and epicatechin derivatives with epigallocatechin gallate (EGCG) being the most 

important compound. It is able to scavenge free radicals and acts as a potent antioxidant. 

The anticarcinogenic properties of green tea have been thoroughly investigated in vitro 

as well as in vivo. Recently, a review of numerous studies with green tea has concluded 

that both oral and topical green tea consumption protects against infl ammation and chemi-

cal and UV- induced carcinogenesis (104) [LOE- A]. Various cytokines involved in the 

 infl ammation pro cess in the beginning of skin tumor development are inhibited by green 

tea extract. Moreover, biochemical markers of chemical carcinogenesis as well as UV- 

induced oxidative stress are counteracted by green tea extract. In addition, the UV- induced 
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immunosuppression is prevented by green tea (104) [LOE- D]. Also, it has been shown that 

green tea protects against PUVA- induced photochemical damage to the skin (105) [LOE-

 D]. The in vitro photoprotective effects of tea polyphenols and caffeine as a component of 

tea have recently been evaluated within some reviews (106– 108) [LOE- D]. However, tea 

polyphenols have yet to be evaluated in clinical intervention trials in humans.

Black tea (fermented Camellia sinensis) may also play a role in UV protection and chemo-

prevention due to theafl avins (109) [LOE- D]. It has been shown that theafl avins are as 

equally effective antioxidants as catechins in green tea (110) [LOE- D].

The extract of the fruits of the coffee plant (Coffea arabica) has been shown to exhibit 

antioxidant activity mediated by potent antioxidant polyphenols, especially chlorogenic 

acid, condensed proanthocyanidins, quinic acid, and ferulic acid (111) [LOE- D]. Because 

of these antioxidants, the extract might be valuable for photoprotection and chemopreven-

tion. In a clinical study, 30 patients with actinic damage of the skin used a skin care system 

containing coffee extract. Twenty patients had full- face application of the test product, and 

ten patients had half- side application with the other side covered with a placebo cream. 

Compared to placebo, the test cream was signifi cantly superior in improving fi ne lines, 

wrinkles, pigmentation, and overall appearance (112) [LOE- A]. In a double- blind, noncon-

trolled study, 24 women consumed either a high- fl avonol or low- fl avonol cocoa powder 

with epicatechin and catechin as major fl avonol monomers dissolved in water for 12 weeks. 

UV- induced erythema was signifi cantly decreased in the high- fl avonol group by 15% and 

25% after 6 and 12 weeks of treatment, respectively, whereas no changes occurred in the 

low- fl avonol group. The ingestion of high- fl avonol cocoa led to an increase in blood fl ow of 

cutaneous and subcutaneous tissues and to an increase in skin density and skin hydration 

(113) [LOE- B].

Silymarin, a fl avonoid complex isolated from the seeds of milk thistle (Silybum mari-
anum), has been demonstrated to possess anti- infl ammatory, antioxidative, and anticarci-

nogenic properties in vivo in animal models. Experimental data suggest that silymarin may 

be a promising chemopreventive and pharmacologically safe agent that can be exploited or 

tested against skin cancer in humans. Moreover, silymarin may favorably supplement sun-

screen protection and provide additional antiphotocarcinogenic protection (114) [LOE- D].

Some other interesting dietary botanicals mainly containing antioxidant polyphenols ap-

pear promising as UV- protection agents. Apigenin, a nontoxic botanical- derived fl avonoid 

occurring in numerous herbs, fruits, and vegetables; curcumin obtained from the turmeric 

rhizome (Curcuma longa); proanthocyanidins from the seeds of grapes (Vitis vinifera); and 

resveratrol, a polyphenol found in numerous plant species including grapes, peanuts, fruits, 

red wine, and mulberries, have also been shown to possess the ability to protect the skin 

from harmful UV- induced effects by displaying antimutagenic, antioxidant, free radical– 

scavenging, anti- infl ammatory, and anticarcinogenic properties (93). Other candidates are 

rosemary (Rosmarinus offi cinalis) extract (115); propolis (116), a resinous material produced 

by honeybees from the bud and bark of certain plants and trees; red ginseng (117); genistein, 

an isofl avone from soybeans (118); and pomegranate (Punica granatum) (119) [all LOE- D]. 

It has also been shown that the pomegranate extract protects human immortalized HaCaT 

keratinocytes against UVB- induced oxidative stress and markers of photoaging and might 

therefore be a useful supplement in skin care products (120) [LOE- D].

Therapeutic treatment of precancerous lesions: Recently, it has been shown in a nonran-

domized comparison study that an ointment containing a highly purifi ed triterpene extract 

from the outer bark of birch (Betulae cortex) might represent a new tool for the topical 
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treatment of solar keratoses (121, 122) [LOE- B]. The high response rate of about 80% of 

the lesions was confi rmed in a prospective randomized, placebo- controlled pi lot study— 

partially with histological examination— but needs further substantiation on a larger scale 

(123) [LOE- A].

In summary, many botanicals containing antioxidant fl avonoids or other polyphenols can 

contribute to skin protection from UV irradiation and prevent sunburn, nonmelanoma skin 

cancer, and early skin aging. Acute treatment before or after exposure to UV as well as long-

 time oral or topical applications seems appropriate depending on the specifi c drug used. 

Classical nutrients like green and black tea, fruits, and vegetables contain these antioxidants, 

which also have benefi cial effects in other fi elds of health protection, but for effective UV 

protection higher amounts than taken with normal nutrition seem necessary. Botanicals 

may be used externally as cosmetics or part of sun protections or internally as food or food 

supplements. However, as shown above, the LOE from clinical trials is poor and many more 

large- scale studies are needed to rule out UV- protective effects for specifi c botanicals. 

Birch bark extract seems an interesting option for the treatment of in situ squamous cell 

carcinoma.

ALOPECIA

Diffuse thinning of scalp hair occurs when more than 100 hairs per day are regularly 

lost, which happens more often in women than in men; anamnestically, changes in hormonal 

state (e.g., after childbirth), metabolic disorders, or infectious diseases may be identifi ed as 

causes, and no specifi c treatment is necessary when normal physiological conditions are 

reestablished. However, there may be other reasons, and hair loss cannot always be stopped. 

Two more specifi c types of hair loss are Alopecia androge ne tica, male baldness, which is 

caused by high levels of dihydroxytestosterone and characterized by recession of the fron-

tal hair line and/or a bald patch on the vertex; and Alopecia areata, an irregular pattern of 

one or several well- circumscribed hairless patches anywhere on the scalp, which is re-

garded as an infl ammatory autoimmune defi ciency and may occur in both sexes.

There is increasing interest of the cosmetic industry to develop products containing bo-

tanicals to treat or prevent hair loss and alopecia. Some botanical extracts are traditionally 

used to promote hair growth without scientifi c support, like birch sap in hair tonics. Garlic 

(Allium sativum) is used topically in India but associated with obvious olfactory side effects. 

A single- blinded clinical trial was designed to test the topical effectiveness of the juice of 

crude onion (Allium cepa), which has many sulphurous ingredients in common with garlic. 

Sixty- two male and female patients with patchy alopecia areata  were treated with fresh on-

ion juice in comparison with tap water, administered twice daily for two months. Only 23 

patients in the active treatment group and 15 controls fi nished the study. However, the use of 

crude onion juice gave signifi cantly higher results with regard to hair regrowth than did tap 

water (124) [LOE- B].

A standard medication for male androge ne tic alopecia is fi nasteride, a potent inhibitor of 

5-a- reductase (5AR), which converts testosterone to dihydrotestosterone. Finasteride was 

originally developed for treatment of benign prostatic hyperplasia (BPH). Plants contain-

ing phytosterols like b- sitosterol or phytosterol glycosides, like the palm tree saw palmetto 

(Serenoa repens), are traditionally used for BPH treatment, and the same mechanism is dis-

cussed as their mode of action. Therefore, it was intriguing to test botanical 5AR inhibitors 
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in androge ne tic alopecia. Recently, in a small, randomized, double- blind, placebo- controlled 

pi lot study with 26 male subjects, the effectiveness of a combination of 50 mg b- sitosterol 

and 200 mg extract from the berries of saw palmetto twice daily was determined in the treat-

ment of androge ne tic alopecia. Ten patients  were treated over fi ve months with the active 

study formula. The blinded investigative staff assessment report showed that 60% of these 

study subjects  were rated as improved at the fi nal visit. In contrast, only 11% in the placebo 

group  were rated as improved (125) [LOE- A]. Because of the small sample size, statistical 

signifi cance was not the primary aim of the study. The formulation was well tolerated; one 

patient complained of loss of appetite possibly related to active treatment. In contrast to 

fi nasteride, the tested botanical 5AR inhibitors have no impact on prostate- specifi c antigen 

levels and do not interfere with cancer diagnostics (126). They are also widely used tradi-

tionally by women for a variety of indications without safety problems, so they may also be 

tested in androge ne tic alopecia in women (127).

VITILIGO

Vitiligo, or leucodermia, describes a loss of skin pigmentation in sharply circumscribed, 

irregular patches. It occurs worldwide in about 1% to 2% of adult people, predominantly on 

face, neck, and outer sides of arms and legs. Melanin formation is disturbed in cells that 

contain unusually high concentrations of H
2
O

2
. Vitiligo is to some extent hereditary but also 

associated with hormonal and immune disorders. There is no convincing drug treat-

ment. Phototherapy with narrow- band UVB and PUVA (psoralen plus UVA) are fi rst- line 

treatments.

Treatment of vitiligo by UV exposure combined with oral or topical application of pho-

tosensitizing plant extracts goes back to the ancient times (1200 to 2000 b.c.), when Ammi 
majus was used in Egypt and Psoralea corylifolia in India for photochemotherapy (128). 

Modern oral 8- MOP PUVA of vitiligo therapy seems to be inferior to standard narrow- 

band UVB therapy (129), which nevertheless is not fully satisfactory. Combination of 

narrow- band UVB therapy with oral application of 250 mg cabbage palm fern (Phlebodium 
aureum or Polypodium leucotomos) extract, however, increased repigmentation on neck 

and hand areas signifi cantly in comparison to placebo, as was recently shown in a double- 

blind, randomized trial with 50 patients treated twice weekly for 25 to 26 weeks. On trunk 

and extremites, the difference was less pronounced (130) [LOE- A].

Another clinical observation of 74 vitiligo patients investigated the therapeutic effi cacy 

of Xiaobai mixture (XBM) in comparison to a control group treated with PUVA. The thera-

peutic effect of XBM was better than that of PUVA (131). Unfortunately, the ingredients of 

XBM are not clear because the reference of this study is only available in Chinese. A recent 

review of natural health product treatment for vitiligo criticizes the quality of studies per-

formed with plant materials but acknowledges that l-phenylalanine in combination with 

phototherapy and oral application of Ginkgo are promising (132).

Recently, it has been shown in a double- blind, placebo- controlled trial with 52 patients 

suffering from vitiligo that the oral administration of an extract of 50 mg Gingko (Gingko 
biloba L.) three times daily over a six- month period is effective in treating limited, slowly 

spreading vitiligo (133) [LOE- A]. Ginkgo signifi cantly induced cessation of active progres-

sion, and ten patients compared to only two in the placebo group showed marked to com-

plete repigmentation. However, no information about a long- term follow- up was available. 
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Antioxidant and immunomodulatory properties of Ginkgo may be the underlying mecha-

nisms. Since Ginkgo is one of the best- studied botanical medicines, this treatment appears 

to be safe.

WOUNDS, BURNS, AND INJURIES

With regard to herbal therapy, we should keep in mind that we talk about smaller and 

milder forms of wounds, burns, and injuries. All wound treatments must consider the many 

causes of wounds such as vascular diseases, diabetes, vasculitis, and others and should be 

stage adequate, with focus on cleaning, mechanical protection, and anti- infectious mea-

sures in fresh wounds, while in later stages stimulation of tissue growth without excessive 

keloid formation is required.

Widely used traditional Eu ro pe an botanicals in wound care are chamomile (Matricaria 
recutita), marigold (Calendula offi cinalis), and arnica (Arnica montana). All are applied 

locally. Aqueous (teas, decoctions) extracts of chamomile or marigold are used as washings 

or wet packs for fresh wounds. Arnica should never be applied on open wounds and not as 

an undiluted tincture because of possible sensitization. However, arnica ointments are ex-

cellent on later stages of healing wounds, for contusions and bruises. Marigold is especially 

recommended for wounds with bacterial infections. Small, well- circumscribed lesions may 

be treated with oil of St. John’s wort (Hypericum perforatum), which is also believed to re-

duce scars by inhibition of keloid formation. All of these drugs have anti- infl ammatory and 

antimicrobial activities. Active compounds are diverse and complex within each plant. 

Chamomile contains essential oil with bisabolol and chamazulen as well as saponines and 

other ingredients; alcoholic extraction yields the most complete blend, which may be trans-

ferred to aqueous formulations or ointments (134) [LOE- D].

Marigold (Calendula offi cinalis L.) has been topically used for wound treatment since 

ancient times. It has been shown to display bactericide, antiseptic, and anti- infl ammatory as 

well as free radical– scavenging properties (135) [LOE- D]. Marigold was approved by the 

former German Commission E as a wound- healing agent (136) [LOE- D]. A recent prospec-

tive randomized trial in 254 patients who underwent surgical treatment of breast cancer 

and received postsurgical radiation therapy compared the effectiveness of a 10% Calen-
dula ointment versus the standard therapy trolamine in the prevention of radiodermatitis. 

Twice daily application of Calendula ointment over the  whole period of radiotherapy was 

signifi cantly superior to trolamine and highly effective in the prevention of acute radioder-

matitis (137) [LOE- A].

Diluted alcoholic preparations from the fl owers of arnica (Arnica montana) are applied 

externally for the treatment of bruises, sprains, infl ammation caused by insect bites, gin-

givitis, and aphthous ulcers and for the symptomatic treatment of rheumatic complaints 

(138) [LOE- C]. The secondary metabolites mediating the anti- infl ammatory effects are 

sesquiterpene lactones of the 10a- methylpseudoguaianolide type such as helenalin, 11a,13-

 dihydrohelenalin, and their ester derivatives (139) [LOE- D]. It was demonstrated that these 

compounds mainly exert their anti- infl ammatory effect by inhibiting the transcription fac-

tor NF-κB (140, 141) [LOE- D].

Although arnica has a long history in folk medicine and is widely used among consumers, 

up to now only a few clinical studies with arnica preparations have been carried out. In the 

fi eld of dermatology, the possible synergism of vein- typical hydrotherapy according to Kneipp 
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and topical arnica treatment was investigated in a double- blind, randomized clinical trial 

with 100 patients suffering from CVI (142) [LOE- A]. Both hydrotherapy and combined 

therapy  were found to be successful. However, the combined therapy showed a signifi cantly 

better result than the monotherapy.

The gel of aloe vera (Aloe barbadensis) is said to be benefi cial in the treatment of chronic 

wounds and thermal injury (143, 144) [LOE- D]. A recently conducted systematic review of 

scientifi c literature found four clinical trials with 371 patients (including two randomized con-

trolled trials) that supported that aloe vera might be an effective agent used in wound healing 

of fi rst- to second- degree burns (145) [LOE- A].

Wound- healing activity has been demonstrated in animal models for numerous botani-

cal extracts— to name a few, teak (Tectona grandis) (146) [LOE- D], golden trumpet (Alla-
manda cathartica) (147) [LOE- D], vitex (Vitex trifolia and Vitex altissima) (148) [LOE- D], 

Madagascar periwinkle (Catharanthus roseus) (149) [LOE- D], gotu kola (Centella asiatica) 

(150) [LOE- D], and sacred basil (Ocimum sanctum) (151) [LOE- D]. Curcumin obtained 

from the turmeric rhizome (Curcuma longa) (152) [LOE- D] and pycnogenol™ from French 

maritime pine bark (Pinus maritima) (153) [LOE- D] seem to be promising agents in the 

treatment of wounds. However, the effi cacy of these traditional therapies has not been 

proven in controlled clinical trials so far.

In summary, some classical wound- healing plants are still fi rst- line treatments for trivial 

injuries. Marigold, arnica, and aloe have proven effective in recent controlled trials.

ADVERSE EFFECTS OF PLANT EXTRACTS ON THE SKIN

This section is not intended to address each commonly used botanical. It is intended to 

increase the awareness of clinicians for the eventuality of side effects and how they may 

present.

Virtually all herbal remedies may provoke allergic reactions, and several botanicals hold 

the risk of photosensitization. The prevalence of contact sensitization against some botani-

cal compounds such as oxidization products of monoterpenes, terpinene, balsam of Peru, 

and compositae plants is quite high in Eu rope (154). Contact sensitization toward cosmetics 

containing plant extracts as a fragrance is increasingly reported. Such patients should avoid 

plant extracts in their personal care products (155). Therefore, clinicians should be in-

formed not only on the benefi cial effects of botanicals for dermatological disorders but also 

on specifi c side effects that the use of herbal remedies might cause.

Botanicals may cause phytodermatitis, which can be classifi ed into nonimmunological 

such as toxic or phototoxic dermatitis and immunological phytodermatitis such as immediate-

 type hypersensitivity, allergic contact dermatitis, or photoallergic dermatitis (60) (Table 3.5). 

An example of toxic phytodermatitis is the irritant phorbol dermatitis caused by the sun 

spurge (Euphorbia helioscopia L.) (156). Furocoumarins represent the principal agents re-

sponsible for phototoxic phytodermatitis. They comprise psoralens such as 5- methoxypsoralen 

(5- MOP, bergapten) and 8- MOP (methoxalen, xanthotoxin), which possess distinct photo-

sensitizing potential. Furocoumarins also occur in burning bush (Dictamnus albus L.) and 

garden rue (Ruta graveolens L.) belonging to the Rutaceae plant family (157, 158). Photo-

toxic skin reactions to psoralens include the Berlock- dermatitis caused by 5- MOP, contained 

in cosmetically used Citrus bergamia (bergamot oil). Dermatitis bullosa pratensis is fre-

quently caused by 8- MOP that mainly occurs in the Apiaceae family (Umbelliferae), which 
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includes plants such as the giant hogweed (Heracleum mantegazzianum) (159) and various 

vegetables or herbs such as celery, parsnip, and parsley (160).

Besides toxic and phototoxic phytodermatitis, some botanicals may cause allergic contact 

dermatitis sensitized to plants or plant products. The Asteraceae arnica (Arnica montana) has 

been classifi ed as a strong allergen, according to sensitization studies with guinea pigs (161). 

Its sesquiterpene lactones (SLs), especially those with an a- methylene-g- lactone moiety, are 

the most important allergens responsible for inducing allergic contact dermatitis. In a recent 

clinical study, 443 patients  were patch tested with Compositae mix, SL mix, arnica, mari-

gold, and propolis. Other plant species from the Asteraceae family that also contain SLs, 

such as tansy (Tanacetum vulgare), feverfew (Tanacetum parthenium), yarrow (Achillea 
millefolium), and elecampane (Inula helenium), may also induce sensitization or elicitation 

of Compositae dermatitis. Chamomile (Chamomilla recutita) and marigold (Calendula of-
fi cinalis) are different from the mentioned Asteraceae species (162). As extracts of these 

plants are frequently used in occupational and cosmetic products, patch testing with addi-

tional plant extracts or adjustment of the commercial Compositae mix to regional conditions 

has been recommended (163). However, the sensitizing potential of arnica may be overesti-

mated. Recent studies have shown that arnica tinctures and SLs are only weak contact sen-

sitizers. The potent anti- infl ammatory effects of SLs are dominant and fail to overcome 

immune regulation, which prevents contact hypersensitivity (164).

In essential oils such as peel oil from citrus fruits or the tea tree oil from Melaleuca al-
ternifolia, the allergens are oxidized degradation products of monoterpenes (165, 166). Tea 

tree oil has become one of the most common contact allergens. Moreover, tea tree oil and lav-

ender oil have recently been reported to cause prepubertal gynecomastia (167). A recent review 

on the adverse effects of herbal drugs in dermatology summarizes the different sensitizing 

potential of herbal remedies such as aloe vera, chamomile, or curcumin and aromatherapy 

oils such as lavender or tea tree oil (168).

DISCUSSION

Botanicals applied to wounds and skin diseases are perhaps the oldest medicines of man-

kind, and they still have their place in modern medicine. Three mechanisms of botanical 

Table 3.5.    The Various Forms of Phytodermatitis

Nonimmunological Phytodermatitis

Irritant dermatitis physical— mechanical (cactus spines)

chemical—toxic (poison ivy, spurge)

Phototoxic dermatitis psoralens (bullous-/ Berlock- dermatitis)

furoquinolines (Rutaceae: rue, gas plant)

naphtodianthrones (hypericin, fagopyrin)

Immunological Phytodermatitis

Immediate- type allergy contact urticaria, food allergy

Allergic contact eczema dermatitis from compositae, monoterpenes

Photoallergic dermatitis immediate or delayed type (rare)
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medicines are especially important in modern view: anti- infl ammatory, antimicrobial, and 

antioxidant properties, which are often combined in a single plant extract and may be based 

on a number of ingredients rather than on single compounds. This combination is relevant 

for some actual trends in dermatology: the increasing number of infl ammatory skin dis-

eases in industrial nations, the emergence of microbial strains resistant to conventional 

antibiotics, and the increased challenge of skin by lifestyle and environmentally caused ir-

radiation. Plants offer a huge range of substances and combinations that may be used for 

more and more specifi c and individual therapies. It is worthwhile to search for more valu-

able botanicals in folk medicines all over the world.

Botanicals are often used in trivial affections of the skin as home remedies or in skin 

care products before professional medical help is necessary. Although not all herbs used 

traditionally are clinically well documented in a modern sense, drugs like chamomile, 

marigold, arnica, and others seem well established empirically and supported by pharma-

cological understanding of their mechanisms of action. Dermatologists should not try to 

discredit this use but should know about indications, mode of application, and risks and 

limitations. In acute and serious cases, botanicals may often be not suffi cient but still help-

ful as adjuvants. For example, astringent and wound- healing effects may complement mea-

sures to suppress acute infl ammation, infection, or pain that require treatment with stronger 

remedies.

Scientifi c evidence for clinical effi cacy of botanicals is often scarce. A number of con-

trolled clinical trials have been conducted, for example, in atopic dermatitis, but only very 

few when a specifi c plant species is regarded, with limited numbers of patients, and not 

always with positive results. More investigations are necessary to confi rm that Mahonia, 

Glycyrrhiza, and Hypericum are effective in atopic dermatitis, or Mahonia and capsaicin 

in psoriasis. Numerous trials have been conducted in chronic venous insuffi ciency with 

Hippocastanum and fl avonoid drugs, but drug treatment of this disease is a matter of dis-

cussion in general. There is strong evidence for the use of botanicals in UV protection. 

This, however, is related only to a minor extent to medical treatment but rather to diet rec-

ommendations and cosmetic care. Nevertheless, plant- derived topical formulations can be 

used to treat sunburns, to ameliorate side effects in PUVA, or to enhance effi cacy in UVB 

treatment. Birch extract even seems to be effective in therapy of precancerous skin dele-

tions caused by long- time irradiation.

UV protection is also important for cosmetic purposes in antiaging treatment. Another 

fi eld of cosmetic application is cellulite; many products are advertised as effective, but clini-

cal evidence up to now supports only mild, short- time improvement (169, 170). Caffeine 

and other botanicals may be effi cient, but delivery in special formulations seems necessary 

to reach the relevant tissues (171, 172). Redness of the face may also be a cosmetic problem 

but also associated with rosacea; there is fi rst evidence that certain botanical treatment 

might help against rosacea, but more rigid application of diagnostic criteria is necessary in 

this fi eld (173).

Effi cacy of dermatological preparations with defi ned, single, active substances is modu-

lated by choice of the base formulation; with botanicals, a further variable to be considered 

is the quality of the active substance itself, that is, the composition of the plant extract.

The quality of botanical extracts depends upon many factors such as extraction proce-

dures, drug- to- extract relation, and the resulting concentration of active compounds but also 

upon plant growth conditions and the time of harvesting. It is also important to consider the 

plant subspecies and chemical races when selecting the appropriate plant material for a 
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special skin condition (174). Botanical cosmeceuticals are largely unregulated and there-

fore often lack pharmaceutical quality and evidence of safety and effi cacy. In the United 

States, botanical extracts are often distributed as dietary supplements without regulatory 

requirements for standardization, safety, and effi cacy (175). In contrast, in Germany, a 

regulatory authority known as Commission E has conducted an extensive review of more 

than 300 botanicals with established traditional use (176). The level of scientifi c evidence, 

reporting of adverse events, and toxicological data  were evaluated and resulted in positive 

or negative plant monographs. The Commission E monographs together with the Eu ro pe an 

Scientifi c Cooperative on Phytotherapy (ESCOP) monographs and the monographs of the 

American Botanical Council (ABC) are often used as a basis for decision making by regu-

latory authorities in Eu ro pe an countries and in the United States (176).

It is apparent from these considerations that clinical evidence of effi cacy and safety can 

be attributed only to the specifi c formulation tested and not to the investigated plant species 

in general. Thus, future clinical studies should concentrate on well- defi ned, standardized 

extracts and adequate dermatological formulations thereof, which are clearly described in 

the publications. Otherwise, contradictory results can hardly be interpreted. Vice versa, nega-

tive results will not discredit a botanical medicine unless the quality of the investigated 

preparation is demonstrated.

CONCLUSIONS

Herbal remedies have been used for the treatment of skin diseases since ancient times. 

Some effects have been reported anecdotally; some have been confi rmed in randomized, 

controlled clinical trials. Plant monographs such as the monographs of the former German 

Commission E or the ESCOP (Eu ro pe an Scientifi c Cooperative on Phytotherapy) mono-

graphs provide specifi c recommendations for the use and effi cacy of various botanicals for 

the therapy of specifi c diseases. Botanicals play an important role as home remedies or 

self- medication of trivial dermatological disorders, but extracts with anti- infl ammatory, 

antimicrobial, and antioxidant capacities seem especially useful in diseases of high actual 

and increasing importance such as atopic dermatitis, psoriasis, and infections with resistant 

germs, for which some botanicals might become fi rst- line treatments. Wounds, burns, and 

acne are examples of applications in which traditional use of botanicals is helpful, at least 

as adjuvant treatments. However, many more controlled clinical studies with well- defi ned 

botanical extracts and preparations are needed to fi gure out the effi cacy and risks of pop u-

lar plant- derived products in dermatology. Extensive use of botanicals in nutrition supple-

ments and cosmetic care should also be accompanied by research, especially concerning 

long- time safety and tolerability.
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Chapter 4

St. John’s Wort: Quality Issues 
and Active Compounds

Veronika Butterweck

St. John’s wort (Hypericum perforatum L.) (SJW) contains numerous compounds with docu-

mented biological activity. Constituents that have stimulated the most interest include the 

naphthodianthrones, hypericin and pseudohypericin; a broad range of fl avonoids, including 

rutin, quercetin, quercitrin, miquelianin, amentofl avone, and hyperoside; and the phloroglu-

cinols hyperforin and adhyperforin. Although there are some contradictions, most data sug-

gest that several groups of active compounds are responsible for the antidepressant effi cacy 

of the plant extract. Thus, according to the current state of scientifi c knowledge, the total 

extract has to be considered as the active substance.

Data on effi cacy and quality of SJW extracts have to be taken into consideration. Owing to 

the fast- growing SJW market in the United States, more and more SJW products (herb and 

extracts) are sold at varying levels of quality. Considerable differences exist in the composi-

tion of biologically active constituents among various commercially available preparations of 

SJW. Furthermore, the documented characterization of SJW preparations in published ran-

domized controlled trials has been less than adequate. Future scientifi c and clinical publica-

tions about the effi cacy of SJW would benefi t from a full pharmaceutical and phytochemical 

description of the extract.

SJW is used for the treatment of mild to moderate depression. The antidepressant effi -

cacy of SJW extracts has been confi rmed in numerous clinical studies and was assessed in 

meta- analyses (1, 2). The pharmacological actions of SJW have likewise been extensively 

reviewed (3– 6). Reports about the mechanism of antidepressant action of SJW extracts and 

their constituents both in vivo and in vitro have also been published. Antidepressant activ-

ity was reported for the phloroglucinol derivative hyperforin (for a review, see [7]), for the 

naphthodianthrones hypericin and pseudohypericin (8– 10), and for several fl avonoids (11– 

14). The role and the mechanisms of these different compounds are still a matter of debate. 

However, based on recent results, it appears that the prevailing simplistic view of one 

plant → one active compound → one mechanism of action is incorrect. It is more likely that 

the multiple bioactive compounds contribute to the antidepressant activity of the crude 

plant extract in a complex manner. This review focuses on the present knowledge about the 

active constituents of SJW and their contribution to antidepressant activity.

College of Pharmacy, Department of Pharmaceutics, University of Florida, Gainesville, Florida; butterwk@cop.udl.edu
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SJW CONSTITUENTS IN PRECLINICAL STUDIES

Flavonoids and Bifl avonoids

Flavonolglycosides based on the aglycone quercetin represent up to 4% of the extract and 

form the largest group of secondary metabolites in H. perforatum. The major components 

are the fl avonolglycosides rutin, hyperoside, isoquercitrin, quercitrin, and miquelianin and 

in smaller amounts the aglycon quercetin (Figure 4.1). Other fl avonoid aglycones such as 

dihydroquercetin, luteolin, kaempferol, and myricetin are reported in the literature (15), 

but clear- cut data about their characterization are missing or the compounds occur in the 

plant only in trace amounts. When compared to other active ingredients, the fl avonol gly-

cosides show release rates from the powdered drug material and extract between 70% and 

100% (16).

MAO Inhibition of Flavonoids
Several early in vitro experiments with SJW focused on pathways that alter monoamine 

neurotransmission in the central ner vous system. Initial reports suggested that inhibition of 

monoamine oxidase (MAO)— the enzyme that is responsible for the catabolism of biogenic 

amines— is the main mechanism of antidepressant action of SJW extract. Studies performed 

by Sparenberg et al. showed most activity for the fl avonoid aglycones— quercetin, kaem-

perol, and luteolin— whereas the glycosides  were less active (15). However, the concentra-

tion in Hypericum of these substances, especially that of the aglycones, is too low to be 

responsible for the therapeutic effi cacy of SJW extract (16).

Together with the ubiquitously existing monomeric fl avonoids, the bifl avonoids such as 

I3,II8- biapigenin and amentofl avone have been detected and exclusively occur in the fl ower-

ing part of SJW (17) (Figure 4.2).

Receptor Binding of the Flavonoids and Bifl avonoids
Nielsen et al. and Baureithel et al. focused their investigations on the bifl avone amento-

fl avone, which bound to the brain benzodiazepine receptors with an affi nity comparable to 

diazepam (18, 19). However, the fl avonoids rutin, hyperoside, and quercitrin did not inhibit 

benzodiazepine binding up to concentrations of 1 μM. This result was recently confi rmed 

by Butterweck and colleagues (20). In the same study, amentofl avone had remarkable affi n-

ity for the d- opioid receptor subtype in the nanomolar range (K
i
 = 36.5 nM) and signifi cantly 

Figure 4.1. Flavonoids from SJW

OH

OH O

OH

OH

OR

R = H Quercetin

R = alpha-L-rhamnosyl Quercitrin

R = beta-D-glycosyl Isoquercitrin

R = beta-D-galactoside Hyperoside

R = beta-D-rutinosyl Rutin



ST. JOHN’S WORT 71

inhibited binding at 5- HT
1D

, 5- HT
2C

, and dopamine D
3
 receptors. Further striking actions 

 were observed for quercetin with an affi nity to the D
4
 receptor at Ki = 7.8 nM, miquelianin 

to the a
2C

 receptor at 4 nM, and rutin to the a
2A

 and a
2c

 receptor at 9 nM (20).

In Vivo Tests on Flavonoids and Bifl avonoids
Studies show that amentofl avone was able to pass the blood- brain barrier in vitro by pas-

sive diffusion (21). The potential antidepressant activity of some SJW fl avonoids was con-

fi rmed in the forced swimming test, a well- established screening model for antidepressant 

activity (22). During bioassay- guided fractionation of SJW extract, a fraction was obtained 

that was mainly characterized by its high content of fl avonoids. The fraction signifi cantly 

reduced immobility time in the forced swimming test, and the effect was comparable to 

that of imipramine (12). The fl avonoid fraction was further purifi ed, and some fl avonol 

glycosides such as hyperoside, quercitrin, isoquercitrin, and miquelianin, as well as the 

fl avone glycoside astilbin,  were isolated (16) and tested for activity in the forced swimming 

test at doses comparable to their amounts present in the crude drug material. Except for 

quercitrin and astilbin, all fl avonoids (hyperoside, isoquercitrin, and miquelianin)  were 

signifi cantly active in the forced swimming test after acute, as well as after repeated, oral 

treatment.

The data obtained by Butterweck et al. (12) indicate certain fl avonol- 3- O-glycosides as 

active constituents of Hypericum extract. The activity seems to be bound to the sugar moi-

ety of the aglycone quercetin, in that the glucoside, galactoside, and glucuronide forms are 

active compounds. It may be that these par tic u lar glycosides are absorbed from the intes-

tine, whereas others are not.

Further evidence that fl avonoids contribute to the antidepressant activity of SJW was 

recently provided by Butterweck et al. (11). The authors could show that hyperoside, 

isoquercitrin, and miquelianin signifi cantly down- regulated plasma adrenocorticotropic 

hormone (ACTH) and corticosterone levels after two weeks of daily treatment. The effect was 

similar to the changes elicited by the prototypic synthetic antidepressant imipramine. 

Hypersecretion of ACTH and plasma cortisol have been reported in 40% to 50% of patients 
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suffering from depression (23, 24). Normalization of the hyperactive hypothalamic- 

pituitary- adrenal (HPA) system occurs during successful antidepressant pharmacotherapy 

of depressive illness (25). These data clearly show that fl avonoids represent a possible 

major active principle that may in turn contribute to the benefi cial effect of SJW extract 

after oral dosing.

Potential Synergism of Flavonoids and Bifl avonoids
It also could be shown that the fl avonol- 3- O-rutinoside rutin, which was inactive in the 

forced swimming test when administered orally as a pure compound, seems to play an im-

portant role in the SJW extract. Thus the addition of rutin to inactive extracts resulted in a 

strong pharmacological effect comparable to that of other extracts that contained a suffi -

cient amount of rutin (14). Although the study provides suffi cient quantitative data about 

the amount of fl avonoids in the different SJW extracts, unfortunately no quantitative data 

are given for hypericin and hyperforin. Nevertheless, the experiments show that the phar-

macological effects of an extract cannot directly be compared with the effects of single 

compounds. The authors suggest a modulation of phase I proteins for rutin, which would 

lead to an increased bioavailability of simultaneously administered active SJW compounds 

(14). However, this might also be achieved by an increased solubility of hypericin by rutin 

(see the following section on naphthodianthrones).

In a recent in vitro study, it could be demonstrated that miquelianin— besides crossing 

walls from the small intestine— was able to cross the blood- brain barrier, as well as the 

blood- cerebrospinal fl uid barrier (26). This fi nding gives further evidence for the assump-

tion that fl avonoids are able to reach the central ner vous system after oral administration. 

There might be synergistic or additive effects of single fl avonoids, but this needs to be es-

tablished in future investigations.

Naphthodianthrones

The naphthodianthrones hypericin and pseudohypericin occur in the fl owers and leaves 

of the crude drug material in concentrations of 0.03% to 0.3%, depending on the develop-

mental stage of the plant with signifi cant variation (27) (Figure 4.3). The amount of pseudo-

hypericin in SJW is approximately two to four times higher than that of hypericin (28). In 

some extracts this ratio may even be 10:1.

OH O OH
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2
R

OOH OH
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Figure 4.3. Naphthodian-
thrones from SJW
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The naphthodianthrones show a restricted solubility in almost all solvents; the pure com-

pounds, especially hypericin, are almost insoluble in water at ambient temperature. Neverthe-

less, more than 40% of the naphthodianthrone amount is extractable from the crude drug when 

preparing a tea with water at 60 to 80 °C (approx. 35% pseudohypericin and 6% hypericin) 

(29). The increase in solubility suggests the presence of coeffectors in the drug material that 

modify the solubility of the naphthodianthrones. The potassium salts of hypericin and pseudo-

hypericin have been identifi ed as “soluble” pigments of the Hypericum species (30).

Phototoxicity of the Naphthodianthrones
The naphthodianthrones attracted the attention of phytochemists early on because of their 

intense red color and their phototoxic properties (31, 32). Thus, toxicological concerns have 

centered on the potential photosensitizing effects of humans ingesting SJW extract, since 

this is a well- known toxic effect in animals consuming large amounts of the fresh plant ma-

terial (1– 4% of body weight). Calves receiving up to 3 g/kg of SJW herb have demonstrated 

no photosensitivity (33).

Bernd et al. (34) investigated the phototoxic activity of SJW extract (0.3% hypericin) us-

ing cultures of human keratinocytes. The authors cultivated human keratinocytes in the pres-

ence of different SJW extract concentrations and irradiated the cells with 150 mJ/cm2 

UVB, 1 J/cm2 UVA, or 3 h with a white light of photon fl ux density 2.6 mmol m−2 s−1. The 

determination of the bromodeoxyuridine incorporation rate showed a concentration- and 

light- dependent decrease in DNA synthesis with high hypericin concentrations (≥ 50 μg/

ml) combined with UVA or visible light radiation. In the case of UVB irradiation, a clear 

phototoxic cell reaction was not detected. The researchers concluded that phototoxic reac-

tions of the skin would not be expected from the amounts of SJW extract used in the treat-

ment of depression because blood levels of hypericin would be below the phototoxic dose 

(34). Based on the hypericin content, others have estimated that the amount of a commer-

cial extract of SJW required to increase the risk of phototoxicity is approximately 2 to 4g/d, 

or 5 to 10 mg/d of hypericin (35, 36).

Receptor Interactions of the Naphthodianthrones
From a pharmacological standpoint, the hypericins are at present the most interesting com-

pounds of SJW. Inhibition of monoamine oxidase (MAO) was considered as one of the key 

mechanisms used in conventional therapy for depression. Suzuki et al. (37)  were the fi rst to 

fi nd that micromolar concentrations of hypericin could irreversibly inhibit MAO- A and 

MAO- B activity in vitro. However, the progress made in preparation and analytical tech-

niques since 1984 has shown that the hypericin used in these experiments was impure and 

contained at least 20% of other constituents of the extracts— among these, the fl avonoids are 

most noticeable. In fact, the MAO inhibitory effects of hypericin alone could not be con-

fi rmed in subsequent studies (38, 39).

The effects of hypericin in various receptor- screening models provide the most contradic-

tory data: Raffa (40) found that hypericin had no affi nity for traditional monoamine recep-

tors or for adrenergic, gamma- aminobutyric acid (GABA), adenosine, or benzodiazepine 

receptors. The naphthodianthrone had modest affi nity for muscarinic cholinergic receptors 

(subtype not mea sured) and similar affi nity to σ receptors. Gobbi et al. (41) showed that 

hypericin inhibited ligand binding to NPY
1
-, NPY

2
-, and σ receptors. The authors found that 

these inhibitory effects  were light dependent because they decreased or disappeared when 

binding assays  were carried out in the dark.
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Cott tested hypericin in a battery of 39 in vitro receptor assays, and hypericin showed af-

fi nity only for the N-methyl D-aspartate (NMDA) receptor (Ki ~ 1 μM) (39). These results 

could not be confi rmed by Butterweck et al. (20). In Cott’s study, hypericin showed high af-

fi nity for the D
3
- dopamine receptor (K

i
 = 34.5 nM) and negligible affi nities (K

i
 > 1000 nM) 

for nearly all other tested receptors and transporters. Interestingly, the affi nity of hypericin 

for the D
3
- receptor subtype was much higher than that of the atypical antipsychotic clozap-

ine (K
i
 = 372.3 nM).

Simmen et al. showed that hypericin had the most potent binding inhibition of all tested 

constituents to human corticotropin- releasing factor 1 (CRF
1
) receptor with an IC

50
 value 

of 300 nM (42). In a follow- up study, the same authors investigated the CRF- binding prop-

erties of both naphthodianthrones in greater detail by mea sur ing their effect on CRF- 

stimulated cAMP formation in recombinant Chinese hamster ovary (CHO) cells (43). The 

authors found that only pseudohypericin selectively antagonized CRF (K(B) 0.76 μM).

In summary, the data from in vitro studies allocate interesting pharmacological proper-

ties to hypericin and similarly to the fl avonoids. The therapeutic relevance of these fi ndings 

needs verifi cation by in vivo experiments. However, with regard to the contradictory effects 

of hypericin in various test models, it should be pointed out that the pharmacological 

evaluation of hypericin in most in vitro and in vivo studies is hampered by its poor solubil-

ity in aqueous solutions.

In Vivo Tests on the Naphthodianthrones
The in vivo effects of hypericin and pseudohypericin have been investigated by Butter-

weck et al. (10, 44, 45). During a bioassay- guided fractionation of a methanolic SJW extract, 

hypericin and pseudohypericin  were detected as compounds that exerted antidepressant ac-

tivity in the forced swimming test. Interestingly, pure hypericin and pseudohypericin did 

not reduce immobility time after acute pretreatment at doses comparable to the total extract, 

and only the exceptionally high dose of 0.23 mg/kg orally (p.o.) of hypericin was signifi -

cantly active, whereas pseudohypericin indicated some nonsignifi cant activity at about 

0.5 mg/kg (p.o.) (44).

A common biological alteration in patients with major depression is the activation of the 

HPA axis, manifested as hypersecretion of ACTH and cortisol. The hyperactivity of the 

HPA axis in depressed patients can be corrected during clinically effective therapy with stan-

dard antidepressant drugs such as imipramine, indicating that the HPA axis may be an im-

portant target for antidepressant action. Oral treatment of rats for two weeks with either 

SJW extract or hypericin signifi cantly reduced plasma ACTH and corticosterone levels, 

suggesting a decrease in functional activity of the HPA axis (9).

In a more detailed study using in situ hybridization technique, it was shown that hyperi-

cin (0.2 mg/kg) given daily by gavage for eight weeks but not for two weeks signifi cantly 

decreased levels of corticotropin- releasing hormone (CRH) mRNA by 16% to 22% in the 

hypothalamic paraventricular nucleus (PVN) and serotonin 5- HT
1A

 receptor mRNA by 11% 

to 17% in the hippocampus (45). Thus, these results are of major interest because CRF
1
 re-

ceptor antagonists as potential pharmacotherapies for depression and anxiety disorders are 

under current development (46).

Synergism Between Hypericins and Other Constituents
When a fraction of procyanidins, which was itself not active in the forced swimming 

test, was recombined with the naphthodianthrones, hypericin was signifi cantly active at 
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0.028 mg/kg (p.o.), and pseudohypericin was active at 0.166 mg/kg (p.o.). The procyanidin 

fraction as well as the pure procyanidins B2 and C1 increased the water solubility of both 

hypericins, which may lead to a better bioavailability (10). When the octanol/water 

partition coeffi cient was being determined, it became obvious that the solubility of pure 

hypericin in water increased upon addition of some phenolic constituents typical for SJW 

extracts as well. Most effective in solubilizing hypericin was hyperoside (quercetin 

3- O-beta- D-galactoside), which increased the concentration of hypericin in the water 

phase up to 400- fold in this model (26).

However, an improved solubility does not necessarily result in an improved bioavailabil-

ity. In a pharmacokinetic study, Butterweck et al. investigated whether the improved water 

solubility in the presence or absence of procyanidin B2 or hyperoside is correlated to in-

creased plasma levels of hypericin in rats, determined by reversed- phase high- performance 

liquid chromatography (HPLC) using fl uorimetric detection (47). Both compounds increased 

the oral bioavailability of hypericin by ca. 58% (B2) and 34% (hyperoside). The authors 

concluded that a signifi cant accumulation of hypericin in rat plasma in the presence of both 

polyphenols might be responsible for the observed increased in vivo activity. These inter-

esting pharmacokinetic properties would also explain why hypericin was inactive or why 

confl icting data  were obtained in most in vitro experiments. These results are also of general 

importance for the concept of phytotherapy because they qualitatively and quantitatively 

describe the superiority of herbal extracts over single active ingredients.

