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We are truly living in a time of change.  Looking back at
1998 . . . the following events had relevance to the emerging,
evolving field of nutraceuticals.

OAM to CCAM at NIH

The growth and acceptance of complementary/alterna-
tive/integrative medicine has had a tremendous influence on
the popularity of nutraceuticals.  In October, congress passed
legislation that elevated the Office of Alternative Medicine
(OAM) at the National Institutes of Health (NIH) to the status
of a Center . . . the Center for Complementary and Alternative
Medicine (CCAM).  As a center with a 50 million-dollar bud-
get, it will have greater autonomy within NIH and will be able
to fund its own grants.  Nutraceuticals are expected to be well
represented in CCAM-funded clinical studies. In addition,
congress provided an additional million dollars to support the
establishment of a new White House Commission on
Complementary and Alternative Medicine Policy to make rec-
ommendations on policies in this area.  JANA welcomes the
opportunity to publish federally funded scientific research on
the use of nutraceuticals.  In this issue, an important original
research article by Darrell See, MD, et al., An In Vitro
Screening of 196 Natural Products for Toxicity and Efficacy,
was funded in part by a grant from the Public Health Service.

JAMA Publishes Articles on Complementary Medicine

In November 1998, the American Medical Association
publications, including JAMA, published 80 articles on various
topics dealing with complementary and alternative medicine.
Wow . . . . times are really changing.

Pharmaceuticals and Nutraceuticals

More pharmaceutical companies announced plans to
enter the nutraceutical market in 1998.  Boehringer Ingelheim's
Pharmaton Natural Health Products was one of the first large
companies to enter this field in the USA.  They recognized
early on that health care professionals play an important role in
a consumer's choice of nutraceutical products.  More recently,
American Home Products, Bayer Corporation, Warner
Lambert, and Novartis have introduced nutraceutical lines.
Other pharmaceutical companies are expected to develop and
market nutraceutical products.  The ANA welcomes the tradi-
tional pharmaceutical companies to the nutraceutical field.
Quality assurance and clinical validation, plus consumer and
professional education, are standards of these companies.
These are also ANA objectives.

ANA - Sponsored Nutraceutical Pavilion  at Pri-Med 

In 1998, ANAreached an agreement with Pri-Med  (Primary
Medicine Today) to establish a nutraceutical pavilion at the three
Pri-Med Conferences and Exhibitions held annually in Boston,
Fort Lauderdale, and Long Beach. Attended by over 18,000 pri-
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mary care physicians, this important market can be reached by
exhibiting in the ANA-sponsored nutraceutical pavilion.

Medical and Pharmacy Education Expanding

The number of medical schools with programs or cours-
es on complementary medicine, including nutraceuticals, is
now close to 50.  Several pharmacy schools are offering cours-
es in natural products, and there are now many continuing edu-
cation (CE) programs on nutraceuticals in both professions.
The ANA is sponsoring a continuing medical education con-
ference (CME) titled Nutraceuticals in Medicine this March
in San Diego, and a CE program for pharmacists at the
Michigan Pharmacists Association annual meeting.  Plans are
also being developed by ANA for numerous other continuing
education programs for pharmacists and physicians during
1999.  Three speakers from ANA, including our president,
Derrick DeSilva, MD, will be featured at the 1999 annual
meeting of the American Pharmaceutical Association in San
Antonio. The ANA is committed to encouraging "good sci-
ence" that can be conveyed to health care professionals
through our journal, JANA, our newsletter, the Grapevine, and
educational programs across the country.  We also are working
with other professional healthcare associations to provide
speakers on nutraceuticals for their meetings and conventions.

Original Research and Review Articles 

We would like to draw your attention to the original
research articles on nutraceuticals that appear in this issue of
JANA.  In addition to the work by See et al. mentioned earlier,
this issue contains important peer-reviewed articles on hista-
dine and gastritis, selenium and prostate cancer, dietary sup-
plements and cholesterol, and a look at the micro-nutrient defi-
ciencies in weight loss programs and the need for nutraceuti-
cal dietary supplementation in the obese population and in
weight management programs.  You will also find in this edi-
tion important review articles on the immunostimulatory
effects of beta-1,3-glucan and acemannan, and on DSHEA by
our general counsel, Fred Degnan. 

ANA Membership Increases

ANA continues to grow. There will be over 5,000 health-
care professional members in seven countries by the end of the
first quarter of 1999.  If you are a healthcare professional we
encourage you to become a member of ANA to be kept
informed about ANA sponsored educational programs
planned for 1999, and receive our educational publications.

We hope that you enjoy this issue of JANA. Please share
your comments by e-mail (ANA@AmericaNutra.com), or fax
(205) 991-9302.

Christopher M. Foley, MD
Allen M. Kratz, PharmD

Co-editors
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Over the last eighteen months, the course of federal

regulation of dietary supplements has become increasingly

clear.  The Food and Drug Administration (FDA) has shared

its thinking on, among other things, the appropriate con-

tours of structure or function  claims, the procedures for

identifying and implementing health claims based on the

conclusions of “authoritative”  scientific bodies, and the

considerations that accompany determining when a dietary

supplement is represented as a conventional food and, thus,

outside the regulatory umbrella of the Dietary Supplement

Health andœEducation Act (DSHEA).  The Federal Trade

Commission (FTC) has also invested a

considerable amount of time and effort

in developing its guidance on the appro-

priate safeguards to employ in advertis-

ing dietary supplements and nutraceuti-

cals and the types of information need-

ed to lawfully substantiate claims for

such products.  

The agency’s policies and guid-

ances have been criticized by industry.

Many commentators have advocated

that the agencies exercise a more liberal

interpretation of the prevailing statutory

authorities governing the types and

nature of claims that can be made on

behalf of supplements and nutraceuti-

cals.  

Controversy between the dietary

supplement industry and federal agencies is not new.  In

FDA’s case, in particular, there is a long history of adversi-

ty.  Candidly, marketing practices of a number of supple-

ment manufacturers have, in part, justified this agency reac-

tion.  Industry critics rightly note, however, that FDA, par-

ticularly in the years following the 1976 Proxmire

Amendments, stretched the authority in the Food, Drug, and

Cosmetic Act (the “Act”) to unnecessarily broad limits in an

effort to control harmless dietary supplements.  

In many respects, DSHEA was designed to address the

tension between the regulators and industry over the appro-

priate contours of dietary supplement regulation. The legis-

lation, as explained by President Clinton, was designed to

“bring common sense to the treatment of dietary supple-

ments under regulation and law.” To help bring about this

end, the legislation:

• defines dietary supplements,

• generally places the responsibility for insuring the safety
of such supplements on their manufacturers,

• identifies how published literature may be used in 
connection with the sale of dietary supplements,

• specifies the types of statements ( e.g., “structure or 
function” claims) that may be made on actual product
labels, specifies certain labeling requirements, and 

• provides for the establishment of regulations for good
manufacturing practices.

These components of DSHEA

help form a new regulatory rubric for

dietary supplements. They do not,

however, result in a carte blanche for

dietary supplement manufacturers to

make and sell their products in a regu-

latory or public interest vacuum.  

It is the general premise of this

article that there are corollary consider-

ations that must accompany any exam-

ination of what DSHEA has done and

has not done with regard to reducing

the regulatory burden on the ability of

dietary supplement manufacturers to

market their products.  These consider-

ations include a focus on how a manu-

facturer can best implement DSHEA

and, in the process, increase existing

scientific knowledge about the attributes and possible ben-

efits of dietary supplements.  To this end, the remainder of

this article will address areas where a science-based per-

spective can open doors framed by DSHEA and can

enhance the reputation of the industry by insuring the value

and safety of supplements and related products.  

1. As a general rule, any statement that appears on

the label of a supplement must be accompanied by a dis-

claimer to the effect that the statement has not been evalu-

ated by FDA andœthat the product is not intended to diag-

nose, cure, treat, or prevent disease.

R E G U L A T O R Y A F F A I R S

DSHEA and the Role of Sound Science
Fred Degnan, King & Spalding - ANA General Counsel

Great opportunities

for the dietary 

supplement and

nutraceutical indus-

try are presented by

DSHEA.  Arguably,

great responsibili-

ties accompany

these opportunities.
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1. “Structure or Function”  Claims

Few things are as important to a dietary supplement or

food manufacturer as the type of information that may be

communicated on the label of its product.  There is no bet-

ter, more credible, or direct vehicle to tout the qualities and

attributes of a product. FDA’s April 29, 1998, proposed reg-

ulations regarding the scope of permissible statements

under DSHEA suggest criteria for determining the types of

label statements that can be made concerning the effect of a

dietary supplement on the structure or function  of the

body.1 The proposed regulations also suggest criteria for

determining when a statement about a dietary supplement

amounts to a drug claim, i.e.,  a claim to diagnose, cure,

mitigate, treat or prevent disease (the agency s reasoning in

the proposal is applicable to the “structure or function”  lan-

guage found in  201(g)(1)(C) of the Act as well, and thus

relates to the types of such claims that can be made not only

about dietary supplements but also about traditional foods.)

The agency has received scores of comments criticiz-

ing the narrow nature of its proposed criteria and its will-

ingness to see implied benefits for disease in the majority of

“structure or function”  claims.  Although there is arguable

merit to these comments, the nature of the agency’s concern

is understandable and not without legal support.  Simply

put, FDA has the legal authority to prohibit structure or

function claims  that clearly imply that a dietary supplement

or any other food is intended to diagnose, cure, treat, or pre-

vent an identifiable disease or class of diseases.  If the

agency’s regulation of therapeutic claims were not as com-

prehensive and well-substantiated as it is, a more flexible

interpretation of an appropriate structure or function  claim

could be entertained.2 (As a pragmatic necessity, some

flexibility must be applied because almost any structure or

function claim could be implemented as implying a benefit

against illness or disease.) But, federal regulatory authority

governing the regulation of safe and effective drugs has

been applied in a rigorous manner that has helped this coun-

try’s drug and pharmaceutical products to be as safe and

effective as reasonably possible.  Thus, FDA, for good rea-

son, wishes to guard against inroads to the integrity of such

a system.  

Although supplement manufacturers firmly and, in

many cases with good reason, believe in the therapeutic

benefits of their products, crossing the line between a

dietary supplement and a drug creates the real potential for

justifiable regulatory concern.  At its core, DSHEA contem-

plates a response that would establish an appropriate mid-

dle ground: the collection of meaningful scientific data to

support clear and focused “structure or function” claims

that do not imply or promote a therapeutic endpoint.  To

this end, focused, well-conceived testing designed to estab-

lish what a supplement actually does in the body, e.g.,  how

it interacts at the cellular level, can provide the basis for

protected and meaningful structure or function  claims.

Simply put, when first-rate scientific testing is undertaken

to take advantage of DSHEA and its authorization of struc-

ture or function  claims, the upshot will be the realization of

the DSHEA based goal of clearly and unambiguously com-

municating the biological effect of a substance on the struc-

ture or function of the body.  A basic presumption of

DSHEA is that no incentive would exist for FDA (and, by

extension, FTC) to take issue with any objective, balanced,

representation of such data. 

2. The Labeling Exemption

By preventing FDA from considering certain types of

literature as “labeling”  within the meaning of the Act and,

therefore, from using such literature to establish drug sta-

tus, DSHEA presents yet another inducement for manufac-

turers to conduct meaningful scientific investigations and

have their results reported in balanced scientific “publica-

tions.”   DSHEA permits these “publications”  to be used in

connection with the sale of the dietary supplement.  The

term “publication” expressly includes an “article,”  “a

chapter in a book”,  or an “official abstract of a peer-

reviewed scientific publication prepared by the author or

editors of the publication.”   The publication must be print-

ed in its entirety and must satisfy a number of statutory cri-

teria, most notable of which are the requirements that the

publication may not promote a particular manufacturer or

brand of dietary supplement, must present a balanced view

of the available scientific information on the supplement,

must be physically separate from the dietary supplement at

point of sale, and must not be false or misleading.  

The labeling exemption presents an extraordinary

opportunity to dietary supplement manufacturers.  By com-

missioning one sound scientific investigation and seeing to

it that it is published in an appropriately scientific manner,

dietary supplement manufacturers may share the results of

that investigation directly with consumers in a fashion sim-

ply not permitted in the past without first securing FDA

authorization.  The exemption presents supplement manu-

facturers with the chance to enhance the credibility of their

products by undertaking meaningful scientific investiga-

tion.  Conversely, manufacturers possess the ability to

cheapen the value of this exception by the nature of the

research they choose to sponsor and communicate.  The

challenge, and the choice, belong to industry. 2. As a pragmatic necessity, FDA must apply some flex-

ibility because almost any structure or function claim could

be interpreted as  implying, ultimately, a benefit against ill-

ness or disease.

Vol. 2, No. 1  JANA  3
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3. Product Safety  

DSHEA exempts an ingredient falling under the defin-

ition of “dietary supplement” or intended for use in a

dietary supplement from the rigorous food additive provi-

sions of the Act.  Moreover, in passing DSHEA, Congress

seized upon a novel safety standard for supplements: a

dietary supplement or dietary ingredient will be considered

adulterated if it “presents a significant or unreasonable risk

of injury”  under its ordinary conditions of use.  The burden

of proof that a substance does not measure up to this stan-

dard is squarely placed upon FDA.  A new standard has also

been established for “new dietary ingredients”  requiring, in

some cases, complete pre-market notification.  

These substantive changes in the safety authority

governing dietary supplements create significant eviden-

tiary burdens for FDA and have resulted in shifting the

agency’s regulatory focus to the labeling and advertising

of these products.  FDA is simply not likely to spend its

limited resources to investigate the safety of supplements.

The result, ironically, of this general abdication from fed-

eral safety evaluation of dietary supplements is a height-

ened burden on manufacturers to substantiate the safety

of their products and avoid potentially devastating prod-

The Food and Drug Administration on January 22, 1999 asked dietary supplement manufacturers to recall prod-

ucts containing a chemical that the agency has linked to one death and serious side effects in at least 54 people.

The FDA has warned consumers to stop taking any products containing the ingredient gamma butyrolactone

(GBL) which is used in a number of dietary supplements sold via the Internet, in health food stores, and in gymnasi-

ums.  GBL is found in products marketed under such brand names such as Renewtrient, Revivarant or Tevivarant G,

Blue Nitro or Blue Nitro Vitality, GH Revitalizer, Gamma G, and RemForce.

"These are dangerous products that consumers need to know they should not be using," said Joseph Levitt,

director of the FDA’s Center for Food Safety and Applied Nutrition, which regulates dietary supplements.

Companies have claimed that GBL products build muscles, reduce weight, improve athletic and sexual perfor-

mance, reduce stress and improve sleep.  In fact, the chemical – also known by the chemical names 2(3H)-furanone

dihydro; butyrolactone; gamma-butyrolactone; 4-butyrolactone; dihydro-2(3H)-furanone; 4-butanolide; 2 (3H)-fura-

none, dihydro; tetrahydro-2furanone; and butryrolactone gamma – affects the central nervous system and can slow

breathing and heart rate to dangerous levels.  This can lead to seizures, unconsciousness, coma and vomiting.

The FDA urged consumers who have used these products and suffered side effects to contact their doctor and

the FDA MedWatch program at 1-800-332-1088.

ucts liability litigation.  Thus, in some ways, dietary sup-

plement manufacturers are now more vulnerable than ever

if the products they market cause harm to consumers.  A

prudent industry response under such circumstances is, in

the interest of consumers, to confirm the safety of its

products prior to marketing by conducting sound, science-

based safety testing. 

CONCLUSION

There has been an aspect and element of cold water in

your face to this article.  That’s intentional.  Great opportu-

nities for the dietary supplement and nutraceutical industry

are presented by DSHEA.  Arguably, great responsibilities

accompany these opportunities.  A self-imposed, science-

based orientation to product development and marketing is

an appropriate response to these opportunities.  This article

has been designed to highlight three areas where science-

based attention to details would not only respond to the

meaningful opportunities presented by DSHEA, but also

help enhance the reputation of the industry, ensure the value

and safety of its products, and, in the process, confirm

Congress’ judgment in entrusting to industry such awesome

responsibility.

Dietary Supplement Warning and Recall

4  JANA Vol. 2, No. 1 
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R E V I E W A R T I C L E

Immunostimulatory Effects of 
Beta-1, 3-Glucan and Acemannan 

Jason C. Cooper, PharmD*

Nannette Turcasso, PharmD., BCPS*

INTRODUCTION

The immune system is a complex network of soluble

factors, cells, and tissues that can recognize and respond to

a wide range of potentially harmful agents. The function of

the immune system is to protect the body from damage

caused by invading organisms including bacteria, viruses,

fungi, parasites, and environmental toxins.   On initial expo-

sure to an antigen (e.g., virus), the immune system mounts

a two-step response.  First, a nonspecific inflammatory

response isolates the virus and, with the assistance of anti-

gen-specific immune cells, destroys it.  Secondly, special-

ized memory cells function to “remember” the invader and

produce cells and circulating antibodies that will respond

more rapidly with subsequent exposure to the same virus.1,2

However, dysregulation of the immune system may cause

autoimmune disorders, such as rheumatoid arthritis, or

hypersensitivity disorders including  allergic rhinitis and

certain types of asthma,1 and suppression of the normal

immune response may contribute to the development of

certain types of cancer.1 Thus, a properly functioning

immune system is essential for optimal health.

HISTORY OF GLUCANS

Benacerraf and Sebestyn, in 1957, presented a report

on the influence of zymosan (a crude extract of

Saccharomyces cerevisiae) on macrophage activation.3

They found that zymosan stimulated macrophages, thereby

enhancing phagoctyic activity.  Di Luzio and colleagues

took this initial observation and decided to isolate the active

component of zymosan.  The results of this study demon-

strated that the active fraction of zymosan was glucan.

Although other polysaccharides have immunomodulating

effects, the most effective agent at enhancing host resis-

tance to either infection or malignancies is derived from S.

cerevisiae, L. Edodes, and S. Commune.   

The polysaccharide beta-1,3-D-glucan is a naturally

occurring immunomodulator found in the cells walls of

yeast, fungi, and bacteria.  It is a  potent stimulator of the

reticuloendothelial system, of hematopoiesis, of

prostaglandin synthesis, and of complement.4-8 In animals,

glucan infusions have been shown to protect against infec-

tion and lethal irradiation.9 Furthermore, it has been shown

to promote tumor regression and accelerate wound heal-

ing.10,11 Specific sources of beta-1,3-D-glucan include the

majority of mushrooms in the Polyporaceae family and the

cell walls of Saccharomyces cerevisiae commonly known

as baker’s yeast.3,12

The macrophage is believed to play a central role in

modulating tissue repair.13 Several studies have demon-

strated that beta-1,3-D-glucan accelerates the repair of

experimental surgical wounds.  Leibovich and Dannon

reported that glucan increased macrophage infiltration into

the wound, decreased the time to onset of fibroplasia and

fibrogenesis, stimulated tissue granulation, and enhanced

re-epithelialization in Swiss Webster mice with dorsal full-

thickness skin wounds.14 Portera and coworkers hypothe-

size that glucan phosphate modulates macrophage activity

as a prelude to improving early wound repair, and that glu-

can phosphate stimulates macrophage production of wound

growth factors which are thought to simulate fibroblast col-

lagen biosynthesis. 

To further elucidate the mechanisms of how beta-1,3-

D-glucan improves wound healing, Portera and colleagues

conducted a study to evaluate the effect of pre-and postop-

erative administration of glucan phosphate on wound ten-

sile strength and collagen biosynthesis in two surgical

wound types (skin wound model and colonic anastomoses)
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Nannette Turcasso, PharmD, BCPS

Medical University of South Carolina

Drug Information Center
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in Harlan Sprague Dawley rats.11 Pre- and postoperative

glucan phosphate administration increased tensile strength

in skin wounds on day 3 by 42% (342 +/- 12.2 g versus

241.8 +/- 4.8 g; p<0.05) when compared to the dextrose

control group.  Glucan administration also increased

hydroxyproline content measured on day 3 by 23.5% (242.0

+/- 14.4 versus 196.8 +/- 10.5 p mol/ g; p<0.05).  The intra-

venous administration of glucan 24 hours prior to and

immediately following colon anastomosis increased anasto-

motic tensile strength by 34% when compared to the ani-

mals treated with dextrose (34.2 +/- 2.3 g versus 45.8 +/-

2.1 g; p<0.001).  The hydroxyproline content measured on

day 3 after colon anastomoses in glucan-treated mice was

increased by 7%, however this was not statistically signifi-

cant.  Although most wounds heal without intervention,

there may be instances in which accelerated wound repair

would be desirable (e.g.,  wounds that fail to heal).  Another

potential benefit would be that of decreasing length of hos-

pitalization stay.  These data support that it is possible to

manipulate the wound-healing process in a positive fashion

by using  beta-1,3-D-glucan.     

SELECTED CLINICAL TRIALS 

Babineau and coworkers conducted a double-blind,

randomized trial evaluating the safety and efficacy of beta-

1,3-glucan in surgical patients at high risk for postoperative

infection.15 Beta-1,3-glucan is thought to improve phago-

cytosis of  monocytes, macrophages, and polymorphonu-

clear leukocytes.  These immunostimulatory effects are

thought to reduce the incidence of postoperative infectious

complications.  In order to participate, patients had to be

undergoing major thoracic or abdominal surgery. Of the 34

patients enrolled, 30 were evaluable (three patients had

their surgeries canceled, and one patient voluntarily with-

drew from the study prior to surgery).  Patients were ran-

domized in a 2:1 ratio to receive 0.5 mg/kg of beta-1,3- glu-

can or saline placebo.  Patients received multiple infusions

at the following times: 12 to 24 hours prior to surgery; 1 to

4 hours prior to surgery; 48 hours after surgery; and 96

hours after surgery.  All doses were administered as 1-hour

infusions.  Long-term follow-up was performed 4 and 8

weeks postoperatively.  The primary endpoints of the study

were number of confirmed infections, total number of days

requiring intravenous antibiotics, infection severity (grades

0-3), and number of days in an intensive care unit.

Seventeen patients were in the glucan group and 13 patients

were in the control group.  All patients received standard

preoperative antibiotics according to the preference of their

surgeon.  The total number of adverse drug effects were

similar between groups [178 (58%) in the glucan-treated

group versus 137 (44%) in the control group]. The investi-

gators note that there were no glucan-related adverse drug

events and that the majority of adverse effects were clini-

cally insignificant and were considered typical abnormali-

ties during the postoperative course.  One glucan-treated

patient with stage IV ovarian cancer died secondary to liver

failure.  There were 17 infectious complications in 5 con-

trol patients compared with 7 infectious complications in 5

glucan-treated patients (p = 0.02).  Additionally, there was

a significant reduction in the severity of symptomatology in

the patients treated with glucan compared with that of the

controls. In terms of postsurgical antibiotic use, beginning

on postoperative day 3 and continuing until discharge, there

was a significant reduction in the total number of anti-infec-

tive medications used in the glucan group compared with

the control group.  Furthermore, there was a significant

reduction in the number of anti-infective medications per

patient in the glucan-treated group compared to the control

group (mean days per patient: 0.4 days per glucan-treated

patient versus 10.3 days per control patient; p=0.04).  Time

spent in an intensive care unit was also significantly

decreased for those treated with glucan compared with

those treated with placebo (0.1 +/-0.4 days versus 3.3 +/-

6.3 days; p=0.03). The hospital length of stay was shorter

(12.3 +/- 6.1 days versus 17.0 +/- 15.5 days) for patients

treated with glucan than for those treated with placebo;

however, this was not statistically significant.  The data

support that immunoprophylaxis with beta-1, 3-glucan rais-

es host resistance to infection thereby limiting the number

and severity of postoperative infections.

Babineau and coworkers conducted a double-blind,

randomized, placebo-controlled, multicenter study evaluat-

ing the safety and efficacy of multiple doses of  beta-1,3-D

glucan in high-risk patients undergoing major thoracic or

abdominal surgery.16 Sixty-seven patients were random-

ized in a 1:1:1:1 ratio to receive saline placebo or glucan at

a dose of 0.1 mg/kg, 0.5 mg/kg, 1.0 mg/kg or 2.0 mg/kg.

Patients received the first dose 1 to 6 hours prior to surgery;

the second dose within 4 hours postsurgery; the third dose

was given 48 hours postsurgery; and the fourth dose was

given 96 hours following surgery.  All doses were adminis-

tered as a 1-hour intravenous infusion.  Patients were eval-

uated at 4 and 8 weeks after surgery.  Patients were consid-

ered evaluable when they had received at least two doses of

glucan or placebo (n=64).  After 6 patients had been ran-

domized to receive 2 mg/kg, the dose was reduced to 1

mg/kg due to minor adverse experiences in healthy volun-

teers who had received 2.25 mg/kg.  Two patients withdrew

from the study due to adverse effects.  A 72-year-old

woman (treated with glucan 0.1 mg/kg) with gastric carci-

noma withdrew after receiving the third dose due to an

episode of hypertension, diaphoresis, and nausea.  A 32-

year-old woman (treated with glucan 2 mg/kg) (status: post

gastric bypass) withdrew after she had received the second

dose due to a maculopapular rash on her abdomen and

trunk.  Flatulence, anemia, hypovolemia, and hemoptysis

were not believed to be related to the study medication.

Adverse effects considered to be possibly related to glucan
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administration included fever, headache, hypotension,

vasodilation, nausea, leukocytosis, and maculopapular rash.

The primary endpoints of the study were the number of

infected patients and the total number of infections.  Of the

patients receiving glucan, 7 (41%) treated with 0.1 mg/kg

developed an infection, 4 (24%) treated with 0.5 mg/kg

developed an infection, and 5 (33%) treated with 1 or 2

mg/kg developed an infection.  In comparison, 6 (40%)

patients receiving placebo developed an infection. The

number infections in each treatment group was as follows:

13 in the 0.1 mg/kg group, 7 in the 0.5 mg/kg group, 8 in

the 1 or 2 mg/kg group, and 11 in the placebo group.

