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Current progress in the use of traditional medicines and

nutraceuticals

Stephen Barnes'**® and Jeevan Prasain'*

Traditional medicines in the form of botanical dietary
supplements and nutraceuticals have found a place in 215t
century healthcare. They nonetheless all contain compounds
that are foreign to humans (i.e. xenobiotics) and that are subject
to the same pharmacological issues encountered by synthetic
therapeutic agents. It is crucial therefore for all parties, the
medical profession, investigative scientists, the regulatory
agencies and the public, to understand the particular
characteristics of botanicals and nutraceuticals and their
potential for success and failure in preventing and
confronting disease.
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Introduction

Botanicals have had a long history of use in traditional
medicine. In many countries, they have been and remain
the major source of medication for a wide range of
ailments. The development of synthetic organic chem-
istry in the late 19™ century, combined with the arrival of
chromatographic separation methods in the first half of
the 20™ century, led to the isolation and identification of
the bioactive principles in botanicals [1-4]. Nonetheless,
despite the sophistication of modern organic chemistry,
the ability of plants to make a particular stereoisomer of a
bioactive compound has ensured that, in many cases, they
remain the source of certain medicinal compounds. Even
in the USA, 50% of the chemotherapeutic drugs used in
the treatment of cancer in 2004 have their origin in plants
[5]. Indeed, the relative ineffectiveness of combinatorial
chemistry in the search for compounds that are both
efficacious and non-toxic has led some investigators

(and particularly the public) back towards botanicals.
Three excellent reviews on the importance of plant-
derived compounds to the discovery of new therapeutics
appeared in 2004 [6-8]. One of these examines whether
natural-product scaffolds might restore the value of the
combinatorial approach [8]. Finally, we strongly recom-
mend the 2003 review by Surh [9] because it is crucial to
understand the mechanism of action of phytochemicals.
In this opinion, we present a history of the introduction of
these plant and food-derived products, and discuss the
major issues, excitement and controversies associated
with their current use.

Plants are chemical engines: they have more genes than
mammals, including humans. They need this biosyn-
thetic capability to defend themselves against a large
number of environmental enemies. It’s good that plants
are so successful, otherwise how would CO, be converted
to oxygen or nitrogen fixed to make this planet inhabi-
table? Because plants produce bioactive compounds in
natural environments, their relationship to their surround-
ings has been a guide to the likelihood of identifying a
useful bioactivity. For instance, plants or organisms that
flourish in hostile microbial environments do so by releas-
ing anti-microbial compounds. Fleming’s observation of
the anti-bacterial effect of penicillium molds [10], and the
later isolation and identification of penicillin by Florey
and colleagues [11], had an enormous impact on the
treatment of infectious diseases, albeit with unprece-
dented social consequences.

Many plants are toxic to those who ecat them. However,
man (or perhaps more likely woman) had the wit to apply
fire (and latterly cuisine) to degrade the harmful effects of
plant toxins. During the ascent of man, societies deter-
mined those plants that were edible, those that appeared
to have medicinal properties and those that were simply
toxic. Many of the plants that had medicinal properties
were hallucinogens, which provided the giver with the
power to entrance, but not necessarily to cure or treat, the
patient.

Diet and chronic disease

In the past 20 years, biomedical research has revealed that
diet plays important roles in the prevention and progres-
sion of many of the major contemporary chronic diseases
(e.g. atherosclerosis and cancer) [12-16]. This apprecia-
tion of the role of diet in the prevention of disease was not
actually new, rather freshly rekindled. In the 16™, 17®
and 18™ centuries, many crewmen on long voyages across
the South Pacific suffered, and often died, from scurvy. In
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what was, in effect, a set of government-ordained clinical
trials, 18™ century sea captains (under the direction of the
British Admiralty) explored the role of foods and food
practices in maintaining the health of seamen. Some
foods provided the missing (and yet-to-be-determined)
vitamins B and C, whereas others reduced the antiscor-
butic effects of the seamen’s diet.

Epidemiological associations

Epidemiological studies conducted on populations in
individual countries, as well as on migrants moving
between nations with very different disease risks, have
teased out connections between diet and chronic disease
risk. In 1991, the National Cancer Institute in the US,
along with several non-federal organizations, began the
‘5-a-Day’ program to promote the benefits of a diet that is
enriched in fruits and vegetables for the reduction of
cancer risk. These types of foods contain substantial
amounts of vitamins and other phytochemicals. This
move reinvigorated research on the bioactive properties
of phytochemicals. The program has since been
expanded to recommend 5-9 servings of fruit and vege-
tables a day.

It was in this environment that the 1994 Dietary Supple-
ments Health and Education Act (DSHEA) was born in
the USA. This act was driven by the dissatisfaction of
many patients with the slow development of synthetic
therapeutic agents to treat or prevent their diseases. They
argued that the legislation under which the Federal Drug
Administration (FDA) operated for evaluating new drugs
was too restrictive. DSHEA enabled materials that had
been used or were being used in traditional medicine (and
whose toxicities were ‘known’) as of October 157 1994, or
materials that were classified as dietary supplements, to
be exempt from FDA regulations. New dietary-supple-
ment preparations that were made up of these exempt
materials could be brought to market without clinical
trials. Indeed, the only safety profile that is needed is
one that has to be provided by the manufacturer within 75
days before starting to sell the dietary supplement com-

Table 1
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mercially. The DSHEA legislation gave birth to a large
industry, with annual sales of dietary supplements in the
USA rising to US$18 billion in 2002.