Phloroglucinols

The main representative of the phloroglucinol group of constituents is hyperforin. To-

gether with adhyperforin, hyperforin occurs exclusively in the generative parts of the plant, 

especially in the unripe fruits (Figure 4.4). Consequently, plant material collected at the 

end of the fl owering period, when fruits are developing, will contain more hyperforin than 

material collected during the fl owering time (as requested by monographs) (48). Hyperforin 

occurs in amounts up to 2% to 5% in the crude drug material and can reach about 6% in 

some extracts.

Although this compound is quite unstable— especially in aqueous solutions and when ex-

posed to light and heat— it is present in many commercial extracts but at highly varying 

concentrations of 0% to 6% (49). Products of degradation are 2- methyl- 3- buten- 2- ol and 

two oxidation products with an intact hyperforin carbon skeleton (50, 51).
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Mechanisms of Action of Phloroglucinols Related 
to Neurotransmitters

Chatterjee and coworkers  were the fi rst who pointed to hyperforin as the major non-

nitrogenous metabolite of SJW (52, 53). The authors have shown that a lipophilic CO
2
- 

extract enriched in hyperforin as well as pure hyperforin in vitro inhibited serotonin- induced 

responses and uptake of neurotransmitters in peritoneal cells. The pharmacological work 

was continued by Müller et al., who detected that hyperforin was capable of inhibiting the 

reuptake of serotonin (5- HT), norepinephrine (NE), and dopamine (DA) at a potency com-

parable to that of conventional 5- HT and NE inhibitors (54). Moreover, the authors noted 

that the ability of hyperforin to inhibit the reuptake of 5- HT, NE, and DA at a nanomolar 

concentration sets it apart from any known synthetic antidepressant. Subsequent papers 

could confi rm that hyperforin is a potent monoamine reuptake inhibitor, but all authors 

reported micromolar concentrations (55– 57).

Buchholzer et al. fi rst presented data on interactions of hyperforin with the cholinergic 

system (58). The authors found that hyperforin inhibited high- affi nity choline uptake in rat 

synaptosomes. These results are of special interest and could form the basis for the use of 

hyperforin in cognitive disorders. To explain the mechanism of synaptosomal reuptake, sev-

eral researchers focused therefore on the effects of SJW on monoamine transporters in in-

tact neural cells. The neurotransmitter transporters have been proven to be important targets 

for drug discovery in the central ner vous system, particularly for antidepressants (59). Gobbi 

et al. (55) reported that inhibition of 5- HT uptake by a methanolic hypericum extract and 

hyperforin is not due to a direct interaction with, and blockade of, the 5- HT transporters 

because both of them had no or only very slight inhibitory effect on [3H]citalopram binding. 

The authors speculated that the inhibitory effects on synaptosomal 5- HT accumulation 

might be caused by a reserpine- like mechanism because similar results  were obtained with 

Ro- 04- 1284, a reserpine- like compound, that also did not inhibit [3H]citalopram binding. 

Their hypothesis was confi rmed by the fi nding that SJW extract and hyperforin induced 

marked release from synaptosomes preloaded with [3H]5- HT. The authors conclude that the 

apparent inhibition of uptake is an artifact from the interaction of the high concentration of 

the tested compounds with monoamine storage vesicles.

Jensen et al. found that the potency of hyperforin and adhyperforin on monoamine 

reuptake was comparable to that seen for imipramine, nomifensine, and fl uoxetine (60). 

But contrary to the antidepressant drugs, the phloroglucinols potently inhibited all three 

transporter systems. Interestingly, the inhibition of DA- uptake by hyperforin and adhyper-

forin was not due to a direct interaction with the [3H] WIN 35,428 (a cocaine analogue) 

binding site on the DA transporter as seen for imipramine, nomifensine, and fl uoxetine. 

Therefore, the authors suggest a noncompetitive interaction of hyperforin and adhyperforin 

with the DA transporter.

Further Mechanistic Studies on Phloroglucinols
Another interesting hypothesis regarding the mechanism of synaptosomal reuptake is 

presented by Müller’s group (57). The apparent inhibition of serotonin uptake observed 

with SJW extract and hyperforin in vitro might be caused by an increase in free intracel-

lular sodium concentrations (57). Additional data suggested interactions of the compound 

with Na+ channels or Na+/H+ exchangers (61). Such nonselective effects might explain 
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why SJW extracts and hyperforin blocked the synaptosomal uptake of multiple neu-

rotransmitters (52, 55, 57, 61).

Recent work indicated that hyperforin may also infl uence calmodulin- dependent mecha-

nisms (62). Finally, hyperforin was reported to modulate several ionic conductances in cer-

ebellar Purkinje cells including a P-type calcium channel that is known to be involved in 

neurotransmitter release (63). The authors also screened an ethanolic hypericum extract 

(hyperforin amount approx. 5%) on various voltage- and ligand- gated conductances (64). 

The plant extract inhibited almost all the ligand- gated ion channels; quercitrin was detected 

as a potent inhibitor of adenosine triphosphate (ATP)- induced conductance; biapigenin in-

hibited both the acetylcholine- and ATP- induced conductance, whereas hyperoside blocked 

currents activated by ATP and alpha- amino- 3- hydroxy- 5- methyl- 4- isoxazolepropionic acid 

(AMPA). The naphthodianthrone hypericin was inactive in all cases. The authors con-

cluded that hyperforin is not the only active substance of SJW and that the extract contains 

several potentially neuroactive molecules, such as biapigenin, hyperoside, and quercitrin.

Relevance for the Situation In Vivo of Phloroglucinols
However, the concentration of hyperforin (micromolar range) used in these studies (64– 

66) was far higher than plasma concentrations reached in vivo. In human volunteers receiv-

ing daily doses of 900 mg (3 × 300 mg) SJW extract, plasma steady- state concentrations of 

approximately 180 nM  were mea sured (65). Reported IC
50

 values for hyperforin as an in-

hibitor of synaptosomal uptake of serotonin have ranges from 120 nM to 3.300 nM. Accord-

ing to the results of the studies mentioned above, the blood levels of hyperforin in human 

volunteers after a daily dose of 900 mg hypericum extract are within a concentration range 

needed to inhibit serotonin uptake in vitro, but the free drug concentration available for ac-

tion at central ion channels in vivo is unclear.

In Vivo Tests on Phloroglucinols
The in vivo antidepressant effects of hyperforin, a hyperforin- enriched CO

2
 extract, or 

more stable salts such as dicyclohexylammonium (DCHA), actetate, or sodium hyperforin 

 were demonstrated in different animal models of depression. In the forced swimming test, 

triple administration of hyperforin acetate (5– 20 mg/kg) signifi cantly reduced the immo-

bility time of rats, while in the learned helplessness test a daily treatment of 10 mg/kg for 

seven consecutive days was necessary to elicit an antidepressant effect (66). In the tail sus-

pension test in mice, pure hyperforin signifi cantly reduced immobility time in a dosage of 

4 and 8 mg/kg, whereas it was inactive in dosages below or above that (67). In the same 

study, it was also shown that step- by- step removal of either hyperforin or hypericin did not 

result in a loss of pharmacological activity. The results clearly show that the crude SJW 

extracts contain several constituents with antidepressant activity.

In addition to the antidepressant effects, other behavioral effects of hyperforin have been 

described. Chatterjee and colleagues  were the fi rst to investigate two different SJW ex-

tracts in the learned helplessness paradigm (52). According to this paradigm, the exposure 

to uncontrollable stress produces per for mance defi cits in subsequent learning tasks, which 

can be reversed by subchronic treatment (4– 7 days) with a variety of antidepressants in-

cluding tricyclic antidepressants (TCAs), monoamine oxidase inhibitors (MAOIs), and 

atypical antidepressants, and in treatments related to electroconvulsive seizures (ECS) (68, 

69). In the group treated with ethanolic extract (hyperforin amount 4.5%), escape defi cits 
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signifi cantly and dose dependently decreased after 150 and 300 mg/kg/day (p.o.). Compa-

rable effects  were observed for the CO
2
 extract (hyperforin amount 38.8%) in doses of 15 

and 30 mg/kg/day (p.o.) (52).

A similar study was performed by Gambrana et al. (70), who used the escape defi cit 

paradigm as a test model. When tested in the escape defi cit paradigm, 25 mg, 50 mg, and 

75 mg/kg (i.p.) of hyperforin signifi cantly counteracted the effects of acute stress. Taken 

together, the results in the learned helplessness paradigm show that different SJW extracts 

(hydroalcoholic, CO
2
) as well as hyperforin (pure or in salt form) could reduce behavioral 

defi cits induced by uncontrollable shock. How far other constituents of SJW are active in 

this model needs to be further elucidated.

SJW CONSTITUENTS IN CLINICAL STUDIES

Most hypericum products  were— and still are— standardized on the key compound 

hypericin. In most products, hypericin doses are applied in a range between 1 and 2 mg 

per day. A German study that analyzed 33 different SJW products showed that many ex-

tracts with a well- balanced ratio of the three main groups of components are standardized 

to an even higher upper limit of hypericin than that allowed by the proposed range of 0.1% 

to 0.3% (49). This upper limit can also not be derived from a photosensitizing potential 

associated to hypericin, as photosensitizing effects of SJW extracts are rare in clinical 

practice (35).

The fl avonoids are mentioned as relevant for clinical effi cacy in some clinical studies, 

but in most clinical studies, no information regarding the quantitative amount of this sub-

stance group in extracts of commercial preparations is found.

Several clinical studies with SJW extract  were screened for information on the hyperfo-

rin content of the tested products. Unfortunately, information regarding the hyperforin 

content in all these publications is rare. Interestingly, in cases where data about the hyper-

forin content  were provided, they  were contradictory for the same extract in different stud-

ies. For example, Kalb et al. (71) indicate a hyperforin content of 1.5% for the extract with 

the brand name WS 5572 (Dr. Willmar Schwabe & Co. KG, Karlsruhe, Germany), whereas 

Laakmann et al. (72) declare a hyperforin content of 5% for the extract with the identical 

brand name, WS 5572. This is somewhat confusing, especially because the latter authors 

argue that hyperforin is important for the effi cacy of SJW extract. For the extract WS 5570, 

Lecrubier et al. (73) report a hyperforin content of 3% to 6%. For another extract from the 

same manufacturer (WS 5573) that has been used as a reference extract by Laakmann et al. 

(72), a hyperforin content of 0.5% is stated in the publication. However, insuffi cient infor-

mation is provided about the amount of other constituents (especially hypericin and fl a-

vonoids) in this specifi c extract. Thus, based on this study, no defi nite conclusion regarding 

the role of hyperforin for clinical effi cacy can be drawn.

Further, in published studies using the product Neuroplant (Dr. Willmar Schwabe & Co. 

KG), neither the extract code name nor the hyperforin content is provided. In the case of 

older studies (74), it was still unclear which compound might play a role in clinical effi cacy 

of SJW. Since then, many pharmacological studies have been performed, showing that 

hypericin, hyperforin, and fl avonoids play a crucial role. Therefore, in ongoing current 

studies, it is imperative that the amount of those compounds be stated, in order to avoid 

contradictory and confusing results. In a recent study, Szegedi et al. (75) used the extract 
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WS 5570, but unfortunately, information regarding the hyperforin content is missing. Inter-

estingly, heterogeneities regarding Neuroplant can be found in the phytochemical litera-

ture. While Melzer et al. (49) stated a hyperforin content of 5.0%, in a later publication 

(describing the extract as having a stabilized hyperforin content), only 4.1% hyperforin was 

found (76).

The largest number of clinical studies exists for the extract LI 160 (Lichtwer GmbH & 

Co. KG). However, even though some of these studies have been published up to four times, 

none of these publications contain any information about the hyperforin content of the 

extract.

In summary, the information provided about these extracts does not allow any conclu-

sion about the relevance of the hyperforin content for clinical effi cacy.

Data from Phytochemical Studies

Interestingly, whereas most clinical studies do not provide data about the hyperforin con-

tent, this information can be accessed from several phytochemical screening studies. A Ger-

man study including 33 different commercial SJW products showed that their hyperforin 

contents varied between < 0.02% and 5.85% of extract (49); several products are within the 

range of 1.5% and 2.5%, which would be within the limit of 2% proposed in the draft 

monograph:

BardoH: 1.5%

Helarium: 2.5%

Hypericum Stada: 1.9%

Johanniskraut- Dragees SN: 2.3%

Neurovegetalin 425: 2.5%

Texx 300: 2.5% (span according to Wurglics et al.: 1.7% to 3.2%)

Tonizin forte: 1.7%

Another screening of different batches of several products was published by Wurglics et al. 

(76, 77). The mea sure ments in some cases confi rm the data of Melzer et al. (49); in other 

cases, the authors fi nd different values. This difference is most obvious in the case of the 

extract LI 160, for which Melzer et al. state a hyperforin content of 4.3%, while Wurglics et al. 

found only 2.2% to 3.1%. A similar tendency is found in the product Felis, where Melzer et al. 

(49) found 4.9% hyperforin, while Wurglics et al. found only 1.9% to 3.5%. The reason for 

this discrepancy remains unclear.

For the extract STW3- VI, for which clinical data have been published (78), a hyperforin 

amount of 1.8% is stated, which is well within the range of 1.5% to 2.4% found by Wurglics 

et al. (76, 77). However, these values are also not compatible with the classes of hyperforin 

content proposed by the draft monograph.

Hyperforin Levels for Clinical Effi cacy

Based on the present data, the question arises, is hyperforin necessary for the antidepres-

sant activity of SJW? Data from in vitro or animal studies are either pro or contra hyperforin 
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and do not help answer the question appropriately. Interestingly, a recent study showed that 

step- by- step elimination of hyperforin and hypericin from a hydroalcoholic SJW extract did 

not result in any loss of pharmacological activity (67). An extract free of hyperforin and 

hypericin but enriched in fl avonoids (~12%) showed antidepressant activity in valid animal 

models. The results indicate that fl avonoids are also involved in the therapeutic effi cacy 

of SJW.

This question can be answered only by clinical studies. As mentioned above, a study ap-

proach to compare extracts directly with different hyperforin contents was conducted by 

Laakmann et al. (72). On the one hand, a statistically signifi cant superiority between an ex-

tract with 5% hyperforin (WS 5572) in reducing the Hamilton depression score and placebo 

was demonstrated; on the other hand, no statistical differences  were found between an ex-

tract with 0.5% hyperforin (WS 5573) and placebo and between the two extracts WS 5572 

and WS 5573. Because of this result, it has been suggested that hyperforin may be relevant 

for the clinical effi cacy of the extract, but this is not convincing because of (a) the lack of 

statistical power and (b) the lack of quantitative data for additional constituents (such as fl a-

vonoids and bifl avones). Thus, it cannot be excluded that constituents other than hyperforin 

may have caused the small differences in effi cacy of both extracts. Therefore, the outcome 

does not give convincing proof for the activity of hyperforin but indicates that there are ex-

tracts that show clinical effi cacy and others that are inactive.

However, three clinical trials performed using an SJW extract with a low hyperforin 

amount (< 0.2%) showed that the effi cacy of this SJW extract was superior to placebo and 

as effective as imipramine and fl uoxetine (79– 81), thus showing that hyperforin is not nec-

essarily needed for the antidepressive effi cacy of SJW.

Taken together, the collected data from the clinical studies with SJW extracts allow only 

the conclusion that hyperforin is no convincing pa ram e ter for a prediction of the clinical 

effi cacy.

The available analytical data show a large range of different hyperforin content for differ-

ent extracts with clinically proven effi cacy. Even for the same extract, the hyperforin content 

can differ considerably, as exemplifi ed by the extract WS 5572, for which in different pub-

lications values of 5% (72) and 1.5% (71) are given, as already mentioned.

SJW SAFETY ISSUES

SJW and Drug Interactions

Besides the data on clinical effi cacy, data on clinical safety of SJW extracts have to be 

considered. Recently, interactions of herbal medicines with synthetic drugs have come 

into focus. In the past three years, more than 50 papers  were published regarding interac-

tions between SJW and prescription drugs. Comedication with SJW resulted in decreased 

plasma concentrations of a number of drugs including amitriptyline, cyclosporine, digoxin, 

indinavir, irinotecan, warfarin, phenprocoumon, alprazolam, dextromethorphan, simvas-

tatin, and oral contraceptives. Suffi cient evidence from interaction studies and case re-

ports indicate that SJW is a potent inducer of cytochrome P450 enzymes (particularly 

CYP3A4) and/or P-glycoprotein. Recent studies could show that the degree of enzyme 

induction by SJW correlates strongly with the amount of hyperforin found in the product. 

Products that do not contain substantial amounts of hyperforin (< 1%) have not been 
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shown to produce clinically relevant enzyme induction. As mentioned above, a German 

study that analyzed 33 different SJW products showed that the hyperforin content varied 

from < 0.5 mg per unit (< 0.02% of extract) to 24.87 mg per unit (5.85% of extract) (49). 

Data for the extract ZE 117, marketed as Remotive, indicate hypericin in an amount of 

0.2% and negligible amounts of hyperforin (0.2%) (82). In the past, this also was most 

likely the case for extract LI 160, marketed as Jarsin or a similar extract, marketed as Neu-

roplant, before the extraction pro cess was modifi ed (83, 84). With the modifi ed method, a 

hyperforin content of 4% to 5% has been reported for products containing LI 160 (49). 

This is equivalent to a daily dose of approximately 50 mg of hyperforin, based on a 300 mg 

extract administered three times daily. The widely differing amounts of hyperforin in 

SJW preparations should be taken into account when drug interactions with SJW are dis-

cussed. Most of the current cases that report a specifi c product involved SJW products 

that are rich in hyperforin (up to 5%). No drug interaction has been reported with products 

that have low contents of hyperforin (82, 85, 86). Furthermore, it is interesting to note that 

reports of drug interactions with SJW have not been reported before 1998, when a modi-

fi ed extraction method was introduced that led to products with a higher content of hyper-

forin (83, 84).

The most frequently documented drug interactions of SJW extract, which have been 

extensively reviewed in recently published articles (87, 88), are initially discussed in brief 

before dealing in detail with the role of hyperforin in these interactions.

Infl uence of SJW on P-glycoprotein and Several Cytochrome 
P-450 Enzyme Activities in Humans

CYP3A4, the most abundant cytochrome P-450 (CYP450) isoenzyme, is responsible for 

the metabolism of more than 73 medications and numerous endogenous compounds (89– 

91). Substrates for this isoenzyme include protease inhibitors, nonsedating antihistamines, 

calcium channel blockers, 3- hydroxy- 3- methylglutaryl coenzyme A reductase inhibitors, ben-

zodiazepines, estrogens, macrolide antibiotics, cyclosporine, carbamazepine, ketoconazole, 

and corticosterone (89– 91). One method to determine the in vivo effect of medications on 

CYP3A4 activity is through the evaluation of the urinary 6-ß- hydroxycortisol/cortisol ratio. 

6-ß- hydroxycortisol has been shown to be a nonspecifi c marker of CYP3A4 activity (92– 

94). Roby et al. (95) could show that reagent- grade SJW taken for 14 days (Hypericum Byers 

Club, Lot 180632, 0.3% hypericin, 3 × 300 mg/d, hyperforin amount not provided) at the 

dose recommended for the treatment of mild to moderate depression was associated with a 

signifi cant increase in the mean urinary 6-ß- hydroxycortisol/cortisol ratio. The ratio in-

creased from 7.1 to 13.0, suggesting a CYP3A4 induction after intake of SJW at the recom-

mended dosage.

Besides an induction of CYP3A4 enzyme activities in the liver and small intestine, the 

involvement of the P-glycoprotein/MDR1 system in the intestine was also discussed. 

P-glycoprotein (P-gp), an ATP- dependent primary active transporter belonging to the ABC 

transporter superfamily, occurs in plasma membranes of many tissues, where it serves as an 

effl ux transporter of xenobiotics (96). In the intestine, P-gp is located at the apical surface of 

epithelial cells and interferes with drug absorption by pumping out a variety of orally ad-

ministered drugs, such as cyclosporine, into the intestinal lumen (97). After uptake by the 

enterocyte, many lipophilic drugs are either metabolized by CYP3A4 or pumped back into 
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the lumen by the P-gp transporter. Therefore, CYP3A4 and P-gp may act in tandem as a bar-

rier to oral delivery of many drugs.

This hypothesis could be confi rmed in animal experiments as well as in clinical studies 

(98). The administration of SJW extract to rats during 14 days resulted in a 3.8- fold in-

crease of intestinal P-glycoprotein/MdR1 expression and in a 2.5- fold increase in hepatic 

CYP3A4 expression (98). In a clinical study, the administration of SJW extract resulted in 

1.4- and 1.5- fold increased expressions of duodenal P-glycoprotein/MDR and CYP3A4, 

respectively (98). These results indicate direct inducing effects of SJW on intestinal P- 

glycoprotein/MDR1 and intestinal and hepatic CYP3A4. In both studies, the extract LI 160 

(80% methanol v/v, 0.3% hypericin, batch 99100400, 3 × 300 mg/d, unknown amount of 

hyperforin) was used.

In contrast to short- term administration (1 × 900 mg SJW in 24h), long- term SJW admin-

istration (3 × 300 mg/d for 14 days) resulted in a signifi cant and selective induction of 

CYP3A4 (midazolam) activity in the intestinal wall (99). There was no change in CYP2C9 

(tolbutamide), CYP1A2 (caffeine), or CYP2D6 (dextromethorphan) activities as a result of 

SJW administration. In contrast to the  > 50% decrease in the area under the plasma- 

concentration time curve (AUC) when midazolam was administered orally, long- term SJW 

administration caused a 20% decrease in AUC when midazolam was given intravenously. 

This result confi rms the involvement of intestinal as well as hepatic CYP3A4. In this study, 

an SJW extract from Rexall Sundown Pharmaceuticals was used (0.3% hypericin, un-

known hyperforin content, 3 × 300 mg) (99). The authors concluded that the reduced thera-

peutic effi cacy of drugs metabolized by CYP3A4 should be anticipated during long- term 

administration of SJW.

Several reports have documented clinically relevant drug interactions between SJW and 

coadministered drugs such as indinavir, cyclosporine, and digoxin (100– 102), attributing 

Table 4.1.    Reported Drug Interactions with St. John’s Wort Preparations

Reported Pharmacokinetic Interactions

Drug Category Drug(s)
Possible Mechanism 
of Interaction

Cystostatic drugs Imatinib, Irinotecan CYP3A4 induction

HIV drugs Indinavir, Nevirapine CYP3A4 and MDR1 induction

Immunosuppressants Cyclosporine, Tacrolimus CYP3A4 and MDR1 induction

Anticoagulants Warfarin, Phenprocoumon CYP2C9 induction

Cardiovascular drugs Digoxin MDR1 effl ux activity induced

Opiates Methadone CYP3A4 induction

Oral contraceptives Ethinylestradiol (EE) / 

Desogestrel, EE/Norethis-

terone, Levonorgestrel, 

Norethisterone*

CYP3A4 induction

Antiepileptic drugs Carbamazepine* CYP3A4 induction

Anti- asthma drugs Theophylline * CYP1A2 induction

HMG- CoA reductase inhibitors Simvastatin, Atorvastatin* Intestinal CYP3A4 induction
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induction of hepatic CYP3A4 as the likely mechanism (95, 103). However, interactions 

with digoxin and indinavir are unlikely to be fully explained by this mechanism, as they 

are not only a CYP3A4 substrate but also a substrate for P-gp. Hennessy and coworkers 

(104) could show that SJW increased expression and enhanced the drug effl ux function of 

P-gp in peripheral blood lymphocytes of healthy volunteers. P-gp expression increased 

4.2- fold from baseline in subjects treated with SJW (Good n’ Natural, 0.15% hypericin, 

600 mg extract 3 × daily) over a period of 16 days; there was no effect observed in patients 

receiving placebo.

In another pharmacokinetic study in healthy volunteers, changes in plasma pharmacoki-

netics of alprazolam as a probe for CYP3A4 activity and the ratio of dextromethorphan to 

its metabolite dextrorphan  were mea sured after 14 days of comedication with SJW extract 

(LI 160, 2 × 300 mg/d; each tablet contained 1398 μg hyperforin, 151 μg hypericin, and 

279 μg pseudohypericin) (105). A twofold decrease in the area under the curve for alprazo-

lam plasma concentration versus time and a twofold increase in alprazolam clearance  were 

observed following SJW administration. Alprazolam elimination half- life was shortened 

from a mean (SD) of 12.4 (3.9) hours to 6.0 (2.4) hours. The mean (SD) urinary ratio of 

dextromethorphan to its metabolite was 0.006 at baseline and 0.014 after SJW administra-

tion (105). These fi ndings indicate that long- term administration of SJW may result in di-

minished clinical effi cacy or increased dosage requirements for CYP3A4 substrates.

Recently, the authors Rengelshausen et al. (106) investigated the short- term and long- 

term effects of SJW on the pharmacokinetics of voriconazole. The metabolism of this new 

antifungal triazole is mediated by CYP2C19 and CYP3A4, as well as by CYP2C9 to a 

lesser extent. The authors could show that coadministration of the hyperforin- rich metha-

nolic extract LI 160 with voriconazole increased the plasma AUC of the antifungal drug 

(by 22%) during the fi rst ten hours of the fi rst day of SJW administration when compared 

to the control. After 15 days of SJW intake, the AUC from hour 0 to infi nity was reduced 

by 59% compared with control with a corresponding increase in oral voriconazole clear-

ance. Thus, it is reasonable that SJW might induce the metabolism of voriconazole, de-

pending on both CYP3A4 and CYP2C19.

Based on the studies listed above, it can be concluded that SJW induces hepatic and in-

testinal CYP3A4 and intestinal P-gp. Thus, it is likely that SJW will interact with drugs 

that are metabolized via CYP3A4 or P-gp. Interactions (until 2004) of SJW and synthetic 

drugs have been systematically reviewed (87, 88, 107, 108). These reviews clearly show that 

interactions between xenobiotics and the plant extract particularly occur with drugs that are 

metabolized and eliminated by both CYP3A4 and P-gp. It also becomes evident that not all 

drugs have the potential to interact with SJW. Table 4.1 gives an overview about drugs with 

which an interaction with SJW is likely to occur.

Pharmacological Evaluation of Interactions with Hyperforin

The mechanism for the apparent increase in drug metabolism by SJW extracts was exam-

ined by Moore et al. (109). They showed that hyperforin, a constituent of SJW, is a potent li-

gand (K
(i)

 = 27 nM) for the pregnane X receptor, an orphan nuclear receptor that regulates 

expression of the cytochrome P450 (CYP) 3A4 monooxygenase. Treatment of primary human 

hepatocytes with hypericum extracts or hyperforin resulted in a marked induction of CYP3A4 
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expression. The authors cautioned that because CYP3A4 is involved in the oxidative metabo-

lism of > 50% of all drugs, their fi ndings provide a molecular mechanism for the interaction 

of SJW with drugs and suggest that hypericum extracts would be likely to interact with nu-

merous drugs (109). Interestingly, a study using alcoholic extracts of SJW prepared with 

methods that did not stabilize hyperforin reported CYP3A4 inhibition (103).

A study in mice investigated the role of components of hypericum extracts on CYP3A 

induction (110). This study explored whether hyperforin accounts for the inductive effects 

on CYP3A enzymes of SJW extracts. A hydroalcoholic extract containing 4.5% hyperfo-

rin was given at a dose of 300 mg/kg twice daily for 4 and 12 days. Hyperforin was given 

as dicyclohexylammonium (DCHA) salt (18.1 mg/kg) on the basis of its content in the 

extract, to ensure comparable exposure to hyperforin. The extract increased hepatic 

erythromycin- N-demethylase (ERND) activity, which is cytochrome P450 enzyme (CYP) 

3A- dependent, about 2.2- fold after 4 days of dosing, with only slightly greater effect after 

12 days (2.8 times controls). Hyperforin similarly increased ERND activity within 4 days, 

to 1.8 times the activity of controls, suggesting that hyperforin behaves qualitatively and 

quantitatively like the extract as regards induction of CYP3A activity. This effect was 

confi rmed by Western blot analysis of hepatic CYP3A expression. Exposure to hyperforin 

at the end of the 4- day treatment was still similar to that with SJW extract, although it was 

variable and lower than after the fi rst dose in both cases, further suggesting that hyperfo-

rin plays a key role in CYP3A induction by the SJW extract in the mouse. The authors 

proposed standardizing the extracts based on the hyperforin content in addition to hyperi-

cin content.

Clinical Evaluation of Interactions with Hyperforin

A recently completed four- period study in ten stable kidney transplant patients examined 

the infl uence of two SJW preparations with different hyperforin content on cyclosporine 

pharmacokinetic pa ram e ters (86). Test periods included baseline with cyclosporine alone, 

14 days of treatment with low- hyperforin SJW comedication (< 1 mg hyperforin/day), a 

4- week washout with cyclosporine doses alone, and 14 days of treatment with high- hyperforin 

SJW comedication (> 40 mg hyperforin/day). Cyclosporine kinetic pa ram e ters (AUC, C
max

, 

and t
max

)  were determined at the end of each period.

Pharmacokinetic pa ram e ters  were adjusted for cyclosporine dose, and plasma creati-

nine was monitored for safety. As shown in Table 4.2, there was no signifi cant effect of 

low hyperforin on cyclosporine. However, high- hyperforin SJW decreased dose- adjusted 

exposure to cyclosporine, and increased doses of the immunosuppressant  were required 

to maintain plasma creatinine. Serum creatinine was not different among treatment 

periods.

The results are consistent with a role for hyperforin in decreasing cyclosporine exposure. 

Induction of the intestinal drug transporter, P-glycoprotein, as well as induction of CYP3A4 

could explain decreased bioavailability of cyclosporine in the presence of hyperforin- rich 

SJW preparations. The increased mean cyclosporine daily dose from 225 to 362 mg when 

patients  were comedicated with the high- hyperforin preparation indicates that the change 

in cyclosporine levels was considered clinically signifi cant by the medical investigator 

and required a dose increase. Thus, the dose- adjusted decrease in cyclosporine exposure of 
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approximately 50% that is refl ected by AUC and C
max

 values should be considered clini-

cally signifi cant.

Another study (111) compared effects of different SJW preparations containing different 

amounts of hyperforin on CYP3A4 activity using a midazolam probe (Study No. 786, Pi-

lotstudie1: Midazolam- Interaktion) (Table 4.3). The approach provides a means to evaluate 

whether drugs affect CYP3A enzymes and thus would be likely to alter the clearance of 

other substances metabolized by this important isoenzyme. Hydroxylation of the benzodi-

azepine, midazolam, to 1- OH- midazolam is mediated almost exclusively by CYP3A 

isoenzymes. Midazolam plasma clearance that is refl ected from plasma profi les of the ben-

zodiazepine can be used as a marker for CYP3A activity. Drugs that are substrates, induc-

ers, or inhibitors of CYP3A enzymes would be expected to alter the plasma profi les of 

midazolam.

The study included 42 healthy subjects randomized to six groups of seven subjects each 

(111). Midazolam plasma profi les  were characterized following a 7.5 mg oral dose on day 1 

prior to SJW exposure and 14 days later after repeated daily dosing with one of six SJW 

preparations. The test groups included the following different SJW preparations: Extract 

LI160 (drug- extract ratio 4– 7:1; hyperforin content 4.6%, Lichtwer Berlin, Germany); hy-

pericum herb powder A, which was used to explore dose- response relationship with hyper-

forin (hyperforin content 0.4%, Kneipp- Werke, Wuerzburg, Germany); and hypericum herb 

powder B with a very low hyperforin content (< 0.1%, Kneipp- Werke, Wuerzburg, Ger-

many). The decrease in midazolam AUC was highest in the LI160- treated group exposed 

to the highest hyperforin concentrations with a mean decrease of 79%, indicating induction 

of CYP3A enzymes. Using the herb powder A, the highest concentration (2700 mg/d, 

Table 4.2.    Infl uence of Different Preparations of St. John’s Wort on Cyclosporine 
Dose– Corrected Pharmacokinetic Pa ram e ters in Ten Renal Transplant Patients (86)

Pa ram e ter Baseline Low:Hyperforin Washout High:Hyperforin

Dose (mg/day) 216 ± 58 223 ± 54 225 ± 54* 362 ± 63**

AUC (ng*h/mL) 3663 ± 678 3109 ± 527 3442 ± 741 1671 ± 313**

Cmax (ng/mL) 995 ± 284 894 ± 187 986 ± 201 532 ± 117**

p < 0.05 vs. baseline; **p < 0.01 vs. baseline

Table 4.3.    Effect of 14 Days of Different St. John’s Wort Preparations on Percent Change 
in Midazolam AUC0- 12h Compared to Baseline (111)

SJW Preparation
Extract 

Dose (mg/d)
Hyperforin 
Dose (mg/d)

Mean % 
Change 95%- CI

LI 160 extract 900 41.25 −79.4 −88.6; −70.1

Hypericum powder A 2700 12.06 −47.9 −59.7; −36.2

Hypericum powder A 1800 8.04 −37.0 −58.2; −15.8

Hypericum powder A 1200 5.36 −31.3 −45.3; −17.3

Hypericum powder A 600 2.68 −20.4 −40.0; −0.8

Hypericum powder B 2700 0.13 −21.1 −33.9; −8.3
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hyperforin amount 12.1 mg/d) showed the strongest decrease on midazolam AUC (-47.9%), 

when compared to the further dilutions of the powdered herb. A limited effect was noted 

after 14 days of dosing with the SJW herb powder B with a mean decrease in midazolam 

AUC values of 20.4% compared to baseline. Interestingly, the upper limit of the calculated 

95% confi dence intervals approached 0 for the two lowest hyperforin preparations, indicat-

ing little clinical signifi cance. The results indicate induction of CYP3A4 varies between 

SJW products. SJW products with low hyperforin content induce CYP3A4 signifi cantly 

less than those preparations with a high hyperforin amount. The degree of induction de-

pends on the hyperforin dose.

CONCLUSIONS

Considerable differences exist in the composition of biologically active constituents 

among various commercially available preparations of SJW. Although several reports fail to 

rigorously defi ne the specifi c herbal product used in clinical studies, investigators are in-

creasingly aware that signifi cant differences in outcome are likely to be product specifi c. 

However, a major change was made since 1998, when the quite unstable component of SJW, 

hyperforin, became stabilized in many products, leading to a 10- to 20- fold amount of hy-

perforin in the product. Moreover, the fi rst reports of clinically signifi cant drug interactions 

of SJW coincided with availability of hyperforin- enriched products. Further laboratory 

investigations demonstrated that CYP3A4 induction with SJW preparations was associated 

with hyperforin content, suggesting that this component plays a major role in clinically 

signifi cant drug interactions. Clinical studies with traditional SJW extracts and products 

with low hyperforin content found low enzyme induction using midazolam probes that 

consistently had AUC decreases that  were less than 50% compared to baseline. Since 

“hyperforin- free” extracts have been proven to be effective in clinical therapy, it is recom-

mended to set an upper limit (1%) for the amount of hyperforin in SJW extracts in order to 

prevent clinically signifi cant interactions with other comedicated drugs. It is further sug-

gested that products used for clinical studies should be characterized by the extraction 

solvent, the drug- extract ratio, and the amount of hyperforin, hypericin, and total fl a-

vonoids. This information should allow a more substantial discussion of the data and would 

help to better explain discrepancies between studies.
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Chapter 5

Preclinical and Clinical 
 Development of the Green Tea 
Catechin, Epigallocatechin Gallate, 
in Treating HIV- 1 Infection

Christina L. Nance* and William T. Shearer

Since the fi rst report of the acquired immunodefi ciency syndrome (AIDS) caused by the 

human immunodefi ciency virus (HIV) infection over two de cades ago, more than 60 million 

people worldwide have been infected by HIV and more than one- third have died of AIDS (1). 

A reduction in deaths due to AIDS has also occurred globally over the past several years 

coincident with broader access to antiretroviral (ARV) therapy (2). Because a safe and ef-

fective vaccine treatment is still far away, in the near term, the continual development of 

effective, safe, and affordable anti- HIV drugs is critical to save the lives of people who 

have been and will be infected by HIV. Next to malaria, AIDS is the leading infectious 

cause of death in the world. Untreated disease caused by HIV has a case fatality rate that 

approaches 100%.

A new infection occurs somewhere in the world approximately every six seconds, result-

ing in 6,500 new infections daily (3). Heterosexual transmission of HIV- 1 continues to be 

the predominant mode of the pandemic spread of HIV or AIDS. Worldwide, more than 90 

percent of all adolescent and adult HIV infections have resulted from heterosexual inter-

course (4).

With more than 95% of new infections occurring in developing countries where limited 

resources and cultural factors make containment of the epidemic diffi cult, the impact of the 

current level of HIV seroprevalence is enormous in terms of mortality, resource depletion, 

and human suffering (5). There is clearly an unmet need for treatment of individuals al-

ready infected. However, there is also a desperate need to prevent further infection.

HIV- 1 infection ultimately results in impaired specifi c immune function by virtue of 

the initial binding of the HIV- 1 virion envelope glycoprotein 120 (gp120) to the CD4 

receptor in complex with a chemokine receptor on the T-cell surface (6). HIV- 1 isolates 
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are distinguishable by the main coreceptor used for cell entry, chemokine receptors 

CXCR4 or CCR5 (6). Virions utilizing CCR5 as a coreceptor (R5 viruses) are macrophage-

 tropic (M-tropic) (7, 8). Those using CXCR4 (X4 viruses) are T-cell-tropic (T-tropic) and 

perhaps more cytopathic. Most of the viruses observed soon after transmission (97%) 

utilize CCR5 coreceptors (7). Thus, the corresponding phenotypes of the viruses are X4, 

R5, or R5X4 if they use CXCR4, CCR5, or both coreceptors, respectively (9). Even 

though gp120 elicits virus- neutralizing antibodies, HIV- 1 eludes the immune system and 

leads to the onset of AIDS. Ever since the discovery of the virus as the causative agent, 

there has been an intense effort to develop therapeutic methods to inhibit or prevent in-

fection (10– 12). Among the immune- based strategies designed to prevent the fateful ini-

tial binding event between the HIV- 1 virion and target cell are chemokine analogs, 

chemokine receptor inhibitors, anti-HIV- 1 monoclonal antibodies, fusion proteins, and 

vaccines (13).

Several natural products, such as ribosome inactivating proteins, alkaloids, flavonoids, and 

lignans, have been found to inhibit unique enzymes and proteins crucial to the life cycle of 

HIV, including the reverse transcription (RT) pro cess, virus entry, and integrase or pro-

tease (14– 17).

At present, because of the continuous emergence of drug re sis tance and side effects of 

currently available drugs, signifi cant efforts have been spent on searching for more effec-

tive anti- HIV drugs (18). Medicinal plants are chemically complex and diverse. They pro-

duce botanical compounds that provide a wide spectrum of biological and pharmacological 

properties (18, 19). Therefore, screening anti- HIV agents from natural products may be a 

more effective approach for drug discovery.

Although many natural products have been reported to exhibit anti- HIV activities, to 

date, none of these compounds are found in the list of conventional ARV drugs. Many natu-

ral products have not been further investigated for their actual usefulness in combating the 

epidemic (20). Nevertheless, it should be stressed that a number of natural products mainly 

derived from plants have proven effective in suppressing HIV replication and progress. For 

example, calanolide derivatives, pokeweed antiviral proteins, and sulphated polysaccha-

rides are some of the compounds with excellent and promising antiviral activities (17, 20). 

It is very much anticipated that anti- HIV cures and prophylactic preparations containing 

these natural products would soon be available.

Specifi cally, (+)- calanolide A and related coumarins isolated from various Calophyllum 

spp. represent a novel and distinct subgroup of nonnucleoside reverse transcriptase inhibi-

tors (NNRTI). (+)- Calanolide A has already been the subject of a phase II clinical study in 

healthy, HIV- negative individuals. Studies have demonstrated that (+)- calanolide A has a 

favorable safety profi le in both animal and human subjects (20).

In this chapter, we wish to review the evidence for another promising natural product from 

green tea, namely, epigallocatechin gallate (EGCG), and related polyphenols.

GREEN TEA CATECHIN, EPIGALLOCATECHIN GALLATE (EGCG)

There has been recently a signifi cant research emphasis on identifying nutrients or food 

factors from natural sources for the prevention or treatment of diseases. In par tic u lar, there 

has been a long history of tea consumption in the world, and much attention has been placed 

on the medicinal benefi ts of green tea. Epidemiological studies suggest that the consumption 
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of tea may reduce cancer and cardiovascular disease risk, resulting from its polyphenol 

components (21– 27).

Flavonoids and related polyphenols possess promising anti- HIV activity. Several of these 

compounds inhibit RT, induce interferons which inactivate viral protease (28), and down- 

regulate the expression of HIV coreceptors such as CCR2b, CCR3, and CCR5 (29). How-

ever, the molecular mechanisms underlying the anti- HIV effects of fl avonoids and 

polyphenolic compounds still need to be clearly elucidated (29).

Catechins and theafl avins are two groups of natural polyphenols found in green tea and 

black tea, respectively (30). Catechins account for 6% to 16% of the dry green tea leaves 

and contain four main catechin derivatives, including (−)- epicatechin (EC), (−)- epicatechin 

gallate (ECG), (−)- epigallocatechin (EGC), and (−)- epigallocatechin gallate (EGCG) (31) 

(Figure 5.1).

These tea polyphenols have recently received much attention, as they possess a broad 

spectrum of biological functions such as antioxidative, antibacterial, antitumor, antiviral, 

anti- infl ammatory, and cardiovascular protection activities (21, 27, 42– 47). EGCG is found 

to be the most prevalent and active catechin of green tea with respect to anticancer activity 

when tested in animals carry ing several human cancer types, such as breast (32, 33), blad-

der (34), prostate (35), lung (36, 37), skin (38), and liver (39– 41).

Cytotoxicity by these tea polyphenols was shown to be low on MRC- 5, MT- 2, and CEM 

cells. The safety of these catechin and theafl avin derivatives is attested to by a long history 

of tea consumption by people all over the world (31).

EGCG accounts for approximately 50% of the total amount of catechins in green tea 

(46). EGCG binds strongly to many biological molecules and affects a variety of enzyme 

activities and signal transduction pathways at micromolar or nanomolar levels attributable to 
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Figure 5.1.    Structure of the Polyphenolic Catechins Found in Green Tea
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its pyrogallol and galloyl moieties (48, 49). This specifi c component of green tea is thought 

to be responsible for the vast array of presumed health benefi ts. Among the properties as-

cribed to EGCG are antitumorigenic, anti- infl ammatory, antioxidative, antiproliferative, anti-

bacterial, and antiviral effects (33, 46, 48, 50, 51).

There have been no reports of clinical toxicity when green tea is consumed as a beverage 

throughout the day. Consumption of up to 20 cups of green tea per day is not uncommon in 

certain populations (52). A crucial aspect of translating the observed effects of EGCG to 

clinically relevant strategies is the necessity of achieving physiologically relevant concentra-

tions. As tea catechins have poor bioavailability, most of the ingested EGCG does not reach 

the blood as a signifi cant fraction and is eliminated presystemically (53). Phase I clinical 

trials involving pharmacokinetic studies of EGCG have shown that only a small percentage 

of the orally administered catechin appeared in the blood. Drinking the equivalent of two 

cups of green tea resulted in a mean peak plasma EGCG level of 170 nM after 1.5 hours 

(20, 49, 54). Thus, EGCG represents a potential low- cost inhibitor of HIV infection that 

could be associated with current anti- HIV therapy.

EGCG IN HIV- 1 INFECTION

In HIV- 1 infection, EGCG is responsible for the reported antiviral effects of green tea 

(31, 45, 46, 55– 57). EGCG inhibits HIV- 1 replication in human peripheral blood mononu-

clear cells (PBMCs) in vitro with a resultant decrease in HIV- 1 p24 antigen concentration 

and reverse transcriptase (31, 45, 57).

At high concentrations (i.e., nonphysiologic; 50– 200 μmol/L), EGCG has been shown to 

prevent the attachment of HIV- 1–gp120 to CD4 molecules on T-cells (57). Also, recently it 

has been discovered that EGCG, at the nonphysiologic concentration of 200 μmol/L, blocked 

formation of the HIV- 1 fusion- active core conformation, gp41 6- helix bundle (31).

Thus, the elucidation of the mechanism of action of the natural anti- HIV product, EGCG, 

on HIV- 1 inhibition specifi cally at physiologically attainable concentrations appeared to be 

the missing link to a translational product in the fi ght against AIDS.