Although a trend was noted, none of the primary efficacy

parameters reached statistical significance.   

Felippe and colleagues conducted a randomized, dou-

ble-blind, placebo-controlled trial evaluating the effect of

beta-1-3 glucan on the prevention of nosocomial infection

in patients with multiple trauma.17 The primary endpoints

of the trial were the incidence of nosocomial pneumonia or

sepsis and mortality.   To be eligible, patients could not have

pneumonia or sepsis within 48 hours of hospital admission

and had to have a life expectancy of at least 5 days.  Forty-

one patients were evaluable:  21 in the glucan group and 20

in the control group.  The time between hospital admission

and glucan administration varied from 12 to 145 hours

(mean = 46.2 hours).  The first 9 patients received glucan 30

mg administered intravenously every 24 hours.  The next 12

patients received glucan 30 mg intravenously every 12

hours.  Pneumonia was defined as the presence of persistent

pulmonary condensation on chest x-ray, purulent tracheal

secretion with positive culture, and at least two of the fol-

lowing signs: fever, WBC>10,000 cells/cc, or decrease of

Pa02 inspired fraction 02 ratio.  Chest x-rays were read by

two intensive care physicians.  Sepsis was defined by a pos-

itive blood culture and four of the six criteria: (1) fever >

38.9 degrees C, (2) shivering or hypothermia (central tem-

perature less than 35 degrees C) or both, (3) PaCO2 less

than 32 mm Hg, (4) heart rate > 110 beats per minute, sys-

tolic arterial pressure < 90 mmHg, (5)WBC<3,500

cells/cm3 or more than 15,000 cells/cm3 or (6) immature

neutrophils more than 20% and platelets < 100,000 /cm.3 If

pneumonia or sepsis was suspected, blood samples were

taken for culture and antibiotics were initiated.  Antibiotics

were stopped when the diagnostic criterion of pneumonia or

sepsis was not met within 3-5 days.  Both groups were sim-

ilar with respect to trauma score, age, initial and subsequent

Glasgow coma scale testing, and levels of serum albumin.

In both groups 85% of patients were intubated.  During the

first 3-5 days of admission, low-dose dexamethasone (16

mg per 24 hours) was used on the comatose patients in both

groups to minimize the effects of cerebral edema.  No

adverse effects due to glucan administration were noted

throughout the study.  Two glucan-treated patients (9.5%)

developed pneumonia compared with 11 control patients

(55%); [p<0.01].  Two glucan-treated patients (9.5%)

developed sepsis compared with 7 controls (35%);

[p<0.05].  In terms of mortality, one glucan-treated patient

(4.8%) died related to infection, whereas 6 (30%) of the

controls died due to infection [p<0.05].  These data from

this trial indicate that the immunomodulator glucan can sig-

nificantly decrease nosocomially-acquired pneumonia and

sepsis in patients with multiple trauma.    

Adverse Effects 

Although beta-1,3-D-glucan is generally well tolerat-

ed, adverse effects have been reported.  A 68-year-old man

experienced intermittent fever of unknown origin.18 Later

he was found to have a systemic Saccharomyces infection.

The patient was ingesting 2,700 to 3,150 grams of brewer’s

yeast daily; vitamin E, 1,200 units daily; lecithin; multivit-

amins; and vitamin C.  Prescription medication included

chlorthiazide, 500 mg;  reserpine, 0.125 mg twice daily,

and pentaerythritol tetranitrate, 45 mg daily.  The authors

postulate that live Saccharomyces cells were transported

intact across the patient’s intestinal mucosa. Once

absorbed, fungemia occurred with localization in bone mar-

row. The patient’s infection resolved after he discontinued

taking brewer’s yeast.  Six of 20 patients with acquired

immunodeficiency syndrome (AIDS) or AIDS-related com-

plex receiving intravenous infusions of soluble beta-1-3

glucan developed a keratoderma of the palms and soles.19

The eruption began during the first 2 weeks of therapy,

worsened with increasing doses,  and resolved 2-4 weeks

after glucan therapy was discontinued.  None of the other

735 patients with AIDS or AIDS-related complex not treat-

ed with soluble beta-1-3 glucan developed a similar kerato-

derma.  The authors commented that this reaction may be

limited to patients with AIDS.  

PHASE II PILOT STUDY ANNOUNCED 

In February, 1998, Maitake Products, Inc. obtained a

IND (Investigational New Drug Application) from the FDA

to conduct a Phase II pilot study on the effect of maitake

mushroom D-fraction extract on advanced breast and

prostate cancer patients. Maitake D-fraction, a unique pro-

tein-bound polysaccharide compound based on 1,3 and 1,6

beta glucans, has been marketed as a dietary supplement

both in the USA and Japan since 1995, and has demon-

strated clinical effectiveness in enhancing immune system

function particularly in those patients with various forms of

cancer, HIV/AIDS and chronic fatigue syndrome.  To date

there has been no evidence to suggest any toxicity for either

maitake mushroom or maitake D-fraction extract and this

convinced the FDA to exempt Phase I testing for toxicity

and to directly enter into the Phase II study. 
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ACEMANNAN

Overview/History

Beta-1,4-linked acetylated mannan, more commonly

known as acemannan, is derived from the leaves of the aloe

vera plant (Aloe barbadensis Miller).20 Historically, the

aloe vera plant has been used to cure or treat a wide variety

of illnesses, afflictions, and diseases.  The medical use of

the plant dates as far back as 1500 B.C. when the ancient

Egyptians, in their Book of Remedies, used aloe to cure

infections, for general skin treatment, and in the preparation

of laxative medications.  In the Bible, the Book of John

states that Nicodemus used a mixture of myrrh and aloes to

prepare Christ’s body.  The Greeks (approximately 75 A.D.)

used aloe to promote wound healing and stop hair loss.

They also used it for the treatment of genital ulcers and

hemorrhoids.21 Thus, the plant has been employed for

medical purposes for quite some time.

Currently, acemannan is licensed by the United States

Agriculture for the treatment of fibrosarcoma in dogs and

cats.  Acemannan hydrogel is an ingredient in Carrasyn Gel

Wound Dressings® (Carrington Laboratories), and Phase I

trials have been completed with an injectable preparation of

acemannan as an antiviral/immunomodulator.22

Acemannan is also an active ingredient in a nutraceutical

product, Manapol® powder (Caraloe, Inc.).  Manapol®

powder is also licensed and sold to other nutraceutical man-

ufacturers for use in  proprietary nutraceutical products for

immune system support.  Over the past ten years,

researchers have had a growing interest in the immunos-

timulating properties of acemannan and its potential uses in

humans.  

In mammals, mannans have been shown to activate

macrophages and T-cells.23 This finding would therefore

contribute to the vast history surrounding the use of aloe

vera over the centuries (e.g., treatment of wounds), since

macrophages are important in the inflammatory and

debridement phases of wound healing.24 Besides wound

healing, however, does acemannan, and the fact that it has

been shown to stimulate certain cell lines, have the poten-

tial to be used in the treatment of other diseases that attack

our immune systems?  Could the immunologic- stimulating

properties of acemannan be used to ward off infections in

humans:  bacterial, viral, and fungal?  We will examine the

immunostimulating properties of acemannan, as well as its

antiviral, antibacterial, and antifungal properties in humans

in order to determine its usefulness in fighting off infec-

tions.

EFFECTS ON THE IMMUNE SYSTEM

Macrophages

The activation of macrophages within the immune sys-

tem is critically important.  After macrophages are stimu-

lated by a particular trigger, other cytokines are released.

Macrophages, in turn, release such important players as

interleukin-1 (IL-1), interleukin-6 (IL-6), tumor necrosis

factor-  (TNF- ), and nitric oxide (NO).  All these work to

boost the immune system and help fight off infection with-

in the human body.2 Yet, most of the information concern-

ing the effects of acemannan on macrophages has come

from studies conducted in mice.   

In a study performed by Zhang and Tizard, the effects

of acemannan on a mouse macrophage cell line were

observed.25 A specific type of mouse macrophage  cell line,

RAW 264.7, was obtained and then incubated along with

either acemannan (100 g/mL), interferon-  (IFN- ) (10

U/mL), acemannan/IFN- (100 g/mL, 10 U/mL), or plain

medium for 24 hours.  The acemannan/IFN-  combination

caused greater morphological changes (enlargement, cyto-

plasmic spreading) than did acemannan or IFN-  alone.  The

production of IL-6 and TNF-  was determined to be based

on the dose of acemannan and not due to the presence of

IFN-.  Nitric oxide release was also greatest in those cells

treated with the acemannan/IFN-  combination.  Nitric

oxide is important in regulating the bactericidal and tumo-

ricidal actions of macrophages.26 Adhesion molecule

expression (CD11a, Mac-1, and CD18), which also plays

an important role in macrophage activation, was measured

by flow cytometry.  The expression of such molecules was

not increased by exposure to acemannan alone, but mole-

cule expression was significantly increased after exposure

to acemannan/IFN- .  Data further revealed that long-term

incubation (< 48 hours) with the acemannan/IFN-  combi-

nation stimulated macrophages enough for the production

of NO.  Thus, the data showed that macrophage production

of  IL-6 and TNF-  can be stimulated by acemannan alone,

but the combination of acemannan/IFN- produces greater

changes in cell morphology, cell adhesion molecule expres-

sion, and NO production.

Nitric Oxide 

Similar results were found in a study performed by

Ramamoorthy and colleagues concerning the production of

NO by a macrophage cell line (RAW 264.7).27 Adhered cells

were cultured for 8 hours in either acemannan, IFN-y, ace-

mannan/IFN-y, or plain medium and then assayed for NO

production.  The data showed that acemannan (10-50 g/mL),

when combined with IFN-y  (1 U/mL) for 24 hours, resulted

in the highest concentrations of NO production by

macrophages.  The mechanism for the increased NO produc-

tion was determined to be related to the expression of mRNA

for an inducible form of NO synthase (iNOS), since levels of

iNOS mRNA were significantly elevated in the presence of

IFN-y  (1U/mL) and acemannan (50 /mL) versus acemannan

alone.  Therefore, acemannan and IFN-y  together cause tran-

scriptional activation of the iNOS gene, leading to the pro-

duction of NO synthase and subsequently, NO itself.
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Lymphocytes 

Based on its potential use as an antiviral agent, ace-

mannan was studied for its activity on the generation and

function of cytotoxic T-cells.28 Cytotoxic T-cells are a sub-

population of T-cells that destroys allogeneic cells and also

targets virally infected cells.2 A 0.5% weight/volume solu-

tion of acemannan was prepared in tissue culture media.

The resultant concentrations were determined to be those

therapeutically found  after oral administration.  The ace-

mannan solution was added to a mixed human lymphocyte

culture and incubated for 6 days.  (A mixed lymphocyte cul-

ture is an in vitro model of what happens in the body when

immune cells participate in the response to viral antigens.)

Acemannan enhanced the generation of cytotoxic T-cells in

a dose-related manner, and increased the capacity of cyto-

toxic T-cells to destroy previously sensitized target cells.

Acemannan itself was not found to be a direct cytotoxin.

Thus, the data in this study revealed that acemannan

increases the number and function of cytotoxic T-cells.

Such information may actually help to describe its antiviral

properties.

In a previous study performed by the same researchers,

they found that in a mixed lymphocyte culture, acemannan,

in concentrations that would be found in vivo, increased the

allogeneic response of human lymphocytes.29 There was

no significant response of lymphocytes to syngeneic, or

genetically identical, antigens.  Monocytes were also incu-

bated with varying doses of acemannan for 24 hours and

assayed for their activity.  At higher concentrations, ace-

mannan stimulated monocytes to transmit signals to T-cells,

thus enhancing their response to allogeneic antigens. 

ANTIBACTERIAL ACTIVITY IN HUMANS

In order for respiratory tract infections to occur in

humans, particularly with gram-negative bacteria, an organ-

ism must first attach itself to the lining of the host airway

epithelium.  Some studies have revealed that mannose

groups are involved in the binding of bacteria to host

cells.30,31 Others have suggested that bacterial surface pili

may play a role in bacterial adherence to human cells.32,33

Thus, it has been proposed that acemannan, due to its man-

nose-like structure, may block an organism from adhering

to host epithelium by interfering with either host or bacteria

sites. 

Azghani and colleagues studied the possibility of using

acemannan to interfere with bacterial binding to host air-

way epithelium.34 Seven strains of labeled Pseudomonas

aeruginosa were used in the adherence experiments, and

binding of P. aeruginosa to human lung epithelial cells was

measured in 24 well-culture plates.  Both mucoid and non-

mucoid strains of P. aeruginosa were used.  Studies

revealed that the adherence of bacteria to A549 cells (a type

II-like pneumocyte) were concentration- and time-depen-

dent.  As the concentration of acemannan was increased (up

to 1 mg/mL), the adherence of P. aeruginosa  to A549 cells

decreased.  Also, the adherence of bacteria to epithelial

cells increased directly with time of exposure (up to 3

hours).  To test the hypothesis that adhesion may be pre-

vented by a mannose-containing structure, 1-5 mg/mL of

mannose, methyl-D-manno-pyranoside, and methyl-

mannopyranoside were added to epithelial cells 30 minutes

before the addition of labeled P. aeruginosa.  These carbo-

hydrates were unable to reduce adherence of non-mucoid

bacteria.  Only one mucoid strain of P. aeruginosa was

inhibited by mannose.  The authors concluded that ace-

mannan causes non-specific inhibition of bacterial adher-

ence to human lung epithelial cells; however, this may not

be directly related to the involvement of mannose-like

receptors.

ANTIFUNGAL ACTIVITY IN HUMANS

The effect of acemannan on enhancing macrophage

function and intracellular killing of Candida albicans was

studied by Stuart and colleagues in 1997.35 A population of

peritoneal macrophages were collected from laboratory

mice, exposed to a 1 mg/mL solution of acemannan or con-

trol media for 10 minutes, and then added to a yeast culture

of C. albicans for 60 minutes.  Another group of

macrophages were first exposed to C. albicans for 60 min-

utes and then to acemannan or control media for 10 min-

utes.  The candicidal activity of acemannan-treated

macrophages for both protocols versus controls was

approximately the same (35-40% vs 0-5%, respectively).

To further explore this finding, macrophages were pulsed

with acemannan for 15, 30, or 60 minutes and then incu-

bated with C. albicans for 1 hour.  At 15 and 30 minutes,

the candicidal activity for the acemannan-treated

macrophages was 25 and 60%, respectively.  At 60 minutes,

all (100%) of the C. albicans had been killed.  Thus, the

data revealed that acemannan can enhance macrophage

function resulting in increased killing of C. albicans; how-

ever, whether or not this same activity occurs in vivo

remains to be tested.

ANTIVIRAL ACTIVITY IN HUMANS

Much of the interest in using acemannan as an

immunostimulant comes from data that supports its use as

an anti-viral agent.  Sheets et al. showed an improvement in

both the quality of life and survival rate in cats afflicted

with feline leukemia virus after 6 weeks of intraperitoneal

acemannan.36 In humans, acemannan has been studied for

the treatment against human immunodeficiency virus

(HIV) -infected cells.  Kahlon and colleagues proved that

acemannan, in vitro, possesses activity against HIV-1, and

unlike other current therapies (i.e., zidovudine), is nontox-
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ic at very high concentrations.37 However, a more recent

study has focused on the effectiveness of acemannan

against virally-infected cells in vivo.

In a 48-week, double-blind, placebo-controlled pilot

trial, Montaner et al. assessed the safety and efficacy of ace-

mannan as adjunctive therapy in 63 patients with advanced

HIV.38 Subjects, who were currently taking either didano-

sine (ddI) or zidovudine (ZDV), were randomized to

receive oral acemannan 100 mg QID (400 mg/day) or

placebo.  Eligible patients were between 16-75 years of age,

had a mean CD4 count of 50-300 cells/L, and had been

receiving ZDV (300-600 mg/day) or ddI (dosage range not

given) for at least 6 months prior to enrollment.  Fifty-seven

patients were receiving ZDV, whereas only 6 were receiv-

ing ddI at the time of enrollment.  The primary endpoint of

the study was the rate of change in CD4 counts in patients

receiving acemannan as an adjunct to antiretroviral therapy.

In the intention-to-treat analysis, there were no statistically

significant differences in the mean CD4 counts between the

two treatment groups over the 48-week period.  The medi-

an decline of CD4 cells per year among placebo and ace-

mannan-treated patients was 61 and 0 cells, respectively

(p=0.11) There were also no significant differences between

the two groups in terms of Karnofsky scores, frequency of

symptoms associated with HIV, or development of AIDS

and non-AIDS defining illnesses.   Thus, the data revealed

that the administration of acemannan during the study peri-

od did not prevent a decrease in CD4 count.  Yet, it was con-

cluded that oral acemannan is well tolerated, since no seri-

ous adverse effects were caused by the study medication. 

Within the same study, the effect of acemannan on the

pharmacokinetics of ZDV at baseline, 4 and 24 weeks was

also assessed in a subgroup of enrolled patients.  At 4

weeks, 30 patients were able to be evaluated for the phar-

macokinetic study.  In those patients, the area under the

curve (AUC) of ZDV was determined at 0, 45, and 90 min-

utes after ZDV administration.  Results showed a signifi-

cant decrease in ZDV levels from baseline to 4 weeks

(p=0.05), but the mean change from baseline to 4 weeks

between the two treatment groups was not statistically sig-

nificant (p=0.88).  Pharmacokinetic data at 24 weeks was

available for 11 patients, and results showed no statistically

significant differences between the pharmacokinetic pro-

files measured. 

CONCLUSION

From in vitro and animal models, there seems to be

convincing data that both beta-1,3 glucan and acemannan

have the potential to be used as immunostimulants in

humans.  However, there are limited trials to date that

examine the efficacy and/or safety of these agents in

humans against invading organisms and environmental tox-

ins.  While some data from human studies is encouraging,

additional, larger trials will need to be conducted in humans

before the specific role of beta-1,3-D-glucan and aceman-

nan are defined.  Both agents seem to be tolerated by

patients when administered in usual doses.  It is important

to advise patients taking either beta-1,3-D- glucan or ace-

mannan that they should use only the recommended dosage

amounts and that they should report any adverse effects to

their health care provider. 
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P E R S P E C T I V E S

Homeopathic Nutraceuticals . . . 

A New Frontier
Mitchell J. Ghen, DO, PhD, Allen M. Kratz, PharmD*

Homeopathic nutraceuticals may seem like an oxymoron,

since historically, homeopathic products have been regulated

as drugs, whereas dietary supplements are considered to be

foods. However, recent events seem to have blurred the dis-

tinction between the two and created a new and exciting class

of products: homeopathically-prepared nutraceuticals, often

termed homeovitics.1,2

Homeopathy is a 200 year-old approach to healing that

utilizes products prepared in accordance with standards set

forth in the Homeopathic Pharmacopoeia of the United

States (HPUS) and its current revision service (HPRS).  The

Food and Drug Administration (FDA) regulates these prod-

ucts as over the counter (OTC) drugs and requires that

homeopathic producers be registered as pharmaceutical

manufacturers.

Nutraceuticals are defined by the American

Nutraceutical Association (ANA) as functional foods that

have potentially disease-preventing and health-promoting

properties: they are naturally-occurring dietary substances

in pharmaceutical dosage forms, thus including "dietary

supplements" as defined by the Dietary Supplement Health

and Education Act of 1994 (DSHEA) as well as comparable

substances unintended for oral ingestion.3

At first glance, these two types of products may seem

quite different as far as their definitions are concerned. They

are, however, similar in many ways. Homeopathics and

nutraceuticals are usually grouped together on retailers'

shelves. They both offer an alternative to conventional OTC

drugs. They have similar pharmaceutical dosage forms and

similar uses, albeit with different mechanisms of action.

They may, in fact, be used together to treat self-limiting,

self-diagnosed conditions. Their sources are sometimes the

same, particularly those of herbal or botanical origin. One

can often find the same herbal component of a nutraceutical

in a homeopathic form. The basic difference is in the

method of production.

From a regulatory standpoint, the FDA permits prod-

ucts to be labelled as homeopathic only when all active

ingredients are prepared according to the HPRS. For exam-

ple, when a formulation contains a homeopathically-pre-

pared herbal as well as the same herbal in pure form, the

product is considered a nutraceutical rather than a homeo-

pathic.

Combinations of homeopathically-prepared substances

are very popular in the self-care marketplace. Their use is

sanctioned in a "Statement Regarding Combinations of

Homeopathic Drugs" which appears in the current HPRS.

However, combinations are unmonographed in the HPRS

and are marketed as unofficial homeopathic products.

Homeopathically-prepared nutraceuticals, therefore, are

unofficial homeopathic products-in-combination whose

labeling is regulated by the DSHEA.

In Europe, where homeopathy originated and has flour-

ished, combinations are very popular in both self-care and

in clinical treatment of diagnosed illnesses. The term

"homeotherapy" is used to describe the various contempo-

rary approaches used in European countries. A recent pub-

lication from the European American Coalition of

Homeopathy (EACH) titled Homeotherapy states the fol-

lowing: "For a legitimate classification of a pharmaceutical

(or nutraceutical) as a 'homeopathic medication,' it is not

the manner of use, but solely the aspect of manufacture

which is decisive. These medications are produced in

accordance with pharmaceutical-galenical criteria, which

are stipulated within the official homeopathic pharma-

copoeias and the valid, authorized guidelines of the

European union."4

This progressive European approach to homeopathy is

becoming more popular in the USA. It recognizes that

homeopathically-produced substances can be used in many

ways.. . as self-care in acute situations, in chronic illness,

for specific indications (stress and insomnia for example),

and for support of organs and systems as homeopathic

nutraceuticals.

In May of 1998, the Homeopathic Pharmacopoeial

Convention of the United States (HPCUS), recognizing the

potential usefulness of homeopathic nutraceuticals, stated

the following: All substances, including vitamins, when
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prepared according to HPRS  guidelines and meeting the

Criteria for Eligibility are eligible for consideration for

inclusion in the HPRS (HPUS). 5

At the same time, the HPCUS provisionally accepted

for inclusion in the HPRS a number of new nutraceuticals

that join a growing list of such substances that are current-

ly monographed. Examples of types of nutraceuticals offi-

cially recognized in the HPRS are as follows:6

•  Vitamins, eg. ascorbic acid, pyridoxine, riboflavin

•  Minerals, eg. calcium salts, zinc salts, potassium salts

•  Hormones, eg. cortisone, pancreatin, epinephrine

•  Biochemicals, eg. adenosine triphosphate, 
coenzyme A, cysteine

•  Glandulars, eg. thyroid, pancreas, adrenal cortex

•  Herbals, eg. ginkgo, garlic, goldenseal, echinacea

Interestingly enough, some of the earliest and still

important homeopathics, the cell salts and Bach flower

remedies, can be considered to be nutraceuticals in their

clinical uses. This is the common thread that weaves home-

opathics and nutraceuticals together. . . their use.

Most newer homeopathic combination products that

one sees on pharmacy and health food store shelves contain

well-recognized herbals also available as nutraceuticals. To

illustrate this point, consider a homeovitic formulation for

stress. It might contain ginseng or several ginsengs for their

adaptogenic effect, and gotu kola, which has an anti-stress

effect, plus royal jelly, a natural source of the valuable B

vitamin, pantothenic acid. Ginseng and gotu kola, besides

being nutraceuticals, are also official homeopathic sub-

stances, while royal jelly is a very popular nutraceutical.

This formulation is an example of combining the best of

both worlds. . .homeopathic nutraceuticals. 

A similar homeopathic nutraceutical for relaxation and

sleep aid could combine the official homeopathic forms of

kava kava, passion flower, lavender, gelsemium, and

chamomile with a homeopathically-prepared nutraceutical,

melatonin. This homeovitic would be a safe alternative to

habit-forming conventional medicinals.

Detoxification is a bodily function that may also be

supported by homeopathic nutraceuticals. This concept is

discussed in the previously mentioned book Homeotherapy,

under the therapeutic school known as Antihomotoxic

Therapy and Homotoxicology.4 This approach targets xeno-

biotics such as environmental chemicals and heavy metals.

These cellular toxins are thought to be a significant con-

tributing factor in all-chronic illnesses. Formulations of

official (HPRS) homeopathic substances, such as mercury,

lead, and aluminum, combined with homeopathically-pre-

pared nutraceuticals can be employed as detoxifiers as an

adjunct to nutritional programs. Homeovitic cellular detoxi-

fication is being recognized as an important first step in nutri-

tional protocols. Its efficacy has been validated by a meta-

analysis of 105 published studies on cellular detoxification

that concluded that 80% of the outcomes meeting the criteria
for meta-analysis were positive.7

Another example of this concept is the homeopathic

blending of enzymes and other biochemicals to support the

body's cellular functions. A number of Kreb's cycle interme-

diates, including acetic and citric acids, are official homeo-

pathic substances as are other important cellular chemicals

such as coenzyme A, adenosine triphosphate (ATP), nicoti-

namide adenine dinucleotide (NAD), and alpha lipoic acid

(ALA).  A homeovitic formulation containing these and other

homeopathically-prepared nutraceuticals, including coen-

zyme Q10 (CoQ10), cytochrome C, S/adenosylmethionine

(SAM), and tetrahydrofolic acid, had a positive effect on the

immune system in a preliminary study published in the

Journal of Applied Nutrition in 1996.8

In conclusion, homeopathic nutraceuticals are a con-

temporary blending of both homeopathy and nutrition. This

is a new concept whose time has come. Homeopathics and

nutraceuticals are currently regulated by the FDA through

both drug regulations and the DSHEA. These products

have unrivaled safety. Their clinical uses and validation are

expanding the borders of a new frontier.
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O R I G I N A L R E S E A R C H

OBJECTIVE

To test if supplemental dietary selenium is associated

with changes in the incidence of prostate cancer.

