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EDITORIAL

AACE: Medical Guidelines for the Clinical Use
of Dietary Supplements and Nutraceuticals

Robert J. Krueger, PhD*
JANA Editorial Board Member
Professor of Pharmacognosy
School of Pharmacy, Ferris State University
Big Rapids, Michigan

The American Association of Clinical Endocrinologists
recently culminated a three-year project by publishing its
“Medical Guidelines for the Clinical Use of Dietary
Supplements and Nutraceuticals.”! The process began with
the presentation of preliminary information on nutraceuti-
cals at the 2000 annual AACE meeting? and continued with
a more comprehensive discussion in the 2001 AACE Self-
Assessment Profile Syllabus (ASAP).3

The present report generated by the AACE Nutrition
Guidelines Task Force is a model for any professional
healthcare society concerned with educating their members
in the area of dietary supplements and nutraceuticals
(DS/N). Though targeting endocrinologists, the Task Force
cites additional audiences who could benefit from the report
including “physicians specializing in clinical nutrition,
nutrition support and metabolic disorders” and “healthcare
practitioners who wish to learn about DS/N in the areas of
endocrinology, metabolism and nutrition.”

Correspondence:

Robert J. Krueger, PhD

220 Ferris Drive

Big Rapids, MI 49307

Phone (231-591-2200

E-mail: Robert_Krueger@ferris.edu
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Over two dozen DS/N were comprehensively exam-
ined. The AACE Task Force conducted its review by apply-
ing evidence-based standards adapted from the “Evidence
Report on Obesity” by the National Institutes of Health* and
the evidence grading system for clinical practice recom-
mendations of the American Diabetes Association.> Their
methodology is clearly defined in the report. The resultant A,
B, C, and D Grade Recommendation Protocol adopted for
the report should easily serve as a model for any other pro-
fessional society contemplating a similar project.

The true value of the report however, is in the informa-
tion it presents on the DS/N examined. These details, con-
tained in fourteen tables and several textual appendices,
cover everything from the aforementioned grading system
to lists of DS/N used in Functional Medicine, potential drug
and DS/N interactions, educational resources (including
our own ANA) and a summary of the evidence-based indi-
cations, graded, for the DS/N reviewed. The textual sum-
maries are brief but to the point covering general discus-
sions of the underlying physiology and biochemistry, and
the details of the evidence. All of these are supported by a
550-reference bibliography current through 2001. Finally, a
unique feature is included for the practitioner: a section
entitled “Physician—Patient Communication Skills” that
incorporates a variety of potential scenarios the physician
may face in the day to day counseling of patients. The pur-
pose here is to maximize practitioner-patient interactions to
optimize his/her care.
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menopausal women and reduce the risk of fractures. A small number of studies in this area report ben-
efits, particularly in the lumbar spine (lower back). However, most studies have not been well designed
or reported. Until better research is available, a firm conclusion cannot be drawn. Individuals at risk
for osteoporosis should speak with a qualified healthcare provider about the therapeutic options for
increasing bone mineral density.

Gall stones (cholelithiasis)

(@

Due to limited human study, there is not enough evidence to recommend for or against the use of
soy as a therapy in cholelithiasis. Further research is needed before a recommendation can be made.

Crohn’s disease

(@}

Due to limited human study, there is not enough evidence to recommend for or against the use of
soy as a therapy in preventing Crohn’s Disease. Further research is needed before a recommendation
can be made.

Cyclical breast pain

(@}

It has been theorized that the presence in soy of “phytoestrogens” (plant-based compounds with
weak estrogen-like properties) such as isoflavones may be beneficial to pre-menopausal women with
cyclical breast pain. However, due to limited human study, there is not enough evidence to recommend
for or against the use of dietary soy protein as a therapy for this condition.

(@}

Type 2 diabetes

Several small studies have examined the effects of soy products on blood sugars in people with type
2 (“adult-onset™) diabetes. Results are mixed, with some research reporting decreased blood glucose
levels, and other trials noting no effects. Overall, research in his area is not well designed or reported,
and better information is needed before the effects of soy on blood sugars can be clearly described.

High blood pressure

(@}

Due to limited human study, the effects of dietary soy on blood pressure are not clear. Further
research is necessary before any recommendation can be made.