TRANSLATIONAL MEDICINE: EGCG AND THEORETICAL MODELING 
OF EGCG- CD4 BINDING CAPABILITIES

HIV- 1 entry depends on the sequential interaction of the gp120 exterior envelope gly-

coprotein with the receptors on the cell, CD4, and members of the chemokine receptor 

family. Initial binding of the HIV- 1 virions to cells involves the interaction of the viral 

envelope protein gp120 with CD4 (Figure 5.2) (6). Recombinant soluble CD4 proteins 

bind to the HIV- 1 envelope glycoprotein gp120 and inhibit viral infection (58). High- 

affi nity binding to gp120 occurs at the D1 domain of CD4 (58). The primary sites for 

HIV- 1 interactions are on loops that protrude from the variable- like D1 domain in anal-

ogy with immunoglobulin complementarity- determining regions. The D2 domain is inti-

mately associated with D1 but is variable- like (58). Therefore, there has been interest in 

fi nding molecules that block the binding of gp120 to CD4 (entry inhibitors) as a way of 

reducing HIV- 1 infectivity.
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Such a potential viral entry inhibitor is EGCG, a polyphenolic catechin that is one of the 

main active components of green tea. Recently, investigators have found that the antiviral 

effects can be targeted at HIV- 1 infection (31, 46, 56, 57, 59).

Broadly neutralizing antibodies recognize discontinuous conserved epitopes on gp120, 

the most abundant of which are directed against the CD4 binding site and block gp120- CD4 

interaction (60). In HIV- 1 infection, interatomic contacts are made between 22 CD4 residues 

and 26 gp120 amino acid residues. The most critical of the CD4 residues are Phe 43 and Arg 

59, with Phe 43 at the center of the cluster of residues involved in binding (Figure 5.2). Sixty-

 three percent of all interatomic contacts come from one span (40– 48) in C’C” of CD4; Phe 

43 alone accounts for 23% of the total (61). Molecular modeling utilizing the crystal struc-

ture coordinates, 1CDJ (61) (Figure 5.3), showed that there is an appropriate binding site for 

EGCG in the region of Phe 43, Arg 59, and Trp 62, which is the region of CD4 that interacts 

with gp120 (58, 61) and would therefore prevent docking of gp120 onto the D1 domain (56). 

EGCG is known to be particularly good at binding to arginine and aromatic residues, using 

mainly functions on rings D and B (62, 63). The model therefore agrees well with known 

Figure 5.3.    
A Model of EGCG Binding to the D1 Domain 
of CD4

Model drawn using PyMol, with the crystal 
structure coordinates 1CDJ. In the protein, 
carbon is yellow, oxygen is red, and nitrogen 
is purple. The view is approximately from the 
direction of binding of gp120.

Figure 5.2.    Model of HIV- 1gp120 (Purple) 
Binding to CD4

Space- fi lling model of CD4 domains D1 (red) 
and D2 (blue). The model demonstrates the 
extracellular component of the CD4 mol-
ecule with residues Phe 43 (cyan) and Arg 59 
(green).

http://www.liebertonline.com/action/showImage?doi=10.1089/9781934854051.92&iName=master.img-000.jpg&w=191&h=151
http://www.liebertonline.com/action/showImage?doi=10.1089/9781934854051.92&iName=master.img-001.jpg&w=191&h=201
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affi nities of EGCG. Modeling of interactions of CD4 with EGCG and gp120 has been car-

ried out in de pen dently (64), and in agreement with this model, namely, stacking of the gal-

loyl ring D against Trp 62, and interactions with Arg 59 and Phe 43. Therefore, the binding 

of EGCG to CD4 completely blocks binding of gp120 (59).

BINDING AFFINITY OF EGCG FOR CD4

Assessment of binding affi nity was performed using nuclear magnetic resonance (NMR) 

spectroscopy. Saturation transfer difference (STD), an NMR technique, provides informa-

tion on ligand binding to receptors and contact with the receptor (65, 66). As the receptor 

protein becomes progressively saturated with a radiofrequency pulse (interpreted right to 

left by increasing ppm), the portions of the ligand that is bound to the protein are recognized 

as strong signals or representative peaks as they become saturated by association (67).

Figure 5.4 shows NMR and STD experiments of 1.45 μM protein (5.8 μM binding site) 
and 310 μM EGCG, a ratio of EGCG to binding site of 53. Strong saturation was seen at the 

four signals arising from the aromatic rings of EGCG, indicating binding of EGCG to the 

protein at the polyphenolic rings (Figure 5.4A, 5.4B). STD experiments carried out at sev-

eral different protein (CD4): ligand (EGCG) concentrations and ratios resulted in similar 

fi ndings. STD experiments using a 1:1 ratio of EGCG to (−)- catechin (Figure 5.4C) produced 

Figure 5.4.    Saturation Transfer Difference Spectra

A, NMR spectrum of 310 μmol/L EGCG in the presence of 1.45 μmol/L PRO 542 (5.8 μmol/L 
CD4). The signals marked with asterisks are from low- molecular- weight compounds present 
in the CD4 buffer. B, STD spectrum from this solution. The intensities of the STDs at rings D, 
B, and A are 10%, 7.4%, and 10%, respectively. C, NMR spectrum of 310 μmol/L EGCG plus 
310 μmol/L (-)- catechin in the presence of 1.45 μmol/L PRO 542 (5.8 μmol/L CD4). The 
catechin signals are marked c. D, STD spectrum from this solution. The intensities of the 
STDs at rings D, B, and A of EGCG are 9%, 6%, and 9%, respectively, whereas the STDs 
from catechin are in the range of 1.5% to 3%. In B and D, there are no mea sur able STDs to 
the other signals marked with asterisks.

http://www.liebertonline.com/action/showImage?doi=10.1089/9781934854051.92&iName=master.img-002.jpg&w=288&h=181
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much larger effects on the EGCG than on catechin and only a slight reduction in the STD 

on EGCG (Figure 5.4D), suggesting that although there is some competition between 

(−)- catechin and EGCG, control (−)- catechin binds much more weakly than EGCG. Other 

low- molecular- weight components of the protein buffer (indicated by asterisks in Figure 

5.4) produced no STDs (59). Thus the linear decrease of signal of free EGCG on titration 

with CD4, as well as the lack of exchange broadening by NMR, implied a dissociation 

constant stronger than 1 μmol/L. This combined with the STD effects resulted in a calcu-

lated approximate K
d
 of 10 nmol/L (59).

INHIBITION OF HIV- 1- GP120 BINDING TO HUMAN CD4+ T-CELLS

Determination of an inhibitory effect of gp120 binding on human CD4+ T-cells by EGCG 

was made in a cell- based system. Of critical importance was the determination of whether 

Figure 5.5.    EGCG Inhibition of gp120 Binding to Human CD4 T-cells as Assessed by Flow 
Cytometry

The data are expressed as means  ±  SD of six in de pen dent experiments. Only signifi cant 
differences are noted (59).

http://www.liebertonline.com/action/showImage?doi=10.1089/9781934854051.92&iName=master.img-003.jpg&w=264&h=329
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EGCG could inhibit binding of gp120 to CD4 at concentrations that could be achieved by 

drinking green tea or taking an oral tablet of EGCG. Previous investigations had shown 

that two cups of green tea would raise the blood level of EGCG to 0.2 μM and EGCG tab-

lets would yield a blood level of 1.7μ M. As shown in Figure 5.5, EGCG signifi cantly inhib-

ited the binding of gp120 to CD4+ T-cells in a dose- dependent manner at 0.2 (42%), 2.0 

(47%), and 20 μM (55%) EGCG (p = 0.02, 0.006, and 0.001, respectively). Thus, at physio-

logically relevant levels of EGCG (i.e., in this investigation, up to 2.0 μM), there was a 

statistically signifi cant inhibitory effect, although complete inhibition of gp120 binding 

was not achieved. Incubation with control, (−)- catechin, did not alter the binding capacity 

of gp120 on CD4+ T-cells (59).

This inhibition of HIV- 1- gp120 binding to human CD4+ T-cells by EGCG was also ob-

served on HIV- 1 infectivity as evaluated by mea sur ing p24 antigen production. Three groups 

of HIV- 1 have been described, labeled M, N, and O, based on genome differences. Most 

HIV- 1 infections are caused by group M viruses, and these are divided into nine subtypes 

known as clades (A– D, F– H, J, and K). The DNA sequences of viruses in distinct clades 

can differ by 15% to 20% (68). The most common clade in the Americas, Eu rope, and Aus-

tralia is clade B, whereas clade C predominates in the most heavily affected part of the 

world, southern Africa. Increasingly, recombinant HIV- 1 (recombining different clades) 

are detected (68). Different clades might be transmitted with different levels of effi ciency 

and might differ in their pathogenic potential (2). Human PBMC exposed to various strains 

and subtypes of HIV- 1 exhibited detectable, intracellular, and extracellular p24 levels. Cul-

tures exposed to increasing concentrations of EGCG resulted in the effi cient suppression of 

p24 antigen production. EGCG exerted signifi cant inhibitory activity on HIV- 1 replication 

across subtype and tropisms with IC
50

 at a physiologically relevant level (Table 5.1).

Table 5.1.    Inhibition of HIV- 1 p24 Antigen by EGCG

HIV- 1
IC50

EGCG (mM)Subtype Tropism‡

B R5 3

B X4 6

B R5/X4 6

C R5 6

C R5/X4 12

D X4 12

D R5 12

G R5 12

Source: Table 1. HIV- 1 p24 antigen mea sured in human PBMC by HIV- 1

P24 ELISA. Taken from Nance, CL, Siwak E, Ram A, Willis V, 

Westerfi eld S, and Shearer WT. HIV- 1 Infectivity inhibited by binding of 

the green tea catechin, epigallocatechin gallate, to CD4. Clin Immunol 
2007;123:S13.
‡R5, CCR5 coreceptor; x4, CXCR5 coreceptor; Rt/X4, dual tropic 

coreceptor.



100 BOTANICAL MEDICINE: FROM BENCH TO BEDSIDE

On the basis of the literature, the concentration of EGCG likely in the plasma after con-

suming the equivalent of two to three cups of green tea is within the range of 0.1 to 

0.6 μmol/L and with greater consumption of green tea (seven to nine cups) at the level of 1 

to 2 μmol/L (33, 47, 49, 69, 70). Therefore, interference of gp120 binding to CD4+ T-cells 

was assessed at the physiologically relevant levels of 0.2 to 2.0 μmol/L (59). These studies 

have demonstrated evidence of high- affi nity binding of EGCG to the CD4 molecule with 

a K
d
 of 10 nM with subsequent inhibition of gp120 binding to human CD4+ T-cells. EGCG 

binds in the same molecular pocket on CD4 as does HIV- 1- gp120. EGCG at concentra-

tions equivalent to those obtained by the consumption of green tea is able to reduce the 

attachment of gp120 to CD4 (when present at physiological concentrations) by a factor of 

between 10- fold and 20- fold (59). Thus, the blockade of the binding of HIV- 1- gp120 to CD4 

by EGCG can effi ciently inhibit HIV- 1 infectivity of CD4+ cells. Therefore, EGCG at con-

centrations equivalent to those obtained by the consumption of green tea is able to signifi -

cantly reduce the attachment of gp120 to CD4. Nevertheless, the results suggest that EGCG, 

possibly given as a therapeutic intervention such as in a capsular form as an alternative to 

drinking green tea, could be a useful way of reducing the risk of HIV- 1 infection (26, 63).

TRANSLATIONAL MEDICINE: EGCG: BENCH TO BEDSIDE

ARV has decreased the number of AIDS cases dramatically (71). However, ARV is not 

able to eradicate HIV- 1 from patients completely. On the other hand, the toxicity of currently 

available anti- HIV drugs makes it diffi cult to maintain patients’ adherence to ARV therapy 

(72). The inevitable emergence of drug- resistant mutants, especially multidrug- resistant mu-

tants, in response to ARV therapies makes the situation worse (73). The rates of success of 

ARV are predicted to decrease gradually with the increase in the emergence of drug- resistant 

strains. Therefore, continuous development of novel anti- HIV agents is necessary (18).

EGCG ANIMAL STUDIES

Absorption, distribution, metabolism, and excretion experiments in rodents and dogs have 

shown that EGCG is rapidly absorbed (74– 79). The oral bioavailability of tea catechins has 

been found to be low in rodents. Results from the animal studies have shown the relative 

bioavailability to be 1.6% at a low dose (75 mg/kg body weight) and 13.9% at higher doses 

(250 mg/kg and 400 mg/kg). C
max

 and the AUC– time curve increased more than dose pro-

portionally at lower doses of EGCG but leveled off at higher doses. T
max

 was reached after 

60 to 115 minutes. The t
1/2

 was approximately 2.2 hours after intravenous administration 

and 5 to 6 hours after oral administration. EGCG was characterized as having a high clear-

ance (about 68 ml/min per kg), with a volume of distribution of approximately 2.2 l/kg. Ani-

mal studies have assessed the safety of EGCG consumption. No genotoxic effects  were 

found in studies on mice and rats at EGCG concentrations comparable to those reported in 

human studies (80).

There was no indication of a teratogenic effect when EGCG was administered in the 

diets of rats during organogenesis at doses delivering up to a nominal 1000 mg EGCG/kg 

per day. The preliminary study in which EGCG was administered by subcutaneous injec-

tion provided supporting evidence of the absence of teratogenicity (81).
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EGCG CLINICAL TRIALS

Safety, Toxicity, and Pharmacokinetics

Formulation of EGCG has become critical as purifi ed EGCG is considered to be too 

costly for clinical use and is poorly absorbed, and tolerance has become an issue because of 

the caffeine content (47, 82, 83). Investigators have used supplemental or synthetic forms of 

EGCG and other tea catechins to help characterize dose- response kinetics and other bio-

logic effects and to promote the design and development of chemopreventive drug candi-

dates based on EGCG.

A decaffeinated supplemental preparation of tea catechins, Polyphenon® E, developed 

by the Division of Cancer Prevention (DCP) Chemoprevention Branch at the National Can-

cer Institute (NCI) and in conjunction with Mitsui Norin Co., Ltd., contains approximately 

50% EGCG and 30% other catechins. In a phase I pharmacokinetic study of Polyphenon® 

E, 20 human subjects  were given single- dose administration of 200, 400, 600, or 800 mg 

EGCG, with each capsule containing 200 mg of EGCG and 68 mg of other catechins. Peak 

plasma EGCG levels of 200 to 400 ng/ml (0.4– 0.8 μM) could be achieved after the admin-

istration of these formulations at doses equivalent to the EGCG content in 8 to 16 cups of 

green tea (depending on the cup size) (53).

A subsequent in- depth study of the safety and plasma kinetics of multiple- dose adminis-

tration of purifi ed EGCG and Polyphenon® E was performed. This study examined once- 

daily and twice- daily dosing regimens of EGCG and Polyphenon® E over a four- week 

period in 40 healthy volunteers (52). In this study, standardized, defi ned, and decaffeinated 

green tea polyphenol oral products in amounts similar to the EGCG content in 16 Japanese-

 style cups of green tea  were consumed once daily or in divided doses twice daily (four cap-

sules/day) for four weeks. EGCG intake at doses of 400 mg twice daily and 800 mg once 

daily established peak serum concentrations averaging 150 to 290 ng/mL. Peak concentra-

tions  were reached between 2.4 and 4.2 hours. Once- daily dosing of 800 mg resulted in 

approximately a 60% increase in the systemic exposure of free EGCG after chronic Poly-

phenon® E administration. Purifi ed EGCG and Polyphenon® E  were administered with 

food in these studies. All adverse events during the four- week period  were rated as mild and 

overall  were similar to placebo. Abdominal discomfort (19%) was the most frequent adverse 

event. Other side effects included headache (6%), excess gas (6%), and dizziness (6%) (52).

On the basis of the reported adverse events and clinical laboratory data in this trial, the 

study agents and dosing schedules have been found to be safe and well tolerated by the study 

subjects for at least one month. The reported adverse events  were rated as mild events. The 

more common events include headache, stomachache, abdominal pain, and nausea, which 

have been reported in subjects receiving green tea polyphenol treatment as well as in sub-

jects receiving placebo. There  were no signifi cant changes in blood counts and blood chem-

istry profi les after four weeks of green tea polyphenol treatment (52).

Fasting

As a signifi cant fraction of the orally administered green tea catechin is either not ab-

sorbed or is eliminated presystemically, Chow et al. performed a randomized, single- dose, 
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crossover pharmacokinetic study of Polyphenon® E in 30 healthy individuals comparing 

dosing with food and under fasting conditions (84). In this study, taking Polyphenon® E at 

400, 800, or 1200 mg on an empty stomach after an overnight fast resulted in a dramatic 

increase in the blood levels of free EGCG. Fasting peak concentrations occurred between 

1.0 and 2.0 hours. AUC and C
max

  were 2.3 to 3.5 times and 3.6 to 5.6 times higher, respec-

tively, when taken on an empty stomach. Fasting doses  were also generally well tolerated, 

with grade 1 or 2 nausea being the most frequent adverse effect, occurring in approxi-

mately 36% of subjects. Other side effects included abdominal discomfort (10%), headache 

(10%), dyspepsia (3%), diarrhea (7%), gas (3%), and rash (3%). Results showed that greater 

oral bioavailability of free catechins can be achieved by taking Polyphenon® E on an empty 

stomach after an overnight fast. Polyphenon® E up to a dose that contains 800 mg EGCG is 

well tolerated when taken under the fasting condition. This dosing condition is also expected 

to optimize the biological effects of tea catechins (84).

Metabolism

After oral intake, EGCG undergoes extensive hepatic fi rst- pass metabolism including 

glucuronidation, sulfation, and methylation. In humans, EGCG is present mainly in the 

free form in plasma. EGCG is degallated to EGC. EGC is detected mainly as the glucuroni-

dated form (57%– 71%) or sulfated form (23%– 36%), with only a small amount present as 

the free form (3%– 13%) (69). In addition to these conjugation reactions, EGCG and EGC 

undergo gut metabolism to form ring fi ssion products (69), which are then further broken 

down by gut fl ora to phenylacetic and phenylpropionoic acids (79). EGCG is not detected in 

the urine after ingestion (53, 69). These data suggest that EGCG is not excreted in the urine 

but transported to the liver for excretion into bile and feces.

In a study by Ullman et al., a complete set of plasma kinetic data for single oral doses of 

pure EGCG capsules (94% crystalline bulk EGCG, Roche Vitamins, Ltd.) in the dose range 

of 50 to 1600 mg was assessed under fasting conditions in 60 healthy volunteers (85). The 

plasma kinetic profi le of Roche bulk EGCG revealed a rapid absorption with a one- peak 

plasma concentration versus time course, followed by a distribution phase and an elimina-

tion phase. A dose linearity can be assumed for rate and extent. Single oral doses of Roche 

bulk EGCG up to 1600 mg  were very well tolerated in this study, and no clinical or biologi-

cal adverse events occurred (85). Other clinical studies have assessed the drug interactions 

of EGCG with cytochrome P450 activity or long- term EGCG dosing. Two studies showed 

no signifi cant alteration in the disposition of medications primarily dependent on the CYP2D6 

or CYP3A4 pathways of metabolism (86, 87).

Drug interactions may result from either pharmacokinetic or pharmacodynamic sources. 

Pharmacokinetic interactions can affect absorption, transport, distribution, metabolism, 

or elimination of a drug. Pharmacodynamic interactions alter the pharmacologic response 

to a drug but may not affect the drug’s body concentrations. Risk of drug interactions of 

EGCG may be decreased due to minimal interaction with major cytochrome P450 (CYP) 

isozymes. Four weeks of Polyphenon® E 800 mg once daily did not change the activities 

of CYP1A2, CYP2D6, and CYP2C9 but inhibited CYP3A4 activity by approximately 

20% compared to baseline (p = 0.01) (84). This is not likely to be clinically relevant. Lack 

of signifi cant effect on CYP isozymes is benefi cial, because of the 22 currently FDA- 

approved agents for HIV treatment, 14 are substrates, inducers, or inhibitors of CYP en-
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zymes. These results suggest that EGCG administration may be less likely to affect the 

pharmacokinetics of commonly used pharmaceutical drugs, in par tic u lar many of the 

available ARV agents; however, it could enhance the detoxifi cation of compounds that are 

signifi cantly glucuronidated. Of the available ARVs, at least fi ve are either primary sub-

strates for UDP glucuronosyltransferases (UGT) or increase/inhibit UGT activity and thus 

may be a potential source for drug interactions. Effects of EGCG on drug transporters are 

currently unknown.

Cancer Studies

A phase I clinical trial of EGCG dosing of 600 mg daily for one year resulted in a 90% 

reduction in the rate of high- grade prostate intraepithelial neoplasia- positive men develop-

ing prostate cancer. No signifi cant side effects  were observed (88).

Doses of green tea extract (GTE) containing 13.2% EGCG, 6.8% caffeine, up to 5.05 g/m2 

per day GTE for up to six months have been evaluated in adults with solid tumors (54). 

Single doses of up to 1600 mg  were generally well tolerated (89). In this study of 49 adult 

cancer patients, the maximum- tolerated dose was 4.2 g/m2 once daily (6.1– 9.9 g/day GTE) 

or 1.0 gm/m2 three times daily (4.8– 6.7 g/day GTE). At 4.2 gm/m2 once daily, no notable 

increase in toxicity occurred compared to the 3.37 gm/m2 once daily cohort. At 4.2 gm/m2 

once daily, the following adverse effects occurred in one out of six patients: polyphagia, 

vomiting, paresthesia, restlessness, and headache (all grade 1); fatigue and nausea (grade 

2). Three out of six patients at 4.2 gm/m2 once daily experienced grade 1 nausea. Dosing at 

1.0 gm/m2 three times daily was associated with similar adverse effects: grade 2 fatigue 

(1/8), grade 1 fl atulence (1/8), grade 1 nausea (1/8), grade 1 agitation (2/8), grade 1 insom-

nia (2/8), and grade 1 headache (1/8). No hematologic toxicities  were observed in this study. 

In follow- up laboratory examinations, no signifi cant changes  were found in serum chemis-

tries, coagulation, electrocardiographs, or urinalysis. Many of the side effects seen in this 

study  were attributed to the caffeine contained in the studied formulation.

Several case reports have implicated concentrated extracts of Chinese green tea (Camellia 
sinesis) in causing hepatotoxicity, usually with a mixed hepatocellular- cholestatic picture (90, 

91). Cumulative amount of extract consumed ranged from 5.9 to 240 g. Most patients  were 

younger than 40 years of age (8 of 11 cases) and women (9 of 11). Ten of 11 patients recovered 

after discontinuing the implicated substance. One patient required liver transplantation.

CONCLUSIONS

Overall, EGCG is the most prevalent compound found in GTEs. It has been shown to have 

signifi cant in vitro anti-HIV- 1 activity at physiologically achieved plasma concentrations.

A major drawback of present conventional ARV drugs is their high cost and unavailabil-

ity in the Third World. A cheap, readily available, and safe treatment, such as could be pro-

vided by this complementary and alternative medicine, component of green tea, would 

have an enormous impact on public health. Proteins, monoclonal antibodies, and synthetic 

peptide formulations may be prohibitively expensive in the millimolar amounts likely to be 

needed per application, while the cost of making conventional small molecule inhibitors, 

such as EGCG, might not be unreasonable.
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Until now, most of the FDA- approved anti- HIV drugs are HIV reverse transcriptase in-

hibitors (RTIs), including the nucleotide RTIs (NRTIs) and nonnucleotide RTIs (NNRTIs), 

and protease inhibitors (PIs), except for the fi rst member of a new kind of anti- HIV drug, 

HIV entry inhibitors T-20 (92, 93). Clinical applications of these drugs in various combina-

tions, known as ARV, have dramatically reduced the morbidity and mortality of AIDS and 

have signifi cantly improved life expectancy for HIV- positive patients. However, substantial 

numbers of HIV- infected patients on ARV regimens cannot use the RTIs or PIs because of 

the emergence of drug- resistant HIV mutants and serious adverse effects. Thus, the devel-

opment of new classes of anti- HIV drugs targeting different stages of HIV replication, such 

as HIV entry, integration, and maturation, is urgently needed (31).

Novel therapeutic complementary and alternative medicine has been found in natural prod-

ucts. One such candidate for complementary and alternative medicine is the green tea catechin, 

EGCG. EGCG, a naturally derived anti- HIV agent, has been shown to bind to the HIV- 1-

 gp120 binding site on the CD4 molecule with suffi cient affi nity to prevent the HIV- 1 virion 

from attaching to the target cell, CD4, thus inhibiting infection. The outcome of phase I clini-

cal trials has established EGCG to be safe and well tolerated in healthy participants.

No studies to date have evaluated the safety, effi cacy, and pharmacokinetic characteris-

tics of EGCG in HIV- 1-infected individuals. EGCG in the formulation Polyphenon® E is 

standardized and has the most clinical data to date in humans, especially regarding safety 

and pharmacokinetics. Based on these data, several potential doses of EGCG administered 

as Polyphenon® E have been selected as likely to achieve the concentrations previously 

shown in vitro to be necessary for anti-HIV- 1 activity (0.2 to 5 mM = 92 to 2292 ng/mL), 

and Polyphenon® E has been selected as the formulation to be used in our phase I clinical 

study.

We are now poised to begin the next phase of the translational pro cess to develop the 

green tea catechin, EGCG, as a complementary and alternative medicine in the manage-

ment of HIV/AIDS. A phase I, dose- blinded, randomized, placebo- controlled clinical trial 

will be initiated to determine the safety, toxicity, dosing, and antiviral effects of EGCG in 

capsule form (Polyphenon® E), administered orally once or twice daily at three different 

doses in HIV- 1-infected, clinically stable, treatment- naïve, and treatment- experienced adults 

not on concomitant ARV therapy. The results from this preliminary research in humans will 

lay a foundation for justifi cation of larger clinical trials and the development and advance-

ment of EGCG as a complementary and alternative medicine in the management of HIV/

AIDS.
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Chapter 6

Curcuminoids from Curcuma 
longa in Disease Prevention 
and Treatment

Vladimir Badmaev

CHRONIC INFLAMMATION

Infl ammation as a lingering rather than an acute pro cess is increasingly important for re-

searchers and clinicians from diversifi ed fi elds of medicine. Chronic infl ammation is con-

sidered an underlying pathology of many diseases that remain poorly understood or treated. 

Cardiovascular disease, a leading cause of mortality in the world, is no longer considered 

as only a disorder of lipid accumulation but also as a disease pro cess characterized by low-

 grade infl ammation of the endothelial cells and an inappropriate healing response of the 

vascular lining (1). Cancer is another chronic degenerative disease that is initiated and pro-

moted by lingering infl ammation, often triggered by environmental or nutritional factors 

(2). Similarly, the neurodegenerative conditions, for example, Alzheimer’s disease, are hypoth-

esized as being caused by dysfunction of the immune system reacting to chronic infl amma-

tion of the central ner vous system (3).

Several epidemiological and laboratory studies have demonstrated that patients with clini-

cally different diseases may have a similar pattern of elevated serum levels of infl ammatory 

biomarkers including nuclear factor kappa beta (NF-κB), interleukin- 6 (IL- 6), cyclooxyge-

nase enzymes (COX- 1 and COX- 2), tumor necrosis factor- alpha (TNF- alpha), cell adhesion 

molecules, for example, intercellular adhesion molecule- 1 and P-selectin, and acute- phase 

proteins including C-reactive protein (CRP), fi brinogen, and amyloid (1, 2, 3). Dysregulation 

of tumor necrosis factor, or TNF, has been implicated in a wide variety of infl ammatory 

diseases including rheumatoid arthritis, Crohn’s disease, multiple sclerosis, psoriasis, sclero-

derma, atopic dermatitis, systemic lupus erythematosus, type 2 diabetes, atherosclerosis, 

myo car dial infarction, osteoporosis, and autoimmune defi ciency disease. TNF upregulates 

nuclear factor kappa beta (NF-κB is critically important as a transcription factor for the 

expression of TNF), and it also mediates its biological effects through activation of caspases, 
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activator protein 1 (AP- 1, a transcription factor needed for expression of TNF), c-jun N-ter-

minal kinase (JNK, which belongs to mitogen- activated protein kinases [MAPK]), p38 

mitogen- activated protein kinases (p38 MAPK), and p44/p42 MAPK. These changes in 

levels and activity of biomarkers may signal a chronic infl ammatory pro cess in a high- risk 

group of patients predisposed to or suffering from a degenerative disease and cancer.

Although synthetic drugs effectively reduce infl ammation and pain in both acute and 

chronic infl ammatory conditions, they work in a very selective way that may be counterpro-

ductive to the purpose of treatment. Recent research reveals that selective COX- 2 inhibitor 

drugs may induce metabolic imbalances that can result in the overproduction of toxic cyto-

kines, TNF- alpha, and certain interleukins that are involved in the infl ammatory pro cess (4).

In the emerging trend to search for natural therapies, turmeric root, ginger root, rosemary 

leaves, green tea leaves, and their respective active phytochemical constituents are reported 

to be effective COX- 2 inhibitors that also may inhibit the formation of infl ammatory leukot-

rienes and toxic cytokines. These botanicals, unlike synthetic COX-2 enzyme inhibitors, do 

not irritate the gastrointestinal lining and generally have a safe record of traditional use 

spanning centuries. Furthermore, no adverse effects have been reported with these botanical 

preparations in clinical studies performed to validate their therapeutic properties. In fact, 

Table 6.1.  Comparison of Cancer Incidence in U.S. (Curcumin Non- Users) and India 
 (Curcumin Users)

U.S. India

Cancer Cases Deaths Cases Deaths

Breast 660 160 79 41

Prostate 690 130 20 9

Colon/rectum 530 220 30 18

Lung 660 580 38 37

Head and neck SCC 140 44 153 103

Liver 41 44 12 13

Pancreas 108 103 8 8

Stomach 81 50 33 30

Melanoma 145 27 1.8 1

Testis 21 1 3 1

Bladder 202 43 15 11

Kidney 115 44 6 4

Brain, ner vous system 65 47 19 14

Thyroid 55 5 12 3

Endometrial cancers 163 41 132 72

Ovary 76 50 20 12

Multiple myeloma 50 40 6 5

Leukemia 100 70 19 17

Non- Hodgkin’s lymphoma 180 90 17 15

Hodgkin’s disease 20 5 7 4

Showing cases per 1 million persons calculated on the basis of current consensus: endometrial cancers include Cervix 

uteri and Corpus uteri.

Source: GLOBOCAN 2000: Cancer Incidence, Mortality and Prevalence Worldwide, Version 1.0. IARC Cancer Base No. 

5. Lyon, IARC Press, 2001.
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many of the compounds found in the extracts are on the U.S. Food and Drug Administration 

(FDA) GRAS (generally recognized as safe) list of compounds that are safe to use in daily 

nutrition. In this regard, based on the current body of scientifi c evidence, turmeric’s (curry) 

curcuminoids are considered the most promising food- derived compounds to fi ght infl am-

mation and related diseases (5, 6) (Table 6.1).

There is a signifi cant amount of research conducted on the health benefi ts of curcum-

inoids summarized in Figure 6.1. In this chapter the potential for curcuminoids in infl am-

matory pro cesses will be discussed. In view of the effi cacy and apparently low toxicity of 

curcuminoids, securing a predictable delivery of curcuminoids to the target tissue(s) will 

be essential to fulfi ll their promise for medicinal food or novel drug applications in preven-

tion and treatment of infl ammatory and neoplastic diseases.

STANDARDIZATION OF TURMERIC’S CURCUMINOIDS

Curcumin (chemically diferuloylmethane) and its derivatives demethoxycurcumin and 

bisdemethoxycurcumin, collectively known as curcuminoids, are responsible for the yellow 

pigment derived from the roots of the perennial herb turmeric (Curcuma longa L. Family 

Zingiberaceae) (Figure 6.2). The same ground, dried roots of turmeric, which have been 

used for centuries as a spice (curry), a food preservative, and a coloring agent, have been 

found to be a rich source of phenolic compounds (curcuminoids) with versatile biological 

mechanisms (6) and (6a). In dietary supplement practice and in a growing body of scientifi c 

research, an extract of turmeric roots is now being utilized that is standardized for a high 

purity of curcuminoids, for example, 95% curcuminoids, devoid of environmental con-

taminants (7– 22). The standardization is achieved on the basis of the content of a group of 

bioactives, that is, curcuminoids, by a high-pressure liquid chromatography (HPLC) method, 

resulting in the following combination:
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Figure 6.1.    Mode of Action of Curcuminoids
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(total curcuminoids not less than 95.0% calculated on dried basis)

(bisdemethoxy curcumin not less than 2.5% and not more than 6.5%)

(demethoxycurcumin not less than 15.0% and not more than 25.0%)

(curcumin not less than 70.0% and more than 80.0%)

but also based on limits for various quality pa ram e ters such as the ash content (no more 

than 1.0%), melting range (172– 178°C), bulk density (0.5 g/ml), sieve values (standard size 

of the particles of the extract), solubility in water (insoluble in water) and organic solvents 

(slightly soluble in alcohol, soluble in acetone and glacial acetic acid), microbial (total 

microbial count < 100 cfu/g and absence of pathogenic bacteria) and mold and yeast (< 10 

cfu/g) loads, residual solvents from the extraction pro cess, and pesticide (e.g., in Japan 

there is a list of 183 pesticides for which curcuminoids have to test negative) and afl a-

toxin levels (have to be < 20 ppb).

The limits for heavy metals (total heavy metals under 10 ppm, arsenic < 1 ppm, lead < 0.5 

ppm) are an important quality control and standardization pa ram e ter. There are two possible 

sources of heavy metals in the turmeric extract. The fi rst one is the plant’s ability to absorb 

from the soil, that is, “naturally occurring.” The second is contamination from the pro cess 

(equipment, pro cess water, and the solvents and chemicals used in the manufacture).

CURCUMINOIDS IN TREATMENT OF CANCER

Potential Mechanisms of Action

In the last three years alone, several pioneering IND (Investigational New Drug) studies 

have been granted by the FDA and other studies funded by the National Institutes of Health 

to investigate curcumin and its derivatives in the treatment of patients with cancer (16, 17, 

18). Some of the leading clinical research centers in the United States, including MD 
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Figure 6. 2.    Chemical Structures of Curcuminoids
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 Anderson Hospital in Houston, Texas, are involved in preclinical and clinical research of 

the anticancer mechanism and application of curcuminoids in conditions including multiple 

myeloma and colon, pancreatic, breast, prostate, head and neck, and respiratory tract can-

cers. These cancer conditions are either currently being studied in clinical experiments or 

considered next in line for systematic evaluation with curcuminoid therapy.

Curcuminoids act by inhibiting several pro cesses that contribute to the survival, prolifera-

tion, invasion, and metastasis of tumor cells (23). Curcuminoids act by interfering with sig-

naling mechanisms (critical for tumor growth), regulation of apoptosis, and tumor angiogenesis. 

Current research is designed to determine which of these fundamental pro cesses in cancer 

development account for the clinical effects of curcumin and its derivatives.

Curcuminoids have signifi cant immunomodulating and anti- infl ammatory effects, in 

part caused by the inhibition of cyclooxygenase type 2 enzyme (COX- 2) and its subsequent 

arachidonic acid metabolism (24, 25). Curcuminoids, like several other immunomodula-

tors, inhibit the activation of the nuclear factor kappa- B (NF-κB) family of transcription 

factors that are known to be activated in a wide variety of solid tumors, lymphomas, and 

leukemias (26, 27, 28) (Graph 6.1, Table 6.2). The activation of NF-κB may shield tumor 

cells from apoptosis, or programmed cell death, and promote tumor growth factors and 

those factors that facilitate invasion and metastasis of tumors. Curcuminoids block the NF-

κB–mediated gene expression responsible for the chain of events leading to tumor develop-

ment, progression, and expansion. A probable mechanism of curcuminoids appears to be 

blocking the degradation of the inhibitors of NF-κB (Graph 6.1; 26). In vitro, curcuminoids 

induce apoptosis and thus inhibit tumor growth in a broad range of tumor cells, including 

cell lines from colon, breast, prostate, squamous cell, renal cell, and hepatocellular carci-

nomas; B- and T-cell lymphomas; leukemias; melanoma; and sarcoma cells (29).

Curcuminoids also affect a signaling mechanism that involves expression and activation 

of certain growth factor receptors that promote tumor growth. For example, HER- 2/neu is 
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a member of the Epidermal Growth Factor Receptor family, which is overexpressed in ap-

proximately 30% of breast cancer patients. HER- 2/neu–positive breast cancer cells, when 

exposed to curcumin,  were found to have decreased expression of the HER- 2 receptor (29, 

30, 31).

This ability makes curcumin a promising agent for combination with paclitaxel (Taxol) 

(29). The drug Taxol is derived from the Pacifi c yew tree and is produced semisynthetically 

using a combination of fermentation and synthesis. It is used as fi rst- line chemotherapy in 

breast cancer. It induces the apoptosis of breast tumor cell lines, but overexpression of HER-

 2/neu may block these apoptotic effects and induce re sis tance to Taxol. Further, HER- 2/neu 

and Taxol can activate antiapoptotic pathways through activation of NF-κB. Thus, agents 

such as curcuminoids that can down- regulate activation of NF-κB and decrease HER- 2/neu 

overexpression and other markers of tumorigenesis may augment the therapeutic effects of 

Taxol against breast cancer (Figure 6.3).

Interestingly, curcuminoids may have a comparable mechanism of action to the drug 

therapy involving Herceptin for breast cancer patients with HER- 2 receptor– positive can-

cer cells. Herceptin is an antibody against HER- 2 receptors, binding, blocking, and inacti-

vating those receptors. In vitro, the growth of breast cancer cells with multidrug re sis tance 

(MDR) characteristics is inhibited by these turmeric phenolics; the stimulation of estrogen 

receptor (ER)–positive cell lines by estrogenic pesticides is also inhibited by curcuminoids 

(31, 32). Curcuminoids have also been found to inhibit epidermal growth factor receptor 

expression or activation in skin cancer cell lines as well as in androgen- sensitive and androgen-

 insensitive prostate cancer cell lines (33).

An important anticancer mechanism of curcuminoids is restriction of vital blood supply 

to the rapidly growing tumor (34, 35). In vitro, these compounds inhibit the blood vessel 

endothelial and smooth muscle cell growth and proliferation, which is the basis for inhibi-

tion of angiogenesis (new blood vessel formation). Curcuminoids also inhibit new vessel 

formation induced by growth factors, such as fi broblast growth factor- 2 (FGF- 2) (34). Fur-

thermore, curcuminoids inhibit the production of vascular endothelial growth factor 

(VEGF) in human melanoma cells (36). The antiangiogenic effect of turmeric compounds 

Table 6.2.    Tumors Linked to NF-κB Expression

Breast cancer

Prostate cancer Solid tumors

Lung cancer

Colon cancer

Melanoma

Bladder cancer NF-κB

Ovarian cancer Multiple myeloma

Pancreatic cancer B-cell lymphoma

Thyroid cancer Hodgkin’s lymphoma

Liver cancer Hematopoietic T-cell lymphoma

Head and neck tumors Adult T-cell leukemia

Retinoblastoma Acute lymphoblastic

Bladder cancer leukemia

Source: Curr. Opin. Oncol. 2003; 15(6): 405–411.



CURCUMINOIDS IN DISEASE PREVENTION AND TREATMENT 115

can be explained by the aforementioned selective COX- 2 inhibition with curcuminoids. 

COX- 2 enzyme activity may contribute to tumor growth (inhibition of apoptosis) along 

with increased production of the new vessel growth factors (VEGF, FGF) and the forma-

tion of new blood vessels. In in vitro experiments, COX inhibitors inhibited the growth of 

human colon, prostate, gastric, lung, head and neck, pancreatic, liver, and breast cancer cell 

lines (37, 38).

CLINICAL TRIALS IN CANCER

Human clinical trials with curcuminoids have been undertaken in several cancers in view 

of evidence of safety and effi cacy in preclinical studies of these compounds in prevention 

and treatment of several forms of cancer. Several examples of clinical trials against various 

cancers are discussed. The data include design, use of biomarker mea sure ments, adverse 

events, and a discussion of dosing and clinical outcome.

Clinical Trials in Patients with Colon Cancer

Gastrointestinal cancer has been of par tic u lar interest because of its epidemiological 

signifi cance. Curcuminoids  were evaluated in the Department of Oncology, University of 

Leicester, United Kingdom, in a dose- escalation study in patients with advanced colorectal 

cancer refractory to standard chemotherapy (7). The primary objective of this four- month 

study was to evaluate markers of effi cacy of the novel chemopreventive agent. Three bio-

markers of the potential activity of curcuminoids  were mea sured in the peripheral blood 
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leukocytes: glutathione S- transferase activity (GST), levels of M1G (DNA adduct [M1G] 

formation), and prostaglandin E2 (PGE2) production induced ex vivo.

Design of the Trial
Fifteen patients with histologically proven adenocarcinoma of the colon or rectum for 

which no additional conventional therapies  were available  were selected for the study based 

on the following criteria: mea sur able or evaluable disease; age > 18 years; World Health Or-

ga ni za tion (WHO) per for mance status of 0 to 2 and life expectancy > 12 weeks; absolute 

neutrophil count > 1.5 × 109/L; hemoglobinn > 10 g/dL; platelets > 100 × 109/L; aspartate 

aminotransferase and alanine aminotransferase < 2.5 times the upper limit of normal; se-

rum bilirubin and creatinine < 1.5 times the upper limit of normal; and no previous investi-

gational or chemotherapeutic drugs within 28 days before enrollment. Patients  were asked 

to abstain from nonsteroidal anti- infl ammatory drug use and the consumption of foods 

containing the spice turmeric during the study period, and their general practitioners  were 

asked not to prescribe nonsteroidal anti- infl ammatory drugs. Written informed consent 

was obtained from each patient before enrollment. All of the patients  were Caucasians ex-

cept for one patient who was Indian. The trial and formulation  were approved by the local 

ethics committee and the United Kingdom Medicines Control Agency.

Each patient was assigned to the dose level (DL), and depending on dose level, patients 

consumed one, two, four, or eight capsules, providing 450 (DL1), 900 (DL2), 1800 (DL3), 

or 3600 (DL4) mg of curcuminoids, respectively, once daily. The capsules of a daily dose 

of curcuminoids  were consumed together with water in the morning after at least two hours 

of fasting. Treatment was continued until disease progression was established or consent 

was withdrawn. The three indices of the potential pharmacological activity of curcumin 

mea sured in patient blood leukocytes  were GST activity, levels of a deoxyguanosine adduct 

(M1G) formed via oxidative DNA damage, and inducible prostaglandin E2 (PGE2) levels 

as an indicator of COX- 2 activity induced ex vivo by lipopolysaccharide (LPS). Serum levels 

of total cholesterol and the tumor markers carcinoembryonic antigen CA19.9 and CA125 

 were mea sured before treatment and every month of treatment. Blood samples for analysis 

of GST activity and M1G levels  were collected one week before and on days 1, 2, 8, and 29 

of treatment, immediately before dosing for M1G or immediately before and one hour after 

each dose for GST. Blood was also taken for assessment of plasma PGE2 concentration 

induced ex vivo.

Patients  were evaluated for tumor response every eight weeks, using computed tomogra-

phy or magnetic resonance imaging scanning, in addition to monthly chest X-rays. Mea-

sure ments  were made using the WHO Solid Tumor Response Criteria. Partial response was 

defi ned as at least a 50% decrease in mea sur able lesions from baseline and with no devel-

opment of new lesions. Progressive disease was defi ned as at least a 25% increase, clear 

worsening from previous assessment of any evaluable disease, reappearance of any lesion 

that had disappeared, or appearance of any new lesion or site. Stable disease was defi ned as 

the scenario in which the disease status had neither responded to meet the partial response 

criterion nor progressed to meet the progressive disease criteria.

Tolerance and Side Effects
Curcuminoids  were well tolerated at all of the dose levels. Two types of gastrointestinal 

adverse events  were reported by patients, which  were probably related to curcuminoids’ 

consumption. One patient consuming 0.45 g curcuminoids daily and one patient consuming 
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3.6 g curcuminoids daily developed diarrhea (National Cancer Institute grades 1 and 2) one 

month and four months into treatment, respectively. In the fi rst case, diarrhea was controlled 

with an antidiarrheal drug. The other patient withdrew consent from the study, and the diar-

rhea resolved after cessation of treatment. One patient consuming 0.9 g curcumin daily ex-

perienced nausea (National Cancer Institute toxicity grade 2), which resolved spontaneously 

despite continuation of treatment. Two abnormalities  were detected in blood tests, both pos-

sibly related to treatment: a rise in serum alkaline phosphatase level was observed in four 

patients, consistent with National Cancer Institute grade 1 toxicity in two patients and grade 

2 toxicity in two patients; serum lactate dehydrogenase levels  rose to > 150% of pretreatment 

values in three patients.