PATIENTS AND METHOD

A total of 974 men with a history of either a basal cell

or squamous cell carcinoma were randomized to either a

daily supplement of 200 µg of selenium or a placebo.

Patients were treated for a mean of 4.5 years and followed

for a mean of 6.5 years.

RESULTS

Selenium treatment was associated with a significant

(63%) reduction in the secondary endpoint of prostate can-

cer incidence during 1983 -93. There were 13 prostate can-

cer cases in the selenium-treated group and 35 cases in the

placebo group (relative risk, RR=0.37, P=0.002).

Restricting the analysis to the 843 patients with initially

normal levels of prostate-specific antigen (≤4 ng/mL), only

four case were diagnosed in the selenium-treated group and

16 cases were diagnosed in the placebo group after a 2 year

treatment lag, (RR=0.26 P =0.009). There were significant

health benefits also for the other secondary endpoints of

total cancer mortality, and the incidence of total, lung and

colorectal cancer.  There was no significant change in inci-

dence for the primary endpoints of basal and squamous cell

carcinoma of the skin.  In light of these results, the ‘blinded’

phase of the trial was stopped early.

CONCLUSIONS

Although selenium shows no protective effects against

the primary endpoint of squamous and basal cell carcino-

mas of the skin, the selenium-treated group had substantial

reductions in the incidence of prostate cancer, and total can-

cer incidence and mortality that demand further evaluation

in well-controlled prevention trials.

KEYWORDS

Prostate cancer, selenium, chemoprevention, cancer

screening, diet, trace minerals, nutrition, epidemiology,

clinical trials.

INTRODUCTION

Prostate cancer is the most common  cancer and the

second leading cause of cancer death in American men.1 It

is estimated that in 1997, there will be 209,000 new

prostate cancer cases had 41,800 deaths from prostate can-

cer.  The epidemiology of prostate cancer is complex, with

few established risk factors; those most established are
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family history, age, country, race and testosterone deficien-

cy.2 Interest in the role of diet in the aetiology of prostate

cancer is increasing with several proposed associations.3

Dietary factors which have been investigated include

dietary fat,4,5 lycopene, soy products6, protease inhibitors,7

retinol,8 vitaminE,9 and the essential trace element seleni-

um (Se).10,11

The introduction of PSA screening for prostate cancer

coincided with a dramatic increase in incidence in the late

1980s and early 1990s, presumably because of the earlier

diagnosis of prevalent cases of cancer.  The incidence dou-

bled from 1984 to 163/1000,000 in 1993 in the USA. This

dramatic increase in incidence in the past decade under-

scores the importance of enhancing primary and secondary

prevention efforts, although the benefits of PSA screening

are still controversial.

The largest current phase III prostate cancer prevention

trial12 uses a prevention strategy based on antiandrogen

therapy with a 5x-reductase inhibitor which prevents the

formation of 5x-dihydrotestosterone, an active derivative of

testosterone. Preclinical trials have shown some preventive

efficacy.13

The association of prostate cancer with the intake of

certain dietary nutrients suggests that they may be useful

preventive agents. To our knowledge, there are no current

phase III prostate cancer prevention trials testing the effica-

cy of dietary ingredients, although their are some small

pilot studies to establish feasibility. A recent lung cancer

prevention trial (ATBC Trial ) that used ß-carotene and x-

tocopherol in a factorial design in Finnish smokers

observed a reduced incidence of prostate cancer in patients

who received 50 IU of x-tocopherol acetate.9

Dietary Se has been inversely associated with the risk

of cancer since the 1960s,14 with substantial preclinical evi-

dence that dietary Se can significantly reduce the incidence

of many cancers. Selenium supplements have been used in

over 100 carcinogenesis experiments, with two-thirds of the

studies showing a significant reduction in cancer incidence.

Several ecological epidemiological studies have suggested

that low blood Se levels increase the risk of cancer.14 Only

two analytical epidemiological studies have investigated

the association of serum Se and prostate cancer. The first

study, within the Lipids Research Clinics trial, found a bor-

derline increase in the incidence of prostate cancer in

patients with low Se levels.10 However, this study lacked

sufficient power to detect modest differences in risk. The

second study in Sweden,11 a low Se region, found a signif-

icantly increased risk of prostate cancer and BPH in patients

with lower Se levels.

Selenium is involved in the biosynthesis of testos-

terone15 and can stimulate the production of pituitary and

adrenal hormones;16 therefore, Se can be theoretically

linked to the function of the pituitary-adrenal-gonadal axis,

prostate pathophysiology and to prostate carcinogenesis.

Recently, a new prostate selenoprotein has been identified

which preferentially incorporates Se when compared with

glutathione peroxidase;17 the significance of this discovery

for prostate carcinogenesis remains to be determined.

The male study patients from the Nutritional

Prevention of Cancer Trial, a double-blind trial of dietary

Se supplementation, provide the opportunity to test whether

Se supplementation reduces the incidence of prostate can-

cer in a population not recruited or selected for a urological

study.

PATIENTS AND METHODS

The study was a double-blind, placebo-controlled, ran-

domized cancer prevention trial using a nutritional dose of

Se in patients with a history of non-melanoma skin cancer.

The randomization procedure was blocked by time and

stratified by clinic. Patients were eligible for randomization

if they had: (I) a history of two or more basal cell carcino-

mas (BCCs) or one squamous cell carcinoma (SCC) of the

skin, with one of these carcinomas occurring within the

previous year: (II) a 5-year life expectancy; and (III) no

reported internal malignancies treated within the previous 5

years. The intervention agent was 200µg of Se supplied as

0.5g high-Se yeast tablet (Seleno Precise) by Cypress

Systems, Inc., Fresno, CA, USA for Nutrition 21, La Jolla,

CA, USA. The placebo of brewer’s yeast was identical in

smell and appearance to the intervention agent.

The first patients were randomized to the trial in 1983.

The primary endpoints for the trial were the incidence of

BCCs and SCCs of the skin. In 1990, after the initiation of

the trial, several secondary endpoints were added to the

trial, i.e. mortality from all causes and cancer and the inci-

dence of lung, colon and prostate cancers.

At each 6-month clinic visit, the study participants

were interviewed to identify the incidence of illness and the

use of prescribed and proprietary drugs. In addition,

patients provided a sample of blood for the analysis of Se

levels as one method of monitoring for toxicity. Additional

aliquots of blood from the patients were stored at -80°C and

were used for the retrospective determination of plasma

PSA levels using the Abbott Diagnostics IMX PSA assay

(Abbott Park, IL, USA), a microparticle enzyme

immunoassay. The first available blood after randomization

was used for the determination of the initial PSA levels.

The selenium content of each batch of tablets were

determined in the laboratories of Dr. G.F. Combs (Cornell

University, Ithaca, NY, USA) and of Dr. I.S. Palmer (South

Dakota State University, Brooking, SD, USA).18 The Se

concentration was determined by atomic absorption spec-

trophotometry (Perkin-Elmer 3030, Perkin-Elmer Corp.

Norwalk, CT, USA) equipped with an electrodeless dis-
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charge lamp and automatic Zeeman-effect background cor-

rection. Quality control included multiple aliquots of

exhaustively analyzed human plasma as external control

samples. A coefficient of variation of <7% (for duplicate

analysis) was the criterion for acceptance.19

Patients who discontinued treatment were followed

annually to identify new illness and confirm their vital sta-

tus. All identified cancers were confirmed by medical doc-

umentation and reviewed by an appropriate medical spe-

cialist. Each cancer was staged using the TNM classifica-

tion system. Prostate cancers were classified as local for

TNM Stage 0, 1 and 2; advanced prostate cancers were

defined as TNM stage 3 and 4.

Incidence data were evaluated using standard survival

analysis techniques, including log-rank statistics and Cox

proportional hazards models; all P values were two-tailed.

The intention-to-treat model was used for all analysis.

RESULTS

There were no significant differences between the

treatment and placebo groups for the baseline risk factors

(table1). Plasma Se concentration of the Se-treated group

increased by ≈67% to a mean of 190 ng/ml. within the first

year of randomization. At the end of 1993, the trial had

6,464 person-years of follow-up and only three patients

were lost to follow-up. Patients in the Se-treated group

remained on treatment for a mean of 4.5 years, compared

with 4.4 years in the placebo group. They also had a slight-

ly longer follow-up (6.2 vs 6.1 years). 

There were no dermatological signs of Se toxicity dur-

ing the trial. There were no statistically significant differ-

ences in the incidence of new BCCs or SCCs between the

groups, although slightly more cases of both types of skin

cancer occurred in the Se group.20

Forty-eight patients were diagnosed with a new

prostate cancer; patients randomized to the Se group had a

statistically significant lower incidence (63%) of prostate

cancer (relative risk [RR]=0.37.  P=0.002) than the placebo

group (Table 2). Patients in the lowest tertile of baseline

plasma Se had a statistically significant treatment effect

(RR=0.08), as did patients in the middle tertile (RR=0.30;

patients in the highest tertile had a non-significant reduction

in risk (RR=0.85).

Table 3 presents the occurrence of prostate cancer by

both time since randomization and initial PSA level. The

RR for all patients (0.37)  and those with an initial PSA

(0.38) are similar. Excluding cases that were diagnosed in

the first 2 years of the study  (six Se, seven placebo) elimi-

nated those cases with a short duration of treatment. The

use of this 2-year treatment lag enhanced the treatment

effect (RR=0.25). Stratification on initial PSA level did not

substantially affect the estimate of the RR for either normal

(RR=.026)  or elevated PSA values (RR=0.19). There is a

suggestion that patients with a modest PSA increase (4-10

ng/mL) had a stronger treatment effect (RR=0.11) than

patients with PSA values of >10ng/mL (RR=0.48); this dif-

ference tin treatment effect was not statistically significant.

The Se-treated group had a significantly lower inci-

dence of prostate cancer (RR=0.42, P=0.02) for local dis-

ease (TNM stage 0-2) and advanced disease (TNM stage

3,4) (RR-0.27, P=0.03). The patient age at diagnosis was

similar for both treatment groups, at 71.9 years for placebo

and 72.4 years for the Se-treated group. However, the

younger patients, (<65 years) had a stronger treatment

effect (RR=0.09) than older patients (RR=0.49). although

statistically these treatment effects based on age are no dif-

ferent (P=0.10).

Characteristic Se Placebo

Patients randomized* 479 495

Age (years) (mean [SD]) 64.4 (8.8) 63.2 (9.5)

Plasma Se (ng/mL) 115.0 (22.0) 115.0 (21.6)

(mean [SD])

Initial PSA>4ng/mL 10.4 9.0

(% of subjects)

________________________________________________________

*Excludes six patients with a history of prostate cancer before randomization.

Table 1 Baseline Characteristics of the male study population

Tertile Se (gn/mL) Se cases Placebo cases RR P

<106.4 1 13 0.08 0.002
106.4 - 121.2 4 13 0.30 0.03

>121.2 8 9 0.85 0.75

Total 13 35 0.37 0.002

Table 2 Tertile of baseline selenuim

Person Se Placebo
Years cases cases RR P

All patients 6464 13 35 0.37 0.002

With PSA* 6486 12 32 0.38 0.003

Diagnosis 4319 7 28 0.25 <0.001

>2 years

First PsA (ng/mL)

≤4 3984 4 16 0.26 0.009

>4 336 3 12 0.19 0.005

4-10 281 1 6 0.11 0.02

>10 56 2 6 0.48 0.39
_______________________________________________________

*44 of 48 prostate cancer cases had a valid prediagnosis PSA estimate.

Table 3 The incidence of prostate cancer by initial PSA level, 1983-93
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When considering only events that occurred after the

definition of additional endpoints in 1990, there were sig-

nificantly more cases (n=27) in the placebo group than in

the Se group (nine cases, RR=0.33, P=0.002). For each cal-

endar year in which a case of prostate cancer occurred, the

incidence was lower in the Se group.

DISCUSSION

Selenium is an essential nutrient with a recommended

daily allowance of 70µg in men. The variable distribution

of Se in soil and foods produce geographical regions and

populations with varying Se status. This study was con-

ducted in a lower Se region of the USA, the eastern coastal

plains, where the dietary Se intake has been estimated to be

90µg per day. The dietary Se intake in the UK of 30 - 40 µg

per day would correspond to the lowest tertile of trial

patients.21 The 200µg supplement of Se used in this trial

increased the plasma levels of study patients to those that

would be found in the regions of the USA with adequate Se.

Patients in the Se-treated group had a statistically sig-

nificant reduction (63%) in the incidence of prostate cancer

during the first decade of the trial and during the last 4 years

of the trial after the definition of prostate cancer as a trial

endpoint. These results cannot be explained by a favorable

distribution of prostate cancer risk factors in the Se group,

as these patients were older and had a higher proportion of

initially high PSA levels at entry to the trial.

The blinded phase of the trial ended ahead of schedule

on January 31, 1996. This decision to open the trial was

made by the trial safety monitoring committee primarily

because of a statistically significant reduction to total can-

cer mortality and other secondary endpoints in the Se group

for the 1983 - 93 dataset. Overall, there was no significant

difference in the incidence of the primary study endpoints

of non-melanoma skin cancer. However, there were signifi-

cant reduction in the additional endpoints of total cancer

incidence and mortality, and the incidence of lung, colon,

and prostate cancers. There was also an insignificant 17%

reduction in all-cause mortality. 20

One of the principal strengths of the present study is

that patients were recruited independently of their urologi-

cal symptoms, thus the results should be more generalizable

than if the study patients had been recruited from urology

clinics. Conversely, this means that patients had to seek

their own urological care from community physicians.

The availability of frozen plasma samples from early in

the trial is another strength of the study, as this allowed PSA

levels to be determined in most patients. This permitted

stratification by the initial PSA level, eliminating the possi-

bility of a favorable distribution of patients with elevated

PSA levels (i.e. prevalent prostate cancer cases) for the

treatment group. There was also no apparent difference in

the treatment effect between patients with normal and ele-

vated initial PSA values.

The inverse association between baseline plasma Se

levels and the magnitude of the treatment effect is consis-

tent with both the epidemiology of Se and cancer, and how

the protective  effect of a nutritional supplement would

manifest itself, if a nutritional deficiency increased the risk

of disease. As the epidemiology suggests that individuals

with low Se levels are at higher risk of cancer, it would be

expected that these individuals would benefit most from a

nutritional supplement. The enhancement of the treatment

effect with a 2-year treatment lag model and a weaker treat-

ment effect of patients with PSA levels >10ng/mL are also

consistent with a biological model of cancer prevention.

In summary, it appears that Se supplementation

decreases the incidence of prostate cancer in men with a

history of non-melanoma skin cancer. The results are con-

sistent both over time and be baseline Se levels. Adjusting

for initial PSA levels does not materially alter the protective

effect, except for patients with PSA levels >10ng/mL.

Similarly, the TNM stage of the patients with prostate can-

cer is consistent with what would be expected from an

effective cancer prevention agent, as is the strong protective

effect for patients who were randomized at less than 65

years of age.

Prostate cancer was included as an additional endpoint

in 1990 because of its high incidence and the suggestion of

a possible treatment effect in the early data obtained before

1990. Limiting the data to events occurring after the defin-

ition of the endpoints allows testing of the a priori hypoth-

esis that Se supplementation reduces the risk of prostate

cancer. Although based on fewer cases, this treatment effect

was highly statistically significant.

Supplementation with a nutritional dose of the essen-

tial trace element Se significantly reduced the incidence of

prostate cancer in a population of patients with non-

melanoma skin cancer. To our knowledge, this is the first

completed double-blind randomized controlled trial to

specifically test if a dietary supplement can prevent prostate

cancer. These results require confirmation in independent

trials, but suggest that Se supplementation may be impor-

tant for both the primary and secondary prevention of

prostate cancer.
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ADDENDUM TO STUDY RESULTS

Larry C. Clark, PhD  - Principal Investigator

The results presented in the British Journal of Urology
paper prompted the design of several more trials to assess
the association between selenium intake and the risk of
prostate cancer.  The first study protocol is the Phase I and
II Chemoprevention Trial of Selenium and Prostate Cancer
and is funded by the National Cancer Institute and the
International Cancer Alliance.  This study will recruit men
who have been diagnosed with prostate cancer, and have
elected to be followed with Watchful Waiting. The study
participants will be randomized to either a placebo, or to
one of four selenium groups, 200, 800, 1600, or 3200
µcg/day.  The primary endpoint of this study is the velocity
of the primary serum marker of prostate cancer progression,
prostate specific antigen (PSA).

A second study that has begun is the Chemoprevention
Trial of Selenium and Prostate Cancer. Study participants
will be randomized to either placebo, or one of two doses of
Selenium, 200 or 400 µcg/day, and will begin supplementa-
tion immediately following diagnosis of prostate cancer.
Participants will be followed if they choose prostatectomy
or if they elect Watchful Waiting.  Prostate biopsies will be
analyzed for tissue biomarkers including as Bcl-2, p53, and
Ki-67 to determine whether selenium has an antiprolifera-
tive effect in prostatectomy participants.  The Watchful
Waiting participants will be followed to determine the
velocity of  PSA.

A proposal for a third study has been submitted to the
National Cancer Institute.  This study, entitled Phase III
Trial of Selenium for Prostate Cancer Prevention, will ran-
domize at least 700 participants with persistently elevated
PSA levels (.4ng/ml) and at least one negative biopsy for
prostate cancer and the velocity of PSA.

Recently, Yoshizawa et al. (1998) published the results
of the association between toenail selenium levels and
advanced prostate cancer incidence in the male health pro-
fessionals cohort.  The similarity of these results and those
from the NPC trial establishes selenium as a dietary risk
factor for clinical prostate cancer.

In conclusion, the results of the British Journal of
Urology article have indicated a need for more definitive
examinations of the potential benefits of selenium supple-
mentation to prostate cancer prevention, and with respect to
the benefits of treatment options for patients with prostate
cancer.
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ABSTRACT

Background. L-Histidine is an essential amino acid

and an anti-oxidant, particularly as a scavenger of singlet

oxygen (1O2) and the hydroxyl radical (•OH). Acute gastric

injury induced by non-steroidal anti-inflammatory drugs

(NSAID) is a common and serious disorder, which is, in

part, mediated by the excessive production of oxidants and

free radicals. NSAID-induced gastritis can be attenuated by

nitric oxide, a free radical that can have anti-oxidant effects

through radical-radical annihilation. The purpose of this

investigation was to determine if histidine (1) attenuates

NSAID-induced gastritis (2) modifies the oxidative degra-

dation of nitric oxide, determined electrochemically.

Methods. gastritis was induced in rats by oral administra-

tion of NSAID, indomethacin (20 mg/kg). Histidine (1-

100mg/kg p.o.) or vehicle (NaCl) was administered concur-

rently with indomethacin. After three hours, rats were anes-

thetized and gastritis was scored and stomach tissue col-

lected for determination of myeloperoxidase activity, an

index of granulocyte content. Results. Histidine was effec-

tive at inhibiting indomethacin-induced gastritis, as indicat-

ed by a reduction in damage score (10 & 100mg/kg,

p<0.001) and myeloperoxidase activity (100mg/kg, p<

0.05). The 1mg/kg dose of histidine was ineffective.The

oxidative degradation  of nitric oxide was not modified by

histidine (500µM). Conclusion. This study demonstrates

that L-Histidine, an essential amino acid, is efficacious in

reducing gastritis induced by indomethacin. This effect is

not due to a protection of nitric oxide. Histidine may be

considered a safe an inexpensive means of limiting

NSAID-induced toxicity.

KEYWORDS

Histidine, inflamation, nitric oxide, non-steroidal anti-

inflammatory drug, oxidant.

INTRODUCTION

L-Histidine, being an essential amino acid, is obtained

only from dietary sources. In addition to histidine’s critical

role in protein assembly and a metabolism, recent evidence

has supported a potential role as an antioxidant.1,2 While

these antioxidant actions are observed at relatively high

doses, histidine has a remarkably good safety profile sug-

gesting it may be a strong candidate as a therapeutic agent

for a variety of free radical-based disorders. For example,

acute oral doses of 32g/day or 30g in 30 minutes iv. have

not been associated with any adverse effects and chronic

administration of 1-8 g/day have been administered to

arthritic and anemic patients without adverse effects.3,5

Numerous studies have reported that histidine has the

ability to scavenge singlet oxygen and the hydroxyl radi-

cal,1-2 free radicals that have been implicated in tissue

injury and dysfunction in a variety of disease processes.6-8

Histidine has been demonstrated to effective in models of

infectious diarrhea,9 ischemia-reperfusion injury and

O R I G I N A L R E S E A R C H

Reduction in Non-Steroidal Anti-Inflammatory

Drug-Induced Gastritis by Histidine

Halina Sadowska-Krowicka, MD, PhD,1 Xiaoping Liu, PhD,1 Peter Thomas,2

Manuel Sandoval, PhD,1 Mark J.S. Miller, PhD1*

1Louisiana State University School of Medicine, Dept. Pediatrics, New Orleans, Louisiana and 

2Cytos Pharmaceuticals, Durham, North Carolina

* Correspondence:

Mark J.S. Miller, PhD. Dept. Pediatrics, MC-88

Albany Medical College, 

47 New Scotland Ave., Albany, NY 12208

Tel: 518-262-5835     Fax: 518-262-5241

Email: mark_miller@ccgateway.amc.edu



20  JANA  Vol. 2, No. 1 Winter 1999

oxidative stress in vitro.10,11 Histidine has also been found

to attenuate microscopic gastric injury to chronic aspirin

intake in rats.12

Oxidants are associated with the development of acute

and chronic gut injury.13-15 In NSAID induced gastric

injury, antioxidant therapy has proven to be effective

although the precise role of infiltrating inflammatory cells

in acute injury has been controversial.16-17 While nitric

oxide is a free radical, it has been clearly demonstrated to

attenuate inflammation in acute protocols and in states of

high oxidant flux.18-21 This beneficial effect of nitric oxide

is mediated by its ability to maintain the integrity of the

epithelial barrier,20,21 sustain adequate blood flow through

vasodilatory actions,22 inhibit platelet and neutrophil adhe-

sion to the vascular wall,23,24 and to occupy metal-binding

sites25 thereby preventing oxidants like superoxide from

being converted to more toxic species e.g., hydroxyl radi-

cal. 

In disease processes that are chronic in nature, nitric

oxide levels become excessive and in these circumstances

nitric oxide has often been shown to play a deleterious role

contributing to the extent of tissue injury and pathpophysi-

ology.26 This role reversal for nitric oxide is less perplex-

ing than it superficially seems; in chronic inflammation the

po-inflammatory effects attributed to NO are probably due

to the transformation of large amounts of NO to other toxic

nitrogen oxides (N2O3, ONOO-, NO2,).27

Thus, the ability of histidine to modify free radical-

induced gastric injury needs to include an analysis of nitric

oxide. To evaluate an interaction between NO and histidine

we used a microelectrode electrochemical system devel-

oped in our labs. The oxidative degradation of NO was

evaluated in the presence and absence of histidine as previ-

ously described for other antioxidants.28

MATERIALS AND  METHODS

Indomethacin-Induced Gastritis

Male Sprague Davley rats (250-300g) were used in the

study. The rats were deprived of food but not water for 20-

22 hr before an experiment. Gastric damage was induced by

oral administration of Indomethacin (Sigma Chemical Co.,

St. Louis, MO) at a dose 20 mg/kg (10mg/ml in 5% bicar-

bonate solution). L-Histidine (100, 10 or 1mg/kg in water)

or vehicle was administered per os 1 min after indomethacin

administration.  A minimum of 8 rats were used in each

treatment group. Three hours later the rats were anesthetized

with ketamine (40mg/kg) and xylazine (4mg/kg), the stom-

ach were removed and opened along the greater curvature.

After flushing with cold normal saline the gastric erosions

were measured  and assigned a score based on the following

criteria: 1= petechia of <2 mm in length, 2 = lesion of 2-4

mm, 3 = lesion of >4 mm. The scores for each stomach were

summed to give an overall damage index as described by

Wallace and Whittle.29 Gastric mucosa was scraped and

kept frozen for  MPO activity determination. L-Histidine

was obtained from Ajinomoto U.S.A., Inc.

Myeloperoxidase Activity

Gastric myeloperoxidase activity was measured as an

index of tissue granulocyte content by a modification of the

method of Bradley et al.30 This assay primarily reflects the

neutrophil content (resident and infiltrating). Briefly,

minced gastric tissue (300-400mg) collected at necropsy

was stored at -80°C for no longer than 7 days.  Tissue was

thawed and homogenized at 4°C with a Brinkmann poly-

tron (Brinkmann Instruments Inc., Westbury, NY, USA) for

1 minute in 50mmol/l potassium phosphate buffer (pH 6.0).

The homogenate was centrifuged at 20,000g for 20minutes

at 4°C, and the resulting pellet was re-homogenized in

50mmol/l potassium phosphate buffer (pH 6.0) containing

14 mM hexadecyltrimethylammonium bromide.  The

homogenate was then sonicated for 30 seconds at 4°C using

a Vibra cell sonicator (Sonics and Materials, Danbury, CT,

USA), frozen, thawed and re-sonicated.  This cycle of

freeze-thawing-sonicating was repeated twice.

Homogenates were then centrifuged at 20,000 g for 20 min-

utes at 4°C and 100 µl of the supernatant was added to

2.9ml of 5mmol/L potassium phosphate buffer (pH 6.0)

containing O-dianisidine dihydrochloride (0.167 mg/ml)

and hydrogen peroxide (5x10-4 % (v/v)).  The change in

absorbance at 460nm over one minute was measured using

a Beckman DU-64 spectrophotometer (Beckman

Instruments Inc., Fullerton, CA, USA).  One unit of

myeloperoxidase activity was set as that which degraded

1µmol/l of H2O2 in one minute at 25°C.