Kidney disease (chronic renal failure, nephrotic syndrome, proteinuria)

(@}

Due to limited human study, there is not enough evidence to recommend for or against the use of
soy in the treatment of kidney diseases such as nephrotic syndrome. People with kidney disease should
speak to their healthcare provider about recommended amounts of dietary protein, and should bear in
mind that soy is a high protein food.

Obesity, weight reduction

(@}

Due to limited human study, there is not enough evidence to recommend for or against the use of
soy for weight reduction. Further research is needed before a recommendation can be made.

Cognitive function

(@}

A recent study indicated that isoflavone (found in soy) supplementation in postmenopausal
women, may have favorable effect on cognitive function, particularly verbal memory. Further research
is necessary before a conclusion can be drawn.
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Stomach cancer

Preliminary study suggests that intake of soy products may be associated with a reduced risk of
death from stomach cancer. Further investigation is needed before a conclusion can be drawn.

(@}

Uses based on tradition or theory

The below uses are based on tradition or scientific theories. They often have not been thoroughly tested in humans, and
safety and effectiveness have not always been proven. Some of these conditions are potentially serious, and should be eval-
uated by a qualified healthcare provider.

Anemia, anorexia, antifungal, antioxidant, antithrombotic, atherosclerosis, athletic endurance, attention deficit hyperactiv-
ity disorder (ADHD), autoimmune diseases, breast enlargement, cancer prevention (general), diabetic neuropathy, fever, gas-
tric cancer, gastrointestinal motility, headache, hepatitis (chronic), inflammation, insect repellant, lymphoma, memory enhance-
ment, nosebleed (chronic), osteosarcoma, premature ovarian failure, rheumatoid arthritis, urinary tract cancer, vaginitis,
vasoregulator.

DOSING

The below doses are based on scientific research, pub-

lications, traditional use, or expert opinion. Many herbs
and supplements have not been thoroughly tested, and safe-
ty and effectiveness may not be proven. Brands may be
made differently, with variable ingredients, even within the
same brand. The below doses may not apply to all products.
You should read product labels, and discuss doses with a
qualified healthcare provider before starting therapy.

Adults (over 18 years old)

8

High cholesterol: 30 to 50 grams of soy protein taken daily
by mouth has been studied in people with high cholesterol.
Isoflavone content has ranged from 60 to 80 milligrams per
day. Cholesterol and low-density lipoprotein levels have
been reduced in individuals using 28 grams daily of soy pro-
tein with a high isoflavone content, or with Abacor®, a brand
that contains 26 grams of soy protein. There is limited study
of soymilk (400 milliliters daily) in pre-menopausal women,
with reported benefits on cholesterol levels.

Menopausal symptoms (hot flashes): Isolated soy protein,
such as Supro® (60 grams), soy flour (45 grams), and a
range of isoflavone products have been studied. Doses of 50
to 75 milligrams of isoflavones have been used in research.

Diarrhea: In infants and young children (2-36 months-
old), Hyprovit® formula, Isomil® formula, Nursoy® for-
mula or powder, and Prosobee, formula taken by mouth
have been studied. Due to potential safety concerns, a
qualified healthcare provider should be consulted regard-
ing the choice of infant formula. In adults, soy-derived
diets and intake of soy-polysaccharide/fiber have been
studied, although benefits are not clear.

Cancer and cancer prevention: Population and laborato-
ry studies have examined levels of dietary soy intake. No
specific doses can be recommended at this time.

Cardiovascular health: Studies have examined regular

JANA Vol. 6, No. 4

intake of dietary soy, or 40 to 80 milligrams of isoflavones
taken by mouth daily.

Osteoporosis/post-menopausal bone loss:
Isoflavones/isoflavone-rich soy (60 to 80 milligrams daily
by mouth) and soy protein (for example, 40 grams daily
of Supro 675®) have been studied.

Gall stones (cholelithiasis): Dietary intake of soy has
undergone limited study. Due to limited research in
humans, no specific doses can be recommended at this time.

Crohn’s disease: Due to limited research in humans, no
specific doses can be recommended at this time.

Cyclic breast pain: A soy protein drink (17 grams of soy
protein per 200 milliliters) has undergone limited study.

Diabetes: A fermented soybean-derived extract tea, vari-
ous doses of soy protein (such as Abalon®), and up to 7
grams of daily soya fibers taken by mouth have undergone
limited study in humans.

High blood pressure: Soymilk (1000 milliliters daily for
three months) has undergone limited study.