Clinical Status
All of the patients enrolled exhibited radiologic evidence of progressive disease before 

recruitment. No partial responses to treatment  were observed. Two patients exhibited stable 

disease by radiologic criteria after two months of treatment, and they remained on treatment 

for a total of four months. The fi rst of these two patients (DL2) developed progressive dis-

ease on her second computed tomography scan. The other patient (DL3) demonstrated con-

tinued stable disease on a computed tomography scan after four months, but she withdrew 

consent on account of diarrhea, which she thought was treatment related. Decreases in tu-

mor markers  were not observed as a result of treatment in any of the patients. Three signifi -

cant changes in quality of life scores  were recorded: one patient noticed a signifi cant 

improvement after one month of treatment, and two patients deteriorated after two months 

of treatment, both of whom  were found to have radiologic progressive disease.

Biomarkers of the Trial
Oral administration of curcuminoids did not impact on basal PGE2 levels in leukocytes, 

nor did doses of 0.45 to 1.8 g daily alter LPS- induced PGE2. However, consumption of 3.6 g 

of curcumin daily affected LPS- induced PGE2 levels. When values obtained immediately 

predose or one hour postdose on days 1, 2, 8, and 29  were pooled for the six patients con-

suming this dose, PGE2 levels observed postdose  were signifi cantly lower, 46%, than those 

mea sured immediately predosing (p = 0.028). There was no time- dependent trend in basal 

or LPS- stimulated PGE2. A subset analysis revealed no difference between inducible 

PGE2 levels in samples from the three patients in which curcumin was detected compared 

with those in which curcumin was not detected. These results suggest that consumption of 

3.6 g of curcumin daily is linked with inhibition of PGE2 induction in blood taken postdose 

compared with blood taken predose. Oral curcuminoids at any dose level showed no effect 

on GST and M1G formation.

Levels of Curcumin and Derivatives in Plasma, Urine, and Feces
Curcumin was detected in plasma samples taken 0.5 and 1 hour postdose from patients 

consuming 3.6 g of curcumin daily. Glucuronides and sulfates of curcumin and desmethoxy-

curcumin  were found in the plasma from all patients consuming 3.6 g of curcumin daily at 

all of the time points studied. Curcumin and its glucuronide and sulfate metabolites  were 

detected in plasma in the 10 nmol/L range. Analysis of urine suggested the presence of 

curcumin and the conjugates in all of the samples from patients consuming 3.6 g of cur-

cumin daily. Using HPLC, such chromatographic peaks  were not seen in any extracts of 

urine samples from patients on the lower doses. The HPLC techniques demonstrated the 
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presence of curcumin and curcumin glucuronide, desmethoxycurcumin and desmethoxy-

curcumin glucuronide, and curcumin sulfate in urine. Abundant amounts of curcumin  were 

recovered from the feces at all of the dose levels. Trace amounts of curcumin sulfate  were 

detected in feces from three patients consuming 3.6 g of curcumin daily.

The study presented herein provides the fi rst report of the systemic pa ram e ters of phar-

macokinetics and activity of curcuminoids that may facilitate the phase II chemoprevention 

or anticancer trials. The results allow the following conclusions regarding oral curcuminoids 

in humans: (a) administration of 0.5 to 3.6 g daily for up to four months is associated with 

mild diarrhea in colon cancer patients as the only reported side effect of the treatment; (b) 

consumption of 3.6 g of curcuminoids daily generates detectable levels of parent compound 

and conjugates in plasma, urine, and feces; and (c) consumption of 3.6 g of curcumin daily 

causes inhibition of PGE2 production in blood leukocytes mea sured ex vivo.

In conclusion, a daily oral dose of 3.6 g of curcuminoids is advocated for phase II evalu-

ation in the prevention or treatment of colorectal cancer. PGE2 blood levels may indicate 

the biological activity; however, the possibility of induction of GST enzymes and suppres-

sion of oxidative ge ne tic material damage (DNA adduct [M1G] formation) with curcumi-

noids should not be discounted.

Clinical Trial in Patients with Pancreatic Cancer

In a clinical trial conducted at MD Anderson Medical Center, Houston, Texas, curcumi-

noids  were evaluated in treatment of patients with pancreatic cancer. Pancreatic cancer is 

one of the most lethal cancers, with an overall fi ve- year survival rate of < 5%, with most 

patients dying of the disease within one year. The poor prognosis of pancreatic cancer is 

due to its tendency for late pre sen ta tion; aggressive, local invasion; early metastases; and 

poor response to chemotherapy. The only drugs approved by the FDA for treatment of pan-

creatic cancer are gemcitabine and erlotinib. Both of these drugs elicit responses in only a 

small percentage of patients (fewer than 10%), their effect on survival is mea sured in 

weeks, and treatment is associated with multiple adverse effects and drug re sis tance. There 

is a need for novel strategies involving less toxic agents that can sensitize pancreatic cancer 

cells to chemotherapy.

Several in vitro and in vivo studies have shown that nuclear transcription factor-κB (NF-κB) 

is activated in an experimental model of pancreatic cancer. The transcription factor has 

been linked with cell proliferation, invasion, angiogenesis, metastasis, suppression of apop-

tosis, and chemore sis tance in multiple tumors including pancreatic cancer. The preclinical 

studies have shown that curcuminoids suppress NF-κB activation and the growth of human 

pancreatic cancer xenografts in mice. Phase I human clinical trials of curcuminoids have 

shown that curcuminoids are safe at doses of up to 8 g per day (39). Subsequently, the phase 

II clinical trial described below was undertaken to determine whether orally administered 

curcuminoids have biological activity in patients with advanced pancreatic cancer (40).

Design of the Trial
This trial was a nonrandomized, open- label, phase II clinical study. Twenty- fi ve patients 

(13 men, 12 women; aged 43– 77) with histologically confi rmed pancreatic cancer and a 

Karnofsky per for mance score greater than 60 but preserved hepatic function and renal 
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function  were enrolled in the phase II trial. Patients took 8 g of curcuminoids in capsule 

form daily for up to 18 months. The patients could not receive any concomitant chemo-

therapy and radiotherapy. Patients who  were diagnosed as at least with stable disease after 

eight weeks received continued therapy with curcuminoids at 8 g per day.

A physical examination, an electrocardiogram, a chest X-ray, diagnostic imaging, and 

disease staging  were performed at baseline, repeated every four weeks and at the end of 

therapy for all patients enrolled in the study; diagnostic imaging was repeated every eight 

weeks during the course of treatment. Blood samples  were used to mea sure the following 

values: cytokine concentrations (interleukin- 6, - 8, and - 10 and interleukin- 1 receptor antag-

onist [IL- 1RA]), tumor markers (CA 19- 9, CA 27.29, CA 125, and carcinoembryonic anti-

gen) concentrations, and peripheral blood mononuclear cell expression of NF-κB, COX- 2, 

and signal transducer and activator of transcription 3 (pSTAT3). Blood samples  were col-

lected pretherapy at 24 hours, 8 days, 4 weeks, and 8 weeks and analyzed using enzyme- 

linked immunosorbent assay (ELISA) and electrophoretic mobility shift assay (EMSA), 

assessed for pharmacokinetics of curcuminoids. The adverse events  were assessed on the 

basis of the National Cancer Institute Expanded Common Toxicity Criteria, and tumor re-

sponse was evaluated on the basis of the Response Evaluation Criteria in Solid Tumors.

Clinical Status
Twenty- four patients  were available for the toxicity evaluation, and 21 patients  were avail-

able for evaluation of the response to treatment with curcuminoids. The breakdown of non-

evaluable patients was as follows: one patient developed gastric obstruction on day 1, one 

patient was noncompliant, and two patients  were lost because of inadequate follow- up.

There  were no treatment- related adverse effects. Two of the 21 patients exhibited a favor-

able response to curcuminoids. In addition, a third patient remained on the study for approxi-

mately eight months with stable weight and a feeling of well- being—however, with progression 

of the lesions. Pancreatic cancer remained stable in one of the aforementioned patients for 

longer than 18 months. This patient was previously treated with failed Whipple’s surgery 

followed by gemcitabine and radiation therapy. The patient had an elevated CA 125 but not 

CA 19.9 level. With the treatment of curcuminoids, the CA 125 antigen levels decreased 

gradually over the course of 12 months (Graph 6.2).

The fi rst patient remained in relatively good physical condition, maintained his body 

weight, and did not develop ascites or edema. His neoplastic lesions remained stable in size 

as evaluated by serial positron emission tomography or computer tomography scans. The 

second patient had a marked response that lasted one month and was manifested by 73% 

reduction in the tumor size. Curiously, once the tumor progression started again, the le-

sions that had regressed remained small, but other lesions grew larger.

Biomarkers of the Trial
The baseline serum cytokines  were elevated in the majority of the patients. In contrast, 

the majority of healthy volunteers had undetectable serum levels of IL- 6, IL- 8, and IL- 10, 

with all having detectable serum levels of IL- IRA. Interestingly, the two patients who had a 

positive response to curcuminoids had their baseline IL- 6 below the median levels and the 

IL- 1RA above the median levels; the patient who benefi ted most, that is, had over 18 months 

of gradual improvement, had the highest initial IL- 1RA level among all participants of the 

study. Treatment resulted in variable changes in cytokine levels. Of par tic u lar interest was 
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the patient with brief and dramatic regression of tumor who now had a signifi cant increase 

in serum levels of all mea sured cytokines, for example, the in- treatment IL- 6 level that 

reached 35- fold of the baseline level for this patient. One way to explain the surge in cytok-

ines is release of cytokines from the tumor associated with shrinkage of the tumor mass. Of 

potential importance in this patient is the observation that the tumors that originally had 

regressed continued to show regression in follow- up, whereas the tumors that grew previ-

ously had been dormant. This fi nding suggests that there was a malignant clone that re-

sponded to curcuminoids, while another resistant clone emerged. The patient who had the 

stable disease condition for more than 18 months experienced gradual decrease in all cy-

tokine levels over time. As previously mentioned, this patient had the highest baseline levels 

of IL- 1RA of the tested patients. This fi nding may be biologically relevant because IL- 1RA 

opposes IL- 1, which can stimulate growth of pancreatic cell lines in vitro.

The NF-κB and the activated- by- NF-κB COX- 2 play critical roles in the growth and an-

giogenesis of pancreatic cancer. Immunocytochemistry of peripheral blood mononuclear 

cells (PBMC) showed constitutively active NF-κB in all patients who consented to optional 

tests (19 out of 25 patients), whereas activation of the transcription factor was not detected in 

healthy volunteers. On treatment with curcuminoids, immunocytochemistry values showed 

a decline (without reaching statistical signifi cance p = 0.1) in cellular expression of NF-κB 

compared with that in normal volunteers. PMBC in all 19 patients examined expressed 

COX- 2, which declined signifi cantly (p < 0.03) in the course of treatment with curcuminoids. 

The expression of NF-κB correlated well with the expression of COX- 2, and the majority of 

the patients showed down- regulation of NF-κB and COX- 2 after treatment with curcumi-

noids. This is the fi rst study to show that curcuminoids can down- regulate the expression of 

NF-κB and COX- 2 in humans. Nevertheless, the down- regulation was not associated with 

clinical response in many patients, possibly because the down- regulation in PBMC does not 

refl ect the changes in the tumor itself.

The expression of activated pSTAT3 in PBMC was also evaluated, because this com-

pound is regulated by growth factors, for example, epidermal growth factor, and it is impli-

cated in tumorgenesis and chemore sis tance. All tested patients had activated STAT3 at 

Graph 6.2.    Pancreatic Cancer Trial: CA125 [Cancer Antigen 125] Levels in a Patient

Serum levels of CA125 increased before dropping again when curcuminoids  were adminis-
tered. CA 19- 9 was not elevated.

Source: Clin Cancer Res. 2008 Jul 15;14(14); 4491– 4499.

http://www.liebertonline.com/action/showImage?doi=10.1089/9781934854051.109&iName=master.img-001.jpg&w=287&h=130
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baseline, and there was a statistically signifi cant decline (p = 0.009) in the percentage of 

pSTAT3- positive PBMCs in course of treatment with curcuminoids.

Clinical Trial in Patients with Pancreatic Cancer

Another study performed at the Department of Oncology, Rambam Medical Center, 

Haifa, Israel, was undertaken to evaluate feasibility and effi cacy of gemcitabine in combina-

tion with curcuminoids in patients with advanced pancreatic cancer (41). Patients received 

8 g of curcuminoids by mouth daily, concurrently with gemcitabine 1000 mg/m2 IV weekly 

times three out of four weeks. Time to tumor progression was the primary end point and 

the toxicity profi le the main secondary end point. Seventeen patients (ten male, seven fe-

male, aged 54– 78)  were enrolled for the study. Six patients had locally advanced tumors 

and 11 patients had metastatic disease, all in the liver. Patients received a median of two 

cycles of gemcitabine. Five patients discontinued curcuminoids after a few days to two 

weeks because of intractable abdominal fullness or pain. One patient died unrelated to the 

treatment event. In the 11 patients, curcuminoids and gemcitabine  were delivered concomi-

tantly for a period of 1 to 12 months. The dose of curcuminoids was reduced to 4 g per day 

in three of the patients because of abdominal discomfort. One patient out of the 11 evalu-

able patients had partial response (7 months), four had a stable disease condition (2, 3, 6, 

and 12 months), and six had tumor progression. Time to tumor progression was 1 to 12 

months (median 2) and overall survival 1 to 24 months (median 6). These preliminary results 

suggest that a combination of gemcitabine and curcuminoids for patients with advanced 

pancreatic cancer is feasible. Based on the outcome of this study, a clinically acceptable 

daily oral dose of curcuminoids in pancreatic cancer patients on chemotherapy should be 

less than 8 g per day.

Clinical Trials in Cancer- Predisposing Plasma Cell Dyscrasias

The hypothetical role of curcuminoids as chemopreventive agents in management of 

plasma cell dyscrasias has been studied in a clinical trial at St. George Hospital, Sydney, 

Australia. The trial assessed a potential therapeutic effect of curcuminoids in patients diag-

nosed with monoclonal gammopathy of undefi ned signifi cance (MGUS) (19).

Plasma cell dyscrasias, most commonly associated with paraproteinaemia, are a diverse 

group of disorders that includes multiple myeloma, Waldenstrom’s macroglobulinaemia, 

heavy chain disease, MGUS, and immunocytic amyloidosis. The incidence of plasma cell 

dyscrasias is age related. It occurs in 1% of the population over age 25 and 4% of those over 

age 70.

MGUS is the most common of the monoclonal gammopathies. While this condition oc-

curs in association with a variety of diseases, it can also precede the onset of multiple 

myeloma. MGUS patients have a serum M-protein value of < 30 g/L, fewer than 10% 

plasma cells in the bone marrow, no or a small amount of M protein in the urine, and ab-

sence of lytic bone lesions, anemia, hypercalcemia, or renal insuffi ciency related to the 

plasma- cell proliferative pro cess. MGUS is largely considered a benign condition; how-

ever, a number of studies show that patients with MGUS are at increased risk of developing 

fractures even before progression to multiple myeloma. Multiple myeloma is a progressive 
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neoplastic disease and is characterized by high bone turnover, signifi cant bone loss, and 

pathological fractures resulting in signifi cant morbidity and a high mortality. It is also as-

sociated with hypercalcemia, anemia, renal damage, and increased susceptibility to bacte-

rial infections.

Current management of MGUS patients includes the regular clinical observation for 

changes in clinical and immunochemical status at four- to six- month intervals. Overall, the 

risk of progression of MGUS to myeloma or related disorder is 1% per year. Younger pa-

tients are more likely to have progression to cancer during their lifetime because they are 

at risk longer. It is currently not possible to predict the course in any individual patient, and 

clinically, symptomatic myeloma may not evolve for as long as 20 years.

Because disease progression with MGUS is uncertain, early intervention to reduce the 

paraprotein load and the potential negative effects on the skeleton would provide an inno-

vative therapeutic tool. Curcuminoids  were selected for the trial with MGUS patients because 

numerous reports suggest that curcumin and its derivative curcuminoids have chemopreven-

tive and chemotherapeutic effects. Curcumin has been shown to inhibit the proliferation of 

multiple myeloma cells through the down- regulation of IL- 6 as well as to induce apoptosis 

in multiple myeloma cells. Curcumin has also been shown to inhibit osteoclastogenesis 

through the suppression of the receptor activator of nuclear factor kappa B ligand (RANKL 

is the primary mediator of osteoclast formation, function, and survival) signaling and sub-

sequently to reduce bone turnover.

Design of the Trial
In a single- blind, randomized control pi lot study, curcuminoid formula or placebo was 

administered orally, 2 g (2 caplets each 1000 mg curcuminoids) twice daily to a cohort of 26 

MGUS patients. Patients  were asked to abstain from drugs affecting bone metabolism for at least 

three months prior to and during the study. No patients had evidence of metabolic bone disor-

der. All the patients  were Caucasian, aged over 45 years. The study design was approved by 

the local ethics committee. Written informed consent was obtained from each patient before 

enrollment.

Blood and urine samples  were collected at baseline (V1), one week (V2), one month 

(V3), and three months (V4) after initiating the therapy. Full blood count, B2 microglobu-

lin, serum paraprotein, and immunoglobulin electrophoresis (IEPG and EPG)  were deter-

mined for all patients at each visit. Serum calcium, 25 hydroxyvitamin D3, and bone- specifi c 

alkaline phosphatase (bsALP)  were determined at baseline only. Urine, as a morning 

second- void sample, was collected at each visit for uNTx (urinary N-telopeptide of type I 

collagen) mea sure ments.

Clinical Status: Paraprotein Levels
Of the 26 patients randomized into the study— 16 men and 10 women with average age 

of 68 years— 24 patients completed the study. Seven (of the 17) patients  were administered 

curcuminoids only during the course of the study. Two patients withdrew from the study 

before crossover, as they developed diarrhea, which resolved after cessation of treatment. 

The other fi ve patients elected to remain on curcuminoids and refused crossover.

Baseline clinical data and serum biochemistry of the patients who completed the study 

are summarized below. Serum paraprotein concentration ranged from 8 to 36 g/L, with a 

median value of 20 g/L. Nine of the 26 patients randomized into the study had IgGk 

(35%), nine had IgGl (35%), four had IgMk (15%), three had IgAk (11%), and one had IgAl 
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(4%) paraproteins. All patients had a normal serum calcium level (mean = 2.62 mmol/L). 

There  were nine patients with vitamin D defi ciency (< 50 nmol/L). Two patients had ele-

vated baseline serum bone- specifi c alkaline phosphatase mea sure ments. All patients had 

elevated baseline B2 microglobulin levels (mean = 2.9 ± 1 mg/L), which remained un-

changed throughout the study. All patients had normal baseline uNTx levels (mean of 

27 ± 16 nmol/mmol creatinine), with no patient having a baseline value greater than 100 

nmol/mmol creatinine.

Of the 17 patients who  were started on curcuminoids, 10 had a baseline serum parapro-

tein level greater than or equal to 20 g/L (mean = 20.2 g/L) and 7 less than 20 g/L. In pa-

tients with a serum paraprotein ≥ 20 g/L, 50% of these (i.e., fi ve patients) had a 5% to 30% 

decrease in serum paraprotein levels in response to curcumin. The most signifi cant decrease 

was seen at V2 (p < 0.05 for group comparison between V1 and V2) (Figure 6.4). This de-

crease remained stable in most patients until they  were crossed over to placebo. Two patients 

then demonstrated a rebound in their serum paraprotein levels. Patients with a baseline 

serum paraprotein less than 20 g/L did not show a response to curcuminoids, but their se-

rum paraprotein levels remained stable throughout the study period.

Nine patients  were randomly assigned to receive placebo at baseline. In contrast to a de-

crease in serum paraprotein seen in patients initiating curcuminoid therapy, patients receiv-

ing placebo demonstrated stable or increased serum paraprotein levels at V2 (Figure 6.5). At 

V4 (i.e., crossover), two patients demonstrated a decrease in their serum paraprotein.

Clinical Status: uNTx Levels
While 73% of patients did not show a change in their uNTx levels while taking curcuminoids 

or placebo, 27% of patients showed a decrease in their uNTx levels when taking curcuminoids. 

This response was most marked in two patients at crossover. Although the difference between 

the groups (i.e., curcuminoids vs. placebo) does not reach statistical signifi cance, the results 

do indicate that certain patients may show a decrease in bone resorption in response to 

curcuminoids.

The present study demonstrates that oral curcuminoids are able to decrease paraprotein 

load and bone resorption in a select group of patients with MGUS. Fifty percent of patients 
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with a paraprotein ≥ 20 g/L responded with a 5% to 30% decrease in their paraprotein lev-

els when taking 4 g per day curcuminoids orally. This response occurred already after 

seven days of curcuminoid therapy. Patients taking placebo had no such decrease in their 

paraprotein levels.

Bone resorption was determined by urinary N-telopeptide of type 1 collagen (uNTx) 

excretion rates. The 26 MGUS patients in this study had a mean uNTx level of 27.3 nmol/

mmol creatinine at baseline with no patient having a baseline value above the upper range 

of normal. Nonetheless, a reduction in uNTx was noted in 7 out of 26 patients when given 

curcuminoids. This response coincided with the decrease in serum paraprotein and oc-

curred after only one week of therapy.

The presented pi lot study suggests that curcuminoids may decrease both serum parapro-

tein (in patients with levels ≥ 20 g/L) and uNTx in patients with MGUS. The potential role 

of curcuminoids as a therapeutic intervention for MGUS patients warrants further investi-

gation. A double- blind, randomized control trial using higher dosages of curcuminoids in a 

larger cohort of MGUS patients with signifi cant paraproteinaemia is planned next. Also, a 

more detailed study is required to assess the therapeutic role of curcuminoids in MGUS 

patients with elevated uNTx values.

Clinical Trials in Leukemia Predisposing Myelodysplastic Syndrome

The myelodysplastic syndrome (MDS), sometimes referred to as preleukemia, is a hema-

tological condition characterized by in effec tive production, or dysplasia, of myeloid blood 

cells and risk of transformation to acute myelogenous leukemia (AML). The anemia of 

MDS requires blood transfusions.

Potential of curcuminoids and ginger therapy in MDS patients was evaluated in 2006 at 

Saint Vincent’s Comprehensive Cancer Center, New York, and University of Massachu-

setts Medical Center, Worcester (18). Management of lower- risk MDS patients who are still 

transfusion in de pen dent has not been extensively examined, being typically withheld until 

patients either become transfusion dependent or show signs of disease progression. Low- 

intensity therapies could be tried in these patients for two potential benefi ts: to improve the 

cytopenias and to determine whether intervention at this early stage could arrest or reverse 

the expansion of the abnormal cell clone. In the clinical trial reported  here, curcuminoids 
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 were combined with extract of ginger root (Zingiber offi cinale Roscoe, Fam. Zingiber-
aceae) standardized for gingerol (5% gingerol), the active constituent of ginger, to treat 

nine patients with low risk of myelodysplasia. Curcuminoids  were administered in an in-

cremental dosing schedule starting with 2.0 g in four divided doses per day increasing to 

8 g per day, ginger extract 350 mg bid increasing to 1.4 g per day. The high dose of curcumi-

noids and ginger extract has been well tolerated with few or no side effects. The prelimi-

nary results have been very encouraging. Patients have been followed for 4 to 18 months 

and included seven males and two females: six presenting with refractory anemia (RA), 

two with refractory anemia with ringed sideroblasts (RARS), and one unclassifi ed. Of the 

six evaluable patients, four have shown overall hematologic improvement. Two patients had 

stable disease. In conclusion, the curcuminoid and ginger extract combined therapy is well 

tolerated and potentially benefi cial for early- stage MDS patients who are not transfusion 

dependent.

Clinical Trial in psoriasis vulgaris
Based on the physiological effects of curcumin and the positive anecdotal reports of its 

benefi t for psoriasis, an open- label clinical trial to assess the safety and effi cacy of oral 

curcuminoids in the treatment of chronic psoriasis vulgaris was conducted in the Depart-

ment of Dermatology at the University of Pennsylvania School of Medicine and the De-

partment of Dermatology at the University of Rochester, Rochester, New York (42).

Psoriasis is a chronic infl ammatory skin condition classifi ed as an autoimmune disor-

der which affects approximately 1% to 3% of the population worldwide and about 5.5 

million people in the United States. There is a need for safe, inexpensive, and effective 

psoriasis therapies, especially because 95% of patients are willing to try new treatments. 

Curcuminoids have been used successfully to treat psoriasis based on anecdotal reports. 

A strong scientifi c rationale suggests that curcuminoids may in fact be promising for the 

treatment of psoriasis. In vitro and animal studies have demonstrated the inhibitory effect 

of curcuminoids on immune pathways critical to the pathology of psoriasis such as NFκB 

and downstream, infl ammatory gene products such as Th- 1–type cytokines (i.e., TNF-α, 

IFN γ,).

Design of the Trial
Patients  were eligible if they  were at least 18 years of age and had active but clinically 

stable plaque psoriasis that involved at least 6% of the body surface area and was of moder-

ate plaque thickness as defi ned by a thickness score of 2 on the Psoriasis Area Severity 

Index (PASI). Patients  were included if they  were using a medically acceptable method of 

contraception throughout the entire study period. Patients with guttae, erythrodermic, or 

pustular psoriasis  were excluded, as  were patients who used systemic treatments for psoria-

sis (including methotrexate, cyclosporine, alefacept, adalimumab, efalizumab, infl iximab, 

etanercept, etret i nate, systemic ste roids, and PUVA) within three months prior to day 0 or at 

any time during the study. Patients  were excluded if they had used topical treatments or pho-

totherapy for their psoriasis within 14 days prior to day 0 or at any time during the study. 

Patients who  were pregnant or nursing a child, had clinically signifi cant laboratory abnor-

malities at screening, or had signifi cant uncontrolled comorbidities  were excluded from the 

study. Subjects for whom the dose of clonidine, digoxin, beta- blockers, lithium, or antimalari-

als had changed in the past month prior to enrollment  were excluded from the study. 

Enrolled subjects  were required to avoid prolonged exposure to sun or UV light and to 
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 discontinue nonmedicated emollients and medicated psoriasis shampoos 24 hours before 

each study visit.

The study was designed to determine the safety and effi cacy of oral curcuminoids in 

patients with plaque psoriasis receiving 4.5 g per day of oral curcuminoids for the fi rst 12 

weeks followed by a 4- week observation period after discontinuing the study drug. End 

points included improvement in Physicians Global Assessment (PGA) score, PASI score, 

and safety end points throughout the study.

The primary mea sure of effi cacy was the proportion of patients who  were classifi ed as a 

responder using the PGA of Change at week 12. A responder was defi ned as achieving a 

rating of good (50%– 74% improvement), excellent (75%– 99% improvement), or cleared 

(100% improvement) on the PGA compared to baseline. Secondary end points included 

PASI scores and health- related quality of life as mea sured by the Skindex- 29. Other out-

come mea sures include PASI 75 and PASI 50, which correspond to 75% and 50% improve-

ments in PASI scores from baseline, respectively, and have been shown to represent a 

meaningful end point in psoriasis clinical trials. Subjects  were classifi ed as responders 

based on week 12 PGA scores and a response rate was calculated with 95% exact confi -

dence intervals.

Median PASI and Skindex- 29 scores  were calculated at baseline and week 12. The 12 

subjects  were enrolled and received the investigational drug at day 0. Of the fi ve subjects 

who did not receive the drug, three  were excluded because they did not have ≥ 6% of their 

body surface area covered with psoriasis and another subject was excluded because of ane-

mia. Subjects  were instructed to take three capsules (each capsule containing 500 mg cur-

cuminoids) three times per day. All subjects who completed the trial  were at least 85% 

compliant with the treatment regimen as determined by patient diaries, patient interviews, 

and pill counts.

Tolerance and Side Effects
There  were no study- related adverse events that necessitated participant withdrawal. The 

4.5 g per day for 12 weeks of oral curcuminoids was well tolerated and safe in subjects with 

psoriasis. All adverse events possibly related to the study drug  were mild and limited to 

gastrointestinal upset and heat intolerance or hot fl ashes. One subject who was eligible for 

the study was lost to follow- up before receiving any study drug. Eight subjects completed 

the trial up to week 16. Four of the 12 enrolled subjects did not complete the trial; one was 

withdrawn by the investigators due to worsening of her psoriasis and three withdrew prior to 

week 12 because of lack of effi cacy. Subjects who failed to complete the trial had similar de-

grees of psoriasis severity as mea sured by PASI compared to patients who completed the 

trial, but noncompleters had more impairment in health- related quality of life at baseline as 

mea sured by Skindex- 29 (P = 0.04).

Clinical Status
Descriptive statistics and baseline data for enrolled subjects are summarized in Table 6.3. 

Intention- to- treat analysis, in which all subjects who withdrew from the trial  were classi-

fi ed as nonresponders, showed a response rate of 16.7% (95% CI: 2%, 48%). The secondary 

as treated analysis, which included only subjects who competed the trial up to week 12, had 

a response rate of 25% (95% CI: 3%, 65%). Only two subjects who completed the trial 

achieved a response at week 12. The two subjects who  were classifi ed as responders achieved 
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Table 6.3.    Psoriasis Trial: Baseline Demographic and Clinical Information

Subjects

Age 
(Median, 

IQR)

Sex 
(N, %) 
Male

Median (IQR)# of 
Prior Systemic 

Agents/Phototherapy 
Used Race

Baseline 
PASI 

(Median, 
IQR)

Baseline 
Skindex 
(Median, 

IQR)

Completed trial

N = 8 50.5

(45, 55)

N = 7

(87.5%)

male

1.5 (1, 2.5) N = 7 White

N = 1 Asian

13.7

(9.7, 17.2)

34.6

(18.5, 50.9)

Did not complete trial

N = 4 50

(38.5, 

62.5)

N = 2

(50%)

male

1.5 (0.5, 2.5) N = 2 White

N = 1 Black

N = 1 Other

14.6

(5.4, 8.3)

63.2

(52, 79.9)

Source: J Am Acad Dermatol. 2008 Apr;58(4):625–631.

a score of excellent on the PGA,  were seen during the winter months, and  were not exposed 

to sunlight during the trial based on patient report and physical examinations (Figure 6.6). 

No patients received a score of “cleared,” “good,” or “fair” at week 12, while two subjects 

received a PGA score of “slight,” three of “unchanged,” and one of “worse” at week 12. Both 

responders achieved a PASI 75 at week 12, while no other subjects achieved a PASI 75 or a 

PASI 50 (Table 6.4).

Four weeks after discontinuation of curcuminoid therapy, the responders maintained an 

excellent response based on PGA and PASI 75 at week 16. In those subjects who completed 

the trial, the median Skindex- 29 score was reduced by 0.35 (IQR 5.5, 5.0) (a lower score 

signifi es improvement in quality of life). In subgroup analysis, the two responders had a 

median reduction in Skindex- 29 scores of 16 (IQR 5.1, 26.9) (n = 2), whereas nonresponders 

had a median increase (worsening) in Skindex scores of 2.5 (IQR 0, 5.6) (n = 6).

The effi cacy of the study drug was low, with an intention- to- treat response rate of 

16.7%. The confi dence interval for the 16.7% response rate is wide because of the small 

sample size, and therefore the study cannot exclude the possibility that the response ob-

served was caused by a placebo effect or the natural history of skin disease in these sub-

jects rather than effi cacy of the drug itself. The lack of any evidence of meaningful 

response (e.g., PASI 50) in all other subjects argues that the true response rate is very low, 

limited to a small subset of psoriasis patients, or not caused by curcuminoids but rather by 

other factors that cannot be accounted for in an uncontrolled study. Nevertheless, excel-

lent responses  were observed in two patients, and therefore, large, placebo- controlled tri-

als will be necessary to defi nitively prove or disprove oral curcuminoids as a potential 

therapeutic agent for psoriasis.
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Figure 6. 6.    Psoriasis Trial: PGA Scores by Month

Week 12 PGA scores of “Good,” “Excellent,” and “Cleared” are classifi ed as responders. 
Subjects 9– 12 withdrew prior to week 12 and PGA scores, when available, are shown for 
these subjects for the weeks in which they  were evaluated.

Source: J Am Acad Dermatol. 2008 Apr;58(4):625– 631.

Table 6.4.    Psoriasis Trial: Summary of Effi cacy Endpoints at Week 12

Effi cacy Outcome
Results of Subjects Who 
Completed Trial (n = 8)

Results of Intention to 
Treat Analysis (n = 12)*

Response rate based on achieving at 

least a PGA of “good”

25%, 95% CI (3%, 65%) 16.7%, 95% CI (2%, 48%)

PGA at week 12 (median, IQR) Unchanged—slight 

improvement 

(unchanged, 

fair- good)

Unchanged 

(worse- unchanged, 

slight improvement)

PASI 75 at week 12 25%, 95% CI (3%, 65%) 16.7%, 95% CI (2%, 48%)

Change in PASI (baseline- week 12) 

(median, IQR)

5.4 (0.65, 7.6) p = 0.04 0.65 (−1.25, 6.5) p = 0.26

Change in Skindex** (median, IQR) 0.35 (IQR −5.5, 5.0) p = 0.9 0.0 (−2.55, 4.95) p = 0.63

*Change in PASI data of 2 of 4 subjects who withdrew are available (−11.1 and −4.1), whereas the other two subjects who 

withdrew had no follow- up PASI data and  were given a score of zero to indicate no change.

Change in Skindex data was only available for 1 of 4 subjects who withdrew and was 8.4. The other three subjects 

 were given a score of zero to indicate no change.

**positive values indicate an increase in Skindex scores, suggesting a decrease in QOL.

Source: J Am Acad Dermatol. 2008 Apr;58(4):625–631.
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CURCUMINOIDS IN PREVENTION AND TREATMENT 
OF NEURODEGENERATIVE CONDITIONS

Curcuminoids in Alzheimer’s Disease: Ex Vivo Study

In 2004– 2005, the Department of Medicine, Greater LA VA Medical Center and UCLA 

School of Medicine, Los Angeles, California, started testing a hypothesis that curcumi-

noids, which have epidemiologic and experimental rationale for use in Alzheimer’s disease, 

may improve the innate immune system and increase amyloid clearance from the brain of 

patients with sporadic Alzheimer’s disease (9, 10).

One of the most challenging fi elds in antiaging medicine is the management and treat-

ment of chronic degenerative conditions as exemplifi ed by Alzheimer’s disease. This disease 

is increasingly seen as a defective response of the aging immune system to wear- and- tear 

damage and infl ammation that occur with aging of the organism.

The aging immune system becomes progressively less effi cient in dealing with infl am-

mation. The innate and adaptive (acquired during lifetime) immune responses show age- 

related changes that could be decisive for healthy aging and survival. Natural or innate 

immunity is particularly important in the aging pro cess and is based on macrophages, 

which are crucial for antimicrobial defense and removal of cellular and metabolic debris. 

Innate immunity functions result from a macrophage’s ability to recognize a pattern of a 

pathogenic molecule through a code system called pathogen- associated molecular patterns 

(PAMPs). These potentially harmful molecules, for example, amyloid protein, when recog-

nized by macrophages, trigger responses that also guide an appropriate adaptive immune 

response. The interaction between the innate and adaptive immune systems is critical for 

the clinical outcome of a pathogen molecule challenge to an organism— a difference be-

tween macrophages contributing to the body injury or to the healing pro cess.

There is increasing evidence supporting a role for macrophages and the dependent in-

nate immunity in Alzheimer’s disease origins and progression. Brain amyloidosis is hy-

pothesized to be a crucial pathogenic mechanism in the brain of a person with Alzheimer’s 

disease, and many investigators of Alzheimer’s disease pathogenesis believe that accumu-

lation of amyloid-β (Aβ ) is toxic to neurons. The immune system of patients with Al-

zheimer’s disease is generally poorly responsive to Aβ and unable to remove amyloid from 

neurons. The amyloid hypothesis of Alzheimer’s disease has increased interest in develop-

ing therapies that promote clearance of brain amyloidosis by macrophages leading to a 

novel strategy of immunotherapy with Aβ vaccine, or antibodies against the amyloid 

protein. It was established that the anti- Aβ antibodies  were suffi cient for reducing Aβ in 

the brain and that these reductions  were accompanied by improvement in cognitive func-

tion in animal models of Alzheimer’s disease.

The ex vivo study reported  here was performed on peripheral blood mononuclear cells 

(PBMC) obtained from patients with Alzheimer’s disease and healthy controls. All sub-

jects gave informed consent approved by the UCLA Institutional Review Board for Human 

Studies. The diagnostic criteria for Alzheimer’s disease satisfi ed the National Institute of 

Neurological and Communicative Disorders and the Alzheimer’s Disease and Related Dis-

orders Association (NINCDS/ADRDA) criteria for probable Alzheimer’s disease as de-

scribed. Normal age- matched control subjects  were recruited from UCLA faculty and 
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alumni. Peripheral blood mononuclear cells from six patients  were separated from EDTA- 

anticoagulated blood by centrifugation on Ficoll- Hypaque gradient. Differentiated mac-

rophages  were treated with curcuminoids (0.1 mM) in the medium overnight and  were then 

exposed to beta amyloid Aβ conjugated with fl uorescein isothiocyanate (FITC) (FITC- 

Aβ ) and examined by fl uorescence or confocal microscopy.

Macrophages of a majority of patients with Alzheimer’s disease did not phagocytose and 

did not effi ciently clear amyloid from the brain, although they  were able to phagocytose 

bacteria. In contrast, macrophages of normal subjects phagocytosed amyloid. Upon amyloid 

stimulation, macrophages of normal subjects accelerate synthesis of molecules and recep-

tors that participate in the system of pathogen recognition, specifi cally, MGAT3 (beta- 1,4- 

mannosyl- glycoprotein 4- N-acetylglucosaminyltransferase) and Toll- like receptors (TLRs), 

whereas mononuclear cells of patients with Alzheimer’s disease generally down- regulate 

these genes. Defective phagocytosis of the amyloid may be related to suppression of these 

pathogen recognition molecules. In mononuclear, macrophage- like cells isolated from pe-

ripheral blood in patients with Alzheimer’s disease, curcuminoids, especially bisdemethoxy-

curcumin, may enhance defective phagocytosis of amyloid (see Figure 6.7) while restoring 

synthesis critical for phagocytic function molecules and receptors, MGAT3 and TLRs (9, 

10). Therefore, curcuminoids may provide a novel approach to Alzheimer’s disease immu-

notherapy that is safer than the recently suggested vaccine therapy.

The salient result of the current study is that macrophages of three patients, 50% of those 

tested, showed a signifi cant increase in total Aβ uptake after curcuminoid treatment in 

vitro. The responding patients  were younger and had a higher Mini Mental State Exam 

(MMSE) score, suggesting that patients in a less advanced stage of Alzheimer’s disease may 

respond better. Further studies are needed to resolve the factors determining good response 

to curcuminoids. In vitro testing of curcuminoids in macrophage cultures may be useful in 

individualizing the treatment of patients with Alzheimer’s disease. Testing Aβ phagocyto-

sis in Alzheimer’s disease macrophages might be helpful for assessing the ability of pa-

tients to respond to immunomodulatory therapy with curcuminoids.

Figure 6. 7.    Alzheimer’s Disease ex Vivo: Phagocytosis of Ab by AD Macrophages Is 
Increased by Curcuminoid Treatment

Confocal microscopy, FITC- Ab (green), phalloidin- FITC (red),  colocalization (yellow). Note 
surface binding in (A) vs. intracellular uptake in (B).

Source: J Alzheimers Dis. 2006 Sep;10(1):1– 7.

http://www.liebertonline.com/action/showImage?doi=10.1089/9781934854051.109&iName=master.img-002.jpg&w=299&h=124
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Curcuminoids in Alzheimer’s Disease: Preliminary Clinical Study

In 2004– 2008, a preliminary clinical trial of curcuminoids in Alzheimer’s patients was 

conducted at the Mary S. Easton Center for Alzheimer’s Disease Research in the UCLA 

Department of Neurology (22). The main objective of the study was to obtain tolerability 

and preliminary effi cacy data of 2 g per day and 4 g per day of curcuminoids in mild to 

moderate Alzheimer’s disease patients in a 24- week, randomized, double- blind study.

The group of 36 patients with Alzheimer’s disease was evenly divided and randomized 

to receive placebo, 2 g, or 4 g per day of curcuminoids in two divided doses. The MMSE, 

ADAS- Cog (Alzheimer’s Disease Assessment Scale- Cognitive subscale), NPI (Neuropsy-

chiatric Inventory), and ADCS- ADL (Alzheimer’s Disease Cooperative Study- Activities of 

Daily) scales  were performed at baseline and at 24 weeks’ time. Plasma samples and lum-

bar punctures  were also performed at baseline and 24 weeks and Abeta40, Abeta42 mea-

sured in plasma and cerebrospinal fl uid (CSF) and total tau and p-tau mea sured in CSF. 

Baseline and 24- week values  were compared between groups using repeated mea sures 

ANOVA. Adverse events  were recorded at each visit.

A total of 11 patients on placebo, 9 patients on 2 g of curcuminoids, and 10 patients on 

4 g of curcuminoids completed the study. In an analysis of completers, there  were no sig-

nifi cant differences or favorable trends between placebo and treatment groups on clinical 

mea sures. No difference in plasma or CSF biomarkers  were found between groups except 

for a tendency toward a lesser degree of increase in plasma Abeta40 in the combined group 

on 2 and 4 g per day of curcuminoids.

The curcuminoids  were well tolerated except for some suggestions of gastrointestinal 

side effects in the form of diarrhea at both dose levels by the patients. However, this pre-

liminary clinical trial does not support a large effect of orally administered curcuminoids 

on clinical and biomarker mea sures in patients with mild to moderate Alzheimer’s disease 

at doses of 2 to 4 g per day. Limitations to the interpretation of this study include the small 

sample size, limited time of administration especially in view of interesting data on 

Abeta40 plasma levels, effective dose, and uncertain bioavailability of curcuminoids.

The interesting immunological mechanism of curcuminoids in Alzheimer’s disease and 

safety of its clinical use calls for larger dose escalation clinical studies of longer duration in 

a population of patients who have mild to moderate Alzheimer’s disease.

CURCUMINOIDS OVERVIEW OF CLINICAL USE, SAFETY, 
AND PHARMACOLOGY

The clinically effective and safe dose of curcuminoids and their form and route of ad-

ministration to the body are the subject of ongoing controversy. In fact, mundane technical 

aspects of curcuminoid administration may separate success from failure in the therapy 

with these compounds.

In India and Ayurvedic traditions, turmeric is ingested with milk, especially when boiled 

with milk, and applied topically or ingested with oil preparations, for example, coconut oil, 

almond oil, mustard oil, or sesame oil. Curcuminoids are poorly absorbed from the gastro-

intestinal tract, with low nanogram levels of circulating curcuminoids detected in the plasma 

(43). Current clinical experience indicates that oral supplementation of curcuminoids is 
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 tolerated without toxicity at doses of up to 8 g daily for up to 18 months and that this dose 

may result in therapeutic activity in some patients with cancer (7, 16, 18, 19).

Dose Escalation Study

Dose escalation study was performed at the Division of Hematology- Oncology, Depart-

ment of Internal Medicine, University of Michigan, to determine the maximum tolerated 

dose, safety profi le, and resultant plasma concentration of a single dose of curcuminoids 

(43). The study protocol and the comprehensive written informed consent used in this study 

protocol  were reviewed and approved by the University of Michigan Human Subject Re-

view Board prior to the start of the study. Eligible participants  were healthy male and fe-

male volunteers, 18 years of age or older, who had not consumed any curry- or curcumin- rich 

foods to their knowledge within the previous 14 days. Thirteen men and eleven women 

with mean age of 34 years (range: 19– 74 years)  were enrolled in the study. The racial dis-

tribution was 18 Caucasians and 6 African Americans.