Oxidative Degradation of Nitric Oxide

NO production was measured using a microelectrode,

electrochemical technique developed in house as previous-

ly described.28 A nafion-coated custom microelectrode

sensitive to NO was used as the working electrode and was

positioned in the electrochemical cell (10 ml plastic vial).

A platinum wire auxillary electrode and a Ag/AgCl refer-

ence electrode were also positioned in the electrochemical

cell.  A current through the working electrode at -0.55 volts

was then recorded with a BAS100B electrochemical ana-

lyzer (Bioanalytical Systems Inc., West Lafayette, IN) and

the concentration of nitric oxide released was calculated by

comparison to current readings from authentic nitric oxide

solutions. Determinations of NO concentration were done

with and without histidine (50mg/ml)
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Statistical Analysis

Data is presented as the mean ± standard error of the

mean. Data was evaluated by the ANOVA in the case of

groups greater than 2 followed by post-hoc analysis by the

Tukey test. The statistical package, Instat®, was used in this

analysis.

RESULTS

Indomethacin-Induced Gastritis

Indomethacin (20mg/kg p.o.) resulted in acute gastritis

when examined at 3 hours after administration. Specifically,

linear hemorrhagic lesions were noted in the rugal folds as

previously described.29 Histidine, co-administered with

indomethacin, attenuated the number and severity of  these

lesions in a dose-dependent manner. Using a scoring system

developed by Wallace et al.,29 where the length and number

of lesions are combined to give an injury score, we noted a

marked reduction in indomethacin-induced lesions with 10

and 100mg/kg doses of histidine (p<0.001) . However the 1

mg/kg dose of histidine was ineffective (Figure 1).

Histidine , in addition to reducing the number and length of

hemorhagic lesion reduced the depth of these lesions, i.e., in

the presence of histidine indomethacin-induced gastric

lesions were shallow. However, this was not readily quan-

tifiable and was not included in the scoring system that was

employed.

Myeloperoxidase Activity

Gastric myeloperoxidase activity is used as an index of

granulocyte infiltration as previously described.27,30

Indomethacin administration resulted in a small increase in

myeloperoxidase activity within 3 hours. This response was

attenuated dose dependently by histidine at 100mg (p<0.05,

Figure 2). The 10 mg/kg dose of histidine was also effec-

tive but this reduction in granulocyte content did not reach

statistical significance. The lowest doses of histidine (1mg)

was ineffective, with gastric MPO levels slightly greater

than with indomethacin alone (p<0.05). 

Nitric Oxide Oxidative Degradation

Nitric oxide (NO) in oxygenated aqueous solutions

degrades by second order kinetics, i.e., is dependent on the

square of the nitric oxide, with the half-life decreasing as

the initial concentration increases.28 The presence of histi-

dine (500µM) did not alter the rate of oxidative degradation

of NO (Figure 3) as demonstrated by the plot of the recip-

rocal of NO concentration vs. time. This indicates that his-

tidine does not degrade nitric oxide directly, nor does it

modify the oxidative degradation of NO.

FIGURE 1 Gastric damage scores for macroscopic  injury in rats  three
hours after indomethacin administration (20 mg/kg p.o). The effects of
oral histidine administration (1, 10 or 100mg/kg administered concur-
rently with indomethacin are noted by the cross-hatched and open
columns. The two highest doses significantly reduced gastric injury
(* p< 0.001) from indomethacin alone (black column).

FIGURE 2 Myeloperoxidase activity (an index of granulocyte content)
in gastric tissue in rats treated with indomethacin (20mg/kg p.o.) for
three hours, with and without concurrent histidine administration (1,
10, 100 mg/kg, p.o.).  Although an influx of granulocytes is not a
major component of acute NSAID injury histidine did significantly
reduce gastric myeloperoxidase activity at the highest dose
(100mg/kg, * p < 0.05). rats treated with 1mg/kg histidine had a sig-
nificantly higher myeloperoxidase activity (* p < 0.05) although this
response was not matched with any other indice of damage.



DISCUSSION

NSAID-induced gastropathy is a common complica-

tion with sustained use of NSAIDs, and is the second lead-

ing cause of gastritis and gastric ulcers to Helicobacter

pylori infection.16,31 This side-effect is a major drain on

heath care resources as current treatments are remarkably

expensive. Several tactics are in development as possible

solutions for this problem. One is the development of

NSAIDs that do not inhibit the action of cyclo-oxgenase 1

(COX 1), but rather are selective for cyclo-oxygenase 2

(COX 2), note that indomethacin, like all currently pre-

scribed NSAIDs, are not selective and inhibits both COX 1

and COX 2. COX 1 is the constitutively expressed form of

cyclo-oxgenase and is thought to produce prostaglandins

under basal conditions which then serve a cytoprotective

function.  In the stomach, this cytoprotective action is criti-

cal as it prevents injury from acid backflow, in addition,

prostaglandins maintain gastric mucosal blood flow and

inhibit acid secretion and promote mucus release.16 On the

other hand COX 2 is an inducible isoform, one that is asso-

ciated with inflammation.32 Theoretically inhibitors of

COX 2 will attenuate the inflammatory component selec-

tively, leaving the cytoprotective actions, particularly in the

stomach, intact.33-35 While a considerable amount of effort

and resources are being spent on the development of COX

2 inhibitors, none are available as yet. Furthermore, recent

evidence suggests that they may not be more effective as
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anti-inflammatory agents than COX 1 inhibitors and the

assumption that they will be devoid of side-effects may not

hold true. Two groups have noted that experimentally, COX

2 inhibitors exacerbate gastrointestinal injury injury rather

than promote healing.36-37

Another alternative to COX 2 inhibitors is the use of

traditional NSAIDs that have been modified  to include a

NO donor moiety. In this case in addition to blocking cyclo-

oxygenase (COX 1 and 2), the NO-NSAID releases nitric

oxide which serves to limit inflammation and protect the

stomach from acute injury.18 This is an encouraging and

innovative approach to the problem but has yet to reach a

commercial entity. 

Thus, there remains a genuine need for a safe, effective

and inexpensive means of reducing the complications of

chronic NSAID use. Histidine fulfills all of these criteria. It

certainly has a remarkable safety profile, as one would pre-

dict for an essential amino acid. Literally tens of grams can

be consumed daily without complications.3-5 However, the

large doses required to display this cytoprotective action of

histidine may indeed deter some patients. Histidine has

been shown to be an effective anti-inflammatory agent in

various in vivo and in vitro models of inflammation and

oxidative stress.1,2,10,11 The results generated in this acute

study indicate that it is also effective in attenuating NSAID

gastropathy. Clinically, co-administration of histidine with

NSAID should have reasonable compliance and would be

considerably cheaper than current strategies (e.g. mispros-

tol, proton pump inhibitors). Even if the NO-NSAIDs or the

COX 2 inhibitors come to market, a histidine/NSAID com-

bination would be considerably less expensive based on the

high cost of any new therapeutic entity, as the projections

for these new therapeutic strategies are approximately $8 a

dose!   

The mechanism by which histidine negates NSAID-

induced gastric injury was not defined in the present study.

While it is clear that gastric damage was attenuated it must

be presumed, based on the literature, that this effect was the

result of its free radical scavenging properties, particularly

its ability to scavenge singlet oxygen and the hydroxyl rad-

ical. Our initial concern was that histidine may interfere

with nitric oxide, another free radical, an effect which may

limit its therapeutic efficacy. This potential problem was

ruled out by direct measurement of nitric oxide where it

was determined that histidine, even at concentrations as

high as 500µM, had no effect on NO concentrations and

NO degradation in the presence of oxygen. This confirms

that histidine is a relatively selective free radical scavenger.

Oxidants and free radicals have been shown to potent sec-

retagogues in the gastrointestinal mucosa.38 The free radi-

cal scavenging properties of histidine may also explain the

efficacy of histidine in attenuating the secretory response to

cholera toxin.9 Nitric oxide is also thought to promote fluid

FIGURE 3 The effect of histidine on the oxidative degradation of nitric
oxide (NO). The reciprocal of the NO concentration plotted against
time is a straight line because the oxidative degradation of NO follows
second order kinetics, the rate of which is given by the slope. Histidine
(0.5 mM) did not alter this plot when compared to control values where
NO was added to oxygenated phosphate buffered saline (PBS), indi-
cating that histidine does not react with NO directly, nor does it affect
the oxidative degradation of NO. The initial concentration of NO used
was 30µM and NO concentration in solution was monitored  electro-
chemically. 
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shifts associated with the cholera infection,39 but the pre-

sent data suggests that any action by histidine would be via

NO-independent actions. It cannot be rule out that histidine

protects the gastric mucosa by mechanisms independent of

free radical scavenging. The release of prostaglandins by

topical irritants has been demonstrated to be an effective

means of preventing injury to the gastric mucosa but that

cannot apply in this model as indomethacin inhibits the for-

mation of prostaglandins. 

This acute model is a FDA-approved model of the

NSAID-induced gastropathy, a condition that is dependent

on the type, dose and duration of NSAID therapy.

However, it does not model small intestinal complications

of NSAID use; models for that condition use lower and

repeated doses of NSAID (usually indomethacin). Thus, it

is regarded as a useful and relevant tool to evaluate new

approaches to limiting gastric complications of anti-inflam-

matory therapy.

In conclusion, given the excellent safety record and

current approval for administration of large doses, histidine

deserves consideration as an effective means in limiting the

gastric toxicity of NSAIDs. Histidine may be considered as

a cost-effective adjunct therapy with NSAIDs in order to

limit the gastric side effects, as well as potentially promot-

ing their anti-inflammatory actions through its free radical

scavenging properties. The major drawback of histidine is

that it is only effective at relatively high doses, which may

limit patient compliance.
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ABSTRACT

Americans consume billions of dollars worth of natur-

al products each year.  However, the toxicities and potential

drug interactions of commonly used dietary supplements

have not been closely evaluated.  Additionally, claims of

immune system enhancement, broad-spectrum anti-micro-

bial activity and antioxidant action have not been suffi-

ciently validated.  To determine the potential for human cel-

lular damage from the use of dietary supplements, toxicity

in liver and peripheral blood mononuclear cells (PBMC)

was evaluated in vitro.  The effect of dietary supplements

on cytochrome p450 system activity was tested because

these liver enzymes are vital in the processing of many

drugs, as well as normal substances.  Therefore, any inter-

ference with this system by dietary supplements may lead

to either elevated or diminished drug levels in the blood and

may disrupt the metabolism of common substances.

Natural killer (NK) cells are important in fighting cancers,

viruses and certain bacteria.  Therefore, the potential

enhancement of NK cells by dietary supplements was test-

ed to predict potential protection from these harmful ele-

ments.  Free-radical (oxidative) damage is responsible for

poor cellular function and premature aging.  Thus, the

capacity of dietary supplements to reduce these destructive

processes was determined by increases in intracellular glu-

tathione (GSH) levels.  Viruses cause numerous illnesses in

humans, ranging from the common cold to AIDS.

Therefore, the potential antiviral activity of supplements

was evaluated.  Thus, the ideal supplements would be those

that are non-toxic, cause no cytochrome p450  changes to
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any of the many enzymes in this system and are efficacious

as defined by enhancement of NK function, antioxidant

activity and protection against viruses. In this investigation,

some dietary supplements had beneficial and some had

detrimental effects.  Only aloe, garlic and the three multi-

ple-ingredient products containing glyconutrients were

non-toxic, caused no cytochrome p450 activity and were

effective in all three efficacy assays (NK cell enhancement,

antioxidant activity and antiviral effect).  Not all products

that show potential in in vitro assays prove themselves clin-

ically.  However, the impressively positive results of these

five products in this study have been and are being corrob-

orated by clinical benefits in initial human studies.  

KEYWORDS

Toxicity, efficacy, dietary supplements, Dietary

Supplement Health and Education Act (DSHEA),

cytochrome p450, intracellular glutathione (GSH), natural

killer cell (NK), coxsackievirus B4.

INTRODUCTION

Up to 70% of American adults use some form of

dietary supplement (Herbal Roulette, 1995). However,

despite expenditures on these supplements increasing each

year up to current annual figures in the billions of dollars,

only a few of these products have scientific proof of their

efficacy in restoring or maintaining health. Furthermore,

the toxicity of these products has scarcely been studied,

although some reports suggest that some dietary supple-

ments such as pennyroyal and pokeweed can cause damage

to human tissues (Saxe 1987; Anderson et al. 1996).

Quercetin, grape seed extract, pycnogenol and other

flavonoids have been touted for their antioxidant effects,

but their inhibition of the cytochrome p450 enzyme system

may lead to toxic levels when concurrently used with drugs
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such as acetaminophen and rifampin, and can disturb the

normal metabolism of fatty acids, steroids, estrogens, alco-

hols and prostaglandins (Eaton et al. 1996;  Schubert et al.

1995). 

Consumers take dietary supplements for many reasons.

A primary usage is by healthy persons who wish to remain

healthy and/or become healthier.  Therefore, it is vital that

they consume supplements that are nontoxic and are bene-

ficial in maintaining health. Anecdotal reports and data

from limited trials in humans and animals have suggested

the efficacy of many supplements for a wide variety of ill-

nesses (Liu and Xiao 1992).  Users may consume natural

products when they have chronic, life-threatening, or incur-

able conditions–such as cancer, AIDS, neurodegenerative

disorders, or diabetes–that cannot be adequately addressed

by conventional medicine.  Some patients use natural prod-

ucts for self-limited conditions such as the common cold

because professional care is not easily accessible, costly

and/or known to be non-efficacious (Hoheisel et al. 1997).

Consumers typically obtain information about the use

or efficacy of dietary supplements for specific ailments

from unreliable or uninformed sources such as incorrect

product labeling or books that list indications but no evi-

dence for them.  Another problem is contamination of

herbal products (Murch et al. 1997).  A study of the amount

of the active ingredient in ginseng showed a great variation

among different manufacturers (Herbal Roulette, 1995).

Some health food store clerks, often with little or no back-

ground knowledge of supplements, give advice to con-

sumers.  The Internet is a frequent source to consumers, but

the information contained on websites is usually not pub-

lished or otherwise substantiated.  Only a few dietary sup-

plement consumers select the products they use by advice

from the scientific literature, health care practitioners, or

pharmacists (Herbal Roulette, 1995).

Multiple-ingredient formulations were evaluated

because many herbs are taken in combinations, especially

Chinese herbs.  It is important to evaluate efficacy in for-

mulations because herbs may be synergistic in action.

These multiple-ingredient supplements, in particular, may

be toxic because of the large number of herbs used and an

increased potential for interactions among the various con-

stituents of the formulation.

The Dietary Supplement Health and Education Act

(DSHEA) of 1994 established the definition, safety stan-

dards and efficacy claims of dietary supplements.  The term

dietary supplement was defined as "a product (other than

tobacco) intended to supplement the diet that bears or con-

tains one or more of the following dietary ingredients:  A)

a vitamin,  B) a mineral,  C) an herb or other botanical,  D)

an amino acid,  E) a dietary substance for use by man to

supplement the diet by increasing the total dietary intake, or

F) a concentrate, metabolite, constituent, extract, or combi-

nation of any ingredient described in clause A), B), C) or

D)…."  In addition, the law gave the Food and Drug

Administration (FDA) the burden of proof to establish tox-

icity of dietary supplements with a previous history of use.  

The purpose of this study was to screen commonly

used dietary supplements that claim to have immune

enhancing, antioxidant, or broad anti-microbial activity.

They were screened for toxicity, cytochrome p450 modula-

tion, natural killer (NK) cell function, intracellular glu-

tathione (GSH) augmentation, and antiviral activity against

coxsackievirus B4, strain E2.  These parameters were cho-

sen as they are particularly important in the health of cells,

which may translate to improvement or maintenance in the

general health of the consumer.  Other commonly used

dietary supplements were not included in the current study

because of lack of claims that they had immune stimulat-

ing, antioxidant or anti-microbial action, although others

may have evidence of efficacy in other areas. Two impor-

tant products in this regard are ginkgo and St. John’s wort,

which were not assayed because they are generally used to

address specific health needs rather than general health

maintenance. 

METHODS

Supplements: The natural products evaluated were

either donated or purchased from catalogs, health food

stores, or Chinese herb stores.  All products were stored per

manufacturers’ recommendation prior to use. They were pre-

pared by one of three methods:  1)  for the solid single-ingre-

dient products, content declarations on product labels were

used to determine the assay amount.  Capsules were opened

and the contents poured into a mortar prior to further pro-

cessing, while tablets were used in their entirety;  2)  liquid

products were used undiluted and the concentration gradient

established by the volume used or, in the case of colloidal

minerals, serially diluted in terms of parts per million (ppm)

based upon the content declared on the label; or  3) multiple-

ingredient solid products were weighed on a standard bal-

ance.   The method of determining concentration was gener-

ally based upon product label information, which prevented

accurate measures of true quantities.  This methodology was

used for two reasons:  1) in order to assay products that the

consumer would actually be taking and  2)  to determine if

marketed products of different brands were consistent in

their activity at like concentrations.

Solid products were homogenized by mortar and pes-

tle, suspended in RPMI media (Irvine Scientific, Irvine,

CA) at a concentration of 1000 mg /ml, and used within 24

hours for assays.  Then, serial 10-fold dilutions from 100 to

0.01 µg /ml were used.  Multiple-ingredient products reflect

the concentration of the product as a whole and do not

reflect the amount of the various constituents. 
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Assays:

All assays were run five times.  Any run that had a

coefficient of variance of >20% compared to the other four

runs was discarded and repeated.  1-3% of the runs were

discarded for any reason. Each assay is widely used to eval-

uate pharmaceutical products.  This study has sought to

extend the same methodology to the study of natural prod-

ucts as well.  

Toxicity assays: Toxicity was evaluated at each con-

centration by a variation of a 4-hour 51Cr-release assay (See

and Tilles 1996).  Briefly, peripheral blood mononuclear

cells (PBMC) from normal controls were separated from

other cells in the blood by Ficoll-Hypaque centrifugation.

Hepatocytes were isolated from the livers of adolescent

male CD-1 mice by standard sucrose density-gradient cen-

trifugation followed by 4-hour cell dispersion by gravity

alone.  Both cell types were labeled with 25 microcuries

(µC) [51Cr] sodium chromate (ICN, Costa Mesa, CA) in 0.3

cc RPMI media for 1 hour at 37°C (5% CO2), washed four

times with medium and seeded at an inoculum of 1 x 104

cells into wells of 96-well U-bottom plates.  Supplements at

each concentration were added to the wells in triplicate.

Control wells contained labeled target cells with plain

medium for determination of spontaneous lysis or 3%

Triton X-100 for evaluation of total lysis. After incubation

for 4 hours at 37°C (5% CO2), the cells were centrifuged at

2000 g for 10 minutes and 100 µl of the supernatant

removed for determination of radioactivity by liquid scin-

tillation counting in a Beckman LS-2000. Toxicity at a spe-

cific concentration was arbitrarily assigned as a conserva-

tive value of 20% or greater cpm (counts per minute) of

total lysis after subtracting background spontaneous lysis.

Therefore, any value of 20% or greater represents signifi-

cant toxicity in this assay. A validated cut-off value indicat-

ing true toxicity has not yet been established in the litera-

ture, and 20% was proposed from tissue culture work sug-

gesting that values above this threshold represent signifi-

cant cellular damage.  A product was considered toxic at a

concentration only if all five runs at that and all greater con-

centrations reflected toxicity.  Any run with a control spon-

taneous lysis >15% of the total lysis was discarded and then

repeated.  Thus, this assay examined the capacity of dietary

supplements to damage one or both of the cell types tested,

suggesting a potential for harming cells in the body as well.

Cytochrome p450 assay: The effect of various supple-

ments on cytochrome p450 2E1 and 4A isozymes was eval-

uated in a standard, validated assay by adding each concen-

tration in a lauric acid hydroxylation (LAH) assay using

microsomal liver fractions from adolescent male CD-1

mice (Clarke, et al., 1994).  One (1) µM ketoconazole was

used as a positive control and 1 µM acyclovir as a negative

control.  The effect of the supplements was determined by

calculation of the ratio of HPLC-quantified w-hydroxylated

lauric acid product to lauric acid (LA) substrate (Fisher

Scientific, Irvine, CA) after 5-minute incubation.  The

effect of the supplements was expressed as greatest percent

inhibition or stimulation of the enzyme at any of the five

concentrations tested.  A run was discarded and repeated if

the final control LAH was < 300 mM.  This assay examined

the effect of dietary supplements on a subset of the

cytochrome p450 system.  Millions of patients consume

drugs that are metabolized by these liver enzymes.  In addi-

tion, normal substances in the body are regulated by this

enzyme system.  Although other isozymes such as 3A4 and

2D6 are important in drug metabolism, this assay suggests

that concurrent use of drugs and natural products that have

an effect on cytochrome p450 could lead to elevated or

diminished drug and normal body constituent levels.

Intracellular glutathione assay: The effect of various

supplements on intracellular glutathione (GSH) was deter-

mined by standard, well-validated 4-minute monochlorobi-

mane-(mBCl) (Molecular Diagnostics, Eugene, OR) bind-

ing assay (Barhoumi, et al., 1995).  Briefly, the supplements

at each concentration were preincubated with hepatocytes

from adolescent male CD-1 mice for 24 hours.  After a 4-

minute incubation with mBCl, fluorescence at 461 nm was

assessed by spectrophotometer indicative of mBCl-GSH

conjugate formation.  The activity of the supplement was

calculated as the greatest percent increase of GSH in terms

of optical density (OD) at one of the five concentrations

evaluated. Control GSH values <5 OD units could indicate

dysfunction of a particular run since baseline mBCl-GSH

conjugates are formed in untreated cells as to give OD lev-

els of this magnitude or greater.  Such runs were discarded

and repeated.  This assay demonstrated the ability of dietary

supplements to increase glutathione levels in cells.

Glutathione is an important intracellular antioxidant in the

body, suggesting that some supplements may reduce the

cellular damage and premature aging caused by oxidation

through enhancing glutathione production. 

Natural killer cell (NK) function:  NK function was

assessed by a variation of the 4-hour 51Cr-release assay

described above for toxicity evaluation. The K562 target

cells were maintained in supplemented RPMI media until

time for use.  Fresh PBMC were taken from normal,

healthy volunteers and used as effectors.  The K562 cells

were labeled as above, plated and effector cells with or

without 24-hour preincubation with each concentration of

the various supplements added in triplicate at effector to

target ratios of 40, 20, 10 and 5:1.  NK cytolytic activity

was calculated by the method of Pross (Pross, et al., 1981)

in terms of lytic units (LU).  One LU was defined as the

number of target cells required to achieve 10% specific

lysis of 5 x 103 target cells.  The effect of each supplement

was calculated by the greatest increase in LU at any con-

centration tested.  Any run with a spontaneous lysis >15%

of the total lysis was discarded and repeated.  The NK test-
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ing examined the ability of dietary supplements to increase

the activity of these immune cells in the laboratory, sug-

gesting that those with efficacy in this assay may assist the

body in preventing or eliminating viruses, cancers and some

other micro-organisms.

Antiviral assay:

Coxsackievirus B4 (CVB4), strain E2 is a member of

the enterovirus family and has been associated with typeI

diabetes in animal models (17).  CVB4 was prepared in

monolayers of Monkey Kidney (MK) cells, harvested after

24 hours, aliquoted and frozen at –80° C until ready for use.

Viral titers were determined by standard plaque assay (See

and Tilles 1993).  This viral assay was chosen for three rea-

sons:  1)  it has been well-validated in the literature,  2)  the

authors have considerable experience with it, and  3) the

"plaques" formed are easily seen by the naked eye, allow-

ing for accurate readings.  The effect of the supplements

was determined by adding the product at each concentration

to MK cells simultaneously with a control titer of 1 x 106

plaque-forming units (pfu).  Any decrease in pfu was

recorded on day 7 in terms of log10 reduction at the con-

centration that gave the maximal effect. Because of pre-

sumed toxicity to the MK cells, any runs with pfu > 4

(log10) at day 1 or day 3 of the 7-day observation period

were not considered in the final calculation.  This assay test-

ed the ability of dietary supplements to aid cells in reducing

infections caused by the test virus.  A beneficial effect may

translate to increased resistance to viruses in the body.

RESULTS

One hundred ninety-six (196) products distributed by

57 different companies were evaluated.  One hundred thir-

ty-four (134) solid, single-ingredient supplements, 54 solid,

multiple-ingredient supplements and eight liquid prepara-

tions were studied.  It is reconized that the dosage forms of

these products may have inert ingredients such as binders

and excipients. It is assumed that their contribution to any

biological effect is insignificant.  Overall, 97/196 (49.9%)

of the products were toxic to PBMC and/or murine hepato-

cytes by 4-hour 51Cr-release assay at physiologic concen-

trations.  For products with duplicates, only one brand, that

containing the value farthest from zero, was used.

Cytochrome p450 activity (isozymes 2E1 and 4A) was

either inhibited or increased in 82/196 (42.5%) of the prod-

ucts.  For efficacy parameters, intracellular glutathione lev-

els were significantly increased in 46/196 (24%) by 4-

minute monochlorobimane binding assay; NK cell activity

was enhanced by >10% in 46/196 (24%) as assayed by 4-

hour 51Cr-release assay subsequent to incubation of the

product for 24 hours with the effector PBMC; and replica-

tion of coxsackievirus B4, strain E2, in MK cells was sig-

nificantly reduced in 32/196 (17.4%) by plaque reduction

assay. As expected, due to synergistic effects among the

constituents, multiple-ingredient formulations had a com-

paratively high efficacy rate but were frequently toxic

(44/54, 81.5%) and/or affected cytochrome p450 activity

(40/54, 76%).