Botanical dietary supplements deliver a concentrated
form of presumed bioactive agents from plants that are
not generally part of the food supply. The term nutra-
ceutical has no regulatory definition. Nutraceuticals
represent products that are isolated or purified from foods,
although they are generally sold in medicinal forms that
are not usually associated with the original form of the
food. They have some demonstrable physiological benefit
or properties that contribute to the prevention of chronic
disease and are used in dosages that exceed those that
could be obtained from normal foods. Vitamins and their
relatives are good examples of this class of product.
Several bioactive phytochemicals have been reported
from herbal medicines used in Traditional Chinese Med-
icine and Ayurvedic Medicine [17-19].

Many phytochemicals in edible plant materials (e.g.
genistein in soybeans and curcumin in turmeric) and
plant extracts that are used in traditional medicine or
in dietary supplements are freely available to the public
[3,17,20]. During processing, it is not always known which
compounds to keep and which to throw away. Strictly
speaking, a dietary supplement is the result of relatively
simple procedures (i.e. extraction with water or tincture of
alcohol).

Successes and failures of dietary
supplements and nutraceuticals

Metabolism, enzyme induction and competition

The current top-ten botanical dietary supplements
(Table 1) contain a wide variety of chemicals. They
arc all xenobiotics and, just like many conventional
therapeutics, they are subject to metabolic processing
by the phase I and phase Il enzymes in the small intestine
and liver [21-24]. This represents some concern. The
amounts of a drug that are delivered to its site of action are
determined, in many cases, by the rate of its metabolism.

Top ten botanical dietary supplements in the USA.

Herbal Claimed benefit Bioactive principle(s)

Ginkgo biloba Enhancement of memory, Alzheimer’s disease, glaucoma Flavone glycosides, terpene lactones
Garlic Fights infection, cardiovascular, boosts immunity Allicin

Echinacea Boosts immunity Inulin, echinacoside

Ginseng Male infertility, diabetes, epilepsy, immune function Gingsenosides

Saw Palmetto
St. John’s Wort

Prostatitis, benign prostatic hyperplasia

Depression, anxiety, infection in wounds and burns

Liposterols
Hypericin, hyperforin, flavonoids

Feverfew Migraine headaches Sesquiterpene lactones (parthenolide)

Ginger Motion sickness, osteoarthritis, indigestion, Zingiberene and bisabolene, gingerols and shogaols
irritable bowel syndrome, vertigo, early morning sickness

Valerian Insomnia, anxiety Many, GABA receptor agonists

Ephedra® Coughing, weight loss Ephedrine, pseudoephedrine

2 Ephedra is now banned as a dietary supplement by the FDA.
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One of the effects of the botanical compounds can be to
compete with another (often conventional) drug for a
particular metabolic step, thereby raising the drug con-
centration for a given dose that reaches the site of action.
Conversely, a botanical compound might induce an
enzyme and so increase the rate of metabolism of a drug
and hence lower its effective concentration. The inter-
action between St. John’s Wort and indinavir (a protease
used in HIV therapy) is believed to be due to increased
CYP3A4 activity, which metabolizes the drug and so
reduces its effectiveness [25]. Other herb—drug interac-
tions have been predicted from this study [26-28].

Toxicities

In many respects, the reported toxicities of botanical
dietary supplements are an artificial problem created
by the junction of traditional medicine and modern
pharmacology. A patient in a society where only one of
these medical practices is used will be treated by a
physician who is knowledgeable in that group of medica-
tions. The problem lies in that the American or European
(patient or doctor) has little information about traditional
medicines, or the dietary supplements that they are made
into. A good example is Ephedra (or Ma Huang), which is
used in Chinese traditional medicine at doses that are
sufficiently low that toxic effects associated with higher
doses have not been observed. As a consequence, Ephe-
dra qualified as a dietary supplement under the DSHEA
legislation. Ephedra contains the alkaloid ephedrine,
which is a bronchodilator. Because it is a stimulant,
and is related in its effects to the previously banned
amphetamines, Ephedra was used legally by segments
of the public to reduce body weight. The young, includ-
ing athletes, were the targets of advertising by the man-
ufacturers of Ephedra products and, because of their
inexperience, began consuming doses that were outside
the range used by traditional medicine practitioners.
Ephedra became linked to many cases of serious clinical
complications or death and, consequently, the FDA
issued a rule in 2004 that led to the ban of Ephdra as a
dietary supplement, although its use in Chinese tradi-
tional medicine was left untouched.