After written informed consent was obtained, three subjects  were entered consecutively 

at dose levels of 500, 1000, 2000, 4000, 6000, 8000, 10000, and 12000 mg. Subjects took 

the dose with 8 fl . oz. of water followed by a standard meal containing dietary fat (provid-

ing 34 g or 42 g fat, per 2200 kcal/day or 2500 kcal/day meal plan, respectively).

Safety was assessed for 72 hours following the curcuminoid dose. Toxicities  were graded 

based on National Cancer Institute Common Toxicity Criteria version 2.0. The maximum 

tolerated dose was the highest dose that did not cause escalation to cease.

Blood specimens from all subjects on the escalation phase  were obtained just prior to 

dosing and one, two, and four hours after completing dosing at each dose level tested.

Seven adverse events occurred, all  were reported as grade 1, and none appeared to be 

dose related (Table 6.5). No curcumin was detected in serum of participants administered 

500, 1000, 2000, 4000, 6000, or 8000 mg of curcuminoids. In two subjects taking 10000 mg 

and 12000 mg curcuminoids, respectively, plasma curcumin was detectable: 30.4 ng/ml 

after one hour (10000 mg), 39.5 after two hours (10000 mg), 50.5 after four hours (10000 mg), 

29.7 after one hour (12000 mg), 57.6 after two hours (12000 mg), 51.2 after four hours 

(12000 mg) (Table 6.6). No plasma concentrations of curcumin  were detected in the re-

maining subjects at the 10000 or 12000 mg dose levels.

Table 6.5.    Dose Escalation: All Adverse Events by Dose Levels

Dose Levela Type No. of Events Toxicity Gradeb

1000 mg Diarrhea 1 1

4000 mg Headache 1 1

8000 mg Rash 1 1

Yellow stool 1 1

10000 mg Yellow stool 1 1

Headache 1 1

12000 mg Diarrhea 1 1

Source: BMC Complement Altern Med. 2006; Mar 17; 6– 10.
aTotal of 3 subjects at each level.
bNational Cancer Institute. Common Toxicity Criteria v.2.0.
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Dose and Form of Curcuminoids in Relation to Effi cacy

Reported low blood levels of curcumin may be caused in part by the extensive intestinal 

and hepatic metabolic biotransformation of curcuminoids. Preclinical and clinical work 

has demonstrated that avid sulfation, glucuronidation, and reduction of curcumin occur in 

the gastrointestinal tracts of rats and humans (45, 46, 47). Animal experiments suggest that 

65% to 85% of orally administered curcuminoids are excreted unchanged in stool with 

negligible amounts excreted in the urine (48).

Interestingly, plasma concentrations of curcumin released from conjugated forms are 

surprisingly low, and there is little evidence for the biological activity of curcumin conju-

gates against malignant cell growth (45). Possibly there are other forms of conjugated cur-

cumin or derivatives of curcuminoids that can better explain their biological activity and 

provide the future formulae for more effective clinical application. In an in vitro study, the 

anti- infl ammatory and anticancer properties of curcumin (Cur) and its derivatives demethoxy-

curcumin (DMC) and bisdemethoxycurcumin (BDMC)  were evaluated and compared. The 

results indicate that the relative potency for suppression of tumor necrosis factor was 

Cur > DMC > BDMC, thus suggesting the critical role of methoxy groups on the phenyl 

ring in a biological potential of curcuminoids (49).

It is also possible that curcuminoids may exert different biological properties at different 

doses in specifi c clinical conditions. In an experiment on prevention of Alzheimer- like pathol-

ogy in mice, the effect of a low (160 ppm) and a high (5000 ppm) dose of dietary curcumin on 

infl ammation, oxidative damage, and plaque pathology was evaluated. Low and high doses 

signifi cantly lowered oxidized proteins and IL- 1B, a proinfl ammatory cytokine usually ele-

vated in the brains of these mice. With low- dose, but not high- dose, curcumin treatment, the 

astrocytic marker glial fi brillary acidic protein was reduced, and insoluble beta- amyloid (Aβ ), 
soluble Aβ, and plaque burden  were signifi cantly decreased, by 43% to 50% (50).

Despite the discussed complexities of mechanism of action, the biological activity of 

curcuminoids is beyond question, with biomarkers of infl ammation, for example, NF- κB 

and COX- 2, suppressed by oral administration of curcuminoids with clinical improvement 

in the treated conditions (7, 16, 17, 18, 19, 20).

The above- presented clinical studies, for example, curcuminoids employed in pancre-

atic cancer patients, indicate that despite low levels of curcumin detectable in plasma 

(e.g., 22– 41 ng/mL), some of the patients improved as evidenced by signifi cantly lowered 

cytokine levels (NF- kappaB, COX- 2, and pSTAT3) and shrinking of the tumor mass. 

Conceivably, the limited bioavailability of curcumin attenuated the response rate, be-

cause exposure to microgram amounts of curcumin is required to show antiproliferative 

effects in vitro. It should also be taken under consideration that circulating curcumin 

Table 6.6.    Dose Escalation: Serum Curcumin Levels in Mg/Ml for Two 
Subjects

Dose Baseline One Hour Two Hour Four Hour

10000 mg Approx .6.0 30.4 39.5 50.5

12000 mg Approx trace 29.7 57.6 51.2

Source: BMC Complement Altern Med. 2006; Mar 17; 6– 10.
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levels do not refl ect tumor tissue curcumin levels. In another human trial, the glutathione 

S- transferase activity, a potential surrogate biomarker of curcumin activity, was signifi -

cantly decreased in patients taking 440 mg curcuminoids per day despite the lack of 

mea sur able blood levels of curcumin (46). This fi nding suggests that the metabolites of 

curcumin and its derivatives, which may not have been detected, resulted in a systemic 

biological effect.

Route of Administration in Relation to Effi cacy

The form and route of administration of curcuminoids are important aspects for future 

chemopreventive strategies with these compounds. Curcumin and its derivatives are hydro-

phobic and therefore cannot be given intravenously. However, because curcumin and its 

derivatives are lipophilic, they can be encapsulated in a liposome, and this preparation 

would allow IV administration, possibly leading to higher circulating levels of curcumin. It 

has been reported previously that liposomal curcumin has antitumor activity both in vitro 

and in vivo and has no overt toxicity in animal models when administered systemically 

(44). Therefore, development of liposomal curcuminoids for clinical trials in cancer pa-

tients is a worthwhile strategy. Another possibility under consideration involves a nanoe-

mulsion of curcuminoids to bypass the gastrointestinal barrier to achieve higher plasma 

concentrations of the unaltered phenolic compounds (51).

Curcuminoids may have effi cacy when applied topically as an anti- infl ammatory, anti-

oxidant, and anticancer preparation. One study evaluated topical gel delivery of curcumi-

noids for its anti- infl ammatory effects (52). Carbopol 934P (CRB) and hydroxypropylcellulose 

(HPC)  were used for the preparation of gels. The percutaneous fl ux and enhancement ratio 

of curcumin across rat epidermis was enhanced signifi cantly by the addition of menthol to 

both types of gel formulations. Neither type of topical gel formulation, CRB or HPC, caused 

any skin irritation. CRB gel showed better anti- infl ammatory effects in vivo as compared to 

HPC gel. Both formulations  were comparable in their topical anti- infl ammatory action to a 

standard diclofenac gel formulation.

Absorption- and Bioavailability- Enhancing Compounds

Administering curcuminoids combined with agents enhancing their absorption may re-

sult in better biological effi cacy of these compounds. In a trial performed at the Depart-

ment of Pharmacology, St. John’s Medical College, Bangalore, India, the effect of piperine 

extracted from fruits of black pepper (standardized for a minimum 95% alkaloid piperine) 

on gastrointestinal absorption of curcuminoids was evaluated (53).

Ten healthy male volunteers, 20 to 26 years old and weighing 50 to 75 kg, participated in 

a randomized trial to determine the comparative bioavailability and pharmacokinetic pro-

fi le of curcuminoids when given alone or with piperine. Complete physical examination 

and blood work  were performed to confi rm that the subjects  were in good health when en-

rolled into the study. The study protocol was reviewed and approved by the Institutional 

Ethical Committee, and informed consent was obtained from all subjects.

Participants abstained from food from 10 pm of the previous eve ning and reported to the 

laboratory at 7am the following day. The blood samples  were collected at times 0 (predrug 
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time) and 25, 30, and 45 minutes and 1, 2, 3, 4, and 5 hours after intake of curcuminoids. Fol-

lowing the predrug time (time 0) blood sample collection, the dose of 2 g curcuminoids alone 

(four capsules each containing 500 mg of curcuminoids) or 2 g curcuminoids with 20 mg pip-

erine (four capsules each containing 5 mg of piperine)  were ingested by the participants of the 

study. The blood sampling and oral curcuminoids  were repeated after two weeks of washout. 

The subjects  were asked to refrain from smoking, drinking alcohol, and taking any drugs 

during the trial. Standard meals  were given to all participants on the day of the test.

Curcuminoids alone or in combination with piperine  were well tolerated by the volun-

teers with no subjective or objective side effects reported. Serum levels of curcumin when 

administered alone  were very low at all time points in most of the subjects. However, 

when piperine was included in the formula, serum concentrations of curcumin  were sig-

nifi cantly increased at 25 minutes and 30 minutes (p < 0.01) and 45 minutes (p < 0.001) of 

blood testing time points. Subsequently, there was a rapid decline of serum levels of cur-

cumin within the next one hour and gradual decline to undetectable levels by the three- 

hour time point. The pharmacokinetic pa ram e ters showed the mean Cmax of curcumin at 

0.006 ug/ml when curcuminoids  were administered alone, versus 0.18 ug/ml when curcumi-

noids  were administered with piperine. The mean AUC (area under the curve) with cur-

cuminoids administered alone was 0.004 ug/h/ml versus 0.08 ug/h/ml when curcuminoids 

 were administered with piperine. Therefore, the relative bioavailability of curcumi-

noids when given with piperine was enhanced by 2000% as compared to values of cur-

cuminoids alone.

The results of this study indicate that piperine may operate through any or all of the fol-

lowing mechanisms: (a) a nonspecifi c enhancement of gastrointestinal absorption, (b) a 

potent inhibition of drug metabolism via P450 enzymes, and (c) inhibition of glucuronida-

tion altering the disposition of the drug. The postulated biological mechanisms suggest that 

piperine may be involved in inhibiting the metabolism of curcuminoids and enhancing 

their bioavailability. Piperine may enhance serum concentration of curcuminoids probably 

because of increased absorption, reduced metabolism, and decreased rate of elimination 

from the body. Therefore, piperine may be considered as a bioenhancer of curcuminoids 

administered orally. Because of its lipophylic nature, piperine may be considered in future 

parenteral formulations encased in liposomes with curcuminoids.
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Chapter 7

Use of Standardized Mixtures of 
Paw Paw Extract (Asimina triloba) 
in Cancer Patients: Case Studies

Jerry L. McLaughlin,1,* Gina B. Benson,2 
Tad A. Turgeon,2 and James W. Forsythe3

The paw paw tree, Asimina triloba (L.) Dunal (Annonaceae), is native to the eastern United 

States (1). Its edible fruits (Indiana bananas) are pop u lar in song and have nourished ani-

mals and mankind for thousands of years. Although a fl uid extract of its seeds was sold by 

Eli Lilly and Company at the end of the 1800s as an emetic, paw paw has a history of safe 

human consumption, and paw paw festivals are held throughout the Midwest every Sep-

tember when the fruits are harvested. A small commerce has developed in the sale of the 

seedlings and grafted small trees for fruit tree growth and in the sale of the frozen fruit pulp 

as an ingredient for gourmet desserts and chutneys.

In 1976 at Purdue University, we prepared extracts of the leaves and twigs of paw paw 

and found them to be bioactive in antitumor screens for the U.S. National Cancer Institute 

(NCI). Over the past 30 years, our bioactivity- directed fractionations of paw paw extracts 

have resulted in the isolation and characterization of over 50 potent compounds in a new 

class of natural products called the annonaceous acetogenins.

CHEMICAL STRUCTURE FEATURES

These compounds have been found only in the Annonaceae, and they are derived bio-

synthetically from acetate units linked linearly. They are derivatives of C32 or C34, long-

 chain, fatty acids attached to a 2- propanol unit to form a terminal α,β- unsaturated γ- lactone 

or a ketolactone. They typically contain from zero to three adjacent or nonadjacent tetra-

hydrofuran (THF) or tetrahydropyran (THP) rings along the hydrocarbon chain; these 
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Purdue University, West Lafayette, Indiana 47904- 2091
2 Nature’s Sunshine Products, Spanish Fork, Utah 84660
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rings and their fl anking hydroxyls generate a number of chiral centers that result in a 

daunting and complex mixture of diastereomers. The different stereochemistries of the 

ring systems lead to subclasses within the major structural types. Various substituents 

(hydroxyls, carbonyls, acetoxyls, and double bonds) along the hydrocarbon chain create 

further chemical diversities. Several related tropical and subtropical species in the An-

nonaceae (e.g., species in the genera Annona, Asimina, Disepalum, Goniothalamus, Roll-
inia, Uvaria, Xylopia,  etc.) have yielded over 350 additional compounds in this class. Our 

group at Purdue University has published fi ve comprehensive reviews on the chemistry 

and biology of the annonaceous acetogenins (2– 6). Four additional reviews focus progres-

sively on our contributions to this area of study (7– 10). The numerous acetogenins (50, so 

far) that we have found in paw paw are described in a series of research papers which are 

summarized in a recent review (11). Asimicin (12), bullatacin (13), bullatalicin (14), and 

trilobacin (15, 16) (Figures 7.1– 7.4) are among the most potent and most abundant of the 

acetogenins of paw paw, and they represent the major parental structural types of the paw 

paw acetogenins.

MECHANISM OF ACTION

The annonaceous acetogenins are extremely potent biologically (with cytotoxic IC
50

 val-

ues sometimes as low as < 10−13 mcg/ml), and, mechanistically, they are the most powerful 

inhibitors known of complex I (NADH:ubiquinone oxidoreductase) of the mitochondrial 

electron transport system (17– 20), where they bind to specifi c protein subunits (21, 22). They 

also inhibit the NADH oxidase found in the plasma membranes of tumor cells (23). Thus, 

they inhibit both the substrate level and oxidative phosphorylations of adenosine diphos-

phate (ADP); their immediate effect is depletion of adenosine triphosphate (ATP) levels 

(17), and this quickly results in the depletion of all of the related nucleotides (11). The re-

sulting paucity of ATP and related nucleotides (all of which are essential as precursors of 

DNA and RNA) upsets the timing of cell division and induces programmed cell death 

(apoptosis) (11, 24). The downstream consequences of apoptosis, such as caspase- 3 activa-

tion and decreases in cyclic adenosine monophosphate (cAMP) and cyclic guanosine mono-

phosphate (cGMP) levels, have been reported in human hepatic carcinoma cells treated 

with bullatacin (Figure 7.2) (25).
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Structure- activity relationships for the acetogenins have been evaluated in cultures of 

multiple drug resistant (MDR) and nonresistant cancer cells, brine shrimp, mosquito lar-

vae, pesticide- resistant and nonresistant cockroaches, isolated mitochondria, and submito-

chondrial fragments (11), and the positioning of the acetogenins in biological membranes 

has been predicted using liposomes and intermolecular nuclear Overhauser effects with 

nuclear magnetic resonance spectrometry (26, 27). The acetogenins are especially effective 

against MDR cancer cells in which the drug re sis tance is due to ATP- dependent effl ux 

pumps in the plasma membrane (28– 31). The acetogenins circumvent MDR by decreasing 

the function of the effl ux pump (P-170 glycoprotein) and increasing intracellular accumula-

tion of anticancer agents (32, 33).
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IN VIVO STUDIES

Our earlier studies, against murine leukemia in normal mice and human myeloma and 

ovarian cancer in athymic mice (4, 19), attested to the in vivo effectiveness of several of the 

acetogenins and demonstrated potencies in animals as high as 300 times that of Taxol; con-

current weight gain, rather than the drastic weight losses seen with Taxol and cisplatin (the 

positive controls), suggested that the acetogenins are well tolerated by the mice at the effec-

tive intraperitoneal dosages.

In spite of the success of the in vivo studies cited above, the inhibition of ATP production 

has been dogmatically deemed as too general a mechanism for systemic cancer chemotherapy. 

It has been argued that all cells require ATP, and thus ATP inhibitors would be simultaneously 

cytotoxic to essential normal tissues as well as cancer cells. However, the mice in the in vivo 

studies would have succumbed if this  were true. Our studies with cell cultures of normal ver-

sus cancerous cells showed, early on, that the acetogenins are relatively less toxic to normal 

cells and more toxic to cancerous cells (34). Over 30 of our acetogenins have been repeatedly 

evaluated and show cytotoxic selectivities in the panel of 60 human tumor cell lines at the NCI 

and in the panel of 6 human tumor cell lines at the Cell Culture Laboratory of the Purdue Can-

cer Center. Thus, they are not generally cytotoxic agents. Furthermore, the endogenous biol-

ogy of cancer cells is now understood to involve additional receptors for insulin and insulin- like 

growth factors (IGF- I and IGF- II) in the plasma membrane, which permit increased glucose 

uptake to fuel enhanced energy production and growth stimulation, respectively; this fact is 

the biochemical basis that supports insulin- potentiated chemotherapy (35). Breast cancer cells, 

for example, have an average of 7 times more insulin receptors (36) and 10 times more IGF 

receptors (37) than normal breast and other tissue cells within the host. Thus, these cancer 

cells can take up glucose 17 times faster than normal cells. To exploit this biochemical differ-

ence, mitochondrial inhibitors, such as the annonaceous acetogenins, should block the metab-

olism of the elevated glucose, deplete the ATP, induce apoptosis, and consequently show a 

selection for cancer cells, and they do. The depletion of ATP and the oxidized form of the py-

rimidine, nicotinamide adenine dinucleotide (NAD), are fi nally being recognized as useful in 

the enhancement of cancer chemotherapy (38).

STANDARDIZATION

Several suppliers of botanical supplements are currently selling products that contain 

the powdered leaves and twigs of Annona muricata L. (guanabana, graviola, Brazilian paw 

paw); this species contains, predominantly, the less potent mono- THF acetogenins, and 

the producers have made no efforts to maximize acetogenin content or to standardize their 

products to assure consistent potency. Indeed, testing two of these products with the brine 

shrimp test alone reveals that as many as 20 to 50 capsules per serving would be necessary 

to achieve an effective dose level. Thus, standardized extracts, containing the natural com-

plexes of the acetogenin mixtures as a botanical supplement, might be a solution to this 

problem and provide a benefi cial adjuvant for the alleviation of clinical cancer.

To furnish the optimum in diversity of the most potent acetogenin structures, Asimina 
triloba (L.) Dunal, the paw paw tree, was fi rst selected as the source of the biomass for 



preparation of the standardized extract. This species is native to the eastern United States 

and is abundant, and its edible fruit has a long history of safe human consumption (11). 

The potent acetogenins of paw paw have been isolated and individually characterized, us-

ing the brine shrimp lethality bioassay (7) to guide the isolation. The acetogenins have 

been found to be concentrated in the twigs, which thus serve as a con ve nient, renewable 

source of biomass (40). The brine shrimp assay and high- performance liquid chromatog-

raphy/tandem mass spectrometry (LC/MS/MS) (41) have demonstrated that the concen-

trations of acetogenins in the twigs are maximal in the months of May through June; 

thus, collections of the biomass are best made at that time of year (42). The utility of bio-

logically standardized extracts as botanical supplements containing mixtures of biologi-

cally active acetogenins rather than single chemical agents as drugs has not been previously 

reported.

EXTRACTION

Paw paw twigs (< 1/2 inch diameter)  were collected in May through June from wild stands 

in the states of Indiana, Kentucky, and Missouri. The twigs  were dried in a forced- air drier 

at < 50°C and reduced in a chipper/shredder through a 1⁄4 inch sieve. For testing purposes, 

small samples of the various lots  were extracted with dichloromethane or methanol, and 

20 mg portions  were subjected to the brine shrimp assay. Only those lots that showed LC
50

 

values of < 0.8 ppm  were acceptable. In some cases, subpotent lots  were combined with super-

 potent lots to furnish a blend that was acceptable.

Large- scale extractions of the plant material  were initiated with hot water at one gallon 

per pound of twigs. After soaking the twigs for eight hours, the water was drained and dis-

carded, and the water extraction was repeated three more times. The damp mass was then 

extracted with 95% ethanol, four times, in a similar manner. The ethanolic extracts  were 

combined and concentrated, in vacuo, at < 40°C, to a syrup. The concentrate, upon sitting 

under refrigeration, formed a water layer that was removed and discarded, leaving a thick, 

black, syrupy, crude extract. The crude extract was standardized for 0% moisture, and the 

LC
50

 value was determined in the brine shrimp test. The standardized LC
50

 value was 0.5 

ppm; generally, the crude extracts contained from 10% to 40% moisture, and the LC
50

 values 

ranged from 0.2 to 0.8 ppm. Adjustments  were subsequently made in the amounts of extract 

per capsule to accommodate the standard value from lot to lot. The acetogenins in the 

crude extracts  were monitored analytically by using LC/MS/MS on a Hewlett Packard 

(Palo Alto, California) model no. 1100 HPLC and a Finnegan Corporation (San Jose, Cali-

fornia) model no. LCQ Duo MS/MS (40, 41) to be assured of the presence and amounts of 

the major bioactive acetogenins (asimicin, bullatacin, bullatalicin, and trilobacin) (Figures 

7.1– 7.4).

CAPSULE PREPARATION

The standardized crude extract was adsorbed onto microcrystalline cellulose, and vege-

table magnesium stearate was added, as needed, to improve fl ow and to facilitate encapsu-

lation. Analyses indicated that a two- year dating for shelf life would maintain potency.
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SAFETY AND TOXICOLOGY

Previously we have shown that paw paw extracts and asimicin (Figure 7.1) are not signifi -

cantly active as skin sensitizers in a modifi ed guinea pig maximization test (43). For exam-

ple, the Paw Paw Lice Remover Shampoo, which contains 0.5% of the standardized extract, 

passed the Draize test (44) for eye irritation in rabbits. The Ames test for mutagenicity was 

conducted with paw paw extracts, and the results  were essentially negative; likewise, nega-

tive results have been reported for two purifi ed acetogenins (squamocin and annonacin), 

although both  were toxic to the bacteria in the absence of a metabolic activation system 

(45). In feeding experiments, mice tolerated 1% of the crude paw paw extract in their diets 

but succumbed when forced to eat the food containing 5% of the extract (11). Bullatacin 

(Figure 7.2) was emetic after injection at 185 mcg/kg to pigs; this was our fi rst proof that 

the acetogenins are the emetic principles of paw paw, and this result might explain the use 

of the fl uid extract of the seeds of paw paw as advertised and sold by Eli Lilly and Com-

pany a hundred years ago (46). Thus, emesis is a safety factor should someone ingest exces-

sive amounts of the capsules or other paw paw products. Indeed, emesis is a common 

consequence of eating too many of the paw paw fruits.

Capsules containing the standardized paw paw crude extract  were tested in male bea gle 

dogs, in an ascending oral dosage schedule, ranging from 50 mg four times a day (QID) to 

800 mg QID. Five to seven resting days  were permitted between the days when doses  were 

given. At the maximum dose (800 mg QID/dog), there  were no severe effects other than 

emesis and loose stools. There was a gradual increase in signs of emesis and loose stools as 

the doses  were increased, but it was impossible to reach a harmful or a fatal dose because 

of the emesis. There  were no effects on alertness, appetite, or weight. Thus, any acutely 

toxic effects are con ve niently avoided by emesis when oral dosing is used. The dogs  were 

completely robust and normal after the study, and they  were not sacrifi ced. Since the anti-

tumor studies discussed above involved intraperitoneal injections and the mice (which 

could not possibly eliminate the acetogenins by vomiting) still survived, it was obvious that 

favorable therapeutic indexes must exist for the acetogenin products and that oral adminis-

tration would be safe, provided no serious chronic toxicities would occur.

A type of atypical parkinsonism in which 75% of the patients do not respond to L-DOPA 

has been associated, epidemiologically, with the consumption of the fruits and teas (made 

from the leaves) of some tropical species of the Annonaceae. The species involved are An-
nona muricata, A. squamosa, and A. reticulata (47). The problem was fi rst noticed on the 

island of Guadeloupe in the West Indies (48– 50), but it has since been noted on the islands 

of Guam (51) and New Caledonia and in Afro- Caribbean and Indian populations now liv-

ing in En gland (52). The condition appears to be caused by the chronic consumption of the 

fruits and teas, with the average age of the patients in the fi rst Guadeloupe study of 74 

years (a range from 42 to 84 years) (48). Especially in the younger patients, the symptoms 

show a regression after the patients stop consuming the annonaceous foods. At fi rst the 

condition was blamed on the benzylisoquinoline alkaloids that are prevalent in the An-

nonaceae, but then the acetogenins  were implicated as the causative agents. Annonacin, a 

mono- THF acetogenin, is the major acetogenin in A. muricata (53), and it causes damage 

(tau pathology) in cultured neurons (54– 56) (involving ATP depletion) as well as in brain 

neurons in vivo after IV infusion in rats (57). The debate over this issue continues in the 

literature (11, 58).



Might the consumption of paw paw fruit or a supplement containing the paw paw ex-

tracts cause a similar problem? For several years, paw paws have been studied at Kentucky 

State University for their potential as a new fruit crop (59). The extracts of the ripe fruit 

pulp of paw paws  were surprisingly potent in the brine shrimp assay, and LC/MS/MS 

analyses confi rmed the presence of the major paw paw acetogenins (Figures 7.1– 7.4) (60). 

In the consumption of paw paw fruit, the intake amount of the acetogenins is mea sur able; this 

is evident by the emesis caused when too many of the fruits are eaten. Yet, there has never 

been any association made between the consumption of paw paws and atypical parkinsonism 

or any other neurological affl iction. The U.S. Food and Drug Administration has never re-

ceived any such reports and suggests that paw paw consumption be continued. It should be 

noted that the major paw paw acetogenins are of the adjacent bis- THF type, while the mono- 

THF type predominate in Annona muricata; thus, the mono- THF acetogenins are chemically 

different and may have a peculiar affi nity for brain neurons. Also, the alkaloids of the tropical 

Annonaceae are themselves known to be neurotoxic and may synergize with the mono- THF 

acetogenins to cause the neurotoxicity (61). Given the choice between dying of cancer and 

possibly experiencing the effects of atypical parkinsonism, after years of successful treatment 

of the cancer with the acetogenins, many cancer patients might choose the latter.

CLINICAL STUDIES

Previous clinical studies of the annonaceous acetogenins in cancer patients have been 

thwarted not so much by a lack of interest in these compounds and their novel mechanisms 

of action as by their unavailability in pure form. Several lengthy synthetic procedures have 

been reported (6, 11, 39), but these would be expensive to adapt to a commercial scale. The 

complexities of the mixtures of the acetogenins as found in nature would complicate an eco-

nom ical pro cess for isolation and purifi cation of individual acetogenins from their botani-

cal sources, and the large number (over 400) of the individual acetogenins that could be 

developed as chemotherapeutic agents confuses the choice of which one is the best candi-

date to develop.

Selected Patient Case Studies

The state of Nevada permits terminal cancer patients and their physicians to use new ap-

proaches to cancer treatment. An initial group of 20 cancer patients, in the late stages of 

their illness, was recruited by one of us (JWF) from among the patient group. Additional 

volunteers  were subsequently recruited by physicians and other health care practitioners. 

Only subjects diagnosed with clinical cancer  were included, and many  were those whose 

cancer at stage 4 was deemed to be terminal. Those who concurrently  were undergoing 

chemotherapy and/or radiation  were included along with those who had not had long- term 

success with their chemotherapy or radiation and those who had refused these options due 

to their known devastating effects on the immune system and general well- being. Patients 

suffering from a variety of tumor types  were included in order to ascertain the tumor types 

that might be the most responsive.

Ninety- four cancer patients  were enrolled as participants in the study. Each subject signed 

an informed consent and medical rec ords release statement. Subjects  were monitored by 
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their health care provider for any adverse as well as positive effects. An Institutional Re-

view Board, comprised of outside professionals, reviewed the protocols and found no con-

cern for the safety of the subjects. The health care providers  were instructed to discuss the 

possibility of adverse effects with the subjects and to report any adverse event within 24 

hours. Precautions taken  were more than necessary to conduct a study using a dietary 

supplement.

A preliminary study with three volunteers with terminal ovarian cancers revealed that a 

regimen of one capsule containing 12.5 mg of standardized paw paw extract, taken four times 

a day (QID) with food, was tolerable and avoided nausea and vomiting. Within one week the 

CA125 level of one of these volunteers was reduced by 66% from 3000 to 1000. Determina-

tions of the usual blood pa ram e ters, for possible deleterious effects on liver and bone mar-

row, revealed no untoward effects. The study was continued over a period of approximately 

18 months with new participants being added as the results with the earlier patients contin-

ued looking more and more promising.

Perusal of the rec ords of the participants reveals some exciting observations. Over the 

18- month period, of the 20 late- stage patients treated, 13 (65%) had survived and  were in 

stable conditions taking the paw paw supplement every day. Longevities have increased. Lev-

els of prostate specifi c antigen (PSA) have been held constant or lowered. Likewise, levels 

of breast tumor (CA 2729) and lung tumor (CEA) antigens have been signifi cantly reduced. 

The rate of formation and sizes of primary and secondary tumors, for example, in bone, 

breast, lung, colon, pancreatic, and prostate cancers, melanoma, and cell counts in lympho-

mas, have decreased, and some have even disappeared. Stabilization was also achieved in 

a case of Waldenstrom’s macroglobulinemia. Adverse effects are practically non ex is tent 

when following the regimen of one 12.5 mg capsule taken four times a day (QID) with food 

over a period of 18 months or more. The participants showed no abnormalities in liver, 

kidney, electrolyte, blood sugar, or bone marrow functions. The only side effects reported 

 were nausea and vomiting (three participants) and itching (one participant). Many patients 

reported having “increased energy.” Some participants even chose to take as many as four 

capsules (50 mg) QID over several months without experiencing side effects. However, with 

one capsule, taken QID, most participants experienced positive responses within six to 

eight weeks. The results are, perhaps, best summarized by the pre sen ta tion of ten case 

studies. Follow- up calls  were made after fi ve to six years to monitor the progress of these 

cases.

Ten Case Studies

Participant 1 had bone cancer. Prior treatment in 2002 involved radiation to the spine. 

She had not undergone any other conventional treatments. The levels of alkaline phosphatase 

 were mea sured in the blood as a monitor of the progression of the disease. The normal 

range is from 0 to 136, and those with bone cancer have elevated levels. In September 

2002, her test results showed 327. She started taking one paw paw capsule QID in Novem-

ber 2002. In December 2002, her alkaline phosphatase had decreased to 242, and by Feb-

ruary 2003, it had decreased to 144. Her physician stated that as long as the levels remained 

stable, the cancer was being contained and not doing further damage. Over the next two 

years, her alkaline phosphatase levels varied between 144 and 150 as long as she took the 



paw paw, but if she stopped taking it the levels would increase. She reported that she had 

more energy and stamina when taking the paw paw. In September 2005, she was suffering 

severe emotional stress due to family problems, and she stopped taking paw paw. Her con-

dition deteriorated and she passed away in March 2006, having survived a terminal condi-

tion for over three and one- half years by taking paw paw intermittently.

Participant 2 has a bone tumor on one of his neck bones. On July 30, 2002, the tumor, 

which was detected by X-ray, was mea sured as a 7 mm cavity with a 5 mm mass. He did not 

undergo any conventional treatments and elected only to take the paw paw capsules, which 

he began in September 2002. Another X-ray image, taken on March 13, 2003, showed a 

signifi cant decrease in the tumor with a 4.5 mm cavity and a 3 mm mass. In the fi ve- year 

follow up, he was reportedly doing well. He had continued with the paw paw capsules 

for a period of time and then stopped. The tumor grew in size, but it again regressed 

when he resumed taking paw paw. He remains in good health today taking the paw paw 

supplement.

Participant 3 has breast cancer. She has not undergone any conventional treatments since 

being diagnosed. She started taking the paw paw capsules in October 2002. She reported 

that the pain in her affected breast decreased, and her noncancerous fi brocystic lumps have 

reduced in size. Her physician reported that she has done “remarkedly well” considering 

that she has not had surgery. She reported that she feels good and has had some weight 

gain. In the fi ve- year follow- up, she said that she had stopped taking the paw paw in lieu of 

some alternative treatments. Subsequently, cancer has formed in her other breast.

Participant 4 had breast cancer. She opted not to have any surgery, radiation, or chemo-

therapy. She started taking one paw paw capsule QID in November 2002. Her blood tests 

for the tumor antigen, CA2729,  were consistent at 24 on September 12, 2002, and Decem-

ber 3, 2002. (In breast cancer patients, the CA2729 antigen is usually elevated above 15.) In 

March 2003, all of her blood tests  were within the normal ranges. The tumor size had also 

reduced. She continued to take paw paw up to a week or two prior to her death on July 23, 

2007. Although she passed away, her survival time for fi ve years while taking paw paw is 

equivalent to the expected survival times of most breast cancer patients who opt for the 

expense and challenges to one’s health of conventional treatments.

Participant 5 had breast cancer. She decided to undergo chemotherapy and take the paw 

paw capsules concurrently. The chemotherapy treatments lasted seven months. X-ray 

showed that the tumor had almost completely disappeared. She decided to undergo surgery 

as well to remove any traces of the tumor. Removal and examination of 14 subaxillary 

lymph nodes detected no metastatic cancer. This was followed by radiation treatments. Her 

subsequent screens have shown no detectable tumors in the breasts. She has retired from 

working and in the fi ve- year follow- up is believed to be “cancer free.”

Participant 6 has stage 4 breast cancer. After six weeks of taking paw paw, she saw a 

50% reduction in her CA2729 tumor antigen levels, which went from 160 to 80 (< 15 is 

considered normal). The size of the tumor was also reduced. Since she had not changed any 

other treatment protocol, her physician was convinced that the paw paw supplement was 

responsible for her improvement. We  were unable to locate this participant in the fi ve- year 

follow- up.

Participant 7 has stage 4 lung cancer. He had previously undergone two years of chemo-

therapy, but the cancer had become resistant to the drugs. Within two months of taking the 

paw paw capsules (one capsule QID), his tumor marker (carcinoembryonic antigen, or CEA) 
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had improved from 275 to 222. He also had a weight gain of fi ve pounds and reported no 

side effects from the paw paw supplement. Prior to taking paw paw, he was bedridden or 

restricted to a wheelchair. His health improved to the point that he was able to walk and even 

play golf. We  were unable to contact him in the fi ve- year follow- up.

Participant 8 has stage 4 melanoma. The primary tumor had been surgically removed 

from his arm in 2001. By October 2002, the melanoma had metastasized to the lymph 

nodes and to the lungs. His physicians  were not able to perform additional surgery and did 

not suggest chemotherapy or radiation as viable options. His breathing had become la-

bored, and he could walk only with diffi culty. In November 2002, he started taking one 

paw paw capsule QID and continued the paw paw supplement for one year. His breathing, 

mobility, and energy levels improved almost immediately, and he was able to return to 

work on his farm. In the spring of 2004, he had a follow- up X-ray of his lungs. His chest 

was completely clear, and there was no sign of the cancer. Interestingly, two fatty tumors 

on his arm have also decreased in size considerably, and the toenail fungus that had per-

sisted for ten years has cleared up. At the time of the fi ve- year follow- up, he was still doing 

well.

Participant 9 has prostate cancer, which was confi rmed by a biopsy in July 2002. The 

tumor marker is prostate- specifi c antigen (PSA) with which normal values are < 4. His PSA 

level was at 35 with two pea- sized tumors. In July 2002, he began a nutritional diet that 

consisted of lots of raw vegetables and fruits, no red meat, and low amounts of refi ned 

grains and sugars. He started taking four paw paw capsules per day in October 2002. His 

PSA level dropped to 2.08 by December 23, 2002, down from 3.85 when mea sured two 

months earlier. He continued to take the paw paw supplement, and his PSA levels through 

August 2004 remained stable. In the fi ve- year follow- up, we learned that he has retired from 

work and continues to do well.

Participant 10 has stage 4 prostate cancer that has metastasized to several other parts of 

his body. Within six weeks of his starting QID consumption of paw paw, CT scans showed 

25% reductions in the sizes of the tumors, while his PSA levels remained constant and did 

not increase. We  were unable to contact him for the fi ve- year follow- up.

OBSERVATIONS

Adjuvant Therapy

Due to the positive responses from the case studies above and from many other of the 

original 94 participants, it is apparent that the standardized paw paw extract is an effec-

tive supplement for the suppression of clinical cancers of various types. It appears that 

the extract may be an effective adjuvant to chemotherapeutic agents. When taken with che-

motherapy, in some instances, an amount of tumor shrinkage beyond that expected with 

chemotherapy alone was noticed. The synergistic effect may be attributed to the novel 

action (ATP and nucleotide depletion) of the acetogenins working in conjunction with the 

cytotoxic actions of the chemotherapeutic agent. Also, the MDR cancer cells with their 

ATP- driven effl ux pumps thwarted by the ATP- depleting action of the acetogenins would 

be expected to renew their cellular accumulation of the chemotherapeutic agent and be-

come more susceptible to its cytotoxic effects. Thus, the combination of the paw paw 

extract with anticancer drugs should have not just additive but also synergistic effects.



Importance of Standardization

The standardized paw paw extract was effective, by both objective and subjective mea sure-

ments, even when used alone and not combined with chemotherapy or radiation. Many par-

ticipants who have exhausted the benefi cial effects of these other modalities have enjoyed an 

extended longevity and improved their quality of life by taking this supplement. Many who 

 were given only a couple of months to live have surpassed their physicians’ predictions and 

have done so without the loss of hair, nausea and vomiting, bone marrow depression, or in-

duction of new tumors by the carcinogenic actions of radiation and chemotherapeutic agents.

The standardized paw paw extract is unlike anticancer drugs because it is a complex mix-

ture of compounds rather than a single entity. The compounds are natural and in the fruits of 

paw paw have been safely consumed by humankind for thousands of years. They even have 

a history of safe human use as an emetic.

Mode of Action

The mode of action (depletion of ATP with resulting apoptosis) gives these compounds 

selectivity for cancer cells because of the relatively more rapid rate of metabolism of cancer 

cells versus normal cells. They are especially effective against MDR cancer cells because of 

the increased demand that MDR cells have for ATP to run their effl ux pumps. Thus, their ac-

tions focus on a fundamental biochemical difference between normal cells versus cancer 

cells and MDR cancer cells, that is, the voracious uptake of glucose and its accelerated me-

tabolism to generate ATP and the related nucleotides.

Claims

The paw paw supplement is offered at reasonable cost in the United States as a dietary 

supplement. It costs less than $2.00 per day because the production from the paw paw twigs 

involves no elaborate separation steps but only simple extraction and analyses to assure po-

tency and biological standardization. As the product is marketed as a dietary supplement, it 

avoids the tremendous costs in time, money, and labor that would be required in the United 

States for drug approval of one of its acetogenin components. However, it should be noted 

that as a dietary supplement, the paw paw product cannot be advertised as a treatment in 

the United States. The manufacturing company (Nature’s Sunshine Products, Utah) only 

makes structure function claims that it is “selective for abnormal cells” and “slows the pro-

duction of ATP in mitochondria of abnormal cells.” Furthermore, a U.S. patent, assigned to 

Nature’s Sunshine Products, is pending and protects the extract and its antitumor use in 

animals and humans (62).

SUMMARY

The selection of paw paw as an appropriate species and application of appropriate stan-

dardization led to a safe and effective supplement product. Specifi c chemical compounds 
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(annonaceous acetogenins) in the paw paw  were confi rmed by in vitro and in vivo assays 

to have biological effects linked to the desired therapeutic outcome prior to entering clini-

cal trial.

This dietary supplement, containing a standardized extract of paw paw, reduced tumor 

markers, reduced tumor sizes, and increased longevities among 94 subjects with clinical can-

cer while causing minimal side effects over a period of 18 months. Ten case studies are pre-

sented with fi ve- year follow- ups. The product has been marketed for the past fi ve years and 

has sold over 200,000 bottles, representing nearly 25,000,000 servings. Only 26 adverse 

events are reported. Inhibition of cellular energy (ATP), using the paw paw supplement, thus 

offers a novel, safe, inexpensive, and effective alternative for the control of clinical cancer.
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Chapter 8

Valerian and Hops: Synergy, Mode 
of Action, and Clinical Evidence

Uwe Koetter

Valerian and hops are among the most widely used herbal medicines to induce sleep and 

treat insomnia. Advances in research on valerian and hops in regard to sleep depend fi rst of 

all on the current knowledge of sleep and the underlying physiological pro cesses. Short-

comings in understanding how these herbal substances work may be a result of the ongoing 

scientifi c debate on sleep mechanisms and patterns rather than on the absence of a good 

night’s sleep. Recent advances in understanding physiological pro cesses involved in regu-

lating sleep offer new explanations on the mode of action of valerian and hops. Both appear 

to work as naturally occurring sleep- regulating substances.

Sleep can be well described, but little is known about its function. Freemon wrote in his 

book on sleep research in 1972 that “an unequivocal defi nition of sleep evades us. There 

are about as many theories of sleep as there are sleep researchers. For every research 

worker who has restrained himself from publishing his theoretical ideas on sleep, another 

investigator has advanced two or more different, often competing theories. Some sciences 

and medieval medicine is an example, have been affected by premature and extensive theo-

rization. The development of sleep research, however, has reached the point where some 

type of general theory is desperately needed to hold together such disparate fi ndings” (1).

Thirty years on and the situation has changed little. In 2000, Benington wrote in his in-

troduction in an article about sleep homeostasis and the function of sleep: “We still do not 

know the function of sleep. . . .  Sleep represents a global alteration of brain functioning 

that occupies about one- third of each day and appears to be indispensable. As long as we 

do not understand the function of sleep, we also do not understand some very important 

and as yet undiscovered physiological requirements of neural tissue” (2).

Sleep is an essential part of everyday life maintained by physiological pro cesses. The 

brain appears to use the time of sleep to reor ga nize itself. Both mood and learning benefi t 

from sleep, and it is also important for physical health. Poor sleep is associated with greater 

psychological distress and higher levels of biomarkers associated with elevated risk of 

heart disease and type 2 diabetes (3).

Two separate types of sleep can be observed: sleep with rapid eye movement (REM) and 

sleep without—so- called non- REM sleep (NREM). Sleep proceeds in cycles, with each 
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cycle lasting about 100 minutes. Deeper sleep during these cycles occurs earlier during the 

night, while REM sleep occurs more toward the end of night. Each type has its own physi-

ological and psychological features and may benefi t overall health in a different way.

To make matters more complex, sleep changes during life. Older people spend more time 

in unwanted wakefulness during the night than do younger adults (4). Therefore, physiologi-

cal changes need to be taken into account when insomnia is investigated. Finding appropri-

ate volunteers for mild to moderate insomnia is a par tic u lar challenge, as sleep perception 

may differ from the actual sleep problem.

According to Borbély, sleep architecture and sleep propensity are determined by a 

history- dependent homeostatic pro cess and a circadian pro cess. The homeostatic pro cess 

rises during wakefulness and declines during sleep (Pro cess S). Pro cess S interacts with a 

circadian pro cess (Pro cess C) that is in de pen dent of sleep and waking. The conceptual 

framework of the two- process model was fi rst published by Borbély in 1982 and appears to 

explain the pro cesses of sleep initiation and continuation (5).

The time course of Pro cess S is derived from electroencephalogram (EEG) slow- wave 

activity (6), while Pro cess C seems closely related to melatonin secretion (7). Prolonged 

wakefulness decreases the degree of arousal in the frontal cortex. Both the propensity to 

sleep and the intensity of delta EEG waves upon falling asleep have been shown to be pro-

portional to the duration of prior wakefulness. Evidence has been provided that the basal 

forebrain and mesopontine cholinergic neurons, whose discharge activities play an impor-

tant role in EEG arousal, are under the tonic control of endogenous adenosine. The local 

concentration of adenosine at the basal frontal cortex neurons increases with prolonged wake-

fulness. Therefore, local adenosine concentration is related to sleep mechanisms and is con-

sequently attributed as somnogen (8).