A list of the single-ingredient products is found in

Appendix 1 and the composition of the multiple-ingredient

products is in Appendix 2.  More than 1/3 (50/134) of the

single-ingredient preparations, 3/8 (37.5%) of the liquids,

and 44/55 (81.5%) of the multiple-ingredient products were

toxic to PBMC and/or hepatocytes at the concentration

range evaluated.  Furthermore, 42/134 (31.4%) of the sin-

gle-ingredient products and 40/54 (76%) of the multiple-

ingredient products affected cytochrome p450, thus

demonstrating potential drug interaction.  Significant acti-

vation of GSH production was found in 23/134 (17%),

20/54 (38.9%), and 3/8 (37.5%) of single-ingredient, multi-

ple-ingredient and liquid products, respectively.

Significant increase in NK cell activity was noted in 20/134

(15.7%) of single-ingredient, 3/8 (37.5%) of liquid, and

23/54 (63%) of multiple-ingredient products. Finally,

antiviral activity was recorded in 18/134 (13.5%) of single-

ingredient, 2/8 (25%) of liquid, and 12/54 (22.2%) of mul-

tiple-ingredient products.  

A summary of the six assays is presented in tabular

form for those products that exhibited neither toxicity nor

p450 activity but that had a positive effect in at least one

efficacy parameter (Appendix 3). Products with toxicity

and p450 effect but no efficacy are listed in Appendix 4.

Finally, products with toxicity and/or cytochrome p450

effect with or without efficacy or those without toxicity,

p450 activity or efficacy are listed in Appendix 5.  

Among all the products tested, only aloe, garlic, and

multiple-ingredient products containing glyconutritionals

(formulas 48, 49, and 51) were non-toxic, had no

cytochrome p450 activity and had a significant impact on

each of the three efficacy parameters studied.  NK cell acti-

vation of formula 51 was nearly 50%, while the other four

products had < 22% increase.  Formula 48 had > 200% and

formula 51 had > 100% increase in GSH, while the other

three had < 40% increase. Finally, formula 51 had approx-

imately 3 (log10) reduction in pfu, followed by garlic and

formula 48 with approximately 2 (log10) decrease, while

aloe and formula 49 had < 1 (log10) reduction.      

Of the 134 single-ingredient products tested, 30 were

represented multiple times by various brands.  The same

single-ingredient product marketed by as many as four

companies varied by > 300% in at least one efficacy assay.

DISCUSSION

The current study was designed as a screening experi-

ment to stimulate further scientific inquiry into dietary sup-
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plements, and to test in vitro parameters particularly applic-

able to those consumers who use dietary supplements for

general health maintenance.  Nearly 50% of the products at

estimated physiologic concentrations were toxic to one or

both of the two cells types tested.  If anything, this percent-

age may be an underestimate of the potential toxicity of

some natural products, since high concentrations were not

evaluated and only two cell types were tested.  Furthermore,

cytochrome p450 activity in a lauric acid assay was affect-

ed by 42.5% of the products.  This may also be an underes-

timate of the true impact of these products on this important

liver enzyme system since among the large number of

cytochrome p450 isozymes, only 2E1 and 4A were tested

by the system used. Therefore, the potential exists for nat-

ural therapies to interfere with the hepatic metabolism of

drugs such as acetaminophen, minoxidil, oral contracep-

tives, rifampin, and many others, as well as a wide range of

endogenous substances.  Therefore, induction of these

enzymes could lead to low levels of drugs or natural con-

stituents in the body.  Conversely, inhibition could lead to

high, even toxic, levels.

Since pharmacokinetics of supplements have not been

well studied, studies on actual concentration in the human

bloodstream of an orally ingested drug have provided the

rationale for the concentrations evaluated (Goth 1992).

Thus, the concentration range used in the study was esti-

mated as physiologic, based primarily on drug studies.

However, studies reporting a serum concentration > 5 ug/ml

of vitamin C in healthy persons corroborate the concentra-

tions used in this study (Goodman and Gilman, 1996).

Physiologic concentrations in the human bloodstream are

determined by the amount of the product taken, the

bioavailability in the gastrointestinal (GI) tract (or the per-

centage of product absorbed across the lining, determined

to a large extent by binding to food constituents in the GI

tract lumen), and the total volume of blood. Therefore,

some toxicities obtained in this in vitro study actually may

not be achievable by judicious use of the product in ques-

tion. Lack of activity may be due to concentrations lower

than would actually be used in vivo. Likewise, the maximal

concentration used, 100 µg/ml, is a substantial concentra-

tion to be achieved, nevertheless, by any ingested substance

in the bloodstream.

Multiple-ingredient dietary supplements are frequently

used, especially with Chinese herbs.  There are no widely-

standardized formulations, so combinations that are fre-

quently used to address a large number of specific ailments

by Chinese herbalists were evaluated in this study.  Since a

large proportion of the Chinese population uses natural

remedies and Chinese folk medicine is gaining in populari-

ty in the US, it is of concern that such a high proportion of

these compounds had a toxic component and cytochrome

p450 activity.  The potential of Chinese herbal combina-

tions to improve diseases and assist in general health main-

tenance versus their potential for harm needs further evalu-

ation.

Glutathione is an important intracellular antioxidant.

Free-radical oxygen molecules produced as a result of nor-

mal energy processes in every cell may account for poor

cellular function, cross-linking of proteins, damage to

DNA, accelerated cellular aging, loss of integrity of the cell

membrane, and diminished exercise potential (Maxwell

1995). Among the supplements tested in the current study,

the flavonoids; the multiple milk whey protein product (for-

mula 52); alpha lipoic acid; rosemary; schizandra; the gly-

conutrient-containing products (formulas 48, 49, and 51);

vitamins A, C, and E; and formulas 7 and 16 most signifi-

cantly enhanced GSH.  The range was from nearly 300% to

approximately 10% increase among all the products with a

measurable effect.  However, the GSH assay used in this

study in itself does not completely reflect the antioxidant

potential of any supplement or drug as other cellular sys-

tems such as superoxide dismutase are important in miti-

gating free radical oxygen damage.

Natural killer cells are important immune surveillance

cells and are front-line defense mechanisms against virus-

es, intracellular bacteria and cancers (See et al. 1997).  This

study evaluated two products with ingredients similar to the

substance found in breast milk that contributes to its

immune enhancing effects in infants (Hanson 1997).  Both

ingredients, glyconutrients and bovine colostrum, had sig-

nificant NK cytolytic-enhancing effect in the current study,

with the former having the greater activity.  Thus, clinical

results correlate with the results of this study. Echinacea

purpurea and Echinacea angustifolia, inositol hexaphos-

phate (IP-6), glyconutrient-containing products (formulas

48, 49, and 51) and formulas 1, 3, 43, and 46 were the most

potent enhancers of NK cytolysis. The range was from

nearly 50% to approximately 10% increase among all the

products with a measurable effect.  These results obviously

do not reflect a complete potential for immune system

enhancement as only a subset of immune cell activity (NK

cells) was evaluated in the current study.  Such important

immune parameters as antibody and T cell function were

not evaluated and further studies are warranted to substan-

tiate or debunk claims of immune system enhancement by

natural products.

Despite the widespread claims of antiviral activity of

supplements, only a few actually demonstrated an effect in

these assays.  No evidence exists that any supplements have

direct antiviral activity, but those supplements that demon-

strated an antiviral effect in the current study presumably

did so by optimizing intracellular antiviral mechanisms

such as the interferon pathways.  Garlic, Echinacea pur-

purea and Echinacea angustifolia, Korean ginseng, Pau

D’Arco, shiitake and reishi mushrooms, lecithin, glyconu-

trient-containing products (formulas 48, 49, and 51) and

formula 7 had the most potent antiviral activity. The range
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was from approximately 3 (log10) to approximately 0.5

(log10) reduction in pfu among all the products with a mea-

surable effect. Obviously in this screening study, activity

against only one virus was evaluated, and the current inves-

tigation cannot presume nor rule out activity against other

viruses.  However, because intracellular antiviral pathways

tend to be conserved among most viruses, this study may

give a more accurate representation of antiviral activity than

one might otherwise suspect.  Further studies are needed to

confirm this observation.  Finally, antibacterial, antifungal,

antimycobacterial, and antiparasitic activity were not tested.

This research represents a two-pronged effort designed

to serve public health needs regarding the use of dietary

supplements. In vitro models were used to survey potential

safety and reasonable clinical benefits.  Cellular models and

certain important biochemical and immunological systems

produce toxicity when damaged.  There are those who may

criticize the extension of this data to human health experi-

ence because animals models were not tested. However, the

purpose of this study was not to perform a comprehensive

evaluation of natural products using the drug model of in

vitro studies, confirmatory animal testing, and finally dou-

ble-blind, placebo-controlled clinical studies.  Rather it

should serve as a basis for more thorough research into

dietary supplements that are used by the public for health

maintenance, but may have potential toxicity and/or lack of

beneficial effects.  

This project was initiated in 1992 and completed in

1998.  Three laboratories, one located within the University

of California at Irvine Medical Center and supervised by

medical school faculty members, performed the various

assays.  This effort supports those individuals in the politi-

cal and industry forces who worked to pass the DSHEA and

who believe natural nutritional substances have much to

offer the modern medical armamentarium. In view of the

recent legislation to expand and increase the role and fund-

ing for the Center for Complementary and Alternative

Medicine located on the campus of the National Institutes

of Health, the issue of safety and efficacy of natural prod-

ucts is becoming an increasingly important issue in the

health of the US population.  It is vital that the consumer is

provided with solid scientific evidence upon which to make

informed choices.

This study has sought to provide the maximum use

from the data.  DSHEA placed a wide variety of substances

into a common category of dietary supplements.  This law

acknowledged that many of the substances have been used

by human beings since recorded history.  However, modern

processing technology can take an active ingredient present

in nature in microgram quantities from a large quantity of

raw plant material and provide this concentrated material in

a few tablets or capsules.  The consumer, assuming the

material is safe, may unwittingly ingest a large amount of

active ingredient traditionally used in much more diluted

forms such as teas.

This study indicates that a classification and ranking

by efficacy and toxicity is desirable and should be based on

modern research techniques.  This effort is in harmony with

DSHEA, which calls for research to substantiate health

benefits.

Aloe, garlic, and the three glyconutrient-containing

products were non-toxic, without cytochrome p450 effect

and had a significant effect on all three efficacy assays.  The

encapsulated aloe used was a stabilized extract, collected

from the cells in the leaf parenchyma.  This form has been

associated with less toxicity and greater benefits compared

to "aloe bitters", a strong laxative derived from vascular

bundles in the leaf. The garlic used was in tablet form,

derived from dehydrated fresh whole cloves.   The gly-

conutritionals appear to act by providing saccharides for

glycoform production in cells (Axford 1997).  Clinical ben-

efits have been reported in studies for all five of these prod-

ucts (Syed et al. 1996;  Nagourney 1998;  Dykman and

Dykman 1998;  Dykman et al. 1998). 

In summary, a large percentage of dietary supplements

tested demonstrated cellular cytotoxicity and/or interaction

with cytochrome p450 activity.  It was beyond the scope of

this screening study to evaluate all claims made about the

individual products tested.  Antioxidant, antiviral or

immune-enhancing effects should be further evaluated.

However, the very positive effects of many supplements

evaluated in the current study indicate that clinical benefits

from them are possible.  This fact is corroborated by clini-

cal studies showing efficacy of the five products with the

greatest potential.
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1.   AGRIMONY a.

2.   ALFALFA a.

3.   ALOE a.

4.   ALPHA LIPOIC ACID a.

5.   AMARANTH a.

6.   ANGELICA a.       

7.   ANISE a.

8.   ASTRAGALUS a.

9.   BARBERRY a.

10. BASIL a.

11. BAYBERRY a.

12. BEE POLLEN a.

13. BEE PROPOLIS a.

14. BELLADONNA (30x) c.*

15. BILBERRY a.

16. BIRCH a.

17. BISTORT a.

18. BLACKBERRY a.

19. BLACK COHOSH a.

20. BLACK WALNUT a.

21. BLESSED THISTLE a.

22. BLUE COHOSH a.

23. BLUE VERVAIN a.

24. BONESET a.

25. BORAGE a.

26. BOVINE COLOSTRUM c. 

27. BROAD BEAN a.

28. BUCHU a.

29. BUCKTHORN a.

30. BUGLEWEED a.

31. BUPLEURUM CAPSICUM a.

32. BURDOCK a.

33. CALENDULA a.

34. CATNIP a.

35. CHAMOMILE a.

36. CHAPARRAL a.

37. CHICKWEED a.

38. CHLORELLA b.

39. CLOVES a.

40. CINNAMON a.

41. COLLOIDAL MINERALS c.

42. COLLOIDAL SILVER c.

43. COLTSFEET a.

44. COMFREY a.

45. CULVER’S ROOT a.

46. CYANI a.

47. DAMIANI a.

48. DANDELION a.

49. DIOSCOREA b.

50. DUNALIELLA SALINA a.

51. ECHINACEA ANGUSTIFOLIA a. 

52. ECHINACEA PURPUREA a.

53. ELDER FLOWER a.

54. ELECAMPANE a.

55. EUCALYPTUS a.

56. FENNEL a.

57. FENUGREEK a.

58. FEVERFEW a.

59. FO-TI a.

60. GARLIC b.

61. GINGER a.       

62. GINSENG (KOREAN) a.

63. GINSENG (SIBERIAN) a.

64. GOLDENSEAL a.

65. GOTU KOLA a.

66. GRAPE SEED EXTRACT a.

67. GRAPEFRUIT EXTRACT a.

68. GUMWEED a.

69. HIBISCUS a.

70. HANSI c.*

71. HOREHOUND a.

72. HORSERADISH a.

73. HORSETAIL a.

74. HYSSOP a.

75. IP-6 (INOSITOL HEXAPHOSPHATE) a.

76. IRISH MOSS a.

77. JUNIPER a.

78. KAVA KAVA a.

79. KELP a.

80. KOMBUCHA MUSHROOM TEA c.

81. LECITHIN a.

82. LEMON GRASS a.

83. LICORICE a.

84. LIGUSTRUM LUCIDUM a.

85. LOBELIA a.

86. LONGSPUR a.

87. LYSINE b.

88. MA HUANG (EPHEDRA) a.

89. MARJORAM a.

90. MARSHMALLOW a.

91. MILK THISTLE (SILYMARIN) b.

92. MISTLETOE a.

93. MONOLAUREN b.

94. MUGWORT a.

95. MULBERRY a.

96. MULLEIN a.

97. MYRRH a.

98. NETTLE a.

99.  NONI (JUICE) c.

100. NONI (CAPSULES) a.

101. OATSTRAW a.

102. OLIVE LEAF EXTRACT a.

103. OREGON GRAPE a.

104. PARSLEY a.

105. PASSION FLOWER a.

106. PAU D’ARCO a.

107. PEPPERMINT a.

108. PERIWINKLE a.

109. PINE a.

110. POKEWEED a.

111. PYCNOGENOL b.

112. QUERCETIN b.

113. REHMANNIA GLUTINOSA a.

114. REISHI MUSHROOM a.

115. RHUBARB a.

116. ROSEMARY b.

117. ROYAL JELLY a.

118. SAGE a.

119. SAVORY a.

120. SAW PALMETTO b.

121. SCHIZANDRA a.

122. SENECA a.

123. SENNA a.   

124. SHARK CARTILAGE b.

125. SHARK LIVER OIL c.    

126. SHEEP SORREL a.

127. SHIITAKE MUSHROOM a.

128. SMILAX ORNATA a.

129. SPEARMINT a.

130. SUMA a.

131. TURMERIC a.

132. UNA DE GATO (CAT’S CLAW) a.

133. VALERIAN a. 

134. VERVAIN a.

135. VITAMIN A b.

136. VITAMIN C b.

137. VITAMIN E a.

138. WHEAT GRASS a.

139. WILD YAM (MEXICAN) a.

140. WILLOW a.

141. WINTERGREEN a.

142. WITCH HAZEL a.

APPENDIX 1: LIST OF SINGLE INGREDIENT AND LIQUID PRODUCTS

a. Capsule        b. Tablet          c. Liquid          *  Homeopathic
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FORMULA 1.  Goldenseal, chaparral, echinacea purpurea,

plantain, lobelia, marshmallow, cayenne, chamomile,

valerian, skullcap, catnip, wood betony, spearmint.

FORMULA 2.  Astragalus, don-sen, fu-ling, ginger,

jujube, licorice

FORMULA 3.  Korean ginseng, astragalus, dong quai, fu-

ling, aconite, rehmannia, ho-shou-wu, lycii, longan

berries, pai-shu, jujube, ginger, licorice, chrysanthe-

mum

FORMULA 4. Black cohosh, hops, lady’s slipper root,

skullcap, lobelia, valerian, chamomile, wood betony,

hawthorn berry, ginger root

FORMULA 5. Potassium, magnesium aspartate, silica,

boron, molybdenum, vanadium, gamma oryzanol, glu-

tamine, chlorophyll, pycnogenol, siberian ginseng,

astragalus, smilax ornata, ginkgo, fo-ti, shiitake mush-

room, bupleurum capsicum, Chinese cruciferous con-

centrate, ligustrum lucidum, milk thistle, rehmannia

FORMULA 6.  Biotin, folic acid, choline, inositol bitar-

trate, p-aminobenzoic acid, vitamin D, vitamin K,

boron calcium citrate, magnesium chelate, phospho-

rus, chromium, iodine, iron, potassium, canola oil

FORMULA 7.  Lecithin, spirulina, barley, wheat grass, red

beet juice, apple fiber, chlorella, soy sprouts, brown

rice germ, barley malt, vitamin E, acidophilus, rham-

nosus, bifidus, plantarum, thermophilus, royal jelly,

bee pollen, acerola berry, licorice, dunaliella salina,

nova scotia dulse, milk thistle, echinacea angustifolia,

siberian ginseng, astragalus, ginkgo, Japanese green

tea, grapeseed extract, bilberry

FORMULA 8.  Kelp, Chinese stephania, astragalus,

atractylodes, poria cocos, ginger, cascara sagrada,

rhubarb, fennel, echinacea purpurea, chaparral, water-

cress, mate, mustard seed, licorice, cleavers

FORMULA 9.  Dong quai, peony root, rehmannia,

licorice, angelica, cramp bark, chamomile, ginger,

squawvine, false unicorn root

FORMULA 10.  Lu-gen, banxia, chen-pi, hua-jiao, shi-di,

ji-nei-jin, zhu-ru, shi-di, dang-shen, bei-sha-shen, sha-

ren

FORMULA 11.  Yuan-zi, wu-wei-zi, he-huan-pi, jujube,

bai-zi-ren, ren-shen, angelica, dang-shen, da-zhao,

APPENDIX 2: 

composition of the multiple ingredient products

cong-bai, lian-zi, ling-zi, fu-pen-zi, wu-wei-zi, jin-

ying-zi, mulberry

FORMULA 12.  Dang-shen, ren-shen, huang-qi, rehman-

nia, angelica, huang-jing, bai-ji-tian, longspur, lily,

nu-zhen-zi

FORMULA 13.  Ju-hua, cang-er-zi, jue-ming-zi, gou-teng,

licorice, da-zao, ban-xia, chen-pi, mai-dong, huang-qi,

angelica, Chinese wild yam, ren-shen, bei-sha-shen,

huang-jing, rehmannia

FORMULA 14.  Angelica, gou-qi-zi, he-shou-wu, da-

zhao, rehmannia, Chinese wild yam, tu-si-zi

FORMULA 15.  Yu-xing-cao, hawthorn, tao-ren, yi-yi-

ren, dan-shen

FORMULA 16.  He-shou-wu, cang-er-zi, qing-dai, qu-

mai, she-chung-zi, chrysanthemum, bai-xian-pi, yi-yi-

ren, tu-fu-ling, dandelion

FORMULA 17.  He-shou-wu, ren-shen, lu-rong, e-jiao,

huang-jing, huang-qi, gou-qi-zi, fu-ling, nu-zhen-zi,

bu-gu-zhi, longspur, shi-chang-pu, du-zhong, tu-si-zi,

dong-chong-xia-cao, dang-shen, da-zhao

FORMULA 18.  Rou-cong-wong, shi-chang-pu, Chinese

yam, tu-si-zi, yu-jin, ban-xia, chen-pi, nu-zhen-zi,

huang-jing

FORMULA 19.  Bai-ying, yu-xing-cao, pu-gong-ying,

wei-ling-xian, ban-zi-lian, ji-xing-ren, da-zao, zi-cao,

yi-yi-ren

FORMULA 20.  Bai-hua-she-she-cao, chai-hu, ling-zi,

yin-chen, qing-dai, ban-lan-gen, jue-ming-zi, da-zao,

chen-pi, bai-jiang-cao

FORMULA 21.  Chi-xiao-dou, mu-xiang, tao-ren,

hawthorn, chen-pi, zhi-qi-zi, yu-mi-xu, gan-sui,

lingzhi, dang-shen, fu-ling, bai-zhu, huang-qi, sha-ren,

huang-jing, bai-jiang-cao

FORMULA 22.  Tao-ren, angelica, rhubarb, yu-li-ren,

sheng-di, huo-ma-ren, aloe, gua-lou-ren, mulberry,

bei-sha-shen, yu-zhu, wu-mei, senna

FORMULA 23.  Hou-xiang, lai-fu-zi, fennel, maltose,

hyacinth, ban-xia, xuan-fu-hua, bei-sha-shen, mai-

dong, da-zao

FORMULA 24.  Fennel, sha-ren, hawthorn, hai-piao, xiao,

pi-pa-ye, ju-pi, da-zao, rou-gui
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FORMULA 25.  Licorice, gan-jiang, ren-shen, bai-zhu,

zhi-shi, rou-gui, shen-qu, lai-fu-zi, angelica

FORMULA 26.  Wu-mei, lian-zi, qian-shi, bai-tou-weng,

jin-ying-zi, bai-zhu, ginger, Chinese yam

FORMULA 27.  Jie-ging, ting-li-zi, ma-huang, di-gu-pi,

tian-nan-xing, coltsfeet, lily, yu-xing-cao, chuan-bei,

zi-su-ye, gan-jiang, chen-pi, chrysanthemum, mulber-

ry, wu-bri-zi, ju-hong, ban-xia, fu-ling, dong-gua,ren,

gan-cao, jin-yin-hua

FORMULA 28.  Mulberry, chrysanthemum, xing-ren, zhe-

bei, licorice, skullcap, di-gu-pi, rhubarb, bai-ji, lu-gen,

ban-xia, yi-yi-ren, lily, rehmannia, mai-dong, bai-shao,

huang-jing

FORMULA 29.  Da-qing-ye, chrysanthemum, peppermint,

mulberry, burdock, jin-yin-hua, ge-gen, skullcap, ban-

lan-gen, cong-bai, zi-su-ye, lu-gen, jing-jie, hyacinth

FORMULA 30.  Mulberry, hawthorn, chrysanthemum, yu-

mi-xu, xia-ku-cao, he-shou-wu, mistletoe, jue-ming-zi,

da-zao, ge-gen, skullcap, gou-teng, mu-li

FORMULA 31.  Ren-shen, mai-dong, fu-ling, jujube, lian-

zi, rou-gui, ginger, licorice, huang-jing, ju-pi, wu-wei-

ze, huang-qi, bai-sha-shen, bai-zhu, yu-zhu, rehman-

nia, dang-shen, tu-si-zi, gou-qi-zi, rou-cong-rong,

Chinese yam, lily

FORMULA 32.  Ling-zhi, hawthorn, he-shou-wu, ru-

xiang, myrrh, gua-lou, gui-zi, mu-xiang, lian-zi-xin

FORMULA 33.  Yu-zhu, lian-xi-xin, ren-shen, da-zao, bai-

zhu, licorice, gui-zhi, hong-hua, tao-ren, chuan-xiong,

yuan-zhi, bai-zi-ren, he-shou-wu, mu-li, tian-nan-xing,

bai-ji, wu-wei-zi, wu-zhu-yu, rou-dou-kou

FORMULA 34.  Cong-bai, ginkgo, che-qian-zi, long-dan-

cao, shi-wei, qu-mai, bian-xu, tong-qao, ci-xiao-dou,

jin-qian-cao, dandelion, bai-zhu, rehmannia

FORMULA 35.  Yi-yi-ren, chi-xiao-dou, gan-cao-shao,

zhu-ye, che-qian-zi, bai-wei, qu-mai, hua-shi

FORMULA 36.  Ju-he, hawthorn, dan-shen, hong-hua, ze-

lan, tao-ren, angelica, zhi-zi, fennel, da-zao, rehman-

nia

FORMULA 37.  Dang-shen, huang-qi, sha-ren, yumixu,

pokeberry, yu-xing-cao, mulberry, yi-mu-cao, da-ji,

xiao-ji, chi-xiao-dou

FORMULA 38.  Shi-wei, han-lian-cao, jin-qian-cao,

yumixu, di-fu-zi, che-qian-ze, hua-shi, bai-mao-gen,

da-zao

FORMULA 39.  Cong-bai, fu-ling, che-qian-zi, bai-zhu,

hua-shi, qu-mai, rehmannia, mai-tong, dan-zu-ye

FORMULA 40.  Cong-bai, lu-jiao-jiao, bai-shao, angelica,

yi-mu-cao, rehmannia, shan-zu-yu, mugwort, chuan-

xiong, wu-zhu-yu, di-gu-pi, huang-bai, chai-hu, ban-

xia, chen-pi, fu-ling, xiang-fu

FORMULA 41.  He-ye, hawthorn, chi-xiao-dou, huang-qi,

cui-zhi, fu-ling, fang-feng, jing-jie, ma-huang, chai-

hu, skullcap, rhubarb, zhi-shi, angelica, rehmannia,

tao-ren, hong-hua, ban-xia, chen-pi, bai-zhu

FORMULA 42.  Lian-xu, hyacinth, water lily, Chinese

yam, che-qian-zi, ginkgo, jin-ying-zi, rou-gui, fu-ling,

lian-zi, mugwort, da-zao

FORMULA 43.  Angelica, he-shou-wu, huang-jing, gu-qi-

zi, e-jiao

FORMULA 44.  Rehmannia, wu-wei-zi, shan-zhu-yu, nu-

zhen-zi, mai-dong, tian-dong

FORMULA 45.  Skullcap, huang-lian, ku-shen, ku-cao,

ye-ju-hua, pu-gong-ying, zhi-zi, bai-hua-she-she-cao

FORMULA 46.  Dang-shen, bai-zhu, yi-yi-ren, fu-ling,

da-zao, huang-qi, chen-pi, hyacinth

FORMULA 47.  Plantago ovata, blond apple fiber, prune

powder, rice bran, sea vegetation, oat bran, sodium

alginate, lemon powder

FORMULA 48.  Glyconutrients, broccoli, brussels sprout,

cabbage, carrot, cauliflower, garlic, kale, onion,

papaya, pineapple, tomato, turnip

FORMULA 49.  Glyconutrients, dioscorea, lysine,

glycine, glutamic acid, cellulose, arginine, calcium

carbonate, beta sitosterol, stearic acid, silica

FORMULA 50.  Fructose, choline bitartrate, calcium pan-

tothenate, glycine, vitamin C, niacinamide, vitamin E,

silicon dioxide, lysine, zinc, chromium aspartate,

niacin, pyridoxine, thiamine, riboflavin, copper,

cyanocobalamine, magnesium gluconate

FORMULA 51.  complex naturally occurring plant poly-

saccharides

FORMULA 52.  multiple milk whey proteins

FORMULA 53.  caffeine, ground dehydrated green tea

leaves

FORMULA 54.  excipients of powdered rice bran
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Appendix 3
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Appendix 4

Coltsfoot
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Appendix 5
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Pau D’Arco

Saw Palmetto
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Appendices 3, 4, and 5: Description of the six assays run for each product

• Liver and PBMC toxicity: toxicity against murine hepatocytes or human peripheral blood mononuclear
cells.  Positive result reflects at least 20% cell death. 