Experimental paradigms and research on traditional
medicine and nutraceuticals

One of the limitations of the research carried out on
botanicals has been the use of the paradigm in which
each compound is studied in isolation to determine its
intrinsic activity and mode of action. This approach is
relevant to the evaluation of synthetic therapeutics but is
not appropriate for botanicals that are a mixture of com-
pounds. A priori it is not intended that they should be
prepared as isolated compounds: in that case, they would
be more like drugs and should be subject to normal FDA
drug regulations. When analyzed in isolation, the activ-
ities of compounds that are purified from botanicals are
often disappointing or even opposite when compared to

those suggested by previous research. An example of such
an ‘opposite’ effect was revealed by trials of B-carotene
in the prevention of lung cancer. Instead of providing
protection, as predicted by epidemiological studies and
pre-clinical studies, an increase in the rate of cancer was
observed in the B-carotene intervention trial [29,30].
There i1s a basis for explaining these data: B-carotene,
like several other phytochemicals, is believed to react
with radicals that are created by cellular oxidants. This
reaction slows the rate of radical-induced damage to DNA
and proteins because the B-carotene radical is chemically
less reactive than other radicals produced in cells. In the
presence of an excess of (B-carotene, however, there will
be large concentrations of the (-carotene radicals and
these will cause just as much or more damage than occurs
in the absence of B-carotene. In patients whose diets were
non-supplemented but rich in phytochemical, the various
phytochemicals can exchange the radicals until they
eventually encounter radical-terminating anti-oxidants
such as vitamin C. Under those circumstances, the com-
bination of phytochemicals is more powerful than the sum
of the components [31].

Excitement in dietary supplements and
nutraceuticals research

T'wo polyphenols (resveratrol and the proanthocyanidins)
that are present in grapes have generated much excite-
ment in the past couple of years for those wanting to
increase their life span and brain power (Figure 1). It has
been long known that a 30% reduction of normal caloric
intake in mice causes them to live longer [32]. A similar
result has been observed in other model organisms (yeast,
Caenorhabditis and Drosophila) [33]. Using the yeast
model, investigators searched for (and found) a yeast
gene (Sir2, a member of the sirtuin family) whose absence
eliminated the effects of caloric restriction [34]. Sir2 is a
histone deacetylase. It is NAD-dependent and increases
in activity under the conditions of caloric restriction
because of elevated levels of NAD. This precipitated
an intense search for compounds that increased Sir2
activity. Rather than compounds from patented pharma-
ceutical libraries, the most active group is the polyphe-
nols, in particular the grape polyphenol resveratrol (a
stilbene) [35]. When included in the yeast growth med-
ium, resveratrol extended the life of wildtype yeast, but
not when Sir2 was deleted. Similar results were reported
in Drosophila and Caenorhabditis[36].

The proanthocyandins are well known to be strong anti-
oxidants 7z vitro. However, their polymeric nature and
high molecular weight suggests that they would be unli-
kely to be absorbed either through the intestinal wall or
across the blood—brain barrier. Nonetheless, animals on a
high proanthocyanidin diet, such as one that is rich in
blueberries, have a better short-term memory than those
on a control diet [37,38]. A recent proteomics study
showed that grape-seed extract that contains proantho-
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Figure 1

Curcumin

Current Opinion in Plant Biology

Chemical structures of three polyphenols identified as important
bioactives in 2003-2004. Resveratrol is a stilbene found in grapes;
procyanidin B, is a proanthocyanidin in grape seed extract; and
curcumin is a part of turmeric, an important of Indian cuisine and
Ayervedic medicine.

cyanidins is able to systematically and reproducibly alter
the expression of brain proteins in young rats [39]. It was
interesting that these changes in protein expression were
opposite to those observed in patients with neurodegen-
erative disease or in animal models of these diseases.
Thus, the development of seedless grapes might have an
unexpected detrimental effect. Grape-seed extract also
reduced the number of mammary tumors in a carcinogen-
induced adult rat model of breast cancer [13]. It was
necessary, however, that the animals also consumed a
laboratory chow diet; neither added genistein nor grape-
seed extract had any effect on tumor number when the
rats were fed a semi-purified soy-free diet. These results
stress the importance of interactions between compo-
nents of the diet over the lifetime of the animal.

Finally, an exciting role for curcumin, which is present in
turmeric, has been identified in mice that carry the AF508
mutant CF'TR gene for cystic fibrosis [40]. Although the
mutant protein is expressed, it accumulates in the endo-
plasmic reticulum as a mis-folded protein. When admi-
nistered in the diet, curcumin resulted in the transfer of
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the AF508 mutant CF'TR protein to the plasma mem-
brane as well as normalization of the nasal potential
difference caused by defective chloride ion transport in
mutant CF'TR mice. This result has been disputed by a
later study [41]; however, in this study curcumin was
administered directly to cell preparations rather than to
the animals. This suggests that curcumin might be a pro-
drug that undergoes metabolic activation in the mouse
but not in cell-culture preparations.

Conclusions

Research on the materials of traditional medicine and on
dietary supplements is encountering many of the
mechanisms and challenges frequently encountered in
mainstream pharmacology. The optimal use of these
materials requires a greater knowledge of the practices
of traditional medicine than is currently taught to the
medical profession, or understood by the public. None-
theless, such materials continue to provide an exciting
interplay between the needs of plants and man.
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