Important for research on valerian and hops is that for Pro cess S and Pro cess C to occur, 

chemical compounds in these plants may play a role. These compounds are found in either 

or both of these herbal preparations, which together may mimic their action. Advances in 

understanding how valerian and hops contribute to a good night’s sleep through their po-

tential mode of action are described in the following sections.

MODE OF ACTION OF VALERIAN

More than 200 plant species belong to the genus Valeriana, but the one most commonly 

used as an herb is Valeriana offi cinalis. The root is used for medicinal purposes. Prepara-

tions of valerian (Valeriana offi cinalis L.) are today well established for the relief of mild 

ner vous tension and sleep disorders. They have been used traditionally for the relief of mild 

symptoms of stress as well (9).

Extract from valerian root has been widely used in Eu rope for de cades. In the United 

States, it is estimated that approximately 1% of the population use valerian as a self- 

prescribed treatment for insomnia (10). The typical preparation of valerian employed as a 

sleep aid is a tea, a tincture, or an extract produced with an alcohol- water mixture. The 

preparation as such is considered the “active ingredient” for which the extract ratio should 

be provided. For identifi cation and quality control, valerenic acid is used as the marker com-

pound. The content of these sesquiterpenic acids ranges (for just valerenic acid) from 0.04% 

to 0.9%, or for the combination of valerenic acid, acetoxyvalerenic acid, and hydroxyvaler-

enic acid, from 0.17% to 0.9% (11).
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However, the general ac cep tance that valerian provides an effective treatment option has 

remained open for discussion. For a long time, it was believed that the intense and heavy 

odor plays an important role in the sleep- promoting properties. Evidence from animal stud-

ies supported this thesis, as inhalation of valerian produced a distinct sedative effect in rats 

(12). The lack of correlation between the volatile oil and a sedative effect prompted research 

for other constituents contributing to this activity. In the 1960s, much attention was directed 

to the valepotriates. A standardized mixture was developed and marketed with preclinical 

research supporting it (13). It is now known, however, that valepotriates are not stable in 

tinctures and extracts. For that reason, their contributions to the sleep- promoting effects of 

traditionally used formulas  were disputed (14).

According to another theory, valerenic acid is responsible for sedative activity (15). Val-

erian extract and valerenic acid  were shown to have an effect on neuronal activity mediated 

by the GABAergic system (16). Gamma- aminobutyric acid (GABA), as a neurotransmitter, 

participates in the thalamus in sleep induction and maintenance. It exerts its action through 

three different types of receptors, namely, GABA
A
, GABA

B
, and GABA

C
. GABA

A
 recep-

tors are ligand- activated ion channels with different subunits, which mediate fast synaptic 

transmission.

Very recently it was confi rmed that valerenic acid positively modulates the GABA
A
- 

induced chloride currents. Its content in extracts is proportionally related to their GABA
A
 

receptor modulation (17). GABA
A
 receptors containing the ß

3
 subunit  were identifi ed as a 

target mediating the anxiolytic action of valerenic acid (18). In this context it was demon-

strated that anxiolytic and antidepressant properties of valerian may contribute to the 

sleep- inducing effect of valerian (19).

Recently, compounds structurally similar to adenosine have been isolated from valer-

ian. Adenosine is involved in sleep induction mediated via G protein– coupled receptors. 

Specifi cally the adenosine A
1
 receptor was found to play a part in homeostatic sleep regu-

lation (20).

From a methanolic valerian extract, lignans  were isolated and investigated for their phar-

macological activity on various receptors of the central ner vous system. Olivil was identi-

fi ed as a lignan derivative with partial agonistic affi nity to human adenosine A
1
 receptors in 

meaningful concentrations (21).

This effect on adenosine A
1
 receptors was confi rmed in commercially available extracts, 

which are typically employed in sleep aids. Valerian was extracted by maceration with 

methanol/water 45% at ambient temperature for two hours with stirring followed by evapo-

ration and spray drying. The ratio of dried herbal material employed to spray- dried extract 

with 25% maltodextrin as a carrier was about 4– 6:1. The valerian roots employed  were of 

Eu ro pe an Pharmacopeia quality. The resulting extract contained 0.37% to 0.39% valerenic 

acids (sum of valerenic acid and acetoxyvalerenic acid). It was free of valepotriates.

Affi nity for adenosine A
1
 receptors was determined in radioligand binding assay at rat 

brain cortical membranes versus [3H] 2- chloro- N6- cyclopentyladenosine [3H]CCPA. Indi-

vidual extracts and a combination with hops exhibited affi nity in a low concentration range 

(K
i
 values 0.15– 0.37 mg/mL). In order to investigate whether valerian extract acts as an 

agonist, its effect on [35S]GTPgS binding to human recombinant adenosine A
1
 receptors 

was mea sured. Valerian extract exhibited a concentration- dependent stimulation of [35S]

GTPgS. The maximal effect was about 30% over baseline with EC
50

 values of 0.85 mg/mL. 

Adenosine A
1
 receptors are negatively coupled to adenylate cyclase as a second messenger 
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system. The agonist N6- cyclopentyladenosine (CPA) and valerian extract inhibit dose de-

pendently cAMP accumulation, confi rming the agonistic activity of valerian extract (22). 

Thus, adenosine activity reported earlier (23) is confi rmed by this detailed work and the 

function on the receptor explained.

Lignans  were isolated prior to the work of Schumacher et al. 2002. They  were investi-

gated at various central ner vous system (CNS) receptors (24) and presented as potentially 

active substances (25). However, several years later, Müller made the link between lignans 

and adenosine receptor activity of valerian (22). This fi nding triggered further preclinical 

and clinical work described in the following paragraphs.

The agonistic activity of the valerian extract was confi rmed in ex vivo experiments with 

brain slices. The extract employed was of similar quality as that used by Müller et al. 

2002, produced with methanol/water 45% and the content of valerenic acids was deter-

mined by HPLC (22).

Postsynaptic potentials  were dose- dependently inhibited by valerian extract with a mini-

mum concentration of 0.1 mg/ml and saturation at 10 mg/ml. The inhibition reached around 

50%, and its extent was comparable to the inhibition by the selective agonist CPA. The ef-

fect could be blocked by a specifi c adenosine A
1
 receptor antagonist (26).

The results  were confi rmed in a second study with a similar design. It appears, however, 

that the extraction solvent— in this case, methanol— is essential for adenosine agonistic ef-

fects in this model, as ethanol extracts from valerian did not show affi nity (27). It is notable 

that this is in accordance with in de pen dent fi ndings of a second group, in that pharmaco-

logical profi les of valerian preparations are linked to the polarity of their extraction sol-

vents (28).

With the evidence from the analytical work, together with the in vitro and ex vivo results, 

a potential adenosine- like action of valerian can be concluded. Establishing a link to in vivo 

results provides further proof and is discussed in a later section.

MODE OF ACTION OF HOPS

Hop is a member of the Cannabaceae family. It is a dioecious perennial plant native to 

the Northern Hemi sphere. The fl ower cones of the plant, known as hops, are used in the 

production of beer to impart bitterness and fl avor and for their preservative qualities. The 

aromatic odor of the hop strobiles is caused by a volatile oil, present in a yield of about 

0.3% to 1.0%. Among the actives that are thought to be responsible for its medicinal effects 

are 15% to 30% resins (such as humulon and lupulon and its derivatives 2- methyl- 3- butenol), 

tannins, fl avonoids, and essential oils (with its main constituents myrcene, alpha- and beta-

 caryophyllene, and farnesene) (29).

Preparations of hops (Humulus lupulus L.) or of hop strobiles are today traditionally used 

for the relief of mild symptoms of stress and to aid sleep (30). Preparations are made of infu-

sions, tinctures, and extracts. Despite the long- standing use of hop preparations as sedatives in 

traditional medicine, data on the effects of hops are rare (31). Therefore, the sedative activity is 

still under investigation to elucidate the active principles responsible for the neuropharmaco-

logical effects.

In an analogous manner to valerian, it was believed earlier that hops acted through their 

strong and heavy odor. Pillows fi lled with hops have been successfully employed for many 
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years, according to the literature. There is anecdotal evidence that goes back to the reign 

of George III (32). The aroma of hops causes somnolence, which led to the use of “sleep 

pillows” fi lled with hops and placed in the bed (and thus close to the head). Reference to 

such successful use can be found in the literature (33, 34).

Reports on the systematic investigation of hops and their ingredients can be found as 

early as 1820. Ives coined the name lupulin for the fi ne, yellow, resinous substance of 

the female fl owers from hops and investigated it chemically. As a physician, he was most 

convinced of its effects and reported that it frequently induced sleep and “quiets great ner-

vous” irritation (35). Despite this early praise, little work was published on sleep in subse-

quent years. Nevertheless, hops have been consistently employed in combination products 

with other sleep- promoting herbal preparations.

Some recent in vitro work with hops was conducted with lipophilic extracts. The GABA
A
 

response was mea sured using a Xenopus oocyte expression system. Two hop oils, alpha- 

humulene and mycrene, caused a small potentiation of the GABA
A
 receptor response. How-

ever, these compounds did not work as agonists. Beta- acid fractions from hops  were found 

to modulate GABA response inversely (36).

It appears the effects of hop fragrance  were more pronounced in causing potentiation of 

the GABA
A
 receptor response. This result links to the traditional use of hops in sleep pil-

lows (37) but has little relevance for hydrophilic hop extracts typically used in sleep aids.

Perhaps more relevant is a study on hops as a sleep aid using a recently conducted 

systematic screening for activity on receptors of the CNS. The screening included 

5- hydroxytryptamine (5- HT) and melatonin (ML) receptors. The 5- HT receptors on the 

cell membrane of nerve cells are receptors for the signal mediator serotonin in the CNS 

and on the periphery. They affect the release and activity of other neurotransmitters such 

as dopamine and are known for their role in cognitive per for mance, depression, and sleep 

disorders (38).

The effects of melatonin are mediated by specifi c, high- affi nity melatonin receptors (ML1/

ML2). Melatonin is an endogenous hormone released from the pineal gland in response to 

light and dark signals. It stimulates melatonin receptors, which appear to contribute to the 

sleep- wake cycle modulating the circadian rhythm (39).

Hop extract used for the following experiments was produced by maceration of hops 

(Eu ro pe an Pharmacopeia quality) with methanol/water 45% at ambient temperature fol-

lowed by evaporation under vacuum and spray drying. The ratio of dried herbal material 

employed to spray- dried extract with 30% maltodextrin as a carrier was about 5– 7:1. The 

extract contained about 0.48% of fl avonoids calculated as rutin determined spectrophoto-

metrically. Because of the hydrophilic solvent, hop bitter acids  were not detectable.

The screening assays  were performed using published procedures with human cloned 

receptors where available. The receptors selected for screening are involved in various 

mental functions related to relaxation, stress, cognition, maintenance of circadian rhythm, 

and sleep. Pharmacological details regarding the receptors are listed in Table 8.1.

Of all the selected receptors, the tested extracts showed considerable affi nities toward 

the 5- HT
4e

, 5- HT
6
, 5- HT

7
, ML

1
, and ML

2
. For these receptors, a determination of IC

50
 was 

conducted. The results are as follows: 21mg/ml for the 5- HT
6
 and 71mg/ml for the ML

1
 

receptor. This is the fi rst report of hops’ interaction with these receptors. 5- HT
6
 antagonists 

are thought to improve cognition, while melatonin, through binding to its receptor, is re-

sponsible for maintaining the diurnal circadian rhythm in vertebrates (40).
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PRECLINICAL EVIDENCE FOR VALERIAN

With the evidence from in vitro and ex vivo studies, adenosine- like action was demon-

strated, which is most likely mediated by lignans. Because of the many lignans that are 

present as aglycones or as the glycosides— and they are present in low concentrations— 

measurement of pharmacodynamic properties is a necessary substitute for testing of 

Table 8.1. Affi nity of Hops to Selected CNS Receptors and Their Function in the Body; 
Gs = G Stimulatory

Receptor 
Type

Nonspecifi c 
Binding

Affi nity for 
Hops IC50(m/ml) Molecular Function

Pharmacodynamic / 
Pharmacological Activity

5- HT
4e

serotonin Gs protein, coupled 

to the stimulation 

of adenylyl 

cyclase, increasing 

cellular levels of 

cAMP

CNS: neuronal excitation, 

learning, memory

5- HT
6

serotonin 21 Gs protein, coupled 

to the stimulation 

of adenylyl cyclase 

increasing cellular 

levels of cAMP

May be involved in 

neuropsychiatric 

disorders; high affi nity 

for various antipsychotic 

and antidepressant 

drugs

5- HT
7

serotonin Gs protein, coupled 

to the stimulation 

of adenylyl cyclase 

increasing cellular 

levels of cAMP

Mood and learning, 

neuroendocrine and 

vegetative behavior; 

5- HT7- selective agents 

might be effective in the 

treatment of jet lag or 

sleep disorders of a 

circadian nature

ML
1

melatonin 71 G protein–coupled 

receptor 

Regulation of circadian 

and seasonal responses, 

some ret i nal, cardiovas-

cular, and immunologi-

cal functions; 

antidepressant/anxi-

olytic activity

ML
2

melatonin G protein–coupled 

receptor 

Regulation of circadian 

and seasonal responses, 

some ret i nal, cardiovas-

cular, and immunologi-

cal functions; 

antidepressant/anxi-

olytic activity
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bioavailability. Adenosine- like action of lignans from valerian extract might reduce alert-

ness that should be refl ected in an increase of the slow- wave activity in the frontal cortex. 

To test this hypothesis, changes in fi eld potentials  were mea sured from the depth of the 

brain in conscious adult Fisher rats. The animals carried bipolar concentric steel elec-

trodes. Signals  were transmitted, amplifi ed, and pro cessed to give power spectra of 0.25 Hz 

resolution. During the recordings, the rats could move freely. Experiments  were started 

after adaptation and control experiments with saline. The trials  were authorized accord-

ing to German Health Guidelines, and the principles of laboratory animal care  were fol-

lowed in all trials.

The rats received a fi xed combination of valerian and hop extracts, both manufactured 

with methanol/water 45%. The valerenic acid content and fl avonoid content  were determined 

respectively. The extracts  were suspended in 20% Solutol (BASF, Mannheim, Germany). 

Research presented earlier had already confi rmed that hops do not contribute to the ade-

nosine agonistic affi nity. Hence the results of this study can be attributed to valerian only. 

Slow- wave activity of fi eld potentials was recorded in the frontal cortex. Application of 200 

and 250 mg/kg resulted in an increase of delta and alpha2 power in the cortex and hip-

pocampus starting after 60 minutes. The results became statistically signifi cant in the last 

hour of recording (4 h). This action is similar to the increased slow- wave activity related to 

sleep deprivation. Therefore, such an increase in slow- wave activity in the frontal cortex 

might indicate an elevation of sleep propensity induced by the valerian fraction of the fi xed 

combination. Additionally, the bioavailability of the extract is related to the reaction of the 

target organ, that is, the central ner vous system with a short latency after oral administra-

tion (41).

PRECLINICAL EVIDENCE FOR HOPS

Animal studies  were conducted in the past using frogs, pigeons, mice, goldfi sh, and golden 

carp to better understand the sedative effects of hops. However, an understanding of the bio-

chemical mechanism and a conclusive identifi cation of the compounds responsible for such 

activity have not yet been achieved (42). In mice, hypothermic, analgesic, anticonvulsant, 

and hypnotic properties  were recorded after intraperitoneal injection of a hop extract (43). 

Hop extracts, prepared either with ethanol (40%, 90%) or with CO
2
,  were investigated for 

their sedating activities. The preparations reduced spontaneous locomotor activity, in-

creased the ketamin- induced sleeping time, and reduced body temperature. The lipophilic 

extract from hops was superior to the ethanolic extract (44). Another hop extract using CO
2
 

prolonged the pentobarbital- induced sleeping time without infl uencing the motor behavior 

of rats and exerted antidepressant activity. The same effects  were elicited by the adminis-

tration of the hop fraction containing alpha- acids (45). In contrast, administration of the 

beta- acid-enriched fraction increased exploratory activity in the open fi eld, reduced the 

pentobarbital hypnotic activity, and worsened the picrotoxin- induced seizures. In the anxi-

ety elevated plus maize test, a reduction in anxiety was clearly demonstrated (36). There-

fore, the relationship between the different, bitter acids may infl uence the overall action. 

Whether the results obtained with the lipophilic CO
2
 extract can be transferred to the ex-

tracts employed in medicines is debatable. These extracts are produced with water or mix-

tures of alcohol and water.
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To understand the mode of action of hops, the in vitro fi nding on melatonin receptor activ-

ity provides an excellent starting point. Building on the in vitro results published by Abourashed 

et al. in 2004, an animal study was designed to investigate the melatonin- like activity fur-

ther and to confi rm the relevance of the fi ndings in a living organism.

The spray- dried hop extract was prepared from dried cones of Humulus lupulus L. of 

Eu ro pe an Pharmacopeia quality by maceration with methanol/water 45%. Qualitative and 

quantitative phytochemical analysis of the extract was performed by HPLC. The hops ex-

tract was standardized to an amount of 0.48% fl avonoids calculated as rutin. Bitter acids 

 were not detectable.

First, mice received either a hop extract or control, orally, one hour before the mea sure-

ments, by means of a feeding needle. Melatonin and control  were given intraperitoneally. 

The rectal temperatures  were mea sured at hourly intervals for three hours. Melatonin (50 mg/

kg) and hop extract (250 mg/kg) both had signifi cant hypothermic effects in male mice. The 

decrease of body temperature was 0.75 ± 0.07°C for hop extract versus 0.66 ± 0.06°C with 

melatonin. Less (125 mg) or more (500 mg) hop extract induced a smaller effect. The re-

sponse curve was U-shaped.

In a second set of experiments, the hypothermic effect was antagonized with the competi-

tive melatonin receptor antagonist, luzindole. The data suggest that potential sleep- inducing 

effects of hop extract are mediated through activation of melatonin receptors (46). This is 

the fi rst study on hops providing evidence that the affi nity on melatonin receptors is an ef-

fect that is relevant for a living organism.

CLINICAL EVIDENCE

Postulating adenosine- like action for valerian is an exciting topic. It would mean that 

valerian could act instead of or alongside adenosine, increasing the adenosine effects on 

sleep propensity. Sleep would initiate naturally; hence, evidence for such an effect in hu-

mans would be helpful.

Because of the im mense screening work to fi nd subjects with comparable sleep problems 

for such a trial and the exploratory nature of such a trial, a study design with healthy volun-

teers appears advisable. It should be noted, however, that earlier research has shown that 

effects of sleep aids are diffi cult to detect in non-sleep- deprived normal volunteers (47).

Hence, a well- known adenosine antagonist was employed to create a standardized artifi -

cial state of arousal, restlessness, and agitation. Healthy volunteers received orally 200 mg 

caffeine and  were divided into three groups. One group received valerian extract, again in a 

fi xed combination with a hop extract; a second group received three times the dose; and a 

third group received a placebo. A quantitative pharmacological EEG was employed for mea-

sure ment of the effects.

The extracts of valerian and hops  were produced similarly to the previously described 

experiments with methanol/water 45% by maceration followed by evaporation, addition 

of a carrier, and spray drying to drug- to- extract ratios of 4– 6:1 and 5– 7:1, respectively. 

Content of valerenic acid was determined by HPLC- DAD, and fl avonoids  were mea sured 

photometrically.

In the placebo group, the caffeine action was refl ected in a typical change of EEG pa-

ram e ters. Because of the faster disintegration time of the caffeine tablets, the caffeine 
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effect was seen in all groups after 30 minutes. The active medication was capable of 

reducing (one dose) or inhibiting (three doses) the caffeine- induced arousal. The phar-

macodynamic interaction was observed from 60 minutes on. The offset of these effects 

was dose dependent after the coated valerian tablets had disintegrated and  were ab-

sorbed. These results provide evidence that the mode of action is mediated via the ade-

nosine receptor by competitive behavior. Second, the results confi rm a rather fast 

bioavailability in humans supporting the posology “to be taken half to one hour before 

bedtime” (48).

The results on valerian and hops indicate that preparations of both herbal substances 

support sleep but by different modes of action. This should result in an additive effect when 

taken in combination. To test this hypothesis, a clinical trial with a fi xed combination of 

both herbals versus a monopreparation and placebo as control was designed.

For a three- arm, parallel- group, double- blind, randomized, and placebo- controlled trial, 

43 patients  were screened. Thirty patients (16 female, 14 male)  were eligible to participate 

in the trial. The volunteers had nonorganic insomnia (ICD 10, F51.0– F51.2) with sleep la-

tency longer than 30 minutes. They received a combination of 120 mg of dry extract from 

hop strobile and 500 mg of dry extract from valerian root, placebo, or just 500 mg dry ex-

tract from valerian root. Both of the extracts are manufactured with methanol/water 45% 

with drug- to- extract ratios of 5.3:1 for valerian and 6.6:1 for hops, respectively. The fi xed 

valerian combination is similar to the combinations described in earlier trials referred to as 

Ze 91019.

Study duration was four weeks, and all mea sure ments  were taken in the familiar envi-

ronment at home. Objective sleep pa ram e ters  were registered with a portable recording 

device. Polysomnographic recordings  were obtained twice at baseline and a third time af-

ter four weeks at the end of the trial period. The study protocol was approved by the Ger-

man authorities, Federal Institute for Drugs and Medical Devices (BfArM) No. 4022772, 

and received the EudraCT number 2005- 005296- 15 PI LOT ZE 91019.

At the end of the treatment period, 27 patients  were available for statistical analysis. No 

serious adverse events  were reported, and no difference in safety pa ram e ters between 

groups could be detected. As the main effi cacy outcome, the trial showed a signifi cant re-

duction of sleep latency when hops  were added to the valerian formulation. Sleep latency 

with valerian alone was reduced by 22.1 minutes (p = 0.19), while the addition of hops in-

creased the reduction to 44.5 minutes (p = 0.05). Additionally, it could be shown that the 

sum of sleep stages S3 and S4 increased in the valerian- hops group and the clinical global 

impression was superior.

Under real- life conditions in a home setting, sleep aids with hops and valerian are safe 

and effective. The additive effects of hops  were demonstrated using objective mea sure-

ments (49).

CONCLUSION

Insomnia is a widespread health complaint in the general population. An estimated one- 

third of the adult population present insomnia symptoms at least occasionally, and about 

15% are dissatisfi ed with their sleep, thus qualifying for use of complementary and alterna-

tive medicines such as herbal and dietary supplements. Herbal products such as valerian, 

hops, chamomile, and passionfl ower are widely marketed as natural sleep aids. Most evi-
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dence from randomized trials suggests that with repeated administration, valerian produces 

a mild sleep- initiating effect without causing alteration of sleep architecture or signifi cant 

residual effects (50– 53). Sleep improvements with a valerian- hops combination are associ-

ated with improved quality of life. In a recent randomized, placebo- controlled trial, the 

treatment appears safe and did not produce rebound insomnia upon discontinuation during 

the study (54).

With the results presented for valerian and hops, a scientifi c rationale is provided that 

confi rms the long- established use of both as sleep aids. Owing to the increasing under-

standing of sleep and the physiological pro cesses, the mode of action of valerian and hops 

can be explained better. The established use of combination products is justifi ed. Their 

synergistic action seems obvious. Valerian appears to the homeostatic pro cess of sleep ini-

tiation by supporting adenosine in its activity. Hops play a role in the circadian pro cess via 

their melatonin- like action (Table 8.2).

Treatment of insomnia should improve the physiological basic mechanism instead of 

simply turning off wakefulness, as is the case with some prescription and over- the- counter 

drugs. Even if prescription medication is effective in shortening sleep latency and reduc-

ing waking after sleep onset, improvement of the physiological sleep regulation is not 

documented (55). Additionally, drug therapy is frequently burdened with adverse effects 

(56).

Working with the natural pro cesses of sleep, valerian and hops come close to imitating bio-

logical sleep rhythm and are therefore the ideal drugs at least for mild and transient insomnia. 

They work in synergy via different mechanisms within the body, not against it.
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Table 8.2. Link between Findings in in Vitro Studies, Results of Animal Trials and Clinical 
Studies

Herbal Substance In Vitro Results Animal Studies Clinical Research

Valerian Adenosine 

A
1
receptor 

agonist

Increase of slow- wave 

activity in the cortex and 

hippocampus as an 

indicator of adenosine- like 

action 

Has an opposite effect to 

caffeine, which is an 

adenosine A
1
receptor 

antagonist

Hops Affi nity to ML
1
 

receptor

Reduction of body 

temperature–like 

melatonin, which could be 

blocked by a melatonin 

receptor antagonist

Addition of hops to 

valerian reduces sleep 

latency, supporting 

theory of separate 

mode of action for hops
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Chapter 9

Development of Iberogast: Clinical 
Evidence for Multicomponent 
Herbal Mixtures

Bettina Vinson

Functional gastrointestinal (GI) diseases like functional dyspepsia (FD) and irritable bowel 

syndrome (IBS) are characterized by a broad spectrum of variable symptoms of the upper 

(FD) or lower (IBS) GI tract which are caused by several functional disorders in the GI 

system (1, 2). Therefore, therapeutic management of these diseases is still diffi cult, and at 

this time no curative treatment is available. Complete treatment would require targeting 

every distinct underlying disorder, and therefore, success of a monodrug approach target-

ing only one specifi c disorder as a therapeutic intervention is limited (3). An optimal 

treatment would be a combination of monodrug preparations that are each effective in the 

essential GI functions and offer the chance to target the multiple causes of the diseases (4). 

Simultaneously, a good benefi t- to- risk ratio for these preparations is necessary. Compared 

to synthetically derived monodrugs, herbal extracts contain multiple substances that are 

assessed as one active agent. The substances in each extract and especially within a com-

bination of these extracts can perform synergistic and additive effects that multiply and 

expand effi cacy. Herbal medicinal combination products therefore offer the chance to 

treat the multifactorial pathophysiology of multicausal diseases like IBS and FD while 

reducing the concentration of any one single component. The result may lead to a reduc-

tion of potential side effects and to a positive benefi t- to- risk ratio of the herbal combina-

tion preparation (5). Because herbal drugs are from natural sources, the development, 

quality assurance, and pharmacological and clinical characterization of an herbal medici-

nal product are major challenges for ensuring consistently high- quality and scientifi c 

evidence.

STW 5 (Iberogast, Steigerwald Arzneimittelwerk GmbH, Darmstadt, Germany) is an 

herbal combination product consisting of nine plant extracts. STW 5 contains an alcoholic 

fresh plant extract of Iberis amara totalis (bitter candytuft) and alcoholic extracts of An-
gelica archangelica (angelica) root, Matricaria recutita (chamomile) fl owers, Carum carvi 
(caraway) fruits, Silybum marianum (milk thistle) fruit, Melissa offi cinalis (lemon balm) 

Department of Clinical Research, Steigerwald Arzneimittelwerk GmbH, 64925 Darmstadt, Germany; vinson@ 

steigerwald.de
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Table 9.1.    Components of STW 5, Drug Extract Ratio, and Amount in 100 ml of the 
Finished Product

Extract Drug Extract Ratio (DER) In 100 ml Iberogast

Iberis amara (alcoholic fresh 

plant extract)

1:1.5– 2.5 15.0 ml

Angelica root 

(alcoholic drug extract)

1:2.5– 3.5 10.0 ml

Chamomile fl owers 

(alcoholic drug extract)

1:2.5– 4 20.0 ml

Caraway fruits 

(alcoholic drug extract)

1:2.5– 3.5 10.0 ml

Milk thistle fruits 

(alcoholic drug extract)

1:2.5– 3.5 10.0 ml

Lemon balm leaves 

(alcoholic drug extract)

1:2.5– 3.5 10.0 ml

Peppermint leaves 

(alcoholic drug extract)

1:2.5– 3.5 5.0 ml

Greater celandine 

(alcoholic drug extract)

1:2.5– 3.5 10.0 ml

Licorice root 

(alcoholic drug extract)

1:2.5– 3.5 10.0 ml

leaves, Mentha X piperita (peppermint) leaves, Chelidonium majus (greater celandine), 

and Glycyrrhiza glabra (licorice) root (see Table 9.1 and Figures 9.1a– 9.1i).

Iberogast is approved in Germany and several other Eu ro pe an and non- European coun-

tries for the treatment of functional GI disorders like FD and IBS and has been available on 

the German market since 1961. The development of STW 5 included the development and 

validation of harvesting, pro cessing, and manufacturing techniques; the proof that each 

plant is effi cacious in the GI tract regarding functional GI disorders; and an extensive toxi-

cology, pharmacology, and clinical study program to show effi cacy and safety of STW 5. 

During 47 years of development and use, STW 5 has become the most extensively investi-

gated herbal medicinal product and is verifi ed at the highest level of scientifi c evidence for 

the treatment of functional GI diseases.

HARVESTING, MANUFACTURING, AND QUALITY 
ASSURANCE OF STW 5

The required consistent quality, effi cacy, and safety of STW 5 as an herbal medicinal 

combination product can be derived only by the strict control of the growing, harvesting, 

and manufacturing pro cesses.
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Good Agricultural Practice (GAP)

A major challenge for the manufacturing pro cess of herbal extracts compared to syn-

thetically derived drugs is that the origin of the drug is a living subject which responds to 

environmental infl uences (temperature, light, soil, humidity,  etc.). These environmental 

infl uences change during the year and infl uence continuously the content and composition 

of ingredients of a plant. To ensure consistently good quality, agricultural conditions such 

as soil quality, light intensity, suitable cultivation, and harvesting time and methods and the 

exact plant parts that should be harvested have to be specifi ed and standardized. Interna-

tional regulations like Good Agricultural Practice (GAP), the German Drug Book (DAB), 

and Pharmacopoe Eu rope (Ph. Eur.), as well as in- house specifi cations based on detailed 

experience about the extract constituents and their chemical behavior, determine these spe-

cifi c factors for each plant extract of STW 5. After the plant material is harvested, milled, 

and stored as dried or frozen drug, the quality of that drug has to be analyzed and identifi ed 

according to its individual specifi cation. Only original material in perfect condition is used 

for further pro cessing (6).

Good Manufacturing Practice (GMP)

The extraction of drug material is carried out under standardized manufacturing condi-

tions and using “in- process” controls. Relevant quality pa ram e ters are the drug- to- extract 

ratio (DER), the quality of the herbal drug (grade of comminution, water content, content 

of extractable substances), the extraction solvent (type, concentration, amount, fl ow speed), 

the procedure (type of extraction, time, temperature, pressure, batch size, fi ltration), and 

the equipment (type, level of fi lling, static pressure) (6, 7). All pa ram e ters are defi ned for 

each drug by standard operating procedures (SOPs) and all steps of the manufacturing 

pro cess are validated. The quality of each extract is tested according to the individual 

specifi cations.

Specifi cations

Extraction of the dried herbal drugs is carried out under controlled conditions whereby 

temperature, the extracting agent, and the extraction time are exactly determined for each 

plant extract. Therefore, specifi c methods have been developed and validated by Steiger-

wald Arzneimittelwerk GmbH. The specifi c properties of the individual plant species and 

the properties of the plant extract constituents regarding quality (purity, identity) are de-

termined with individual in- house specifi cations. The quality of each extract is tested ac-

cording to the individual specifi cation. Characteristic pa ram e ters of the extract include 

the general properties of the extract (color, odor), the content of ethanol and residual sol-

vents, the density, the identity of the used drug (thin layer chromatography [TLC]—the 

fi ngerprint of the chromatographic profi le), and the content of the analytical marker sub-

stances within a defi ned range. For analyzing the characteristic marker substances, 

Steigerwald has developed high- performance liquid chromatography (HPLC) and gas 

liquid chromatography (GLC). These methods comply with the relevant guidelines with 



Figure 9. 1a–i.    Plants Used in STW 5 and Their Known Pharmacological Properties [9–23].

Figure 9.1a.    Bitter candytuft (Iberis 
amara). Glucosinolates, fl avonoids. Specifi c 
effects on tone of gastrointestinal tract, 
infl uencing gastrointestinal peristalsis.

Figure 9.1b.    Chamomile fl owers (Matri-
cariae fl os) volatile oils (0.3– 3%), organic 
acids, fl avonoids. Anti- infl ammatory, 
spasmolytic, carminative, ulcer protection.

Figure 9.1c.    Caraway fruits (Carvi fructus) 
volatile oils (2– 7%), coumarins, fl avonoids. 
Carminative, spasmolytic, bacteriostatic.

Figure 9.1d.    Milk thistle fruits (Cardui 
mariae fructus). Flavonolignans (silymarin, 
silybin) neolignans, fl avonoids. Antidyspep-
tic, carminative, cytoprotective in stomach 
and liver.

http://www.liebertonline.com/action/showImage?doi=10.1089/9781934854051.167&iName=master.img-000.jpg&w=185&h=186
http://www.liebertonline.com/action/showImage?doi=10.1089/9781934854051.167&iName=master.img-001.jpg&w=186&h=186
http://www.liebertonline.com/action/showImage?doi=10.1089/9781934854051.167&iName=master.img-002.jpg&w=185&h=185
http://www.liebertonline.com/action/showImage?doi=10.1089/9781934854051.167&iName=master.img-003.jpg&w=186&h=185


Figure 9.1e.    Lemon balm leaves (Melissae 
folium). Volatile oil, Lamiaceae tannins, 
Triterpenic acids, amaroids, fl avonoids. 
Sedative, carminative, spasmolytic, 
 anti- infl ammatory.

Figure 9.1f.    Peppermint leaves (Menthae 
pip. folium). Volatile oil (0.7%), Lamiaceae 
tannins, amaroids, fl avonoids. Slightly 
anesthetic, antiemetic, spasmolytic, 
carminative, disinfectant.

Figure 9.1g.    Greater Celandine (Chelidonii 
herba). Alkaloids, organic acids, fl avonoids. 
Spasmolytic, tonicizing in the stomach, 
cholekinetic, anti- infl ammatory, 
bacteriostatic.

Figure 9.1i.    Angelica root (Angelicae 
radix). Volatile oils (0.35– 1%), amaroids, 
fl avonoids, coumarins. Spasmolytic, 
especially in the stomach; inhibiting 
acid- secretion, stimulating gastric secretion.

Figure 9.1h.    Licorice root (Liquiritiae 
radix). Glyzyrrhicinic acid (5– 15%), fl a-
vonoids, phytosterols, coumarins. Antiul-
cerative, anti- infl ammatory, spasmolytic.

http://www.liebertonline.com/action/showImage?doi=10.1089/9781934854051.167&iName=master.img-004.jpg&w=144&h=144
http://www.liebertonline.com/action/showImage?doi=10.1089/9781934854051.167&iName=master.img-005.jpg&w=144&h=144
http://www.liebertonline.com/action/showImage?doi=10.1089/9781934854051.167&iName=master.img-006.jpg&w=144&h=144
http://www.liebertonline.com/action/showImage?doi=10.1089/9781934854051.167&iName=master.img-007.jpg&w=144&h=144
http://www.liebertonline.com/action/showImage?doi=10.1089/9781934854051.167&iName=master.img-008.jpg&w=144&h=144
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respect to precision and robustness for the individual extracts and the complex herbal ma-

trix of the fi nal combination product. Therefore, it is essential that an active substance 

responsible for the pharmacological action is identifi ed or a marker substance is chosen 

that can be analyzed well and is quantitatively dominant. These compounds may be used 

for the quantifi cation of the single extracts and the fi nished product. For example, carvone 

in caraway fruit is a characteristic marker substance. The specifi cation of the drug and the 

standardized manufacturing pro cess ensure high batch- to- batch reproducibility and con-

formity of the extracts. Also, the content and quality of the active ingredient(s) for each of 

the nine extracts of STW 5 are continuously characterized via chromatographic fi nger-

prints during the manufacturing pro cess, according to GMP and validated “in- process” 

controls, determined by national and international guidelines (e.g., Ph. Eur. and DAB; see 

Figure 9.2).

Only after exact defi nition and strict analysis of each plant extract can the extracts be de-

fi ned as suitable for manufacturing of the fi nished- product STW 5. The manufacturing pro-

cess is fi xed and determines the sequence as well as the ratios of the mixing pro cess (6).

“In- Process” Controls

The quality and reproducibility of an herbal multicomponent product are achieved by 

defi ned pro cessing and in- process- controls, in concordance with (a) the GMP standards (8) 

and (b) the analytical control of all intermediate products and the fi nished product. For ex-

cellent quality of the fi nished product, the right sequence of mixture, mixing time, interim 

storage, and fi ltration pro cess are essential to avoid side reactions and interactions between 

the different extracts (major precipitations) and to ensure stability. Test pa ram e ters of the 

extracts include TLC fi ngerprint chromatograms within the complete polarity range, the 

appearance (color, clearness), the density, the content of ethanol, the microbiological purity, 

and the content of all nine components by the assay of the characteristic marker substances. 

These mea sure ments are carried out by validated HPLC or GLC methods. This has to be 

fulfi lled for every pro cessed plant (Figure 9.3).

The Finished Product

The manufactured product STW 5 has fi nally to be analyzed for quality and quantity. 

For the quality of the  whole combination product, it is essential that the amount of the marker 

substances for each extract is in the range of the calculated amount. The proportion of each 

component in the fi nal product has to be in a range of 95% to 105% of the specifi ed content. 

The effi ciency of separation of the methods has to be in view of the great number of differ-

ent substances of very high quality. To meet these requirements, most of the analytical meth-

ods  were especially developed for manufacturing and quality assurance of Iberogast. To 

achieve approval from the offi cial authorities, the herbal medicinal product had to fulfi ll 

the same guidelines and regularities recommended for quality, safety, and effi cacy recom-

mended for synthetically derived drugs. In 2005, Iberogast received approval from the 

competent authorities in Germany.



Specififf cation

Iberis amara

Geographaa ical origin Germany
Fresh-plantnn procedures GAP
Harvesting June–AugAA ust
Postharvesting processing Dirii ectly deep-frff eeze aftff er harvesting 

Criteria Methods Nominal Size

Propertrr ies validated STW method validated STW monograph
Identnn itii y validated STW method validated STW monograph
Puritii y validated STW method validated STW monograph

Loss at drdd ying Ph. Eur. 2.2.32 max 87.5% (m/mm m)m
Ash Ph. Eur. 2.4.16 max 10% (m/mm m)
Microbial contnn amination Ph. Eur. 2.2.6.12/13 according Ph.Eur.5.1.4. Kat. 4A
Aflff atoxines Ph. Eur. 2.2.29 according aflff atoxines regul.
Heavy metals Ph. Eur. 2.2.23 according AM. Contnn . regul.

Figure 9.2.    Parts of an In- House Specifi cation of Iberis amara for Assurance 
of Consistent Quality

Plant Material
Drug or fresh plant Harvesting, frozen or drying/cut 

Initial Control
EP monograph or Steigerwald monograph TLC, LC, spectrophotometry, essential oil

Extraction

Plant Extracts 
Interim storage, Filtration

Quality Control
Identity TLC, Assay LC or GLC 

Mixing of All Extracts
Interim Storage (two weeks), 

Sterile Filtration

Final Control
Identity (TLC-Fingerprints),  

purity (ethanol, microbiology) 
assay of nine components (LC, GLC) 

Iberogast®

Figure 9.3.    Overview of the “In- Process” Controls during Manufacturing of STW 5
Source: Adopted from Kroll and Cordes 2006 [6].
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Table 9.2.    Various Symptoms of Functional GI Diseases in Relationship to Underlying 
Functional Disorder of the GI Tract

Functional Disorder

Symptoms Acid Hypersensitivity Hypermotility Hypomotility Infl ammation

Epigastric pain / upper 

abdominal pain

X X X X

Abdominal cramps X X

Retrosternal 

discomfort

X X X X X

Early satiety X X

Fullness / meteorism 

obstipation

X X

Nausea X X X

Retching X X X

Vomiting X X X

Acid regurgitation / 

heartburn

X X

RATIONALE FOR DEVELOPMENT OF STW 5 FOR FUNCTIONAL 
GI DISEASES

Investigational Data

In monographs of Commission E and German Bundesanzeiger, as well as from the docu-

mentation in Hagers Handbook, all plants are known traditionally to have effects in the GI 

tract (see Figure 9.1) (9– 23).

During the fi rst years on the German market, STW 5 was offi cially registered and tradi-

tionally used for various GI disorders. Furthermore, during this time, it was successfully 

investigated for treatment of diseases such as nonulcer dyspepsia, gastroentheropathia, and 

various GI disorders that  were, in the late 1980s for the fi rst time, exactly defi ned as func-

tional GI diseases (e.g., IBS and FD). FD and IBS  were then characterized by a broad spec-

trum of GI symptoms for which no evidence for an underlying organic disease or lesion can 

be detected with common diagnostic mea sure ments (24, 25). Although these diseases are 

not life threatening, the well- being and quality of life as well as the ability to work are per-

sis tent ly and signifi cantly impaired for the patients. The incidence in Western countries is 

almost 30%, and both diseases stand for the most frequent diagnoses in gastroenterological 

practice (26). Impaired ability to work and early retirement cause signifi cant socioeco-

nomic impact (27, 28). Various functional disorders may be responsible for the symptoms 

of FD and IBS: dysfunctions of acid secretion or disturbed motoric reaction of the GI tract 

to acid secretion, as well as dysfunctions in the sensoric or neuromotoric signal- transduction 

resulting in hypersensitivity to stimuli- like distension of the fundus or corpus of the stom-

ach (29). Also, dysmotility of specifi c areas of the GI tract like hypomotility of the antrum 

resulting in delayed gastric emptying or spasms of the fundus area causing impaired 
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Table 9.3. Effects of the Single Extracts of STW 5 on Several Multiple Functional Disorders 
of FD or IBS and Their Contribution to the  Whole Effi cacy of STW 5 in FD and IBS

 accommodation to ingested food (30) and various postinfl ammatory conditions (induced 

by oxygen radicals, for example, gastritis or Helicobacter pylori infections) are noted to 

cause symptoms of FD or IBS (31) (Table 9.2). Pharmacological investigations on underly-

ing functional disorders of the functional GI diseases have been conducted on STW 5. 

With these investigations, the mechanistic activity of STW 5 and its components in all dys-

functions  were verifi ed, whereas the contribution of each plant extract was of individual 

magnitude (Table 9.3). Each of these investigations has been published elsewhere. Below, a 

brief overview is presented.

PHARMACOLOGICAL DATA AND SAFETY/TOXICOLOGY

Motility

Motility disorders in the stomach can impair accommodation of fundus and corpus to 

ingested food, which can result in FD symptoms like early satiety, nausea, cramps, and epi-

gastric pain. An impaired tone of the lower esophagus- sphincter during this situation in-

creases the possibility of acidic ingested food to refl ux into the esophagus, potentially 

increasing the development of symptoms like dyspeptic heartburn (32). On the other hand, 

a low muscle tone of the antrum can lead to an impaired gastric emptying pro cess and 

symptoms like bloating and feeling of fullness. Spastic colon or high muscle tone can lead 

to either constipation or diarrhea symptoms of IBS.

  

no effect weak effect moderate effect strong  effect  

Multiple functional
disorders of IBS or 

FD

Hypomotility Hypermotility Oxydative
processes

InflammationAcid 
secretion

Bitter candytuft

Angelica

Caraway

Milk thistle

Celandine

Licorice

Chamomile

Lemon balm

Peppermint

Source: Modifi ed from Wagner 2006 (5).

http://www.liebertonline.com/action/showImage?doi=10.1089/9781934854051.167&iName=master.img-012.jpg&w=157&h=38
http://www.liebertonline.com/action/showImage?doi=10.1089/9781934854051.167&iName=master.img-012.jpg&w=157&h=38
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STW 5 and GI Motility

Stomach
In a pharmacological model with muscle strips of different stomach areas from guinea pig 

and with human stomach tissue, Schemann et al. 2006 (33) demonstrated an area- specifi c 

effect of STW 5. In the fundus and corpus area of the stomach where ingested food is 

received from the esophagus, stomach volume has to accommodate to food volume via re-

laxing of the muscle tissue. STW 5 acts in a spasmolytic way, mainly because of the pres-

ence of angelica extract. In the antrum region, where food has to be transported via the 

pylorus to the duodenum and the muscle tissue should be tonicized, STW 5 showed toni-

cizing effects, which  were mainly stimulated by the Iberis amara extract and greater celan-

dine (Figure 9.4).