• p450: a positive result indicates a change in control cytochrome p450 (isozymes 2E1 and 4A) activity.
A closed circle indicates inhibition, and a closed circle proceeded by a plus sign indicates activation.
Either inhibition or activation may have detrimental effects on levels of drugs and endogenous sub-
stances metabolized by the isozymes tested.  Results < 10% are reported as no effect due to potential
assay variation.

• NK: a positive result reflects an increase in natural killer cell cytolysis in terms of lytic units (LU).
Results < 10% are reported as no effect.

• GSH: a positive result reflects an increase in intracellular glutathione concentration.  Results < 10% are
reported as no effect

• Antiviral:  a positive number indicates a reduction in plaque-forming units (pfu) of coxsackievirus B4,
strain E2, compared to control plates.  Results less than 0.5 log10 reduction are reported as no effect.
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For more than 20 years, dating back to medical school and residency training at the University of Minnesota, I have

been fascinated by the behavior of drugs: their effects, side effects, mechanisms of action, pharmacokinetics, and metabol-

ic fate.  Few would argue with the notion that there is an enormous body of science--some good and some not so good--that

has been amassed in the interest of understanding what drugs should, can, and will do when they are introduced into the

human body.   As complex as these exercises are, they may seem rather simplistic when compared to the task of develop-

ing a similar understanding of nutraceuticals.  Many of these compounds, particularly herbs, can be heterogeneous and vari-

ably composed based on extraction methods, botanical sourcing, and even seasonal harvesting.  As the era of nutraceuticals

dawns, new investigational tools for the scrutiny of their behavior must be studied and developed.

Drugs tend to target a specific site of action or disease endpoint and frequently do little to affect or modulate the gene

expression that may have caused the functional derangement in the first place.  Medical therapeutics must indeed become

more preemptive and focus on the management of function and gene expression rather than rely on the technology of "res-

cue".  Nutraceuticals are the logical choice for the management of many biological  functions that require complex influ-

ences that cannot be accomplished with either single molecules or with substances that are otherwise foreign to genetical-

ly-unique systems.  The more we understand and characterize their behavior, the better the patients and clinicians of the

coming era in medicine will be able to avail themselves of their potential benefits.

In this issue of JANA, we have published an important original research article, “An In Vitro Screening study of 196

Natural Products for Efficacy and Toxicity.”  This work and study was conducted over a 6-year period by Darryl M. See,

MD, et al. at the University of California, Irvine. Partially funded by a grant from the Public Health Service, this important

research gives us one of the first in vitro reports on the actions of these natural products that are now regulated by DSHEA.

We are pleased that our journal is able to provide health care professionals, the dietary supplement industry, academicians,

and consumers with this important information.  

Dr. See and colleagues' landmark effort to characterize the functional behaviors of a compendium of commonly-used

nutraceuticals is an important first step in our quest to understand these new tools.  Knowing a little more about the

immunomodulatory properties of a nutraceutical in the context of their effect on detoxification mechanisms is a necessary

step up from "best guesses" and towards the direction of clinical science.  We sincerely hope that this study opens the door

to aggressive academic inquiry into the world of nutraceuticals and their functional applications, inquiry that will lead to a

valid expansion of our clinical "tool chest." 

Editorial Comment on See et al. Study
Christopher M. Foley, MD

Co-editor - JANA

E D I T O R I A L
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Approximately 70 percent of adult Americans now

consume one type or another of nutraceutical nutritional

supplements on a regular basis.  Most of these consumers

believe that they have a significant degree of control over

their own health.  By using nutraceutical and dietary sup-

plements, it is their desire and intent to enhance the quality

of their lives, improve performance and well being, and

hopefully to live longer and better lives.  They want to com-

press into the shortest duration possible, or even ideally to

eliminate, any potential illness or chronic disability. 

In an ideal world, all manufacturers and suppliers of

nutraceutical supplements would be guided by a number of

altruistic principles.  The supplied products would have

integrity and, as such would be trustworthy, safe, and con-

sistently have an inherently demonstrable high standard of

quality. The ANA applauds those companies that strive to

reach these goals.

Most of all, the successful use of nutraceutical prod-

ucts to improve health would be based on a three-way trust.

The consumer would trust those who recommend or supply

the nutraceuticals to deliver the advice and the product with

integrity. The supplier of a nutraceutical product would

trust the consumer to not abuse that product and to use it as

intended and directed. The manufacturers of nutraceuticals,

in turn, would reciprocate and additionally  provide a reli-

able and safe product.

The contribution by See et al. in this issue of JANA is

an important study that clearly identifies that we do not  live

in a nutraceutically ideal world. A wide range of variability

(300%) was noted in the concentrations of some products

generated by different manufacturers.  Nearly half of the

products demonstrated toxicity in widely used screening

bioassays.  Depending upon the projected parameter

employed, it would appear that a larger proportion of the

products would have little or no biologic efficacy in real life.

And many of those products screened that did demonstrate

potential efficacy had the likelihood of possible toxicity.

It is important to emphasize that the study by See et al.

is limited.  Although wide in scope (196 different products

and 404 ingredients screened), data generated by the use of

in vitro bioassays should not be over-interpreted, and any

extension by extrapolation to intact human beings must be

guarded.  Nevertheless, the bioassay toxicological screen-

ing tests employed by these investigations have time-

proven merit, and these results cannot be ignored.

Further studies will be needed to extend these prelimi-

nary observations and to determine their real significance.

The investigation has validity enough, however, to raise

legitimate concerns.

For the consumer, the message may be "let the buyer

beware."  In their well-intended quest for better health, the

potential exists for achieving just the opposite: no proven

enhancement of well-being at the risk of potential toxicity.

For the manufacturer, hopefully, there will be a mes-

sage for "corporate responsibility," for self-testing, and self-

regulation of the products they generate.  To do otherwise

will be to compromise the integrity of the process and to

invite regulation from without.

The manufacturers and suppliers of nutraceuticals and

dietary supplements have a pressing need for an indepen-

dent post-marketing surveillance for both the potential ben-

efits and the potential risks of their products.  The con-

sumers who, in nearly blind trust, purchase these products

deserve no less.  They need assurance that what is purport-

ed "to be there" is really there.  In other words, they need

assurances that the product has integrity.  They also need

assurance that the ingredients are efficacious, that true ben-

efits can be derived without unwarranted risk, and that the

products are safe. 

The American Nutraceutical Association plans to soon

announce a national initiative that will address all of these

issues and concerns that impact the manufacturers and dis-

tributors of nutraceuticals, as well as ANA members who

are healthcare professionals.  About 2,500 years ago, the

ancient Greeks emphasized that the "first rule" must always

be to "do no harm."  We should apply this rule to the world

of nutraceuticals and dietary supplements.

Gary L. Huber, MD is currently the medical director at the

Olympic Center and Texas Nutrition Institute, East Texas Medical

Center (ETMC) Healthcare System, Tyler, Texas. Dr. Huber spent

over 14 years at Harvard Medical School, and for over 11 years

was Professor of Medicine on the faculty of the University of

Texas.  His primary clinical interests and research interests are

now in nutrition and nutraceutical supplementation, lifestyle

behaviors, disease risk modification, and alternative and comple-

mentary integrative health care programs.  He is a member of the

American Nutraceutical Association Medical Advisory Council.

Editorial Comment on See et al. Study
Gary L. Huber, MD
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Effects of Baseline Total Cholesterol Levels on

Diet and Exercise Interventions  
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and William G. Squires, Jr.  PhD4

1Health and Medical Research Foundation, San Antonio, TX., 2Natural Alternatives International, San
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*All cholesterol levels appearing in this manuscript refer to mg/dL.

O R I G I N A L R E S E A R C H

ABSTRACT
When studying the effects of experimental interven-

tions related to changes in wellness biomarkers other than
cholesterol, investigators may also wish to know the effect
of the intervention on serum cholesterol levels. Since par-
ticipants in these studies are not selected using baseline
serum cholesterol levels, the participant pool includes indi-
viduals with a wide range of baseline serum cholesterol lev-
els and questions arise as to how to best evaluate the effica-
cy of the intervention as it relates to serum cholesterol.
Although it is desirable to lower serum cholesterol levels in
excess of 200mg/dL, it may not be warranted to alter serum
cholesterol levels in the desirable range of 150mg/dL-
199mg/dL.  Furthermore, there are studies suggesting that it
may be harmful to lower serum cholesterol below 150mg.
This study reports cholesterol data that was not reported in
two previously published studies on body composition and
compares the conclusions that would be drawn from these
data with and without subdividing participants using three
baseline total serum cholesterol levels: <150, 150-199, and
>199 mg/dL. 

Subdividing participants in the treatment groups using
their baseline total serum cholesterol levels showed that
serum cholesterol reductions related to diet and exercise
were almost exclusively attributed to individuals with base-
line serum cholesterol levels >200 mg/dL, a pattern not
observed in the placebo groups where subdividing bore little

relationship to baseline serum cholesterol reductions.
Furthermore, no significant changes in either total or LDL
serum cholesterol were found in the entire sample of indi-
viduals in  placebo groups.  In both treatment groups, cal-
culation of the percentage of change from baseline revealed
that the higher the level of baseline total serum cholesterol,
the greater the percentage of reduction from baseline in
both total and LDL serum cholesterol.  Additionally,
although not the primary purpose of this paper, the data also
provide support for the efficacy of the dietary supplements
used in these studies to lower total and LDL serum choles-
terol, a reduction that was even more pronounced among
participants who had baseline total serum cholesterol levels
greater than 200 mg/dL. 

KEYWORDS

Cholesterol, hyperlipidemia, behavioral modification
plan (BMP), chromium picolinate, glyconutritional phyto-
chemical supplements.

INTRODUCTION

Hyperlipidemia is a major risk factor for coronary
artery disease (CAD), atherosclerosis, and cerebral vascu-
lar diseases.1-3 Interventions to reduce elevated levels of
serum cholesterol levels, particularly low-density lipopro-
tein (LDL), are effective in decreasing morbidity and mor-
tality.4-9 In general, patients with serum cholesterol levels
at or above 220 mg/dL, with LDL levels from 157 to 187
mg/dL, or with clinical evidence of coronary atherosclero-
sis are enrolled in serum cholesterol reducing trials.10

However, when studying the effects of wellness-related
interventions on variables other than hyperlipidemia,
investigators may still want to know the effects the study
intervention has on serum lipid levels. Since participants in

* Correspondence:

Gilbert R. Kaats, PhD, Director

Health and Medical Research Foundation

4900 Broad Street, San Antonio, TX. 78209-5761

Phone 210-824-4200    Fax  210-824-4022
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these studies are not selected using baseline serum choles-
terol levels, individuals with a wide range of baseline serum
cholesterol levels may be enrolled, raising questions as to
how to evaluate the efficacy of the intervention on individ-
uals with different baseline serum cholesterol levels.  In
fact, for some individuals, lowering serum cholesterol may
constitute a negative, rather than positive treatment out-
come, since some studies have suggested that serum cho-
lesterol levels below 150 mg/dL have been found to be
associated with violent death, overall violence, and sui-
cide.11 In a recent meta-analysis of 32 human and animal
studies that linked serum cholesterol and violence, the
authors concluded that these studies supported such a pos-
sible adverse relationship.12

Although the biological plausibility of the relationship
between increased violence, depression and suicide has
been questioned,  studies with humans and primates support
this relationship.12-17 At least two possible explanations
exist.  One suggests that interleukin-2, one of the cytokines
produced by T cells, plays an important role in lipid metab-
olism, depression, and atherosclerosis.18 It is suggested
that interleukin-2 decreases serum cholesterol by suppress-
ing melatonin secretion in the pineal gland and that
decreased  melatonin leads to depression and suicidal ten-
dencies.  A second  view suggests that there is a causal link

between lowered brain serotonin activity and violence.19-22

We found no evidence in the scientific literature to sub-
stantiate that lowering serum cholesterol to less than 150
mg/dL further decreases mortality or the incidence of
CAD, a view consistent with other researchers.11 In view
of the current evidence, one could speculate that it may be
appropriate to raise, not lower, serum cholesterol levels in
individuals with levels less than 150 as long as it did not
exceed the desirable range. Serum cholesterol levels
between 150 mg/dL and 200 mg/dL are desirable or accept-
able and interventions to change these levels may not be
necessary.  Since there is very little disagreement on the
need to reduce cholesterol levels at or above 199 mg/dL, the
appropriate intervention for this group would be, among
other effects, to reduce their cholesterol levels. Thus, one
may wish to speculate that an efficacious intervention
would lower TC in those individuals with levels at or above
200, maintain it for those with levels between 150-199, and
increase TC for individuals with levels below 150.  In any
case, an evaluation of the efficacy of a treatment program
needs to address what could be potentially contradictory
treatment outcomes with regard to changes in serum cho-
lesterol levels and cautions against pooling the data from
these heterogeneous subgroups.

We recently conducted two studies simultaneously
examining the effects of a behavior modification plan
(BMP) that included the use of nutritional supplements
where we collected pre- and post-study serum cholesterol
measurements that were not reported in the previously pub-
lished papers.23,24 Since participants in both studies were
not selected using baseline cholesterol levels, we had a
wide range of baseline cholesterol levels, which raised
questions as to how to evaluate the effect of these interven-
tions on  serum cholesterol levels. This paper reports the

changes in total and LDL cholesterol in these two studies
and compares conclusions that would be drawn with and
without sub-dividing the participant pool into low, desir-
able and high subgroups using baseline total cholesterol
(TC). 

METHODS

Pre- and post-study cholesterol data were collected

from participants in the two studies described below that

compared changes in body composition with and without a

behavior modification plan (BMP) that included the use of

two different dietary supplements. 

Study 1

In the first study, using a randomized double-blind proto-

col, 80 individuals were recruited and assigned either to a treat-

ment group taking 400 µcg of chromium, as chromium picoli-

nate per day (CrP, n=39), or a placebo group (PLA, n=41) for a

60-day study period. Both groups were given identical written

instructions for the BMP described below, but no other efforts

were made to modify their diet and exercise behaviors.

Study 2

In this 60-day study, using an open label paradigm,

participants were provided with the same BMP and three

glyconutritional phytochemical supplements (GN, n=80).

The supplements consisted of capsules and caplets taken

with meals, one each three times a day, containing a mix-

ture of glyconutritionals and a blend of 12 naturally

ripened, flash freeze-dried fruits and vegetables rich in

antioxidants and other nutrients; a formulation of dioscorea

complex and glyconutritionals designed to support the

endocrine system; and polymannose from fresh aloe gel.

These supplements supply five sugars (mannose, N-acetyl-

neuraminic acid, fucose, N-acetylglucosamine and xylose)

that are generally lacking in the American diet and are con-

sidered needed by cells for effective intercellular commu-

nication.25-27 In conjunction with a another study, a PLA

group of 84 individuals were recruited simultaneously and

independently and was given the same BMP, but received a

placebo dietary supplement. 

Behavior Modification Program (BMP)  

The BMP included the Living at Goal Weight work-

book outlining general procedures for living at an optimal

goal weight and the activity monitor described below

(Optimal Health Products, San Antonio, TX).  This pro-

gram asks participants to follow a dietary plan and maintain

a physical activity level appropriate for their individual

goal weight. Dietary intakes and activity levels were calcu-

lated based on the subject’s fat-free mass (FFM) as mea-

sured by their baseline body composition test.23-24,29-30

Participants are asked to begin their program by practicing

the same behaviors they must follow if they are to live at

their goal weight.  Upon reaching goal weight, participants

just continue the same behaviors in which they have been
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engaging since the beginning of the program.  The tradi-

tional two phase diet-maintenance model is replaced with a

single phase maintenance-only model in which weight

loss becomes the same daily regimen as weight mainte-

nance.28-30

To monitor and encourage physical activity, partici-

pants wore a pedometer (Optimal Health Products, San

Antonio, TX) that has been shown to provide accurate mea-

surements of total daily physical activity.23,28-31

Participants recorded their activity levels on a daily basis

and, for activities not measured directly by the pedometer,

recorded the step-equivalents based on a standard conver-

sion table.28 The recommended levels of nutritional support

were calculated based on an individual’s FFM as measured

by the baseline body composition test. The premise of this

calculation is that the par-

ticipant would maintain his

or her initial FFM while

depleting only excess body

fat. The participant’s mini-

mum caloric intake was set

at 12 kcal per pound of

FFM.

Testing

In addition to complet-

ing dual energy x-ray

absorptiometry tests as

described elsewhere,23,24

subjects in both Study 1 and

2 completed the same blood

chemistry tests at the begin-

ning and end of the 60-day

study period.  Blood sam-

ples were collected in

EDTA (1 mg/dL), cen-

trifuged within 4 hours, and

shipped as separated plasma

to a central testing laborato-

ry.  Cholesterol and triglyc-

erides were assayed enzy-

matically by a Hitachi 705

automated analyzer.32 The

laboratory followed the

Standardization Program,

Part III, of the Centers for

Disease Control and

Prevention and the National

Heart, Lung, and Blood

Institute.33 High-density

lipoprotein (HDL) choles-

terol was isolated using a

modified procedure that

used heparin and 2 mmol/L of manganese chloride.34 LDL

cholesterol was calculated by means of the Friedewald

equation.35

Statistical Analyses 

For both studies and for the treatment and placebo

groups, an initial analysis of changes in TC, LDL, HDL and

triglycerides levels was conducted using a between-group

two-tailed Student’s t tests for independent samples and

within-group two-tailed Student’s t tests for repeated-mea-

sures. Using baseline TC levels, both treatment and place-

bo group participants were divided into three subgroups,

low (<150), desirable (150-199), and high (>199).  To

ascertain whether or not this tripartite sub-grouping led to

any significant differences in the relative magnitude of pre-

or post-study changes in cholesterol, a one-way ANOVA
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was conducted using the change scores for each of the three

baseline categories as specified above.  Since greater

absolute levels of change would be expected in individuals

with higher baseline levels, an analysis was also conducted

by comparing the changes in TC and LDL cholesterol lev-

els as a percentage of baseline.  

RESULTS AND DISCUSSION

In both trials, within-and between-group comparisons

of baseline and post-invervention values for the unstratified

treatment and placebo groups revealed few statistically sig-

nificant differences in HDL, TC/HDL ratio, and triglyc-

erides, both with and without classifying participants using

baseline TC.  Therefore, these data are excluded from this

report which limits the analysis to changes in baseline val-

ues of TC and LDL following intervention.  All serum cho-

lesterol levels appearing in this manuscript are expressed as

mg/dL and all references to the “high” TC subgroup refers

to baseline serum TC >199.

Fig 1 shows between- and within-group comparisons

for TC in the CrP and PLA groups in study 1. Fig 2 pro-

vides the same information for LDL.  The same compar-

isons are presented in Figs 3 and 4 for study 2. 

Study 1  As indicated in Fig 1, although the CrP group

showed more than twice the reduction in TC as the PLA

group (-7.5 vs –3.4), the between-group difference was not

statistically significant (P=.29), nor was a within-group

repeated measures Student’s  t test (P=.09). Thus, for this

entire subject population, one would conclude that neither

the BMP alone nor BMP with CrP had any significant effect

on change in TC levels.

However, after sub-grouping

using baseline TC, an ANOVA

using the TC change scores for

the three subgroups showed a

statistically significant differ-

ence, P=.033, among the three

subgroups.  However, unlike

the treatment group, an

ANOVA conducted on the

PLA subgroups failed to show

a significant difference

(P=.829).  Furthermore, the

reduction in TC in the CrP

high cholesterol subgroup was

over three times that in the

high cholesterol PLA sub-

group  (-17.0 vs -5.3).  Using a

within-group repeated-mea-

sures Student’s t test, the cho-

lesterol reduction in the CrP

high subgroup was highly sig-

nificant (P=.007), while the

reduction in the PLA group

failed to reach statistical sig-

nificance (P=.370).  Thus, as

compared to the PLA group

and subgroups, the greater

reductions of  TC in the CrP

high cholesterol group appear

to be a function of  CrP sup-

plementation. 

With regard to reduc-

tions in cholesterol as a per-

centage of baseline TC levels,

while one might expect

greater magnitudes of change

among individuals with higher

baseline levels, this was not
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the case with TC levels for the CrP group.  For example, the

baseline 231 TC level for the high cholesterol subgroup was

12.1%  higher than the 206 for the entire group, yet it result-

ed in a 227% greater reduction in TC (-17.0 vs –7.5).

Furthermore, although not shown in Fig 1, we further sub-

divided the high group into a high-high subgroup (X=251.5,

223-292) and a low-high subgroup (X=210.1, 201-222) by

dichotomizing the high group at its median TC level. The

percentage of change from baseline for the high-high sub-

group was 12.1% while the percentage of change from

baseline for the low-high subgroup was only 1.0%.   Thus,

the effect of CrP on TC appears to be solely attributable to

those individuals with baseline TC levels >222.  

The pattern of changes in the three treatment sub-

groups was generally consistent with the premise that an

efficacious treatment plan

would lower TC in those indi-

viduals with levels at or above

200, maintain it for those with

levels between 150-199, and

increase TC for individuals

with levels below 150,

although the latter failed to

reach statistical significance.

No such pattern of change

was observed in the PLA

group where the changes in

the three subgroups were not

significantly different from

what was observed in the

entire PLA group.

The data for LDL in

Figure 2 reveal a similar pat-

tern to the observed changes

in TC. Although the CrP

group showed almost twice

the reduction in LDL as the

PLA group (-8.2 vs -4.7), this

reduction in baseline LDL

was not statistically signifi-

cant (P=.46),  although a

repeated-measures Student’s t

test approached statistical sig-

nificance (P=.06).  An

ANOVA of the change scores

for the three subgroups was

not statistically significant for

either the CrP subgroups

(P=.098) or the PLA sub-

groups (P=.990). However,

the reduction in LDL shown

in the CrP high cholesterol

subgroup was more than three

times that of the high choles-

terol PLA subgroup (-16.0 vs -4.9) which, using a repeated-

measures Student’s t test, showed a highly significant

(P=.01) reduction whereas the reduction of LDL in the PLA

high cholesterol group failed to reach significance

(P=.280).  It is also worth noting that although the CrP high

cholesterol subgroup’s baseline LDL level of 149 was

14.6% greater than the 130 LDL level for the entire group,

the reduction in LDL in the high subgroup was 126%

greater than the reduction in the entire group. 

With regard to reductions in LDL as a percentage

of baseline TC levels, a pattern very similar to the reduc-

tions in TC was observed in the LDL data.  The baseline

149 LDL level for the high cholesterol subgroup was only

14.6%  higher than the 130 for the entire group, yet it

resulted in a 195% greater reduction in LDL (-16.0 vs

46  JANA  Vol. 2, No. 1 
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–8.2).   Furthermore, using the TC high-high and low-high

subdivisions revealed that the percentage of LDL reduction

from baseline for the high-high subgroup was 17.1% while

the percentage of change from baseline for the low-high

subgroup was only 3.7%.   Thus, the effect of CrP on both

TC and LDL appears to be largely attributable to those indi-

viduals with baseline TC levels >222.

Study 2 As shown in Fig 3, the analysis of three sub-

groups by baseline cholesterol levels in study 2 demon-

strates a threefold reduction in TC in the GN group, as com-

pared to the PLA group (-9.3 vs -3.0, P=.01).  Although the

within-group reduction in TC for the entire GN group was

highly significant (P=.005), the within-group reduction in

the PLA group failed to reach significance (P=.307).  An

ANOVA using the TC change scores for the three sub-

groups also showed a statistically significant  (P<.001) dif-

ference among three subgroups, while the  ANOVA for  the

PLA subgroups was not significant (P=.346).  With respect

to the high cholesterol subgroups, a comparison in TC

changes between the GN and PLA subgroups (-23.5 vs

–7.3) was significant (P=.05).  The within-group change for

the GN high cholesterol subgroup was highly significant

(P<.0001), while the within-group change in the PLA high

cholesterol subgroup failed to reach statistical significance

(P=.307).  Furthermore, the reduction in TC in the GN high

cholesterol subgroup represents a reduction of 9.4% of

baseline, more than double that for the GN group as a

whole and almost triple the 3.3% reduction found in the

PLA high cholesterol subgroup.