This effect could be clinically verifi ed by Pilichiewicz et al. 2007 (34). In a double- blind, 

placebo- controlled investigation with 19 probands, the persons received either STW 5 or 

placebo via an oral gastric tube. During ingestion of a standardized meal, the proximal 

stomach volume and the antropyloroduodenal motility  were continuously mea sured. With 

STW 5 treatment, the volume of the proximal stomach was increased and the antropy-

loroduodenal motility was signifi cantly enhanced, compared to probands receiving placebo 

(Figure 9.5).

Intestine
Investigations with unstimulated ileum muscle strips of guinea pig showed an increasing 

effect of STW 5 on the basic tonus. The effect was spasmolytic when muscle strips already 

 were tonicized by acetylcholine, histamine, or prostaglandin F2. The investigations could 

be confi rmed with isolated tissue of duodenum, jejunum, ileum, and colon of rats and mice 

as well as with human colon tissue in vitro. The most tonicizing effects  were caused by the 

Iberis amara extract (35, 36).

Esophagus
In experimental investigations with esophagus- sphincter of guinea pigs, STW 5 was toni-

cizing signifi cantly the tone of the lower esophagus- sphincter (37).

In conclusion, STW 5 in vitro showed the potential to infl uence motility of the  whole GI 

tract.

Hypersensitivity

Neuromotoric sensitivity disorders in the GI tract can manifest as disorders in the neuro-

muscular signal transduction level or can be disorders in signal transduction from enteric 

ner vous system of the gut- brain axis. Also, differences in neuroreceptor quality and quan-

tity  were discussed for IBS or FD patients (38). The patients suffering from FD as well as 

IBS perceive stimuli from ingested food as well as from digestion pro cesses much stronger 

than adequate.
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STW 5 Was Investigated for Effects in Hypersensitivity

In a pharmacologic hypersensitivity model, Liu et al. 2004 (39) mea sured the effect of 

STW 5 on the sensitivity of afferent nerves of narcoticized rats after mechanic distension 

and application of serotonin and the agent bradykinin, which all have stimulating effects on 

afferent signal transduction. STW 5 led in all models to a signifi cant reduction of the im-

pulse rate of the neuro- gramme signal of the stimulated nerve (Figure 9.6). STW 5 in these 

investigations reduced sensitivity for stimuli from the upper GI tract.

Motoric as well as sensoric reactions in the GI tract are transferred via mediator sub-

stances binding at specifi c receptors. Conversely, substances similar to serotonin and opiate 

1) Decrease of Tone [Δm N] in the Fundus 

2) Contractile Force [Δm N] in the Antrum
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Figure 9.4.    Muscular Tone in Muscle Strips of Corpus and Fundus (1) and in the Gastric 
Antrum of Guinea Pigs (2) after Dose-Dependent Application of STW 5 (*p ≤ 0.05) [23]
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play a predominant role. For STW 5, it could be evaluated that components of the single 

extracts show binding properties of different strength and concentration on serotonergic 

and muscarinic receptors. These properties could explain the way the effects of STW 5 on 

motility and sensitivity could be mediated (40).

Acid Secretion

Increased acid secretion as well as an increased sensitivity to acid in the GI tract can lead 

to symptoms like cramping, pain, and heartburn. In a pharmacological model of 

indomethacin- induced ulcer in rats, STW 5 showed a protective effect in acid- related dys-

functions. Acid secretion was reduced: different extracts showed different contributions to 

the  whole effect. Also, secretion of the mucosa protective mucine was increased with ap-

plication of STW 5 in different intensities by each extract (Figure 9.7) (41, 21). Further-

more, the concentration of the anti- infl ammatory prostaglandin E2 was stimulated, 

indicating an increased potential for mucosa protection as well as a protective function in 

infl ammation pro cesses.

Figure 9.5.    Course of the Proxi-
mal Stomach Volume (A) and 
Phasic Activity of the Antrum (B) 
over Time after Application of 
STW 5 or Placebo in Healthy 
Subjects [34]

http://www.liebertonline.com/action/showImage?doi=10.1089/9781934854051.167&iName=master.img-024.jpg&w=235&h=356
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Infl ammation

During the development of functional GI diseases, especially IBS, several postinfl am-

matory conditions are discussed with possible manifestations in altered intestinal fl ora or 

altered mucosa properties. This can possibly lead to an increased sensitivity to GI stimuli 

Intraluminal Pressure (cm H2O)
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Figure 9.6.    Change of the Afferent Discharge under Treatment with STW 5 or 30.8% Ethanol 
(Vehicle) after Mechanic Distension of the Rat Ileum (*p < 0.05) [39]
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in healthy persons (42). In several infl ammation models mea sur ing the antioxidative poten-

tial of single extracts, effects in reducing infl ammation and oxidative potential could be 

verifi ed for the single extracts (Figure 9.8) (43). In a model of trinitrobenzene sulphonate 

(TNBS)- induced colitis (a standardized model for infl ammatory bowel diseases), STW 5 

showed similar effects to the standard therapeutic sulfasalazine (44). In specifi c in vitro 

models, free radical– scavenging properties of the single extracts could be verifi ed, which 

might explain partially the anti- infl ammatory properties (45).

The pharmacological data so far evaluated for STW 5 show a broad spectrum of effects 

regarding the underlying functional disorders of FD and IBS, offering a multitarget ap-

proach for the treatment of these diseases (see Table 9.3).

CLINICAL DATA

Pharmacological evaluations confi rmed mechanistic activity of the single extracts as 

well as the combination product in every functional disorder considered as causes of FD 

and IBS. Clinical studies and analyses at the highest scientifi c evidence level (46) con-

fi rmed the clinical effi cacy in FD and IBS. These studies have been conducted since the 

1980s and now include randomized, double- blind clinical trials, open trials, postmarketing 

surveillances, experience reports, and a cohort study, as well as meta- analyses. Scientifi c 

evidence (46) is given as follows and is summarized in Table 9.4:

•  Evidence from meta- analyses of randomized, controlled clinical trials
•  Evidence from at least one suitably planned, randomized, controlled trial
•  Evidence from suitably planned, nonrandomized, controlled trials
•  Evidence from suitably planned cohort studies or case reports
•   Evidence from comparisons of therapy time ranges or centers with or without inter-

vention (e.g., postmarketing surveillances)
•   Evidence from opinion leaders, based on clinical experience, case reports, or re-

ports from expert panels

Figure 9.8.    Initiated Quenching Time of the Single Extracts of STW 5 (1:5000) in the in 
Vitro AAPH- Model (2- 2' amidinoazopropane dihydro- chloride) Indicating the Individual Free 
Radical–Scavenging Properties [45]

http://www.liebertonline.com/action/showImage?doi=10.1089/9781934854051.167&iName=master.img-025.jpg&w=287&h=150
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Table 9.4.    Clinical Studies on STW 5

Clinical Study/Surveillance (Indication) Number of Patients Scientifi c Evidence

2 meta- analyses (FD) 661 I-1

5 controlled, randomized studies (FD) 1 controlled, 

randomized study (IBS)

1,095 I-2

12 partially open, nonrandomized studies, 2 

postmarketing surveillances (various GI diseases, 

FD, IBS)

5,163 II- 1

Retrospective cohort study (FD) 961 II- 2 / II- 3

2 retrospective surveillances with children up to 12 

years (GI complaints, FD, IBS) 43.311 II- 3

Randomized, Double- Blind, Controlled Trials of STW 5 in Patients 
with FD and IBS

There  were fi ve randomized, double- blind, controlled trials conducted with STW 5 in 

FD and one trial conducted in patients with IBS (Table 9.5). All clinical phase III studies 

have been published as well as briefl y summarized in reviews (47– 57). Some pivotal stud-

ies are presented.

Functional Dyspepsia

In four clinical trials, STW 5 was tested versus placebo. One trial tested noninferiority 

of STW 5 to the prokinetic drug Cisapride. A gastroenterologic expert panel of leading 

German gastroenterologists gave recommendations during the study planning and for the 

primary target criteria. They also developed the GI symptom score (GIS), a summary score 

consisting of ten dyspepsia- specifi c symptoms that  were evaluated with a 5- point Likert 

scale, as well as the abdominal symptom score with eight IBS- specifi c symptoms. The GIS 

was validated during a research project regarding sensitivity, responsibility, and specifi city 

for functional dyspepsia (58), and the change of the GIS during treatment was used as the 

primary target pa ram e ter in all functional dyspepsia studies. Below, the comparison of 

STW versus Cisapride (55) and the placebo- controlled study with eight weeks’ treatment 

duration (57) is presented.

Equivalent Effi cacy to Prokinetics

The trial of Rösch et al. (2002) was a comparative trial testing noninferiority of Ibero-

gast versus Cisapride. Because of the different application form, it was designed as a 

double dummy comparison. One hundred eighty- six patients with functional dyspepsia 

of the dysmotility type  were enrolled to be treated after a seven- day washout phase with 

Cisapride, an herbal research preparation, or Iberogast for four weeks. After the treatment 

period, patients  were followed up for six months. The primary target pa ram e ter was the 

change of the GIS during treatment period, and the secondary end point included effi cacy 
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and tolerability assessments by the physician and patient as well as the documentation of 

adverse events and laboratory pa ram e ters. The patient groups  were not signifi cantly dif-

ferent regarding demographic and anamnestic pa ram e ters. During treatment in both 

groups, the GIS decreased signifi cantly. The mean summary score in the Iberogast group 

decreased during four weeks of treatment from 14.3 ± 4.7 to 2.3 ± 2.1 points and in the 

Cisapride group from 14.4 ± 4.1 to 3.6 ± 4.0 score points. These differences between the 

groups  were not signifi cant, confi rming equivalent effi cacy of Iberogast to the prokinetic 

Cisapride in patients with functional dyspepsia of the dysmotility type (Figure 9.9). The 

patients who  were symptom free after treatment remained recurrence free during the six-

 month follow- up period without any signifi cant difference between the groups. There 

 were no clinically relevant changes in laboratory pa ram e ters documented. Two adverse 

events with Iberogast during treatment  were seen in a probable or possible causal rela-

tionship to study medication but  were classifi ed as nonserious. The tolerability of Ibero-

gast was assessed by 96.7% of the physicians and 93.5% of the patients as being very 

good or good. A previous open trial in 1984 comparing metoclopramide and Iberogast in 

patients with GI complaints (59) as well as a modern retrospective cohort study compar-

ing Iberogast with metoclopramide regarding effi cacy and times to be off from work (60) 

further confi rmed the equivalent effi cacy of Iberogast to prokinetics of this randomized, 

double- blind study.

Signifi cant Superior Effi cacy versus Placebo during 
Eight- Week Treatment

In a randomized, double- blind, placebo- controlled study, von Arnim et al. (2007) 

treated, after a washout period of seven days, 315 patients with functional dyspepsia ac-

cording to ROME II criteria for eight weeks with either STW 5 or placebo. The patients 

 were afterward followed up for six months. The main target pa ram e ter was the change of 

the GIS over the treatment period. After eight weeks of treatment, a signifi cantly better 

improvement of the GIS was observed in the patient group that had been treated with 

STW 5. The mean values of the GIS changed in the STW 5 group from 11.0 ± 3.4 to 4.1 

± 4.5 points and in the placebo group from 11.2 ± 4.0 to 5.3 ± 5.2 points, revealing a sig-

nifi cant difference in favor of STW 5 (p = 0.041) (Figure 9.10). In fi ve patients, the follow-

ing adverse events  were assessed to be in causal relationship to STW 5 (abdominal pain, 
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Figure 9.9.    Change of the Gastrointestinal Summary Score during 4 Weeks of Therapy with 
STW 5 or Cisapride in Patients with Functional Dyspepsia of the Dysmotility Type [55]
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pruritus, sore throat, alopecia, hypersensivity, hypotension, and GI pain). None of these 

events  were classifi ed as serious. Tolerability was assessed by the patients and physicians 

as comparable to placebo. No clinically relevant changes of laboratory or vital pa ram e ter 

 were detected.

Evaluation of the number of recurrence- free patients during the follow- up period indi-

cates that after treatment with STW 5, patients stay recurrence free longer than patients 

who  were treated with placebo (61). This effect is interesting for future evaluation regard-

ing the clinical mechanism of effi cacy of STW 5.

The studies of STW 5 with patients suffering from functional dyspepsia  were suffi cient 

comparable to start meta- analyses. Two meta- analyses  were conducted with different ap-

proaches. Gundermann et al. (2004) (48) analyzed from the pooled data of four dyspepsia 

trials the overall effi cacy of STW 5 versus placebo. They found signifi cant superior effi -

cacy of Iberogast. Melzer et al. (2004) (47) analyzed the effi cacy of STW 5 regarding the 

prevailing, most bothersome symptom. In this analysis, they also showed signifi cant supe-

rior effi cacy of Iberogast versus placebo.

In a meta- analysis regarding all herbal medicinal products for which randomized, 

double- blind, placebo- controlled clinical trials  were published, Holtmann et al. 2007 

(51) defi ned for STW 5 signifi cant effi cacy in functional dyspepsia versus placebo veri-

fi ed with the highest number of published clinical studies of the analyzed medicinal 

preparations.

Iberogast for Patients with IBS

In a randomized, double- blind, placebo- controlled clinical trial, 208 patients with 

IBS  were treated after a washout phase of seven days with either STW 5 or placebo for 

four weeks (53). The main target pa ram e ter was the change of an abdominal symptom 

score consisting of eight IBS- specifi c symptoms that  were evaluated with a fi ve- point 

Likert scale as a summary score. In the patient group treated with STW 5, the abdomi-

nal symptom score changed from 5.5 to 2.1 points, whereas in the placebo group it 

ranged from 5.1 to 3.2 points. The difference to STW 5 was statistically signifi cant 

(p < 0.0004) in favor of STW 5 (Figure 9.11). Tolerability was evaluated by patients and 

physicians to be excellent. No clinically relevant changes of laboratory and vital pa ram-

e ter  were detected.
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Postmarketing Surveillances

In one postmarketing surveillance, 2,267 patients with FD  were treated, and in another 

study, 2,548 patients with IBS  were treated with STW 5 for an optional treatment duration 

of four weeks if the symptoms had not improved signifi cantly earlier. In both surveillances, 

all symptoms of the patients improved in a range from 65% to 80%. The patients assessed 

effi cacy and tolerability as being very good. There  were no adverse drug effects or interac-

tions documented in these surveillances (62, 63).

Using the retrospective surveillances with more than 40,000 children up to 12 years old, 

the frequent application of STW 5 in common practice in that age group was documented 

and an excellent safety profi le was further confi rmed (64, 65).

Safety of STW 5

The safety of STW 5 was extensively evaluated. Toxicity evaluations regarding acute, 

subchronic, and chronic toxicity are documented (66– 68). Reproductive toxicity, mutagenic 

testing, and cytotoxicological mea sure ments all showed no or very low toxicity of STW 5 

(69– 75). The clinical safety profi le of STW 5 during 47 years of marketing and clinical 

evaluations is excellent. Table 9.6 summarizes the adverse events that  were assessed to be 

in probable or possible causal relation to STW 5 during clinical trials and of spontaneous 

reports. The data gave no indication of any systemic side effects. There are few reports in-

dicating a minimal allergic potential probably caused by a known effect of a substance 

class being common ingredients of asteraceae.

CONCLUSION

During its 47 years of development and continuous improvement and optimization, 

STW 5 has been evaluated with investigations that make this herbal medicinal product one 

of the most extensively investigated herbal medicines. From its start as an empirically used 

herbal at market launch in 1961, it has developed into an evidence- based medicinal prod-

uct, verifi ed on the highest level of scientifi c evidence. The data support the product ap-

proval from the leading authorities in Germany and several Eu ro pe an countries for therapy 
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of functional and motility- related GI diseases like FD and IBS. The combination of nine 

plants contributes to extensive effi cacy in the sense of a multitarget approach, possibly for 

treating the various functional disorders underlying the diseases. This approach also makes 

it suitable to suffi ciently treat FD and IBS. Furthermore, the combination of nine herbal 

drugs for achieving a high- quality medicinal product was possible only through extensive 

development of manufacturing methods, in- process controls, and validation of methods 

necessary to guarantee quality continuously on the highest level. Growing, harvesting, and 

manufacturing pro cesses have to be controlled continuously to produce a medicinal prod-

uct of confi rmed safety and effi cacy. STW 5 is therefore in Germany the only medicinal 

product that is approved as a combination phytopharmacon, consisting of nine components, 

and because of its multitarget properties, it is additionally in Germany the only medicinal 

product that is approved for both functional diseases— FD and IBS. It is therefore men-

tioned in the German Gastroenterology Guidelines as a treatment opportunity for FD and 

IBS. Iberogast has made its way successfully.
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Chapter 10

Biological Activity of Cranberry 
Proanthocyanidins: Effects 
on Oxidation, Microbial Adhesion, 
Infl ammation, and Health

Jess D. Reed and Amy B. Howell

The link between food and health is fi rmly established, and consumers are keenly inter-

ested in utilizing “functional foods” to help manage their health. One such food is the Ameri-

can cranberry (Vaccinium macrocarpon Ait), which has demonstrated a wide array of 

health benefi ts in research studies. Cranberries are native to North America and  were uti-

lized for hundreds of years as food and medicine and for trading in New En gland by the 

Native Americans and Colonial settlers (1). Native Americans used cranberries to treat 

urinary disorders and blood poisoning and in poultices for wounds. Since citrus fruits  were 

not grown in New En gland, American sailors brought cranberries along on ships to prevent 

scurvy on the sailing trips to Eu rope and En gland (1). Interestingly, recent research is dem-

onstrating that cranberries may have multiple health benefi ts, ranging from prevention of 

urinary tract infections (UTIs) and bacterial adhesion to reducing risk factors associated 

with heart disease.

Cranberries possess a tart taste because of the level of the natural organic acids. Early 

work on cranberry juice and cranberry fruit extracts related to percentage of organic acids’ 

content. More recently, there is evidence to show that cranberries contain many polypheno-

lic compounds that have anti- infl ammatory, bacterial antiadhesion, and antioxidant activity 

in cell culture, animal models, and clinical research (2). Bacterial antiadhesion properties 

of cranberries are further discussed in Chapter 11, “Cranberry Products Prevent Urinary 

Tract Infections in Women: Clinical Evidence,” by Tempesta and Barrett. These properties 

suggest that cranberry consumption may reduce the risk of cancer, cardiovascular disease, 

and infections of the mouth, stomach, and urinary tract and are discussed herein (3).

Cranberries contain at least 10 hydroxycinnamic acids, including the recently identifi ed 

3- O-p- hydroxycinnamoyl ursolic acid, which is cytotoxic to cervical and prostate tumor cell 

1 Department of Animal Sciences, University of Wisconsin, Madison, Wisconsin 53706- 1481; jdreed@wisc.edu
2 Marucci Center for Blueberry Cranberry Research, Rutgers University, New Jersey 07102; ahowell@aesop.rutgers.
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lines (4); more than 20 fl avonols, glycosides of quercetin, myricetin, and kaempferol and 

their aglycones; 6 anthocyanins, cyanidin- 3- galactoside, cyanidin- 3- glucoside, cyanidin- 

3- arabinoside, peonidin- 3- galactoside, peonidin- 3- glucoside, and peonidin- 3- arabinoside; 

and a complex mixture of oligomeric fl avonoids known as proanthocyanidins (PACs) that 

may exceed one thousand individual compounds (5). In this chapter, we discuss the chemis-

try of PACs and their relationship to cranberry health benefi ts. In Chapter 11, effects of 

cranberry extracts, which  were standardized to PACs, against UTIs are presented.

TANNIN AND PROANTHOCYANIDIN NOMENCLATURE 
AND STRUCTURE

Tannins are defi ned as water- soluble oligomeric polyphenols that precipitate proteins (6). 

There are two groups of tannins: hydrolyzable tannins (HTs) and PACs. HTs include gallic 

acid and ellagic acid esters of core molecules that consist of polyols such as sugars. However, 

cranberries do not contain HTs. PACs are polymers of fl avan- 3- ols and fl avans linked through 

an interfl avan carbon bond between carbon 4 of the C-ring and carbon 8 of the A- ring (Fig-

ure 10.1). This bond is not susceptible to hydrolysis. PACs are also referred to as condensed 

tannins. The nomenclature for PACs is derived from the acid- catalyzed oxidation reaction, 

which produces anthocyanidins upon heating PACs in acidic alcohol solutions (6). The most 

common anthocyanidins produced are cyanidin and delphinidin from the corresponding 

PACs, procyanidin and prodelphinidin. However, most food PACs are heteropolymers with 

monomers that vary in the number and pattern of hydroxylation (5). PACs may also have 

substitution with sugars, such as the glycosylated 3- deoxyproanthocyanidins in sorghum, 

and gallic acid, such as in grape seed PACs (7, 8). PACs may have an additional interfl avan 

ether bond through carbon 2 of the C-ring and carbon 7 of the A-ring (Figure 10.1). This type 

of interfl avan bond is referred to as an “A-type” bond, which does not yield an anthocyani-

din in the acid- catalyzed autoxidation reaction (9). Cranberry PACs have one or more A-type 

linkages.

Foo et al. elucidated the trimeric structures of cranberry A-type PACs that are associated 

with the inhibition of adhesion of P-fi mbriated Escherichia coli to uroepithelial cells (10, 

11). In our studies, we isolated cranberry PACs over Sephadex LH- 20 to determine any as-

sociation with low- density lipoprotein in serum and subsequent inhibition of Cu2+- induced 

oxidation (12). The fraction that eluted with methanol contained trimers through heptamers 

with at least one A-type interfl avan bond. This series of molecular weights closely resem-

bled the epicatechin structures reported by Foo et al. (11). Our mass spectrometric (MS) re-

sults also showed the presence of more complex heteropolymers for PACs with a degree of 

polymerization greater than four (5, 12). The pentamer and hexamer also had masses cor-

responding to PACs with two A-type linkages. The fraction that eluted in aqueous acetone 

contained pentamers through nonamers with either two or three A-type interfl avan bonds 

in each oligomer.

Pigmentation in fruits such as cranberries and grapes is attributed to anthocyanins. How-

ever, in grapes, Kennedy et al. reported that anthocyanins are incorporated into PACs dur-

ing fruit ripening (13). While there are few reports of anthocyanin- PAC oligomers occurring 

in fruits and unfermented beverages, there are accounts of complex pigments in alcoholic 

beverages such as red wine and  rose cider (14– 17). Our MS studies indicate that cranberries 

and cranberry juice contain pigments that are anthocyanins linked to PACs (18). The large 
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number of individual PAC compounds and anthocyanin- PAC pigments creates diffi culty in 

obtaining high MS resolution of any individual compounds. The combination of liquid chro-

matographic separation and mass spectrometry indicates that the structural heterogeneity of 

cranberry pigments is much greater than previously described (5). Structural heterogeneity 

exists in the degree of polymerization, nature of the interfl avan bonds (A and B type), pat-

tern of hydroxylation of fl avan units, and substitution with anthocyanins. In addition, there is 

isomerization within each degree of polymerization that is not detected by mass spectrome-

try. Therefore, cranberries probably contain several hundred individual PAC oligomers. This 

structural heterogeneity creates diffi culty in relating structure to bioactivity. Biomedical re-

search on the health benefi ts and risks of increased consumption of cranberry PACs is limited 

by lack of information on structure or bioactivity relationships that can be used in standard-

ization of cranberry products.

CRANBERRY PACS AND OXIDATION OF LOW- DENSITY LIPOPROTEINS

Tannins are active in redox reactions and scavenge free radicals in biologically induced 

or metal catalyzed oxidation of lipids (19, 20). Diluted cranberry extracts inhibited in vitro 

oxidation of low- density lipoprotein (LDL) (21). Research in our laboratory indicated that 

cinnamic acids, anthocyanins, and fl avonol glycosides in cranberries do not bind to LDL 
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and do not inhibit Cu2+- induced LDL oxidation when mixed with serum prior to LDL iso-

lation (12). However, cranberry PACs, specifi cally associated with LDL in serum, inhibited 

oxidation of the isolated LDL (12). PACs of fi ve to nine catechin units appeared to have 

greater affi nity for LDL and greater antioxidant capacity than oligomers of a lower degree 

of polymerization (12).

CRANBERRY PACS AND MICROBIAL ADHESION

Potential for Promotion of Urinary Tract Health

Adhesion of bacteria to mucosal surfaces in the body is an important step in the patho-

genesis of infection (22). An infection is initiated by bacterial adhesion to cells followed by 

bacterial multiplication and colonization. For example, UTIs are predominantly caused by 

adhesion of uropathogenic strains of Escherichia coli (E. coli) bacteria to uroepithelial cells 

(23). Adhesins (P fi mbriae and type 1 fi mbriae) adhere to carbohydrate receptors on the 

surface of uroepithelial cells and are important virulence factors in the pathogenesis of 

UTIs (22). Most uropathogenic strains of E. coli express type 1 fi mbriae that bind to mannose-

 like receptors (24). P-fi mbriated E. coli adhere to oligosaccharide receptor sequences (α- 

Gal[1→4]b- Gal) (25) and are important in both cystitis and pyelonephritis (26).

Methods for inhibiting bacterial adhesion are being explored for prevention of UTIs and 

other bacterial infections rather than prescribing low- dose antibiotic regimes, as the antiad-

hesion mechanism does not kill bacteria and therefore does not lead to signifi cant selection 

pressure favoring survival of antibiotic- resistant bacterial strains (27).

A study on cranberry, a dietary inhibitor of bacterial adhesion, found that susceptible 

and antibiotic- resistant P-fi mbriated E. coli  were no longer able to adhere to bladder cell 

receptors following incubation in urine of human participants after 240 mL of cranberry 

juice cocktail had been consumed (28). Thus cranberry, used to prevent UTIs, could po-

tentially slow the pace of antibiotic re sis tance development, as the ultimate use of antibi-

otics to treat infections would be lower. This type of preventative strategy could become 

more important as antibiotic re sis tance rates continue to increase because of excessive use 

of antibiotics (29).

Cranberries also contain the monosaccharide fructose together with PACs, which have 

both been associated with prevention of bacterial adhesion. Fructose inhibits type 1 (mannose-

 sensitive) fi mbrial adhesion to uroepithelial cells in vitro, but this effect has yet to be dem-

onstrated in vivo (30). Cranberry PACs inhibit mannose- sensitive adhesion of P-fi mbriated 

E. coli to uroepithelial cells (11, 31, 32) both in vitro and in vivo (33). The cranberry PAC 

structures contain a number of unusual A-type double interfl avan bonds (11). A-linked di-

mers from cranberry have higher in vitro bacterial antiadhesion activity than the B-linked 

dimers, suggesting that the conformational rigidity of the A linkage may be important in 

imparting the activity (11). The antiadhesion activity is not associated with PACs from other 

food sources that do not have A-type interfl avan bonds, such as chocolate, grape, apple, and 

green tea (34).

The bacterial antiadhesion mechanism of cranberry is currently under investigation. 

PACs bind readily to proteins (35), which suggests that the cranberry PACs and/or their 

metabolites may be binding to the proteinaceous fi mbrial tips on E. coli and act as receptor 

analogs. Cranberry PACs may inhibit the specifi c receptor- ligand adhesion to uroepithelial 
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cells favored by hydrophobic interactions (36, 37). In culture, cranberry juice reduced 

P-fi mbriated E. coli fi mbrial length and density and changed bacterial shape from rods to 

spheres (38). More research is needed to determine if and how these induced conforma-

tional changes infl uence the adhesion activity of the bacteria.

The daily dose of cranberry PACs is currently based on the amount of PAC in a glass of 

cranberry juice cocktail (200– 300 mL). More effective methods for quantifi cation of PACs 

are needed, as the heterogeneous nature of the cranberry PACs (molecular weight and link-

age type) makes analysis among cranberry products unreliable (39). The most reliable way 

to estimate daily dosage of cranberry is to examine clinical trial data on  whole- cranberry 

products. Clinical trials on cranberry indicate reduction in recurrent UTIs when cranberry 

juice or powder is consumed on a daily basis (40– 42). The Cochrane Database Systematic 

Review (43) states that there is positive evidence from clinical trials indicating that con-

sumption of cranberry juice can decrease the number of symptomatic UTIs over a 12- month 

period in women; however, cranberry cannot treat a UTI once an infection progresses. 

Daily intake of 240 to 300 mL of cranberry juice cocktail can prevent about 50% of recur-

rence of UTI and reduce bacteriuria and pyruria (40). Twice- daily dosing (two 240 mL/day) 

may offer more protection over a 24- hour period according to an ex vivo study on human 

urine following cranberry juice cocktail consumption (28). Dried cranberry powder (41, 

44, 45), sweetened dried cranberries (46), and cranberry sauce (47) may also provide some 

benefi ts, although further clinical research is needed. Additional studies sponsored by the 

National Center for Complementary and Alternative Medicine at the U.S. National Insti-

tutes of Health (NIH) are underway on the role of cranberry and urinary tract health.

Further details are presented in Chapter 11.

Potential for Promotion of Gastrointestinal Health

Adhesion of Helicobacter pylori (H. pylori) to stomach epithelial cells leads to chronic 

infection associated with peptic ulcers (48). Bacteria colonize the gastric mucus in asymp-

tomatic subjects, making them potential sources of infection. Clearance of the H. pylori from 

the gastric mucosa may be an effective way of preventing infection. Cranberry extract con-

taining PACs prevented Helicobacter pylori, the bacterium that causes stomach ulcers, 

from attaching to isolated stomach cells (48). In a study of 83 H. pylori isolates, there was 

no relationship between re sis tance to the antiadhesion effect of this cranberry extract and 

antibiotic re sis tance, suggesting that the combination of treatment with this PAC cranberry 

extract and antibiotic may improve eradication (49). In a clinical study with patients receiv-

ing triple therapy for H. pylori infection (omeprazole, amoxicillin, and clarithromycin), 

addition of cranberry juice drink (250 ml/day) to the treatment improved rate of eradication 

in females (50). In a randomized, placebo- controlled clinical study in China, consumption 

of two 250 ml servings of cranberry juice cocktail (27% cranberry) per day accounted for a 

15% eradication of H. pylori (51). A recent double- blind, placebo- controlled clinical trial in 

Chile found a 200 ml serving of cranberry juice or Lactobacillus probiotic for three weeks 

inhibited H. pylori in 15% of asymptomatic children (52). Given that the standard therapy 

for acute ulcers is quite intense, involving multiple antibiotic regimes and proton pump in-

hibitors over several months, the use of cranberry could be an attractive alternative. How-

ever, additional research is necessary to determine long- term prophylaxis and preventative 

effectiveness of cranberry.
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Potential for Promotion of Oral Cavity Health

Adhesion and coaggregation of over 30 species of bacteria to biofi lms in the oral cavity 

are associated with the development of periodontal disease (53). Cranberry PAC extract 

(nondialyzable material, or NDM) has demonstrated activity in the oral cavity preventing 

biofi lms associated with coaggregation and adhesion of bacteria to teeth and gums (53, 54), 

as well as prevention of adhesion of Streptoccocus sobrinus to hydroxyapatite (55). This 

extract inhibited the glycosyltransferases involved in biofi lm formation and promoted des-

orption of the bacterium from biofi lms (55, 56). In addition, it reduced the capacity of Por-
phyromonas gingivalis (P. gingivalis) to colonize periodontal sites by inhibiting biofi lm 

formation (57). More research is needed to study the effect of contact time of cranberry PACs 

on adhesion prevention of oral bacteria. Cranberry juice may not be a viable product for 

adhesion prevention in the oral cavity, as the acidity could potentially harm teeth. PAC- 

based products would need to be developed for consumer use such as gums, mouthwashes, 

or lozenges with suffi cient contact time between the PACs and the oral bacteria.

CRANBERRY PACS

Infl ammation

Infl ammation is associated with atherosclerosis and cardiovascular disease, several can-

cers (including colorectal, prostate, and skin), arthritis, and Alzheimer’s disease. The role of 

cyclooxygenase- 2 (COX- 2) in the production of proinfl ammatory prostaglandins and their 

association with pain and fever suggest that COX- 2 has a role in the etiology of these dis-

eases. Our preliminary results presented herein show that cranberry PACs attenuate the in-

creased expression of COX- 2 and inducible nitric oxide synthase (iNOS) in macrophage 

cells after stimulation with bacterial lipopolysaccharide (LPS). Periodontitis is an infl am-

matory disease caused by macrophage response to periodontopathogens (58). Cranberry 

NDM (65% proanthocyanidin) inhibited proinfl ammatory cytokine response of macrophages 

to LPS from periodontalpathogens (58). Cranberry NDM also dose dependently inhibited 

the proteinases and other enzymes involved in periodontopathogen proliferation in peri-

odontal pockets (59).

Cardiovascular Disease

The relationship between cranberry consumption and reduced risk of cardiovascular 

disease was recently reviewed (2, 60). Clinical and epidemiological research indicates that 

consumption of tannins in foods and beverages may decrease the risk of developing athero-

sclerosis. Research in our laboratory determined the effect of feeding cranberry spray- 

dried juice powder (CJP) on blood cholesterol in normal (N) and familial hypercholesterolemic 

(FH) swine (61). Feeding CJP for four weeks lowered LDL- C in FH sows by 94 mg/dl, a 22% 

decrease from baseline (reference). Feeding CJP to FH pigs also returned the endothelium- 

dependent relaxation dose- response to bradykinin toward values observed in vessels from 

normal pigs. These results indicate that feeding CJP may improve vascular relaxation 
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 responses in FH pigs with atherosclerosis. Consumption of cranberry juice improved fl ow-

 mediated dilation in human subjects (62, 63). Studies with proanthocyanidin supplements 

(hawthorn and grape seed extracts) and red wine polyphenols indicate that PACs improve 

endothelial- dependent vaso- relaxation (64, 65).

Cancer

A review of literature on anticancer properties of cranberries concluded that the fruit has 

a potential role as a dietary chemopreventive (66). Cranberry PAC fractions inhibited the 

growth of eight tumor cell lines at GI(50) concentrations from 20 to 80 μg ml−1 and inhibited 

the expression of metalloproteinases in a prostate carcinoma cell line (3). A cranberry frac-

tion containing anthocyanins, fl avonols, and PACs prepared from a water extract of the press 

cake inhibited the proliferation of eight human tumor cell lines of multiple origins at GI(50) 

of 10 to 250 mg L−1 (67). The same fl avonoid extract and a more purifi ed extract containing 

PACs  were tested in an in vivo mouse model for inhibition of explant tumors (68). The PAC 

fraction (100 mg kg−1) and the fl avonoid fraction (250 mg kg−1)  were administered by intrap-

eritoneal (i.p.) injection. The fl avonoid and PAC fractions slowed the growth of glioblastoma 

multiforme (U87). The PAC fraction inhibited growth of colon carcinoma (HT- 29) and pros-

tate carcinoma (DU145) and induced complete regression of two of the DU145 explants.

BIOAVAILABILITY OF PACS

Research suggests that PACs are poorly absorbed and are therefore not bioactive at the 

cellular and tissue levels. Beecher reviewed the literature on bioactivity of PACs in relation 

to human health and concluded that research is needed “to identify further biologically ac-

tive components of PAC so that mechanism of action at the tissue, cellular and subcellular 

levels can be elucidated” (69). The author emphasized the need to determine compounds 

that are absorbed and their tissue distribution. The research showing that PACs reach only 

low peripheral blood concentrations (< 50 nM) does not preclude them from affecting 

health through bioactivity in the gastrointestinal tract, where they may be in high concen-

tration after ingestion (70– 72). In addition, PACs have high affi nity for proteins and strongly 

adhere to cell surfaces and plasma lipoproteins. Therefore, the preparation, extraction, and 

analysis of tissues for PACs are diffi cult with currently available methods. Intake of PACs 

at levels above 2% of diet dry matter is often associated with decreased growth rate and 

feed effi ciency and low true digestibility of protein and essential amino acids in domestic 

livestock (73). These effects are most likely explained by complex formation between en-

dogenous and food proteins with PACs in the lumen and epithelium of the digestive tract. 

However, effects of PACs on lipid oxidation, infl ammation, immunity, and bacterial adhesion 

in the gut may have benefi cial effects on health. Antioxidant effects in the gut are potentially 

benefi cial to health because oxidized lipids are absorbed and incorporated into lipopro-

teins, increasing their atherogenic properties (74). Antiadhesion and anti- infl ammatory ef-

fects are potentially benefi cial because the interaction between the gut microfl ora and the 

gut- associated lymphoid tissue affects immunity at other mucosal surfaces such as the 

lungs and urogenital tract (75– 78). The limited data from animal studies on bioavailability 

indicate that molecular weight infl uences metabolism and absorption of PACs (79). Early 



BIOLOGICAL ACTIVITY OF CRANBERRY PROANTHOCYANIDINS 197

research on the oligomeric PACs in grapes and grape seeds indicated extensive absorption 

and metabolism (79). However, results of this earlier research  were questioned because the 

preparation of the oligomers may have also contained monomeric catechins and other fl a-

vonoids (80). Transport of catechin and PAC dimer (B3) and trimer (C2) across the Caco- 2 

cell monolayer was similar, but the transport of PACs of a higher degree of polymerization 

was much lower (81). Feeding experiments with rats that received radiolabeled PACs in 

their diet indicated that no intact PACs could be detected in the plasma or urine (82). How-

ever, hawthorn (Crataegus spp.) PACs labeled with 14C and of different molecular weights 

 were administered orally to mice and  were extensively absorbed (83). In the fi rst hour fol-

lowing administration, 65% of the trimers and 3% of the higher- molecular- weight oligom-

ers  were found in the blood. After seven hours, 81% of the trimers and 42% of the oligomers 

reached the organs, and 1.8% of both the trimers and oligomers  were excreted in the urine. 

Tsang et al. observed PAC dimers (B1, B2, B3, and B4) and trimers in urine from rats after 

ingestion of grape seed extract (84), whereas PAC oligomers that are not absorbed may be 

metabolized by colonic microfl ora to simpler phenolic acids that are absorbed from the 

colon (85). Urine of mice given isolated cranberry PACs in their drinking water exhibited 

in vitro bacterial antiadhesion activity (34). This indicates that a certain level of absorp-

tion occurred and that bioactive PAC metabolites  were present in the urine or that proper-

ties of the urine  were altered by the PACs such that adhesion was inhibited. The absorption 

of the unique A-type PAC oligomers in cranberries has not been determined. However, 

absorption and metabolism of these compounds are critical components of their effects on 

health.

CONCLUSION

Research indicates that cranberry has a broad range of health benefi ts that may be at-

tributed, to a large extent, to the PACs. The complexity of this group of phytochemicals has 

presented many challenges for researchers, especially in the areas of structural elucidation, 

metabolism and absorption, and interaction with other molecules. The unusual structural 

features and presence of the A-type linkage make the cranberry PACs intriguing from a 

medicinal perspective, especially when investigating structure- activity relationships. Ad-

ditional research is needed to determine pharmacokinetic pa ram e ters and dose response 

associated with ingestion of cranberry PACs or foods containing these PACs. However, a 

strong link between PACs and biological activity has been presented herein and may sup-

port the direction of clinical outcomes discussed in the next chapter.
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Chapter 11

Cranberry Products Prevent 
Urinary Tract Infections 
in Women: Clinical Evidence

Michael Tempesta and Marilyn Barrett

Cranberries have a history of use for their benefi ts in preventing urinary tract infections 

(UTIs). The cranberry is a traditional food, with reports of use dating to the indigenous 

Americans. American cranberry is a dark red fruit that grows on an evergreen shrub, Vac-
cinium macrocarpon Aiton [Ericaceae], native to bogs, swamps, and wetlands in eastern 

North America, from Newfoundland in the north to North Carolina in the south and west to 

central Minnesota (1).

Currently cranberries are sold in a range of food products including fresh fruit, dried 

sweetened fruit, frozen fruit, juice, juice concentrate, juice powder or concentrate powder, 

and fruit extracts. Cranberry products are also sold as dietary supplements in forms rang-

ing from dried, ground berries to juice concentrate powders (dehydrated juice) and stan-

dardized extracts.

The active constituents in cranberry that are responsible for preventing UTIs are thought 

to be phenolic compounds known as proanthocyanidins (PACs).

Clinical studies conducted on women with recurrent UTIs have been positive, while the 

results of those conducted on other populations have been less certain. Although cranber-

ries contain large amounts of organic acids, it is generally agreed that the PACs are respon-

sible for the biological activity, as discussed in Chapter 10.

In this chapter, we present details of an open- label clinical study conducted on women 

with recurrent UTIs given a cranberry extract standardized to 30% total phenolics. Herein, 

we also review other clinical studies on cranberry against UTIs using a variety of cranberry 

products and dosing regimens. Although the results are encouraging, further research will 

be required to establish the optimal chemical profi le and optimal dose of cranberry prod-

ucts in the prevention of UTIs.

1 Phenolics LLC, El Granada, California 94018- 2439; natprod@aol.com
2 Pharmacognosy Consulting, Mill Valley, California 94941; marilyn@pharmacognosy.com
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CHEMISTRY

As discussed in Chapter 10, cranberries contain a number of different chemical constitu-

ents, including anthocyanins, PACs, fl avonols, organic acids, phenolic acids, volatile oil, 

and sugars. The most common constituents are sugars and organic acids, which constitute 

over 90% of all organic compounds in the juice. However, the compounds that are most 

important therapeutically are thought to be the PACs. These are reported to be present at 

418.8 mg/100g  whole berries fresh weight and 85.5 mg/L (54.7 mg/8 oz serving) in cran-

berry juice cocktail (2). PACs are condensed tannins that contain linked fl avanol units, 

mostly epicatechin with smaller amounts of epigallocatechin. The links between fl avanol 

units are either double (both carbon- oxygen- carbon and carbon- carbon; A-type linkage) or 

single (carbon- carbon; B-type linkage) (see Figure 10.1 in previous chapter). PACs with 

B-type linkage are found in numerous fruits and berries as well as chocolate (2, 3). PACs 

with A-type linkage are present in cranberries, blueberries, plums, peanuts, curry, and cin-

namon (4) and generally are less common in nature than the B-type PACs (1).

PACs are compounds that belong to a more general chemical class of compounds called 

polyphenolics or phenolics. One method of characterizing cranberry products is to mea-

sure the content of total phenolics. This can be accomplished using UV/VIS spectrometry 

(Folin- Ciocalteau method). The disadvantage of this method is that it is not specifi c for 

PACs, and so unless the sample is purifi ed previous to testing, the results cannot be directly 

linked to PACs. More specifi c methods that can separate and quantify the PACs include 

high- performance liquid chromatography (HPLC), gel- permation chromatography (GPC), 

and capillary electrophoresis (CE) (4, 5). These methods work well for the more homoge-

neous B-linked PACs but do not give very accurate levels for the A-type PACs.

MECHANISM OF ACTION

In vitro mode of action studies indicate that cranberry products prevent UTIs by prevent-

ing adhesion of pathogenic bacteria to the cells of the bladder and urethra. As the fi rst step 

in developing infections, bacteria must bind to the host cell and tissues. The E. coli strains 

that cause UTIs have proteinaceous macromolecules (fi mbriae) that facilitate the adhesion 

of bacteria to uroepithelial cells in the urinary tract. Cranberry PACs have been shown to 

inhibit adhesion of E. coli with P-type fi mbriae (6). More recent studies have determined 

that cranberry PACs with A-type linkage are more effective than those with B-type linkage 

in inhibiting the adhesion of bacteria to cell surfaces (7). Other compounds in cranberry 

identifi ed in the antiadhesion activity– containing fractions are 1- O-methylgalactose, 

prunin, and phlorizin (8). The antiadhesion activity is not infl uenced by the acidity of cran-

berry juice (neutralization of cranberry juice to pH 7 did not affect the antiadhesion 

activity) (9). Biochemical studies have demonstrated that cranberry PACs cause the fi m-

briae on the surface of the bacteria to become compressed, reducing their ability to adhere 

to cells in the body. Further studies reveal that these compounds may change the shape of 

the bacteria from rods to spheres and cause chemical changes to bacterial surface mem-

branes (10). Further details of these specifi c mechanisms are presented by Reed and How-

ell in Chapter 10.
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COMMERCIAL PRODUCTS

There are multiple forms of cranberry available, including juice, cocktail juice, cranberry 

powders derived from ground berries, cranberry powders derived from dried juice, and ex-

tracts. Each of these cranberry products contains signifi cantly different amounts of total 

phenolics and PACs.