With regard to reductions in cholesterol as a percent-

age of baseline TC levels, the

pattern of cholesterol reduc-

tions was similar to, although

more pronounced than, the

pattern observed in Study 1.

For example, the baseline

251 TC level for the high

cholesterol subgroup was

21.3%  higher than the 207

for the entire group, yet it

resulted in a 253% greater

reduction in TC (-23.5 vs

–9.3).  As in Study 1, we sub-

divided the high group into a

h i g h - h i g h  s u b g r o u p

(X=283.7, 239-510) and a

l o w - h i g h  s u b g r o u p

(X=220.0, 203-237) by

dichotomizing the high sub-

group at its median TC level.

The percentage of reduction

from baseline for the high-

high subgroup was 11.9%,

more than double that of the

low-high subgroup’s 5.6%

reduction in TC.   Thus, the

effect of the GNs appears to

be greater the higher the

baseline TC levels, suggest-

ing the higher the TC level,

the greater the benefits from

using this supplement.

Fig 4 shows that reduc-

tion of the LDL fraction in

the GN treatment group was

more than five times that

found in the PLA group (-

11.7 vs -2.2, P<.001).  The
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within-in group change in the GN group was highly signif-

icant (P=.0005) while the within-group change in the PLA

group failed to reach statistical significance (P=.341).

Using an ANOVA for the subgroups revealed a highly sig-

nificant difference in the GN group (P<.001) while the PLA

ANOVA was not statistically significant (P=.346).  In the

high cholesterol subgroups, the reduction in LDL in the GN

high cholesterol subgroup was more than four times that of

the PLA high cholesterol subgroup (-6.0 vs -26.9, P=<.001)

and the within-group analyses revealed that the 26.9 reduc-

tion in the GN group was highly significant (P<.0001) while

the 6.0 reduction in the PLA group failed to reach signifi-

cance (P=.107).

With regard to reductions in LDL as a percentage of

baseline TC levels, a pattern very similar to the reductions

in TC was observed in the LDL data.  The baseline 175

LDL level for the high cholesterol subgroup was only

28.7%  higher than the 136 for the entire group, yet it result-

ed in a 230% greater reduction in LDL (-26.9 vs –11.7).

Furthermore, using the TC high-high and low-high subdivi-

sions revealed that the percentage of LDL reduction  from

baseline for the high-high subgroup was 17.0% while the

percentage of change from baseline for the low-high sub-

group was only 11.9%.   Thus, as was observed with

changes in TC, the higher the baseline TC, the greater the

percentage of change in LDL.

Although the purpose of this paper was to compare the

conclusions that would be drawn from these data with and

without sub-grouping participants using their baseline TC,

the data also provide support for the efficacy of the two

experimental interventions in lowering TC and LDL cho-

lesterol, particularly the intervention involving the use of

GNs.  In the first study, while the positive effect on TC and

LDL was not apparent for the entire TRT group, it became

apparent in those with TC levels above 200, a finding not

observed in the PLA group.   In the second study, significant

improvements in TC and LDL were observed for the entire

groups before sub-dividing and became even more pro-

nounced in the subgroup with baseline TC above 200.  As

with Study 1, sub-grouping had no effect on  the placebo

subgroups in Study 2.  Thus, it appears that sub-grouping

can lead to different conclusions regarding efficacy when

these interventions are employed, but has little effect on

placebo or placebo groups where the intervention is inef-

fective.  It is also worth noting that the hypothesis that an

efficacious intervention would lower cholesterol in those

individuals with TC at or above 200, maintain it for those

with levels between 150-199, and increase TC for individu-

als with levels at or below 150 is generally supported by the

data from Study 1 and more strongly supported by the data

from Study 2.      

CONCLUSIONS

The primary goal of this paper was to present and ana-

lyze data on changes in TC and LDL serum cholesterol lev-

els for two different studies in order to compare differences

in conclusions that would be drawn about the effectiveness

of  these interventions with or without sub-grouping using

baseline TC levels. These data reveal a consistent pattern of

changes across the two studies, providing evidence that

subgroup analyses using three levels of baseline TC pro-

vide an even clearer picture of the efficacy of the interven-

tion in treatment groups, but has no effect on placebo

groups.   In both of the PLA groups used in these studies,

sub-grouping had little or no effect on the conclusions one

would draw from the data.  Thus, as opposed to using the

entire heterogeneous subject pool, sub-grouping appears to

be indicated when evaluating the effectiveness of these

interventions.

Although these studies were not designed to test the

efficacy of the interventions themselves, the data in Study

1 suggest CrP can facilitate reductions in TC and LDL

serum cholesterol, particularly among individuals with

baseline TC levels above 200.  In Study 2, the reductions in

TC and LDL observed in the GN treatment group and the

high subgroup were greater than Study 1’s treatment group

and markedly greater than the PLA group in either study.

However, although recruited simultaneously, subjects in

Study 2 were not randomly assigned to the treatment or

placebo group, limiting the conclusions one can draw from

these comparisons.  However, the data seem highly sugges-

tive that the use of these dietary supplements with a behav-

ior modification program can lead to significant reductions

in TC and LDL cholesterol. Furthermore, in both studies,

calculation of the percentage of change from baseline

revealed that the higher the baseline TC, the greater the per-

centage of reduction from baseline in both TC and LDL.

The decreases in baseline TC in the high cholesterol sub-

group following these diet and exercise interventions were

highly significant.  The hypothesis that an efficacious inter-

vention would lower cholesterol in those individuals with

TC at or above 200, maintain it for those with levels

between 150-199, and increase TC for individuals with lev-

els at or below 150 is supported by these data and warrants

further study. 
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INTRODUCTION

Obesity is a complex, multifactorial, and chronic dis-
ease. Individuals exposed to westernized lifestyles and
diets are becoming obese at unprecedented rates. This is
occurring because our genetic heritage is simply not pro-
grammed (and not programmable!) to cope with the over-
abundant supply of inexpensive caloric-dense food that is
readily available everywhere we turn. Our “thrifty genes”
limit the response to our increased caloric intake to storing
that excess energy as body fat. Thus, once incorrectly per-
ceived simply as a behavioral disorder characterized pri-
marily by “a weakness of the will,” obesity and overweight
are now viewed as the integral result of interacting with
extremely complicated cultural, social, physiologic, meta-
bolic, behavioral, and genetic factors.1

After several decades of relative stability, the preva-
lence of overweight and obesity in this country has signifi-
cantly increased over the past 10 to 15 years.2 In this coun-
try alone, nearly 100 million adults, or about 55 percent of
the adult population, are overweight or obese.1,2 The pro-
jected time trends for the future are for a continuing
increase in prevalence of this now epidemic problem, with
at this time no end in sight.

Of equal or perhaps greater concern, the outlook for
children and adolescents in our society parallels and lags
not far behind that of their adult counterparts. In some eth-
nic and socioeconomic subsections of the population, the
prevalence of obesity and overweight in the young match-
es that of adults.3 Clearly, as a nation, we will fall far short
of the governmentally established public health goals for
the year 2,000 of no more than 20 percent of adults and 15
percent of adolescents being obese.2,4 Indeed, not only will
we fall short of these objectives, we will achieve just the
opposite–a progressively upward spiraling trend of increas-
ingly excessive overweight and obesity throughout all seg-
ments of our society that for now defies a realistic solution. 

ABSTRACT

The majority of adult Americans are now overweight
or obese.  This is a very serious individual and national pub-
lic health problem: obesity is now exceeded in this country
only by tobacco abuse as a cause of potentially preventable
excess morbidity and premature death.  The cost, both eco-
nomically and in human suffering, is enormous.  The vast
majority of individuals who are overweight or obese
attempt to control their unwanted weight by dieting,
restrained eating, and caloric restriction.  To evaluate the
effect of these behavioral practices on dietary macronutrient
and micronutrient intake, 50 restrained-eating subjects cho-
sen at random from a larger study population of 400
patients presenting by physician referral to a medical
weight management program were studied.  Dietary analy-
ses performed on these subjects revealed that, prior to entry
into the weight management program, these overweight
individuals were significantly restricting their total energy
intake, were metabolically compromised, and had relative-
ly severe deficiencies in multiple dietary micronutrients.
The results of these studies provide additional compelling
evidence for the need of nutraceutical dietary supplements
in the obese population and in weight management pro-
grams.  The potential lifelong consequences of sustained
micronutrient deficiencies are reviewed.
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What measures does a population with a growing
national epidemic of obesity take to control the problem?
Depending on what is included in the analyses, Americans
spend an estimated $30 to $40 billion each year on one
weight loss product or another, almost entirely to no
avail.5,6 The two-to-five year success rates for weight loss
maintenance in almost all such programs are at best,  a dis-
appointingly grim two to at best ten percent.5 That is, 90 to
98 percent of individuals who initially successfully lose
weight fail at maintaining their reduction in weight.

Because of the inviolability of the first law of thermo-
dynamics – energy can neither be created nor destroyed–
reductions in excess body weight can be brought about only
through diminished nutrient (caloric) intake or by increased
energy expenditure, or, ideally, by both.7 There are no mag-
ical solutions.  Unfortunately, increasing physical activity
has not been a behavior of increasing frequency in our
national population. Indeed, just the opposite is occuring.
Thus, the vast majority of overweight individuals attempt to
achieve this objective by self-restrained "do-it-yourself"
programs of caloric restriction.6 Inevitably, almost all
such efforts ultimately fail.  Most of those who enroll in
nonclinical commercial programs or organized clinical
weight management programs must also achieve weight
loss primarily through reduced caloric intake.

Achieving weight reduction primarily by restrained
caloric intake may have a number of adverse consequences.
These include a loss of lean body mass, especially a wast-
ing of muscle tissue,8-10 a significant decrease in both rest-
ing energy expenditure (REE) or basal metabolic rate
(BMR) and reduced energy expenditure when active,  with
impaired antioxidant defenses, and altered immunologic
responsiveness to a wide variety of potential insults.10-15

Other potentially adverse consequences of sustained caloric
restriction have been more extensively reviewed.15,16

Only recently has scientific attention turned to the crit-
ical role of nutraceutical supplements as an important
adjunct to successful weight management.15,16 The pur-
pose of this communication is to report the dietary micronu-
trient profiles and macronutrient intake of restrained-eating
overweight individuals at the time of their initial presenta-
tion for evaluation at a medically supervised comprehen-
sive clinical weight management program.  One case exam-
ple will be presented in detail for purposes of illustration.
The implication of micronutrient deprivation and the
importance of nutritional supplements in weight manage-
ment will be reviewed.

CASE EXAMPLE

A 40 yo Caucasian female schoolteacher presented to
the nutrition clinic for assistance in weight management.
She had a history of normal body weights for heights
through childhood and adolescence.  At the time of her
graduation from high school, she weighed 135 lbs (BMI
23.2 kg/m2).  During adulthood, she slowly gained weight,
reaching a maximum of 198 lbs (BMI 34 kg/m2) in her 30s.
She married and divorced.  In anticipation of an upcoming
remarriage ceremony, she had been dieting and exercising

for a prolonged time to reach a targeted weight of hopeful-
ly somewhere near her high school level, but had plateaued
for several months at about 150 lbs (BMI 25.8 kg/m2), her
weight at the time of presentation.  Past weight reduction
attempts had included, at one time or the other, the
Cambridge Diet plan, NutriSystem, a Medical Weight
Center program based on body type, a high protein diet, the
use of the medically prescribed anorectants phentermine
and/or fenfluramine or other appetite suppressing agents,
and an intensified restriction of caloric intake, as well as
others.

The patient indicated that she probably had "a slow
metabolism,"  in that she could not lose weight despite con-
tinued severe caloric restrictions and frequent exercising.
In an endeavor to limit weight gain, she consumed low fat
and low caloric foods, generally restraining herself to very
small portions of predominantly relatively high protein
food selections.  She exercised regularly by speed walking,
and by using weight resistance training machines and a
stair-stepper.

Over an eight-year period during her first marriage,
she had attempted, always without success, to become
pregnant.  Her menstrual cycles had become prolonged and
irregular.  The use of fertility medications had induced fur-
ther weight gain.

On physical examination, the patient appeared only
marginally overweight and was otherwise unremarkable
except for low-grade systolic murmurs heard along the
lower left sternal border and at the base of the heart.  Body
composition evaluations revealed a body fat content of 33
percent.  An EKG and submaximal stress test were unre-
markable.  An echocardiogram revealed trivial to mild
regurgitation at the mitral and tricuspid valves.

Despite the history of regular extensive exercising, the
patient’s fitness profile revealed that she was aerobically
unfit and overall at best only in fair physical condition
(Microfit Olympic Center total fitness score of 57/90, or 63
percent of ideal).  

Despite a history of ultralow dietary fat intake, plasma
lipid analysis revealed less than optimal values.  Total cho-
lesterol was 182 mg/dL, with an abnormally low HDL cho-
lesterol of 26 mg/dL.  Triglycerides were mildly elevated at
270 mg/dL.  Thyroid function tests were marginally low
normal with a borderline elevated TSH (5.9 mIU/mL).

Resting energy expenditure (REE), measured after an
overnight fast and with an established food intake record,
revealed a significantly reduced metabolic rate of 934
kcal/day, or 66 percent of the 1411 kcal/day that would be
predicted by the Harris and Benedict equations.17 The res-
piratory quotient, of carbon dioxide produced to oxygen
consumed during the metabolic study, was 0.79, suggesting
a relatively normal oxidation of carbohydrate and lipid sub-
strates for metabolic fuel.18

The results of three-days of randomly selected 24-hour
dietary intake recall analysis are shown in Table I and
graphically in Figure 1.  Caloric intake was 57 percent,
dietary fat 35 percent, carbohydrate 52 percent, and dietary
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proteins 180 percent of recommended levels.  Total fiber
intake was 77 percent of recommended levels, with 2.45
gms/day of soluble fiber.  Total cholesterol intake averaged
262 mg/day.

The patient was placed on an extensive nutraceutical
regimen of supplemental vitamins, minerals, essential
amino acids, and essential fatty acids.  Exercising regimens
and other dietary practices remained unchanged.
Abnormalities in thyroid function were corrected with a
low dose of oral liothyronine (Cytomel) at 25 mcg/day.
Follow-up evaluations demonstrated a normalization of
thyroid function tests.  The REE improved somewhat (1010
kcal/day or to 75 percent of predicted) but did not fully nor-
malize, despite normal circulating plasma free T3 levels.
Over an approximate eight-week period, the patient lost
12.2 lbs, with a persistent stabilized near ideal body weight

of 136.0 lbs (BMI 23.4 kg/m2).  She remarried and hope-
fully will live happily ever after.

MATERIALS AND METHODS

A more extensive group of restrained-eating over-
weight individuals was evaluated for potential micronutri-
ent dietary deficiencies, hereafter referred to as the "study
population." Restrained-eating patterns were documented
by a battery of medical history and behavioral history tests,
including psychometric evaluations, the more extensive
analyses of which will be reported in subsequent contribu-
tions.  This primary study population was derived from a
much larger group of physician-referred patients whose
health would potentially benefit from reduction and main-
tenance of lowered body weight and lowered body fat.
Based on past dietary histories and weight reducing mea-
sures, these subjects in the larger group had all attempted
weight reduction and were not successful.  They were even-
tually entered into a clinical research outpatient medical
protocol developed to evaluate the risks and benefits of
anorectic medications versus weight loss without anorectic
agents.  

Table I

Nutrient Value Ideal

Calories (kcal) 1189.45 2900

Protein (g) 90.07 41.5

Carbohydrates (g) 157.49 -----

Dietary Fiber (g) 16.10 25.35

Fat Total (g) 24.71 -----

Saturated Fat (g) 7.66 <10%  Calories

Cholesterol (mg) 261.87 <300

Vitamin A IU 4683.57 4000

Vitamin A RE 554.35 800

Thiamin B1 (mg) 0.57 1.1

Riboflavin B2 (mg) 0.79 1.3

Niacin B3 (mg) 26.41 0.5

Vitamin B6 (mg) 1.75 1.6

Vitamin B12 (mcg) 2.60 2.0

Biotin (mcg) 7.87 30-100

Vitamin C (mg) 103.14 60

Vitamin D IU 122.81 200

Vitamin E IU 5.22 12

Folate (mcg) 108.37 180-200

Vitamin K (mcg) 16.11 60-80

Pantothenic Acid (mg) 3.22 4-7

Calcium (mg) 518.80 1500

Copper (mg) 0.79 0.79

Iodine (mcg) 8.07 150

Iron (mg) 9.13 10-15

Magnesium (mg) 218.30 310-420

Phosphorous (mg) 924.37 1200

Potassium (mg) 2362.0 1600-200

Sodium (mg) 1649.76 500

Zinc (mg) 4.90 12-15

Value levels reported are the values obtained on the case study.

Ideal levels listed are the Recommended Dietary Allowances 

(RDAs) or their equivalent, listed as a range where appropriate or 

as suggested female values.

Protein ideal values are based on a recommended 0.61 grams of 

protein per kilogram body weight.

Figure 1: Dietary macronutrient and micronutrient constituents of

the patient presented as an illustrative case example.  All data are

expressed as a relative percentage of established Recommended

Dietary Allowances (RDAs) or equivalent recommended levels of

nutrient intake. 

Percent of Recommended Goal
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This general weight management program was open to
any person in the community who was referred by a physi-
cian for medically-supervised assistance with weight man-
agement or who was self-referred and had an identified pri-
mary care physician of record who agreed to the individ-
ual’s participation in the program.  Entry into the program
required completion of extensive physical and psychologi-
cal assessments, including a comprehensive medical histo-
ry and examination, as well as a detailed evaluation of
lifestyle behaviors.  These entry assessments required about
six hours of the participant’s time, thus assuring a selection
of highly motivated patients.  Acceptance into the program
was also contingent on the participant’s commitment to a
regular exercise regimen and compliance with frequent
clinic visits.  No advertising was undertaken to recruit par-
ticipation in this program.  Patient awareness of the pro-
gram was by word-of-mouth or by physician referral.

Informed consent for participation in the program was
obtained in writing from all participants. The informed con-
sent form and the primary study protocol were approved by
two independent Institutional Review Boards (IRB).

Prior to entry into the program, a one-to-three day or
longer (up to seven days) randomized 24-hour dietary his-
tory recall was obtained and analyzed with the Food
Processor Plus (version 7.2) computerized program.19,20  In
general, the days that were selected for the dietary history
recall were usually chosen at random by the subject’s des-
ignated "significant other" at the end of the selected day.
This approach was undertaken to minimize subject bias in
selecting food types or portions during the period recorded.
The majority of the 24-hour dietary history recall records
were reviewed and confirmed by trained, experienced, non-
judgmental interviewers.  Care was taken to not influence
suggested expectations or responses.  Reviews and inter-
views were conducted after subjects had recorded their 24-
hour dietary intake.  Aware that overweight individuals tend
to notoriously under-report food intake, special emphasis
was placed on correcting for this consideration.  Essentially
none of the subjects took supplemental nutraceuticals on a
regular basis.

From the larger study group, 50 subjects who had
already completed dietary assessments were selected ran-
domly out of 400 overweight individuals to constitute the
sample study population reported herein.  The dietary
intake histories were obtained prior to instituting weight
reduction measures.  The nutrient analyses of the dietary
history records of these subjects were derived from data in
the USDA Standard Reference Tables and other sources.21

Projected relative percentage intakes of Recommended
Dietary Allowances (RDAs) or their equivalents were based
on the Recommended Dietary Allowances data compiled by
the National Research Council, corrected in part for body
composition and physiologically available energy values
based on digestibility trials.22

As part of their initial screening evaluations prior to
entry into a therapeutic protocol, 33 of the 50 individuals
had an assessment of their resting energy expenditure (REE)
after a 12-hour fast, with appropriate dietary histories.17,18,23,

RESULTS

The study population research subjects were  76 per-
cent women, 24 percent men,  94 percent Caucasian, 4 per-
cent black, and 2 percent Hispanic.  As summarized in
Table II, the mean age was 46.8 years (range: 20 to 69
years) and the mean level of education was 14.9 years.  The
mean BMI was 38.1 ± 8.6 kg/m2 (265.2 ± 63.7 lbs) and
33.3 ± 6.9 kg/m2 (198.1 ± 42.9 lbs) for males and females,
respectively.  The frequency distribution of BMI is shown
in Figure 2.  Other demographic characteristics of the pri-
mary study population are summarized in Table II.

For comparative purposes and for additional analysis,
data were stratified by quartiles. Data were also analyzed as
a function of age (in decade increments), sex, race, and
body mass index (BMI), and other factors, none of which
significantly altered the ultimate profile presented herein.
Further correlative analysis of these data will be presented
in subsequent publications.

The average daily dietary macronutrient intakes, as
well as related dietary macroconstituents for the group as a
whole, are summarized in Table III.  In general, in an
attempt to control their weight, these significantly over-
weight and obese individuals appeared to be consuming
substantially fewer calories than recommended for their
sex, age, and weight.  Analysis of the macronutrient intake
revealed the diets were high in protein and, again in an
attempt to control their weight, relatively low in dietary fats
(including cholesterol) and carbohydrates.  Dietary fiber
intake was less than two-thirds of the recommended mini-
mal levels.

The mean caloric intake for the study population was
64.8% ± 24.4 of the recommended total calories.  Females,

Table II

DEMOGRAPHIC CHARACTERISTICS 

OF THE STUDY POPULATION

Combined Male Female

Weight (lbs) 214 ± 56 265.2 ± 63.7 198.1 ± 42.9

Height (in) 66.1 ± 3.6 70.1 ± 3.6 64.8 ± 2.5

BMI (kg/m2) 34.4 ± 7.6 38.1 ± 8.6 33.3 ± 6.9

Age (yrs) 46.8 ± 11.8 49.0 ± 11.6 46.1 ± 12.0

Caloric Intake * 64.8 ± 24.4 54.2 ± 24.9 68.2 ± 23.6

Education (yrs) 14.9 ± 2.0 15.08 ± .65 14.85 ± .34

Married (%) 88 86.8 91.7

Tobacco Use (%) 36 33.3 36.8

Exercise Regularly (%) 34 33.3 34.2

Sedentary Job (%) 98 100 96.4

All data is expressed as the mean ±1 standard deviation or 

percentage of total.

* Caloric intake is expressed as a percentage of recommended levels.
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on average, consumed 68.2% ±23.6 of the recommended
calories while males consumed only 54.2% ±25.0.  At the
75th percentile, females consumed 12.5% more calories
than did the males, 81.0% compared to 68.5%.
Stratification analyses revealed that 8% of the study group
had an average daily energy intake of less than 800
kcal/day, 34% of the study group consumed less than 1,200
kcal/day, and only 66% had a caloric intake of 1200
kcal/day or greater.  As reflected in Table II, males were
more severely caloric restricted than females.

Dietary micronutrient intake of vitamins, minerals,
other essential or important nutrients and essential amino
acids for the group is summarized in Table III. Essential
amino acids are expressed as the milligrams of that amino
acid in the diet per gram of dietary protein, as summarized
in Table IV and graphically in Figure 3.  With few excep-
tions, the group as a whole was deficient in most dietary
micronutrients and had a suboptimal level of intake of
essential amino acids.  Additional miscellaneous dietary

constituents are summarized in Table III.

A composite of nutritional intake for the primary study
population is expressed in the perspective of the food pyra-
mid guidelines, diagrammatically represented in Figure 4.
Although the group as a whole was deficient in recom-
mended total energy intake, the amount of fat, oils and
sweets in the diet were excessive.  The study population
was otherwise deficient in four of the five recommended
major food groups.

Table III

GROUP DIETARY MACRONUTRIENT AND RELATED
DIETARY CONSTITUENTS

Nutrient Value Ideal
Calories (kcal) 1470.03 1900-2900
Protein (g) 65.89 46-119
Carbohydrates (g) 191.39 -----
Dietary Fiber (g) 15.73 25-35
Fat Total (g) 49.46 -----
Saturated Fat (g) 15.61 <10% Calories
Cholesterol (mg) 187.61 <300
Vitamin A IU 6593.63 4000-5000
Vitamin A RE 923.38 800-1000
Thiamin B1 (mg) 1.30 1.1-1.5
Riboflavin B2 (mg) 1.45 1.3-1.7
Niacin B3 (mg) 19.81 0.5-19
Vitamin B6 (mg) 1.50 1.6-2.0
Vitamin B12 (mcg) 3.08 2.0
Biotin (mcg) 13.28 30-100
Vitamin C (mg) 97.49 60
Vitamin D IU 141.41 200
Vitamin E IU 7.62 12-15
Folate (mcg) 240.60 180-200
Vitamin K (mcg) 53.66 60-80
Pantothenic Acid (mg) 2.95 4-7
Calcium (mg) 574.43 1500
Copper (mg) 0.89 1.5-3.0
Iodine (mcg) 40.29 150
Iron (mg) 12.51 10-15
Magnesium (mg) 212.08 310-420
Phosphorus (mg) 886.54 1200
Potassium (mg) 2136.16 1600-2000
Sodium (mg) 2540.59 500
Zinc (mg) 7.35 12-15
Alcohol (g) 2.71 -----
Caffeine (mg) 141.09 -----
Artif Sweetener Total (mg) 6.69 -----
Aspartame (mg) 62.67 -----
Sugar Alcohol (g) 0.14 -----
Organic Acids (mg) 1094.10 -----

Value levels reported are the means of all data  

obtained on the study subjects.