Approximately 1500 g of fresh fruit produces one liter of juice. Thus cranberry juice 

would be expected to contain approximately 75 mg of PACs per 100 ml. The most commonly 

available commercial cranberry product may be cranberry juice cocktail, which ranges from 

28% to 33% pure juice (11). Cranberry juice cocktail has been reported to contain from 

54.7 to 90 mg PACs per 8 oz serving (2, 12).

Dried, ground berries, which are commonly available as cranberry powders, contain 

0.2% to 0.5% total phenolic compounds, mostly PACs. The native ratio of PACs to antho-

cyanins in cranberries or cranberry juices is approximately 10:1. Dried juice concentrates 

commonly contain 3% to 5% total phenolics, which are mainly PACs (13).

A more concentrated standardized extract containing 30% phenolics has recently be-

come available commercially. It is a unique preparation in that the organic acids and sugars 

have been removed during the extraction pro cess. The extract, which is trademarked as 

CranEx, is available in the United States and Eu rope by Phenolics, LLC. CranEx is an in-

gredient in numerous commercial preparations, including Cranbiotic@ by Futurebiotics and 

GNC’s Herbal Plus Standardized Cranberry Herbal Supplement.

A CLINICAL STUDY USING A STANDARDIZED CRANBERRY EXTRACT

An open- label pi lot study of four months’ duration was conducted at Helios Health Center 

in Boulder, Colorado, using CranEx (14). Included in the study, described by Bailey and col-

leagues,  were 12 women with ages ranging from 25 to 70 years old. The women all had a 

history of a minimum of six UTIs in the preceding year, and several had had this number of 

infections or more per year for the past several years. Women who  were pregnant,  were cur-

rently using antibiotics, or had a major illness or diseases other than UTIs  were excluded.

Several of the women had been trying cranberry juice on a regular basis or  were taking 

cranberry capsule products from the health food store with varying results. During this 

study, they did not take any other berry products. All the women  were screened prior to 

administration of the test product and  were found to be free of any UTIs. The test product 

was manufactured using a patented extraction pro cess that results in a cranberry preparation 

standardized to contain 30% total phenols and a minimum of 25% PACs (15, 16, 17). During 

the trial, each woman took one capsule containing 200 mg cranberry extract twice daily for 

12 weeks. The daily cranberry PAC intake during the study was approximately 100 mg.

A questionnaire was used initially to determine patients’ medical histories, and the pa-

tients  were asked at monthly intervals if any of the information had changed. All of the 

women in the study had urinalysis within 24 hours before starting on the study preparation 

and once a month after that for four months. The urinalysis included a dipstick and micros-

copy exam on a clean voided midstream fi rst morning urine sample. The dipstick test ex-

amined the specimen for red blood cells, nitrates, lymphocytes, protein, and glucose as 

well as mea sured specifi c gravity. The microscopic exam looked for red blood cells and 
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white blood cells as well as bacteria and casts. Any samples with positive results  were to be 

cultured and sensitivity toward antibiotics determined. A follow- up of these same patients 

was conducted approximately two years after the study, and the same questionnaire that 

had been used initially was reviewed with each patient and any changes noted.

All patients  were followed for a period of 12 weeks. The study began in May 2004 and 

concluded in September 2004. There  were no dropouts or withdrawals from the study. 

None of the women developed a UTI during the study, on the basis of symptoms or labora-

tory results. Based on the past history of this patient group, 24 to 48 UTI occurrences 

would have been expected over the course of the study. No patients reported any adverse 

effects due to the supplement.

A follow- up on the subjects continued for two years after the study. Eight of the subjects 

did not have any changes in their health since the study began. They did not have access to the 

specifi c cranberry product used in the study but took various other cranberry products on the 

market, that had lower PAC content. The doses of these products ranged from 150 to 300 mg 

(cranberry powders) per day. If the patients missed taking the cranberry supplements for one 

to three days, they did not notice any symptoms. Several commented that they took extra 

capsules for one to two days following more sexual activity than usual, and if they did not do 

this they could have some UTI symptoms. However, these symptoms did not ever develop 

into a true UTI and resolved with extra cranberry capsules and an increase in water intake.

Four patients stopped taking cranberry supplements for various unrelated medical rea-

sons. One patient remained free of UTIs, and three developed symptoms that resolved upon 

resumption of cranberry. Two patients developed UTIs, confi rmed by urinalysis, and  were 

treated with antibiotics. They resumed treatment with cranberry and did not have any further 

symptoms.

In summary, this study indicates that women with a history of recurrent UTIs can pre-

vent those infections with daily use of a cranberry extract high in PACs. Those women who 

continued to take cranberry supplements even with lower amounts of total phenolics con-

tinued to be free from infections two years later.

A REVIEW OF OTHER CLINICAL STUDIES

Other clinical studies also indicate that cranberry may be effective in preventing UTIs in 

women subject to recurrent infections. A Cochrane review of randomized controlled stud-

ies published before January 2007 found ten studies on the use of cranberry products for 

the prevention of UTIs (18). A meta- analysis performed on four of those studies found that 

cranberry products signifi cantly reduced the incidence of UTIs after 12 months compared 

with placebo/control (relative risks [RR] 0.65, 95% confi dence interval [CI] 0.46– 0.90). 

Among the ten studies, the evidence was stronger for cranberry products being effective at 

reducing the incidence of UTIs in women with recurrent UTIs than for el der ly men and el-

der ly women or people requiring catheterization (although no direct comparison was made). 

The authors reported that the optimum dosage and method of administration (e.g., juice, tab-

lets, and capsules) have not been determined. This conclusion most likely resulted from the 

variation in the preparation, dose, and degree of chemical characterization of the cranberry 

products tested in the studies.

Besides the Bailey study (14), mentioned in detail above, three other clinical studies  were 

designed to investigate the use of cranberry products for women with a history of recurrent 
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UTIs. The fi rst was a small crossover study that used a concentrated cranberry preparation. 

The next two  were larger, parallel- group studies that used juice or concentrated juice. All 

of these studies reported positive results.

The small crossover trial, described by Walker and colleagues (19), studied ten sexually 

active women who had a history of UTIs (four UTIs during the previous year or at least one 

UTI within the previous three months). The subjects  were given either 400 mg cranberry 

extract or placebo daily for three months before switching treatments. As a result, cran-

berry concentrate was found to be more effective than placebo in reducing the occurrence 

of UTI (p < 0.005). Nineteen women entered the study, while ten completed the study and 

 were included in the analysis. While taking cranberry, seven of the ten subjects exhibited 

fewer UTIs, two subjects exhibited the same number, and one subject experienced one more 

UTI. From the total of 21 incidents of UTIs recorded among the participants during the six 

months, 6 UTIs occurred during the time they  were taking cranberry (2.6 per subject year). 

In contrast, a total of 15 UTIs occurred while on placebo (6.0 per subject year).

A parallel- group, placebo- controlled study, authored by Kontiokari and coworkers (20), 

used a cranberry- lingonberry juice concentrate, described as 7.5 g cranberry concentrate 

and 1.7 g lingonberry concentrate in 50 ml water. The preparation was compared to a drink 

containing lactobacillus and no treatment. The study included 150 women (mean age ap-

proximately 30 years) from the student health ser vices who currently had a UTI (105 cfu E. 
coli per ml). The subjects  were given cranberry juice for 6 months or lactobacillus for 12 

months. The outcome mea sure was the fi rst recurrence of symptomatic UTI. After 6 months, 

16% (8 women) in the cranberry group, 39% (19 women) in the lactobacillus group, and 

36% (18 women) in the control group presented with at least one infection. Thus cranberry 

reduced the risk of infection by 20% (95% CI, P = 0.023).

Another parallel- group, placebo- controlled study, described by Stothers and colleagues 

(21), included 150 sexually active women aged 21 through 72 years. They had presented 

with at least two symptomatic, single- organism, culture- positive UTIs in the previous year 

but at the time of study  were free of infection. The subjects  were given cranberry juice 

(250 ml three times daily), cranberry tablets (1:30 juice concentrate twice daily), or placebo 

using a double dummy method. In the year of treatment, 32% (16 women) of the placebo 

group, 20% (10 women) in the juice group, and 18% (9 women) in the tablet group had 

presented with at least one infection. The mean number of UTIs was 0.72 in the placebo 

group, 0.30 in the juice group, and 0.39 in the tablet group.

Three clinical studies have explored the effect of cranberry on el der ly women and men 

(mean age approximately 80 years) (22, 23, 24). The largest study was a randomized, placebo-

 controlled study in which 376 men and women in the hospital consumed either 300 mg per 

day cranberry juice or placebo drink (22). A total of 21 out of 376 developed a UTI: 7 in the 

cranberry group and 14 in the placebo group. The differences between groups  were not 

signifi cant, and the study was determined to be underpowered. In another study, 153 el-

der ly women  were randomly assigned to consume 300 mg per day cranberry juice or pla-

cebo drink (23). The chance that the women drinking cranberry juice would have bacteriuria 

(≥ 10(5)/mL) in their urine with pyuria was 42% of that for the control group. The chance 

of remaining in that state in the following month was 27% of that of the control group. In a 

small crossover study that initially included 38 hospitalized men and women, the partici-

pants  were given 30 mL cranberry juice or water (24). Only 17 completed treatment, and 

only 7  were included in the fi nal analysis. Of these remaining 7, those who took cranberry 

had fewer occurrences of UTI, but the results  were only marginally signifi cant.
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Two clinical studies  were conducted with children with neuropathic bladder requiring 

intermittent catheterization (25, 26). Daily treatment was either 15 ml cranberry cocktail 

per kg or 300 ml cranberry juice cocktail. Neither study demonstrated clinical or statistical 

differences in the number of symptomatic UTIs.

Three clinical studies  were conducted on adults with spinal cord injuries and resultant 

neurogenic bladder (27, 28, 29). A pi lot study with 15 subjects reported that a glass of cran-

berry juice three times daily caused a reduction in bacterial biofi lm (27). The two other 

studies reported no benefi t in urinary bacteriuria or UTI. In one study, the participants in-

gested 2 g concentrated juice for six months (28), and in another study the participants  were 

given 400 mg standardized tablets three times daily for four weeks (29).

The above clinical studies indicate that multiple cranberry products have a range of ef-

fectiveness in preventing recurrent UTIs in women. Three of the studies (19, 20, 21) reported 

a reduction in the incidents of UTIs compared to placebo but not a complete inhibition. In 

contrast, the study by Bailey and coworkers (14) reported a complete prevention of UTIs 

during the study. There are several variables that could account for this difference. One vari-

able is the amount of active ingredients, A-type PACs, in the products tested.

The crossover study (19) used a dose of 400 mg daily of a cranberry concentrate (CranAc-

tin@) for three months. We estimate that this product may have delivered from 4 to 20 mg of 

total phenols per day; 15 mg PACs per day. In this study, 6 UTIs occurred while taking cran-

berry and 15 occurred while taking placebo. This is a 60% reduction compared to placebo. 

This amount is approximately one- sixth the 100 mg of PACs provided in the preparation 

used in the Bailey study.

The second study (20) used a cranberry- lingonberry juice concentrate, described as 7.5 g 

cranberry concentrate and 1.7 g lingonberrry concentrate in 50 ml water taken for six months. 

We estimate that the cranberry concentrate delivered approximately 250 mg total phenols 

(35 to 40 mg PACs) per day. In this study, 8 UTIs occurred in the cranberry group, while 18 

occurred in the group taking placebo. This is a 55% reduction in symptomatic infections 

compared to placebo. If our estimates are correct, this product delivered a little over one- 

third the 100 mg of PACs provided in the preparation used in the Bailey study.

The third study (21) compared 250 ml juice three times daily to cranberry tablets (1:30 

juice concentrate) twice daily taken over a year. The two treatments  were equally benefi cial, 

reducing the incidence of infection by about 40% compared to placebo. Using data obtained 

for cranberry juice cocktail, the juice in this study may have delivered 64 to 105 mg PACs.

The Bailey study (14) conducted with a 30% total phenols extract that delivered 100 mg 

PACs per day for three months reported no incidents of UTIs, whereas 24 to 48 incidents 

 were expected. Although this study lacked a placebo control group, it appears that this 

preparation was more potent than the other products tested.

In vitro studies indicate that inhibition of adhesion of E. coli by PACs to cultured bladder 

and vaginal epithelial cells occurs in a linear, dose- dependent manner (30). However, com-

parisons of the estimated amounts of PACs with the results of the three placebo- controlled 

studies do not indicate a clear dose- response. For example, the amount of daily PACs in the 

Stothers study (21) may have been close to that used on the Bailey study (14), but the effects 

on UTI prevention  were much weaker, suggesting other factors may play a signifi cant role.

One possible factor is the bioavailability of the PACs in the various preparations may not 

be similar. Direct comparisons of the bioavailability of various formulations of cranberry 

have not been undertaken, with the exception of the comparison of juice to tablets in the 

Stothers study. Another possibility is that there may be other constituents in cranberry that 
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infl uence the activity of the preparation and/or the PACs. A study published in 1989 re-

ported that cranberry juice contained two inhibitors of the adhesion of uropathogenic E. 
coli (31). One inhibitor was dialyzable and identifi ed as fructose. The other inhibitor was 

nondialyzable and later identifi ed as A-type PACs. It is possible that the presence of high 

levels of fructose in cranberry preparations may adversely infl uence the activity of the 

preparations. This might explain the potency of the CranEx preparation. Another possibil-

ity is that other phenolic compounds in cranberry also have activity. Studies on the viru-

lence of Streptococcus mutans indicate that fl avonols in cranberry inhibit glucan synthesis 

on the surface of this bacterium (32). This group proposed that the activity of cranberry 

against the oral bacterium S. mutans may be a combined effect from fl avonols and PACs. 

There have also been reports that cranberry PACs have anti- infl ammatory activity (10), 

which may also play a role in modulation of UTI symptoms.

BIOAVAILABILITY

Bioavailability studies indicate that cranberry PACs are absorbed into the body. A hu-

man study found 5% of consumed anthocyanins secreted in the urine over 24 hours follow-

ing consumption of 200 ml of cranberry juice, with no data on the PACs provided (33). 

Another human study reported that the urine of those who ingested 250 or 750 ml cran-

berry juice demonstrated antiadhesion properties when tested ex vivo (34). Urine was taken 

from volunteers who ingested one or two doses of cranberry juice or placebo. Strains of 

uropathogenic E. coli  were incubated in the urine and then tested for adhesion to bladder 

cells in an in vitro assay. The urine from those who drank cranberry juice prevented the 

bacteria from adhering in a dose- related manner. A third study reported that eight- week 

consumption of 1200 mg of dried cranberry juice per day (but not 400 mg per day) by 

healthy young women produced urine samples that had an inhibitory effect on the adhesion 

of uropathogenic E. coli strains (35). Further commentary on bioavailability is given in 

Chapter 10.

SAFETY

Cranberry is a food product that has been used for centuries and thereby considered safe 

for consumption. It is now known that some foods, while safely consumed, can alter the 

metabolism of certain drugs and thus alter their effectiveness. An example is the effect of 

grapefruit juice on statin drugs taken to lower cholesterol. However, the studies summarized 

below do not indicate that such a concern is warranted with cranberry juice.

In this context, several case reports indicated that there might be an interaction between 

cranberry juice and the anticoagulant warfarin (36). This is a concern because a tight con-

trol of warfarin blood levels is necessary to achieve therapeutic benefi t and to avoid bleed-

ing complications. The United Kingdom’s Committee on the Safety of Medicines has 

alerted physicians of this possible interaction, publishing 12 possible case reports in a news 

bulletin in June 2005. However, a randomized, placebo- controlled, double- blind crossover 

study that explored the possible effect of cranberry on prothrombin time as mea sured using 

the International Normalized Ratio (INR) found no such effect (37). The study included 

seven subjects with atrial fi brillation and stabilized on warfarin who consumed either 
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250 ml juice or placebo for seven days. After a seven- day washout, the treatment was 

switched. There was no signifi cant change to INRs. The authors concluded that daily cran-

berry juice in an amount of 250 ml did not interact with warfarin. A pharmacokinetic study 

with ten volunteers who took 200 ml cranberry juice three times a day for fi ve days before 

and fi ve days after ingesting 10 mg racemic warfarin also found that the juice did not alter 

the anticoagulant effect of warfarin (38).

It has been proposed that the fl avonoids in cranberry might infl uence the activity of P450 

enzymes and thus affect the blood levels of certain drugs (36). However, two clinical stud-

ies do not indicate this to be the case. A single- dose pharmacokinetic study with 12 healthy 

volunteers failed to show any interaction between 240 ml cranberry juice and a single dose 

of 200 mg cyclosporine (a CYP3A and P-glycoprotein substrate) (39). Also, a crossover 

study did not show any interaction with fl urbiprofen (an index of CYP2C9 activity) with 8 

oz of cranberry juice (40). A pharmacokinetic study that explored the effects of 200 ml 

cranberry juice three times a day on probes of CYP2C9, CYP1A2, and CYP3A4 (racemic 

warfarin, tizanidine, and midazolam, respectively) reported no effect on the activities of 

these enzymes (38).

CONCLUSION

Further studies are required to establish optimal daily dosing of the cranberry- derived to-

tal phenols/PACs for effi cient prevention of recurrent UTIs. In vitro and ex vivo studies indi-

cate that these compounds prevent adhesion of E. coli to the epithelium of the urinary tract 

and thus prevent infection. Although in vitro studies indicate a clear dose- response effect 

with PACs, the clinical picture may be more complicated. There may be interference by high- 

and low- molecular- weight sugars naturally present in cranberry, reducing the effect of the 

PACs in prevention of UTIs via this mechanism. Other phenolics, including the anthocya-

nins, may also play a role in the clinical benefi ts observed. CranEx@ is a novel extract that is 

standardized to 30% total phenols, with the majority of sugars and organic acids removed. 

CranEx@ appears in this pi lot study to be much more effective in preventing UTIs than other 

cranberry products tested clinically. It is clear that all future evaluations using cranberry 

clinical materials should require a carefully standardized and well-characterized product, to 

better understand optimal characterization and dosing for the prevention of UTIs.

It is entirely possible that other non-cranberry- based extracts containing concentrates of 

A-type PACs from blueberry, cinnamon, peanut, plum, avocado, and other food sources 

may become as useful in prevention of UTIs as concentrated cranberry extracts.
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Chapter 12

Chaste Tree Extract in Women’s 
Health: A Critical Review

Tieraona Low Dog

The history of botanical medicine is universal, having been used by all cultures and all peo-

ples across the span of time. Fossil rec ords date the human use of medicinal plants to at 

least the Middle Paleolithic Age some 60,000 years ago, demonstrating the resourceful 

nature of our ancestors, who used their ingenuity to discover and effectively use plant medi-

cines. Over the centuries, botanical medicine gave birth to the modern sciences of botany, 

pharmacy, perfumery, and chemistry. With all of the advancements in modern medicine 

and science, it would be easy to dismiss herbal medicine as quaint: a discipline spoken of 

only in the past tense. However, in many parts of the world, including modern China, India, 

and many countries in South America and Africa, it remains a primary source of medicine. 

And in the West, botanical medicine is a growing part of a movement known as “comple-

mentary and alternative medicine (CAM),” which loosely translates as a collection of prac-

tices and approaches that fall principally outside those taught in conventional medical training 

centers.

Women are the largest consumers of health care, and this extends to their utilization of 

CAM. The 2002 National Health Interview Survey, which included more than 17,000 women, 

found that women utilized CAM more than men; 69% reported using CAM within the 

previous 12 months. Higher levels of CAM use  were associated with increased education, 

higher income, and a lower health status. In general, women between 50 and 59 years of 

age composed the subgroup with the highest rates of use (1). Researchers have attempted to 

uncover the reasons why women turn to CAM in general and to botanical medicine in par-

tic u lar. A recent study in the United Kingdom found that the desire to have personal control 

over their health was the strongest motive for women to use herbal medicine. Secondarily 

was their dissatisfaction with conventional treatment and its disregard for a holistic approach, 

as well as concerns about the side effects of medications (2).

As a health practitioner for more than 25 years, this author has gained signifi cant knowl-

edge in the use of botanical medicines in women’s health. There are signifi cant challenges 

facing the clinician when attempting to recommend botanical medicines, particularly 

when it comes to the research and the marketplace. This chapter is not intended to be an 
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exhaustive summary of herbal medicine in women’s health; there are entire books written 

on the subject. Instead, this chapter is intended to be a discussion of opportunities and 

challenges facing clinicians.

I have chosen to focus on only one herb, chaste tree berry (Vitex agnus castus), of which 

I am intimately familiar, having used it extensively in practice for almost three de cades. 

This herb is pop u lar for addressing the symptoms of premenstrual syndrome (PMS) and can 

also be found in a variety of products addressing infertility and the irregular menses that 

often occurs around menopause.

By examining the science behind this plant, this chapter is intended to illustrate more 

broadly the shortcomings of research and the marketplace while highlighting the challenges 

facing medical practitioners who wish to help guide and educate the patient on its proper 

use.

THE MENSTRUAL YEARS

There are several conditions that can be problematic for women during their menstrual 

years. PMS is estimated to affect up to 90% of menstruating women, with the most severe 

cases occurring in 2% to 5% of women between the ages of 26 and 35 years (3). It is char-

acterized by the presence of physical and behavioral symptoms that occur repetitively in 

the latter half of the menstrual cycle. For milder forms of PMS, the primary conventional 

interventions consist of dietary changes (i.e., reducing caffeine and salt consumption), exer-

cise, nonsteroidal anti- infl ammatory medications, and possibly oral contraceptives. A grow-

ing number of the female population is also experiencing problems with infertility, which 

is defi ned as the inability to become pregnant after 12 months of regular unprotected inter-

course. Ovulatory disorders are the primary cause for female infertility, and while fertility 

treatments are more widely available, they are expensive and not without adverse effects. 

As there is a rather limited range of treatment options for these conditions, it should come 

as little surprise that many women are curious about exploring other approaches.

CHASTE TREE BERRY (VITEX AGNUS CASTUS)

Perhaps the most pop u lar of the herbal remedies for PMS and anovulatory disorders is 

chaste tree berry (Vitex agnus castus). The Latin name agnus castus means “chaste lamb,” 

in reference to the early belief that the fruit reduced sexual desire, which is also the basis 

for its other common name, monk’s pepper.

An important source reference for herbal remedies is the German Commission E, a panel 

of experts charged with evaluating the safety and effectiveness of herbal medicines sold in 

pharmacies. The Commission E has approved the use of chaste tree extract for the treat-

ment of PMS, cyclical mastalgia, and menstrual irregularity (4).

MECHANISM OF ACTION

Several mechanisms have been proposed to explain the benefi cial effects of a chaste 

tree extract on PMS, cyclical mastalgia, irregular menses, and infertility. It is known that 
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a chaste tree preparation acts, in part, by reducing prolactin, increasing progesterone, 

and binding opioid receptors (5). This binding of opioid receptors (6) may be the primary 

mechanism involved in PMS. Women with severe PMS show symptoms of transient im-

pairment of central opioid tone during the luteal phase of their menstrual cycle (7). Symp-

toms such as anxiety, food cravings, and physical discomfort are directly and inversely 

proportional to the decline of β- endorphin levels (8). This rapid decline in β- endorphin 

levels may cause a mild opioid- withdrawal syndrome, leading women to experience an 

increase in pain, headache, mood swings, and water retention (9). Compounds in chaste 

tree berry also bind dopamine (D2) receptors in the hypothalamus and anterior pituitary, 

inhibiting the release of prolactin (10). Prolactin plays a role in breast stimulation and 

may result in cyclical mastalgia. Nonlactating women with elevated levels of prolactin 

often present with ovulatory disorders, infertility, and/or galactorrhea. Elevation of pro-

lactin can cause corpus luteum insuffi ciency, defi ned as an abnormally low level of pro-

gesterone three weeks after the onset of menstruation, through suppression of luteinizing 

hormone (LH). Women with corpus luteum insuffi ciency typically have a shortened sec-

ond half of their menstrual cycle and may have diffi culty conceiving and maintaining 

pregnancy.

CLINICAL EVIDENCE

PMS

The most rigorous study to date of chaste tree for PMS was a three- month, double- 

blind, placebo- controlled trial by Schellenberg that randomized 170 women diagnosed 

with PMS to receive 20 mg fruit extract (ZE 440: 60% ethanol m/m, extract ratio 6– 12:1; 

standardized for casticin) or placebo (11). Five of the six self- assessment items indicated 

signifi cant superiority for chaste tree (irritability, mood alteration, anger, headache, and 

breast fullness). Other symptoms, including bloating,  were unaffected by treatment. Over-

all, the reduction in symptoms was 52% for the active versus 24% for placebo (P < 0.001). 

The authors of the trial concluded, “Agnus castus is a well tolerated and effective treat-

ment for premenstrual syndrome, the effects being confi rmed by physicians and patients 

alike.”

A study comparing 20– 40 mg per day of chaste tree extract to 20– 40 mg per day of fl uox-

etine for women (ages 25– 45) diagnosed with premenstrual dysphoric disorder (PMDD) and 

having regular menstrual cycles failed to note any signifi cant difference between the two 

groups with respect to the Hamilton Depression Rating Scale (HAM- D), Clinical Global 

Impression Scale- Severity of Illness (CGI- SI), or Clinical Global Impression- Improvement 

(CGI- I) (12). Unfortunately, the authors did not provide any details regarding the chaste tree 

product (e.g., extraction method, extract strength,  etc.).

An older, randomized, double- blind, placebo- controlled study of 600 women with PMS 

taking chaste tree (600 mg capsules three times a day) for three months showed improve-

ment only in restlessness (13). The study suffers from a signifi cant dropout rate; only 217 

participants  were included in the fi nal evaluation. This dose is also much higher than typi-

cally used. One comparative trial found chaste tree to be as equally effective as pyridox-

ine for relieving PMS symptoms; however, the effi cacy of pyridoxine in PMS remains 

inconclusive (14).



218 BOTANICAL MEDICINE: FROM BENCH TO BEDSIDE

Safety

A drug- monitoring study conducted on a proprietary chaste tree product, Agnolyt (Ag-

nolyt contains 9 grams of a 1:5 tincture for each 100 grams of aqueous- alcoholic solution; Dr. 

Madaus GmbH and Co., Cologne, Germany), reported that 32 of 1,542 (2.1%) women 

treated with an average of 42 drops daily of Agnolyt solution for over fi ve months experi-

enced side effects. Most common  were gastrointestinal complaints, acne, and nausea (15). 

The relative lack of signifi cant adverse events, however, is reassuring.

Based upon this evidence and the rather benign, though admittedly troublesome, nature 

of mild PMS, it seems reasonable for clinicians to recommend chaste tree for women who 

choose not to use oral contraceptives or have only minor benefi t from lifestyle changes. 

However, as many of these women may be of an age where pregnancy could be likely to 

occur, it would be useful to have safety information that specifi cally addresses this issue. 

Indeed, it is rather surprising that there is a paucity of information regarding safety during 

pregnancy, since chaste tree has been studied for female infertility and is recommended for 

this purpose by some herbalists and midwives.

Infertility

There is some scientifi c basis for its use in infertility. Chaste tree extracts have been 

shown to restore progesterone levels and prolong the hyperthermic phase in the basal body 

temperature curve when used daily for at least three months (16). Increasing progesterone 

levels and enhancing the function of the corpus luteum can improve female fertility. Two 

small evaluations in women with infertility not related to endocrine disorders (i.e., hyper-

prolactinemia, androgen, or thyroid) have been published. The fi rst included 18 women with 

corpus luteum insuffi ciency, as evidenced by low progesterone levels three weeks after onset 

of menstruation. Progesterone levels increased in nine women, returning to normal ranges 

in seven participants. Fourteen of the 18 women achieved a sustained hyperthermic basal 

body temperature during the luteal phase. Two women became pregnant during the three- 

month trial using 40 drops per day of Agnolyt (9 grams of 1:5 extract per 100 g solution; 

58% ethanol; Madaus). The authors of the second study (n = 48 women with corpus luteum 

insuffi ciency) reportedly used chaste tree initially to correct the luteal phase abnormality 

and then, if needed, implemented hormone therapy to increase fertility (17).

In addition to these small studies using chaste tree as a monotherapy, in 1998, a double- 

blind, placebo- controlled trial included 96 women with menstrual irregularities (secondary 

amenorrhea n = 38, luteal insuffi ciency n = 31, and idiopathic infertility n = 27) who  were ran-

domized to receive placebo or Mastodynon solution (30 drops BID) for three months (Mas-

todynon: 10 g tincture contains 2 g crude drug 53% ethanol; Vitex agnus castus, Caulophyllum 
thalictroides, Cyclamen, Ignatia, Iris, and Lilium tigrinum: manufactured by Bionorica). 

Only 66 women  were available for evaluation. The authors reported that pregnancy occurred 

more than twice as often in the treatment group (n = 8; 15%) than in the placebo group (n = 3; 

7%) (18). Of course, there  were more than twice the number of women desiring pregnancy in 

the treatment group, and the trial suffered from a signifi cant number of dropouts. It is also 

diffi cult to ascertain if it was chaste tree or the combination of ingredients that was re-

sponsible for the purported effect. It is unclear how much blue cohosh (Caulophyllum 
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thalictroides) is present in the product; however, there are signifi cant concerns regarding 

its safety in early pregnancy, given that compounds in blue cohosh are teratogenic in rat 

embryo cultures (19).

Menstrual irregularity, anovulation, and infertility can also result from hyperprolactine-

mia. A randomized, double- blind, placebo- controlled study of 52 women with latent hy-

perprolactinemia and luteal phase defect was conducted using 20 mg per day of chaste tree 

fruit aqueous alcohol dry extract (Strotan Capsules: 3 mg dry extract per capsule [10– 16:1 

extract 60% ethanol]; Strathmann AG) or placebo (20). Blood was drawn on days 5 through 

8 and on day 20 of the menstrual cycle, before and after three months of therapy for hor-

monal analysis. Thirty- seven women  were available for statistical evaluation (placebo: 

n = 20, treatment: n = 17). Chaste tree lowered prolactin release in response to thyroid re-

leasing hormone (TRH) stimulation compared to placebo (p < 0.001), lengthened the luteal 

phase by fi ve days, and restored low progesterone levels to the normal range after three 

months of use. Beta- estradiol levels  were increased during the luteal phase in those receiv-

ing chaste tree; all other hormone levels remained unchanged. No side effects  were noted 

within the study.

In a small, open clinical trial using a combination product, Vitex Mastodynon, the au-

thors reported a reduction in prolactin levels and normalization of menstrual cycles in 13 

women with hyperprolactinemia when used daily for three consecutive menstrual cycles 

(21). Two of the women taking the product during the study became pregnant without any 

adverse effects to the fetus. The same comments mentioned previously with this product 

hold true  here as well.

Interestingly, given the aforementioned data, it might be hard to reconcile the occasional 

recommendation by herbalists for using chaste tree to promote breast milk production. 

However, the effect on prolactin might be dose related. A study in men found that treatment 

with 120 mg of chaste tree (BNO 1095 by Bionorica) increased prolactin levels by 16% 

compared to placebo (p < 0.03), the 240 mg dose resulted in no change in prolactin, and only 

the 480 mg dose caused a reduction in prolactin compared to placebo (22).

MY OWN CLINICAL EXPERIENCE

Taken as a  whole, this research is highly intriguing to me, given my own clinical experi-

ence. Chaste tree has always been one of my favorite and most versatile herbs in clinical 

practice. It is hard to imagine a PMS treatment plan that did not include this herb or a for-

mulation for the perimenopausal woman experiencing irregular menstruation. I have 

worked with dozens of women over the years who successfully used chaste tree to regulate 

their menstrual cycles and then went on to become pregnant after many months or years of 

trying. I have also found chaste tree benefi cial for maintaining pregnancy in women with 

repeated fi rst- trimester miscarriages when taken for the fi rst 12 to 14 weeks.

CASE REPORT

While working at the Indian Health Ser vice in Albuquerque, New Mexico, I cared for a 

patient in her twenties who was diagnosed with hyperprolactinemia secondary to a pituitary 

microadenoma. After the appropriate work- up and referrals, I prescribed bromocriptine, 
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which she discontinued approximately four weeks later because of nausea, vomiting, and 

headaches. I recommended chaste tree (500 mg/d crude dried fruit), and her prolactin levels 

fell and her menses returned, though there was little change on MRI. She stayed on the chaste 

tree for the year I was her physician, with her prolactin remaining in the high normal range.

THE MARKETPLACE CONUNDRUM

Given the dramatic increase in the use of botanical remedies and the sheer number of 

products, it is understandable that consumers and health care professionals alike have dif-

fi culty navigating the supplement marketplace as well as translating the research into clini-

cal guidance. Questions such as “Which product should I take?” “At what dose?” “Will it 

interact with my medication?” “Is it safe?” and “Will it work?” plague anyone who has ever 

looked down a supplement aisle. Herein lies one of the key problems with translating the 

research into clinical practice. In the event that a woman and her clinician decide that a 

trial of chaste tree would be a good idea for addressing her PMS, invariably the conversa-

tion will turn to the questions of “which product” at “what dose.” The practitioner will 

most likely tell her to buy a “good- quality product” and take what it “says on the label.” Or 

the astute practitioner might recommend that she use the product that was studied in a 

clinical trial (at a dose of 20 mg per day). However, the product used in the best clinical 

trial, ZE440, is not available in the United States at the time of this writing. And what con-

sumer or practitioner would know how to interpret “60% ethanol m/m, extract ratio 6– 12:1, 

standardized for casticin” to fi nd an equivalent product?

DECIPHERING THE PRODUCT LABEL

A quick perusal of the product aisle at a local health food shop in Tucson, Arizona, 

yielded no fewer than 22 products containing chaste tree, either alone or in combination 

with other herbs such as black cohosh, black haw, blue cohosh, cramp bark, dong quai, eve-

ning primrose oil, ginseng, hops, nettles, raspberry leaf, partridge berry, schisandra, valer-

ian, wild yam, and a host of others— each product promising to “balance your female 

hormones”— whatever that precisely means! We can look at three products containing only 

chaste tree to illustrate some of the diffi culties clinicians face when recommending herbal 

products. Figure 12.1 shows the supplement fact boxes on labels from three of them.

The fi rst label indicates a similar dose to the one used in a clinical trial (40 mg vs. 20 mg). 

But how does one interpret the label? Is this material an extract? If so, at what strength? Or 

does each capsule contain 40 mg of ground- up crude chaste tree fruit? Not likely, as 40 mg 

of chaste tree would not fi ll a capsule of any size. The second label indicates that the prod-

uct contains 215 mg of chaste tree berry and 25 mg of Vitex agnus castus. What exactly 

does this mean? Chaste tree berry is the same as Vitex agnus castus. Therefore, does this 

mean 215 mg of crude chaste tree and 25 mg of extract? And if so, what is the strength of 

the extract?

The third label is from a product providing a relatively higher dose of chaste tree than used 

in the clinical trial, but since the label does not provide the strength of extract, there is no way 

to know what “225 mg” means. Unlike the other products, it claims that it is standardized to 

a compound in chaste tree. In this case, it is agnusides, not casticin. Does that matter?
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It is diffi cult, and often impossible, for the average clinician, even the most open minded 

and interested, to translate the information from clinical studies to the products found in 

the marketplace. And perhaps, even beyond this confusion, concerns about the quality of 

dietary supplements in general, and botanical remedies in par tic u lar, make recommending 

products challenging. There are numerous reports in the pop u lar media and professional 

literature regarding adulteration and contamination of products, as well as variation be-

tween what is printed on the label and what is actually present in the bottle. While many 

manufacturers produce high- quality botanical products, the unscrupulous and incompetent 

have, unfortunately, tarnished the industry, making it diffi cult for consumers and clinicians 

 Supplement Facts 
 Serving Size: 1 Capsule 
 Servings per Container: 90 
 
                 Amount Per  % Daily 
                  Serving      Value 
 
 Vitex Agnus Castus (Chastetree berry)          40  mg   * 
 

 *Daily value not established.

 

Figure 12.1.    First Label

 Supplement Facts 
 Serving Size:  1 Capsule 
 Servings per Container:  60 
 
                 Amount Per  % Daily 
                  Serving      Value* 
 
 Chaste Tree Berry             215 mg   ** 
 
 Vitex Agnus Castus             25 mg   ** 
 

 * Based on a 2,000 calorie diet 
 **Daily value not established.
 

Figure 12.2.    Second Label

 Supplement Facts 
 Serving Size: 1 Capsule 
 Servings per Container: 240 
 
                 Amount Per  % Daily 
                  Serving      Value 
 
 Chasteberry Extract (standardized to 0.5%        225  mg   * 
 agnusides)(Vitex agnus-castus) 
 

 *Daily value not established.
 

Figure 12.3.    Third Label

Figures 12.1–12.3.    Examples of Three Supplement Fact Boxes for Chaste Tree Products
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to separate the good from the bad. While it is hoped that the new CGMPs (Current Good 

Manufacturing Practices) will improve quality throughout the industry, realistically, this 

uncertainty in quality is a very real barrier for many clinicians, who do not want to recom-

mend a product that may turn out to harm their patient because of poor quality.

CHALLENGES WITH THE RESEARCH

Clinicians and consumers often believe that one brand of a par tic u lar herbal product is 

interchangeable with another: the belief that if you hear about one study, you can general-

ize the results to any product containing that herb. But this is not true. The herbal prepara-

tions used often vary considerably from trial to trial, making comparison diffi cult, as products 

may not be biologically or pharmacologically equivalent. Because of the complex nature of 

botanicals and variation in constituents between species, plant part, and preparation, it is 

essential that researchers clearly provide an adequate description of the product used in 

their clinical trial. Descriptions should include identifi cation (Latin binomial and author-

ity), plant part (root, leaf, seed,  etc.), and type of preparation (tea, tincture, extract, oil,  etc.). 

Tincture and extract description should include the identity of the solvent and the ratio of 

solvent to plant material. The botanical should be well characterized, and if standardized 

to a par tic u lar constituent, then that information should also be included. If the research 

product bears little resemblance to crude plant material or simple extracts found in the 

marketplace, then that should also be clearly stated. Precise and clear dose and dosage 

form should be provided. The study that used chaste tree for the treatment of PMDD had 

no description of the product in the paper, making it impossible for other researchers to 

replicate the study or for a clinician to adequately counsel a patient about product choice. 

Peer- reviewed journals must mandate that this information be part of any paper accepted 

for publication.

CRITICAL COMMENTARY

As was seen in the local health food store in Tucson, herbal products generally contain a 

mixture of plants. This is often because herbalists generally prescribe herbal mixtures in-

stead of single- herb preparations, based upon the premise that when properly prepared, 

herbal mixtures offer greater effi cacy. An example would be the perimenopausal woman 

who is complaining of irregular menses, moodiness, and occasional hot fl ashes. One ap-

proach might be to consider a formulation that included chaste tree and black cohosh. 

Chaste tree would be included to help with the irregular menstruation and black cohosh to 

address the moodiness and hot fl ashes. However, clinical trials are generally not conducted 

on herbal formulations, and when they are, the formulations are not constructed using any 

scientifi cally founded, rigorous pro cess. The marketplace is no better. Products often have 

up to a dozen herbs thrown together in haphazard fashion, with no basis for the combina-

tion in tradition or modern research. Unfortunately, given the number of traditional medi-

cal systems that utilize herbal formulations, the focus on botanical monotherapies may be 

a critical shortcoming in botanical research.

While most herbal practitioners consider the “whole herb” to be active, there may be 

times when the basic science demonstrates that a primary activity is the result of a par tic u-
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lar compound or compounds. For instance, casticin appears to be the compound most re-

sponsible for reducing prolactin levels (23). This might be critically important in a clinical 

trial for hyperprolactinemia or infertility. It would be important for this information to be 

clearly conveyed so that clinicians treating patients could appropriately recommend the 

right type of product. Along this same line of reasoning, the compound, agnuside, but not 

casticin, has been shown to exert estrogen- like activity in vitro (24). Would guaranteeing a 

minimum level of agnuside in chaste tree extracts yield a superior product for the irregular 

menses seen in perimenopause (a very common use of chaste tree)?

When reviewing the doses used in research and the “serving sizes” recommended for 

products in the marketplace, there is little consistency to be found. One could look back at 

the doses recommended in the historic literature, but the waters get murky quite quickly, 

especially in the United States. In addition to the folk traditions of the past 200 years, the 

infl uence of both the eclectic and physiomedicalist practices of the nineteenth century can 

still be felt in American herbalism. Eclectic practitioners tended to use large, or “heroic,” 

doses of botanicals, including many that would be considered toxic. The physiomedicalist 

approach abhorred this heroic approach and tended to use smaller doses, or “drop” dosing. 

Clearly, there is a need for evidence- based, modern research to include dose- ranging stud-

ies prior to conducting any large clinical trial. Scientifi cally based dose ranges for par tic u-

lar dosage forms would also give clinicians and consumers greater confi dence in the use of 

herbal remedies.

DOSE LEVELS

In the case of chaste tree, the dose may have a great deal to do with the clinical effect, as 

seen in the study in men showing an inhibition of prolactin only at a higher dose. Without 

proper dose- ranging studies, one could easily imagine a negative result using the very low 

dosages of chaste tree seen in some of the previous research, in a clinical trial assessing its 

effi cacy for latent hyperprolactinemia. This would be an important study, given that the 

drugs currently approved for hyperprolactinemia, namely, cabergoline and bromocriptine, 

have side effects that many women fi nd intolerable, including nausea, headache, fatigue, 

insomnia, vertigo, and much more rarely psychiatric manifestations such as depression or 

hallucinations.

SAFETY PROFILES

Most clinicians are willing to recommend, and certainly many women are willing to try, 

a remedy that might relieve PMS symptoms if deemed to have a relatively good safety pro-

fi le. But it is rare to fi nd a clinician who would recommend a product such as chaste tree 

berry for enhancing fertility without detailed reproductive safety data readily available. 

Thus, one of the most important research questions for chaste tree, and for any other herb 

being marketed to women during their reproductive years, should be “Is it safe during preg-

nancy?” Women are taking chaste tree for PMS, irregular menstruation, and infertility. 

There are some basic science and clinical trial data that support these uses, but there is lit-

tle research adequately addressing its safety, particularly during the fi rst trimester. And 

while no signifi cant adverse events have been reported, there remains a tremendous need 



224 BOTANICAL MEDICINE: FROM BENCH TO BEDSIDE

for safety studies. This question must be answered before any research could be conducted 

assessing the possible role of chaste tree in female infertility.

CONCLUSIONS

The challenges presented in this chapter are very real and complicated by a chaotic mar-

ketplace and often disor ga nized research agenda. As revealed throughout history and con-

fi rmed through contemporary research, plants have played an important role in women’s 

health. However, there remains much work to be done “from bench to bedside.” It is impor-

tant to identify which botanicals are most effi cacious for a given condition as well as how 

they compare with conventional treatments in terms of safety, effectiveness, and cost. Phar-

macokinetic and pharmacodynamic studies are essential as well as research on safety dur-

ing pregnancy and lactation.

Chaste tree appears to be a viable and safe approach for PMS, especially for women who 

choose not to take oral contraceptives and for whom lifestyle changes are not enough. 

Chaste tree may have the potential to address certain types of female infertility, which 

could be very cost effective if proven clinically effective. For PMS and infertility, the herb 

will be taken by women of reproductive age— so the question of safety in pregnancy is an 

extremely important one. If chaste tree can correct latent hyperprolactinemia, this would 

mean a safer and more tolerable treatment for many women. But before this can be studied, 

dose- ranging studies in women specifi cally looking at prolactin levels are imperative. And 

basic science is needed to determine what constituent(s), if any, should be considered for 

standardization based upon the condition being treated.

There is defi nitely a need for more rigorous and creative research in the area of botani-

cals and women’s health. The researcher studies the effi cacy and mechanism of a given 

therapy so that broad numbers of patients may potentially benefi t from the treatment. Clini-

cians working in the fi eld of women’s health are keenly aware that treatments must often be 

tailored to meet the individual needs of the woman and that there is often not one simple 

answer. Clinicians and researchers could benefi t greatly from more extensive dialogue with 

each other— so that each can share their unique experiences and worldviews, learning from 

each other to improve both research and clinical care. For in spite of the lack of rigorous 

research for many botanicals, it is highly likely that many women will continue to seek out 

these therapies as a means of self- treatment and self- care.
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See Chinese medicine, traditional

Tribulus terrestris, 39

Trichophyton series, 46

Trigonella foenum-graecum (fenugreek), 16t, 
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