Ideal levels listed are the Recommended Dietary Allowances (RDAs)
or their equivalent, listed as a range where appropriate or as suggested

female or male values.

Table IV

DIETARY ESSENTIAL AMINO ACID AND RELATED CON-

STITUENT INTAKE

Amino Acid Value (gm) Actual Ratio/ Ideal        Protein

Ratio Score (%)

Histidine 1.24 18.87 / 19 99

Isoleucine 2.05 31.08 / 28 111

Leucine 3.42 51.98 / 66 79

Lysine 3.02 45.80 / 58 79

Methionine + Cystine 1.64 24.86 / 25 99

Phenylalanine + Tyrosine 3.47 52.64 / 63 84

Threonine 1.73 26.27 / 34 77

Tryptophan 0.52 7.90 / 11 72

Valine 2.25 34.17 / 35 98

Protein quality score, based on limiting value (tryptophan) = 72%

FAO/WHO/UNU suggested amino acid requirement patterns.

Ratios are in milligrams of amino acid 

per gram of protein (mg/g protein)

Figure 4: Composite Food Pyramid dietary intake for all subjects.

On average, the group as a whole fell short of the recommended

or preferred level of intake in four of the six food categories.

Figure 4: Subject Composite Food Pyramid
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Of those individuals who had their resting energy
expenditure (REE) measured, approximately three-fourths
had a significantly depressed metabolic rate, averaging
to kcal/day or  to percent of predicted when compared to the
norms for age, sex, weight, and dietary intake.

DISCUSSION

The study population was predominantly Caucasian,
middle-aged, female, and, based on the level of education
as a correlate marker for socioeconomic status, "upper-mid-
dle class" in character.  As such, they were representative of
that very segment of the population that theoretically is pro-
jected to be most interested in pursuing healthy lifestyle
behaviors, in increasing longevity, and in reducing the risk
for the potential development of the chronic diseases and
disabling disorders associated with aging.24 They also rep-
resent a subset of the population that would be projected to
be highly likely to take nutraceutical supplements to help
meet these goals.24  They did not, however, appear to fit this
anticipated profile.

In contrast to such projections, and somewhat out of
context of their demonstrably strong  motivation to enter the
medically-supervised weight management program, the
study population actually was very overweight, extremely
sedentary as a group, consumed tobacco products at a rate
substantially above national prevalence rates, and, with few
exceptions, did not take supplemental vitamins, minerals, or
other nutraceutical supplements. In that they were physi-
cian–referred after unsuccessful weight loss by other
means, and in that they had to complete approximately six
hours of extensive physical and psychological evaluations
to be considered for entry into the program, they were prob-
ably somewhat atypical of the overweight and obese popu-
lation of the country in general.

One of the essential goals that must be achieved in suc-
cessfully treating obesity is to sustain a negative energy bal-
ance by reducing energy intake (eating less), by increasing
energy expenditure (performing more physical activity), or
ideally both.  Essentially all of the overweight and obese
individuals who presented to our weight management pro-
gram had already, by one self-imposed means or another,
attempted to significantly reduce their energy intake by sim-
ple caloric restriction and appeared to be successful in doing
so.  Consistent with the national population of this country,24

only less than one-third of the patients exercised even at all
and less than 10 percent exercised vigorously. 

How one reduces caloric intake or creates a negative
caloric balance to lose weight, however, is important.  The
subjects evaluated in this report had overall severely
restricted their nutrient intake through restrained eating pat-
terns in an attempt to control their weight.  In making these
dietary alterations, they shifted to a dietary profile with an
excessive intake of protein, although analyses of dietary
essential and key amino acids revealed that the quality of
protein consumed was substantially less than ideal.26,27

Energy intake deficits were achieved primarily by reduc-
tions in dietary fats and dietary carbohydrates.

Sarcopenia, a weakening of the body from increased
body composition of fat and diminished lean body tissue
(especially muscle), is an undesired adverse consequence
of weight loss.28 This is especially true when weight loss
is achieved by severe caloric restriction without appropriate
protein supplementation and concurrent weight resistance
training.  In addition to diminished strength and a reduction
in aerobic fitness, loss of lean body mass and muscle tissue
will also contribute to a reduction in the basal metabolic
rate and expenditure of energy with exercise.29,30

Additional adverse consequences are a reduced tolerance to
elevations in blood sugar and a progressive loss of bone
mass.28 Although the pathogenesis of sarcopenia is com-
plex and multifactorial, sustained nutrient deficiencies are
unequivocally contributors.28

The participants in this study followed a very seden-
tary lifestyle, both in their vocation and during their leisure
time activity.  Their true energy requirements could not be
precisely assessed, but may have been actually less than the
projected norms for inactive individuals that were used in
our calculations.  Nevertheless, their dietary energy intake
was substantially less than recommended, even for
extremely inactive individuals.  This was true even when
corrected for potential under-reporting of food consump-
tion.  On the other hand, because of their high body mass,
they presumably would require proportionately more ener-
gy per unit time of physical activity.22

The mean intake of carbohydrates by this study popu-
lation was substantially both lower than the quantitative
average intake of carbohydrates for Americans in general
and lower as a recommended percentage of total energy
intake on an individual basis.22 Carbohydrates are usually
the major source of energy intake in most diets in this coun-
try, providing 55 to 60% or more of total calories.  With just
barely over half of their calories derived from carbohy-
drates, this was marginally the case for this group.  Despite
their relatively significant reduction of total energy intake,
the amount of carbohydrates ingested was more than ade-
quate to prevent the adverse effects that may be seen in very
low carbohydrate diets or in fasting.

Specific recommendations for dietary fiber or complex
carbohydrate intake have been the focus of ongoing debate
and review.  The average dietary fiber intake noted in this
study population was in the range of the estimated average
intake for the national population as a whole, but well less
than projected ideal levels.21,22 Low-fiber diets may
decrease satiety, an issue of importance to overweight indi-
viduals pursuing caloric intake deficits, as well as unfavor-
ably influence other metabolic risk factors associated with
obesity. 

Although the dietary fat intake of subjects in this study
was lower than the national norm when expressed as a rel-
ative percentage of total energy intake, the absolute amount
of dietary fat was proportionately even less because of the
net total reduction in energy intake as these individuals
attempted to control their unwanted weight gain through
restrained eating.  Dietary fats usually enhance palatability,
increase flavor, and improve texture of ingested food.  The
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majority of the participants indicated that they tried to con-
sume "a low fat diet" as an adjunct to weight management.

As a whole, the group significantly exceeded the wide-
ly recommended level of 0.61 grams of protein intake per
kilogram body weight,22 but only minimally exceeded the
recommended consumption of protein as a relative fraction
of total energy intake because their total caloric intake was
so restricted.  In the United States, the intake of dietary pro-
tein by the general population also is substantially above the
projected requirements.  Metabolic rate increases usually
are found in subjects who consume higher dietary protein
levels, due to the increased energy cost of protein digestion.
This increase in energy expenditure, however, is minimal.
Based on dietary amino acid assessments, however, the
quality of protein ingested was less than long-established
ideal standards.22,25 

The metabolic risk factors associated with obesity, with
caloric restriction, and with weight reduction have been
reviewed.1 Calculation of energy expenditure by indirect
caloremetry, as performed on the illustrative case example
and on 33 of the 50 subjects reported in this communication,
assesses the heat released (indirectly calculated from the rate
of oxygen consumption) by chemical processes occurring
within the body.  By this method, there is a close relationship
between energy metabolism and oxygen consumption.  For
practical purposes, the resting energy expenditure (REE)
calculated by this methodology can be considered equivalent
to the basal metabolic rate (BMR).29-32

Resting metabolism was significantly reduced in the
patients studied, as it was in the illustrative case example.
That observation, of course, is not new.29-33 The reasons
for a diminished rate of metabolism in obese individuals on
caloric restriction are multifactorial and complex.
Explanations have been linked to body composition (both
fat-free mass and adipose tissue), plasma noradrenaline lev-
els, circulating plasma T3,  physical activity, and other fac-
tors.30-33 Whether or not abnormalities in metabolic rate in
obese individuals with a lowered metabolism contribute to
the cause of obesity remains conjectural and debated.
Clearly, however, in the context of the depressed metabolic
rates noted in the patients herein, the old adage that "dieting
makes you fat" may have some relevance.  For whatever
pathophysiologic reasons, the obese subjects in this study
were significantly vulnerable to further unwanted weight
gain despite severe restrictions in caloric intake.

Post-obese subjects who have successfully lost and
maintained a reduced level of weight are often hypometa-
bolic, with their REE diminished by 5 to 15 percent or sub-
stantially greater.34-36 This has been attributed, in part, to
lower plasma concentrations of free T3, low levels of circu-
lating androstendione, and other factors.31 The thyroid
function of the patients reported herein was normalized
where appropriate, with exogenous T3; plasma androsten-
dione, noradrenaline, or other hormones were not mea-
sured.  Increasing dietary carbohydrate ingestion can poten-
tially increase the plasma free T3 index, as well as circulat-
ing noradrenaline;30 the subjects in this study had low car-
bohydrate intakes, which may have contributed, in part, to
their lowered metabolism.  We were unable to find any sig-

nificant literature base that evaluated the role of extensive
micronutrient deficiencies in the lowering of metabolic
rates in obese individuals, nor were we able to find any
studies that attempted to correct these abnormalities by the
administration of supplemental nutraceuticals.

The dietary micronutrient profiles of the individuals
evaluated in this study were striking by the magnitude and
scope of the deficiencies.  The relative degree of micronu-
trient deficiencies persisted even when recorded dietary
intakes were adjusted for potential under-reporting of food
consumption.  One could assume that these deficiencies
might severely adversely affect metabolism, as well as
other critical biologic processes, in overweight individuals
on self-imposed caloric restrictions, but the evidence on
that issue is most remarkable by the extreme absence of
data in the literature.  None of the 30 or more reference
medical textbooks on obesity and weight management,
including the recently published comprehensive Handbook
of Obesity,36 nor the report of the NIH Expert Panel on the
Clinical Guidelines on the Identification, Evaluation, and
Treatment of Overweight and Obesity,1 significantly
address this important consideration.  Clearly, there appears
to be a critical role for nutraceutical nutrient supplements in
the management of obesity.  Further studies on these issues
are very much needed.

This study identifies, to some degree, the scope and
magnitude of micronutrient deficiencies in a caloric-restrain-
ing overweight and obese population of individuals prior to
entry into a medical weight management program.  The pos-
itive effects of nutritional supplements on multiple parame-
ters monitored during a weight loss program were recently
reported.15,16 Additional reports lend support to the critical
importance of meeting this need with supplemental dietary
fiber and nutraceuticals.37-48 It is very important to realize,
and to emphasize, that our available knowledge of these con-
siderations is extremely sparse.  Significantly more research
in this field is very much needed.

Assessment of dietary intake is fraught with many
problems.  Thus, the interpretation of dietary intake analy-
ses must be guarded. Collecting dietary intake on individu-
als under free living conditions is especially difficult and it
is not a precise or exact science.  Subjects vary in their reli-
ability of reporting. There are other problematic issues.
Nevertheless, the 24-hour recall dietary intake has been
extensively studied and can provide useful information.
The participants in this study were educated and motivated,
but, as it is the case with most overweight individuals, there
is a tendency to under-report food intake.  Multiple studies
have indicated that the magnitude of such under-reporting,
however, usually does not exceed 20 to 30 percent.20 Even
if it were twice that for the data reported, the subjects still
would have been deficient in micronutrient intake.

The health consequences of obesity are serious and
costly.  Obesity ranks second now only to tobacco abuse as
a preventable cause of excess morbidity and mortality.51

The health care costs of obesity, the associated drain over-
all on society, and the related consequences of unwanted
weight gain have been comprehensively reviewed.1,6,7,25,37
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Figure 2: Stratification of subjects presenting to a medical weight

management program by body mass index (BMI), expressed as

kilograms of body weight per height in meters squared.

Figure 3: Composite group macronutrient and micronutrient

analysis of dietary constituents, expressed as a relative percentage

of Recommended Dietary Analysis (RDAs) or equivalent recom-

mended levels of nutrient intake.

How much of that overall ‘cost’ can be attributable to
micronutrient deficiencies that could be readily corrected
by nutraceutical supplementation will remain totally specu-
lative until additional research data are generated, but it
seems prudent to assume that it would be substantial.

Finally, as a most sobering consideration, the life-long
consequences of sustained micronutrient deficiencies asso-
ciated both with obesity and with weight loss must be
addressed.  Whereas multiple studies demonstrate improve-
ment in several obesity-related co-morbid risk factors with
incremental reductions in excess weight and/or excess body
fat, there is a striking scarcity of evidence for long-term
reductions in obesity-associated mortality with weight
reduction.1,52,53 The reasons for this lack of demonstrable
long term efficacy are unclear and are debated.1,37

If micronutrient deficiencies of the magnitude reported
herein are characteristic of a population of obese individu-
als trying to control their weight with dietary restraint and
restriction of nutrient intake, most likely some substantial
portion of that long-term morbidity and mortality that per-
sists in the post-obese individual could be attributable to the
micronutrient deficiency-induced metabolic consequences
of these deficiencies.  Futhermore, it is not known how
much of the variance that is risk associated with weight
cycling or so-called “yo-yo” dieting  might be attributable
to micronutrient deficiencies. These are extremely serious
considerations, in that now the majority of adult Americans
are overweight and the vast majority of them are trying to
control that unwanted weight gain by dieting, caloric
restriction, restrained eating, or even periodic fasting.

More often than not, these behaviors are pursued without
nutraceutical supplementation. In doing so, overweight
restrained eaters may well, without appreciating it, be more
adversely compromising their health than if they had not
tried to lose weight at all.50,52 Whether or not the outcome
of such widespread practices could be substantially
improved by ongoing nutraceutical supplementations will
need to be addressed with further studies.

CONCLUSIONS

Obesity is the second most prevalent preventable
cause of excess morbidity and premature morbidity in our
population today.  Over half of the adult population of the
United States is now obese or overweight.  The vast major-
ity of these overweight individuals attempt to control their
unwanted weight gain by restrained eating, food restriction,
dieting, and periodic fasting.  Dietary analysis performed
on overweight subjects with restrained eating patterns pre-
senting to a medical weight management clinic revealed
that these individuals were significantly energy deficient.
Micronutrient dietary constituents, which could readily be
provided through nutraceutical supplementation, were seri-
ously low or deficient in the majority of the patients.  These
data characterize the dietary macronutrient and micronutri-

Figure 2: Body Mass Index  Stratification 

of Weight Loss Subjests

Figure 3: Group Nutrient Analysis
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ent profiles of restrained-eating overweight individuals and
provide further compelling evidence that dietary nutraceu-
tical supplements could improve the outcome of weight
management endeavors.  The potential impact on long-term
outcomes is reviewed.
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C O N V E R S A T I O N

In every good doctor there’s a detective–an investiga-

tor hunting for answers.  And when it comes to unraveling

the mystery of what kind of nutraceutical to take. . .a look at

what’s on the label offers many clues.

“There are numerous companies and health food

stores, so I’m very careful in what I take,” says Jack J.

Kleid, M.D. a San Diego-based internist, cardiologist, and

clinical professor of medicine at the University of

California - San Diego. Dr. Kleid also serves on the JANA

editorial review panel.  “If I’m going to take a nutraceuti-

cal, I want to find out if it’s pharmaceutical grade, if the

company making it is FDA approved and utilizes Good

Manufacturing Practices (GMP’s), and if they’re using a

pure standardized extract and the source of the extract.” 

Dr. Kleid is a pioneer in the field of electrocardiogra-

phy, an important diagnostic testing procedure for heart

problems.  He received his undergraduate degree from the

University of Michigan and his medical degree from New

York Medical College.  

A strong believer in aerobic exercise, Dr. Kleid hikes,

swims, and plays basketball.  He is a strong believer in the

benefits of nutraceuticals and dietary supplements that

include both vitamins and herbs.

“I became a believer in 1971. I started taking nutraceu-

ticals myself and came to believe in them.  Then I practiced

what I preached. I now have an integrative medical practice

that includes both traditional medicine and complementary

medicine.”

Dr. Kleid is also an author, targeting baby boomers

with his newest book, Conquering 50 and Beyond: How to

Beat the Fifty Conditions That Affect People over Fifty.

Integrating the best of traditional and complementary med-

ical thinking, Dr. Kleid cuts through the clutter and focuses

on what really works to maintain health and regain it when

a problem does occur.

“Baby boomers are interested in living longer,” says

Dr. Kleid.  “They want everything they can get to keep from

getting cataracts, arthritis, heart attacks, strokes, and obesi-

ty.  They are a well-informed group of patients who look up

the latest health developments on the Internet and are often

“Not All Nutraceuticals Are Created Equal”

Interview with Jack Kleid, MD
Interview by Jack Gallagher

better informed than their

own doctors.”

“It’s never too late to

get started. That’s why they

invented the term ‘death’.

You can always do some-

thing as long as you’re

alive.” 

Dr. Kleid suggests the

following guidelines as a

part of your optimal health

plan: 

• For your body, go on an

aerobic exercise program

• Improve your mental capacity by doing some form of

meditation

• Reduce stress whenever you can...enjoy your vacations

• Eat the right foods...high in fiber, low in fat.

• Take a daily dose of the vitamins, minerals, and herbs that

are best for your health

This forward-thinking physician was introduced to the

benefits of nutraceuticals nearly 30 years ago, in the worst

possible setting.  “I was a military physician at a teaching

hospital.  Every day I walked into the mess hall and saw all

these Army recruits loading up on butter, steak, hamburg-

ers, eggs, and milk.  I was trying to change the diet of the

United States Army.  I tried to get them to substitute mar-

garine, skim milk and cholesterol-free eggs. They obvious-

ly weren’t happy with making that kind of change.  There

was just too much “red tape.”

In the midst of Dr. Kleid’s frustrating crusade, he met

a colleague fervent about taking vitamins.  “At the sugges-

tion of this friend, I started taking them.  I started to feel

better and felt noticeably more energy within a month.

Then I studied more about vitamins and herbs.”  Dr. Kleid

has been integrating nutraceutical supplements into his

patient care ever since.

Jack J. Kleid, MD
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He’s seen the trend sweep the nation over the decades.

“Nearly 70% of today’s patients are taking nutraceuticals

without asking their doctors for them.”  Dr. Kleid observes,

“Doctors aren’t oblivious to this.  I sit in a lunchroom and

nine out of ten doctors are taking nutraceuticals them-

selves.”  

“The reason to take nutraceuticals is for prevention and

deceleration of disease. Prevention is very important.  We

can prevent a lot of diseases, and nutraceuticals are strong

preventatives.  We can increase longevity and the quality of

life.  Prevention is critically important.  A

lot of people don’t want to take prescrip-

tion medication,” says Dr Kleid.  “Some

patients ask if there’s anything I can give

them that’s natural–herbs, vitamins, or

any kind of nutraceutical.  And, often,

there is.”

But how can you be certain about that

bottle of vitamins or herbs that you’re

buying?  Dr. Kleid concedes that not all

nutraceuticals are equal.  “You want to get

a standardized pure product.  Sometimes

it is hard differentiating between products

and unfortunately you can’t always trust

what you get.”

Dr. Kleid believes it’s beneficial to

quiz the clerks at your health food store or

pharmacy where you purchase nutraceuti-

cals. “If you go into the right store and get

somebody who’s knowledgeable, ask

them specific questions. There are certain health food stores

and natural pharmacies that give their sales people training.

If you are not sure of the proper dosage of a nutraceutical

product, ask before you purchase it.  And if you can’t get

the answer from the clerk, check with your primary care

physician or pharmacist.”

Dr. Kleid shares a tip about reading the label of any

nutraceutical bottle, “There are a lot of nutraceuticals out

there with excipients –fillers– things some manufacturers

throw in to fill up a tablet.  You want to read a label with no

‘fillers’ – no wheat, starch, sugar, carnuba wax. When  you

see fillers on the label, just walk away.”  

As for the future of nutraceuticals and complementary

care, Dr. Kleid is both enthusiastic and cautious.  He seems

especially frustrated over the resistance of medical schools

to change.  Although he’s a clinical professor of medicine at

the University of California - San Diego, Dr. Kleid is criti-

cal of the lack of nutrition and nutraceutical education in

medical school. “Doctors somehow learn it on their own

and many are now seeking out continuing education cours-

es on nutraceuticals and complementary medicine.  Medical

school curriculums in this country really haven’t changed in

50 years.  They haven’t introduced any drastic changes,

especially courses that deal with nutrition and how it can

impact our health.  A number of schools have introduced

courses in alternative medicine, but it’s not pervasive.”

“My advice to consumers would be to discuss your

plans to integrate nutraceuticals into your wellness program

with both your physician and pharmacist,” Dr. Kleid noted.

“Solicit their advice and seek their guidance.  Seek out

quality products that are produced by companies that utilize

Good Manufacturing Practices, make sure that your

nutraceutical herbal products are using standardized

extracts, and know the proper therapeu-

tic dosages for products that you pur-

chase.”

“I would also alert consumers to

be cautious about companies that make

improper health claims about their prod-

ucts,” Dr. Kleid observed.  “The Dietary

Supplement Health and Education Act

passed by congress expressly prohibits

dietary supplement companies and dis-

tributors from making health care claims

about their products.  If a company

advertises that their products cure dis-

eases, be aware that they are in violation

of the DSHEA act and subject to possi-

ble action by the Food and Drug

Administration (FDA)  and the Federal

Trade Commission (FTC).  The law

allows for proper structure and function

claims about nutraceutical products but

does not allow for disease claims. I would be cautious of

any company that is in violation of the law by making

unsubstantiated and illegal disease claims about their

nutraceutical products.”

More and more health care professionals are taking the

initiative to learn about the beneficial role of nutraceuticals

through continuing medical and pharmacy education cours-

es.  Dr. Kleid’s advice to consumers: “Tell your doctor and

pharmacist that you want them to be able to provide guid-

ance on nutraceuticals and other complementary health

issues. As their patient and customer, encourage them to

seek out updated information for you  through accredited

continuing educational programs such as those offered by

the American Nutraceutical Association, and encourage

them to subscribe to JANA, (Journal of the American

Nutraceutical Association) which is peer-reviewed.”

_______________________

Note: Dr. Kleid’s newest book, Conquering 50 - How

to Beat the Fifty Conditions that Affect People over Fifty, is

available through the ANA.  Contact the ANA subscrip-

tion/membership department to order his book at 205-833-

1750. Regular price is $18.50.  ANA member discount

price is $16.95. 

“I would be cau-

tious of any com-

pany that is in

violation of the

law by making

unsubstantiated

and illegal dis-

ease claims about

their nutraceuti-

cal products.”
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O P I N I O N

Academic Physicians Have Shown Bias Against

Vitamin Supplements, Professors Contend

One of the fastest growing segments of complementary

medicine is the field of nutraceuticals.  Every pharmacy,

health food store or even a convenience store now is pro-

viding rows of vitamins, minerals and other nutraceutical

supplements whose labels state various structure and func-

tion claims. Many medical investigators dismiss these

“cures” as hype. But that denunciation may be based on

bias rather than on solid scientific evidence, say medical

commentators James S. Goodwin MD, and Michael R.

Tangum, MD.

In an article published Nov. 9,

1998  in the Archives of Internal

Medicine, Goodwin, director of geri-

atric medicine and professor of pre-

ventive medicine and community

health at the University of Texas

Medical Branch at Galveston

(UTMB), and Tangum, an internal

medicine resident at Legacy

Hospital in Portland, Oregon, note

that throughout the 20th century,

American academics have expressed

a bias against vitamin supplements.

The article is part of a focus that

American Medical Association jour-

nals gave to alternative and comple-

mentary medicine during November.

The pair’s conclusions are based

on an analysis of consecutive editions of two prominent

medical textbooks published between 1950 and 1992 (A

Textbook of Medicine and Principles of Internal Medicine).

These textbooks, the authors say, demonstrate the scornful

tone that the American medical establishment often

employs in discussions of vitamin supplements. For exam-

ple, a quote from one 1962 texbook says... “the indiscrimi-

nate use or ‘routine’ prescription of vitamin preparations is

indefensible, it is poor medical practice” (1962 edition,

Principles of Internal Medicine).  Such a contemptuous

tone, they note, is absent from discussions of most other

medical controversies.

The authors are not apologists for megavitamins, they

say. Nor does their treatise promote any particular

micronutrient supplement as being effective. But vitamin

supplements, the authors say, initially met with resistance

in part because they didn’t fit with the prevailing biomed-

ical paradigms, particularly the germ theory. And similar

factors may color the response of academic medicine to

any ‘alternative’ treatment.

“Part of the resistance stems

from the fact that the potential

benefits of micronutrients were

advanced by ‘outsiders’ who took

their message directly to the pub-

lic,” says Goodwin in the paper.

That same resistance probably

prompted the ridicule conferred

on Nobel prize-winning Linus

Pauling, who was considered

“the chemist who intruded into

clinical matters” after he became

a leading proponent of using

massive doses of vitamin C to

prevent upper respiratory infec-

tions.

The authors suggest that there

are only 3 important questions

when evaluating a potential treat-

ment.  Does it work? What are

the adverse effects? How much does it cost? “Ideally, issues

such as the theory underlying the treatment or the guild to

which the proponents of the treatment belong should be

irrelevant to the fundamental questions of efficacy, toxicity

and cost,” Goodwin writes. “The history of the response of

academic medicine to micronutrient supplementation sug-

gests that we have not attained that ideal.”

Reprints of the entire article that appeared in the

Archives of Internal Medicine can be obtained from: James

S. Goodwin, MD Center on Aging, the University of Texas

Medical Branch, 301 University Blvd., Galveston, TX

77555-0460

The authors suggest

that there are only 3

important questions

when evaluating a

potential treatment.

Does it work? What

are the adverse

effects? How much

does it cost?
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