Kidney disease/chronic renal failure: Soy-based diets
have undergone limited study in people with kidney dis-
eases such as the nephrotic syndrome. However, soy is a
source of dietary protein, and low-protein diets may be
more desirable in patients with kidney failure. People
with kidney failure should speak with a doctor before
making any dietary changes.

Obesity: A soy-derived diet has undergone limited study.

Children (under 18 years old)

Diarrhea: In infants and young children (2-36 months-
old), Hyprovit® formula, Isomil® formula, Nursoy® for-
mula or powder, and Prosobee® formula taken by mouth
have been studied. Due to potential safety concerns, a
qualified healthcare provider should be consulted regard-
ing the choice of infant formula.
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SAFTEY

Many complementary techniques are practiced by
healthcare professionals with formal training, in accor-
dance with the standards of national organizations.
However, this is not universally the case, and adverse
effects are possible. Due to limited research, in some cases
only limited safety information is available.

Allergies

Soy can act as a food allergen similar to milk, eggs,
peanuts, fish, and wheat. The rate of soy allergy in children
with positive skin tests has been reported as high as 6%. In
limited research, soy has been well tolerated by most children
with IgE-associated cow’s milk allergy (CMA), although
allergic cross-reactivity has occasionally been reported. Rare
allergic reactions have been reported in human research, and
two subjects withdrew from a cholesterol study due to sus-
pected allergy to soy. In a study involving young adults with
asthma, soy beverages were associated with an increased risk
of asthma. Asthma-like breathing problems have also been
associated with inhaling soybean dust.

Side Effects and Warnings

Soy has been a dietary staple in many countries for
over 5,000 years, and is generally not regarded as having
significant long-term toxicity. Limited side effects have
been reported in infants, children, and adults.

Soy protein taken by mouth has been associated with
stomach and intestinal difficulties such as bloating, nausea,
and constipation. More serious intestinal side effects have
been uncommonly reported in infants fed soy protein for-
mula, including vomiting, diarrhea, growth failure and
damage/bleeding of the intestine walls. Soy protein fed to
infants recovering from acute gastroenteritis may cause
persistent intestinal damage and diarrhea. People who
experience intestinal irritation (colitis) from cow’s milk
may also react to soy formula.

Based on human case reports and animal research,
decreased thyroid hormone and increased thyroid stimulat-
ing hormone (TSH) levels may occur during the use of soy
formula in infants. This includes rare reports of goiter
(enlarged neck due to increased thyroid size). Hormone
levels have become normal again after stopping soy.
Infants fed soy or cow’s milk formula may also have high-
er rates of atopic eczema than infants who are breast-fed.

Acute migraine headache has been reported with the
use of a soy isoflavone product. Based on animal research,
damage to the pancreas may theoretically occur from regu-
larly eating raw soybeans or soy flour/protein powder made
from raw, unroasted, or unfermented beans.

The use of soy is often discouraged in patients with
hormone-sensitive malignancies such as breast, ovarian, or
uterine cancer, due to concerns about possible estrogen-like
effects (which theoretically may stimulate tumor growth).

Fall 2003

Other hormone-sensitive conditions such as endometriosis
may also theoretically be worsened. In laboratory studies,
it is not clear if isoflavones stimulate or block the effects of
estrogen, or both (acting as a “receptor agonist/antago-
nist”). Until additional research is available, patients with
these conditions should be cautious and speak with a qual-
ified healthcare practitioner before starting use.

It is not known if soy or soy isoflavones share the same
side effects as estrogens, such as increased risk of blood
clots. Preliminary studies suggest that soy isoflavones,
unlike estrogens, do not cause the lining of the uterus
(endometrium) to build up.

Pregnancy and Breastfeeding

Soy as a part of the regular diet is traditionally consid-
ered to be safe during pregnancy and breastfeeding,
although scientific research is limited in these areas. The
effects of high doses of soy or soy isoflavones in humans
are not clear, and therefore are not recommended.

Recent study demonstrates that isoflavones, which may
have estrogen-like properties, are transferred through breast
milk from mothers to infants. High doses of isoflavones
given to pregnant rats have resulted in tumors in female off-
spring, although this has not been tested in humans.

In one human study, male infants born to women who
ingested soymilk or soy products during pregnancy experi-
enced more frequent hypospadias (a birth defect in which
the urethral meatus, the opening from which urine passes,
is abnormally positioned on the underside of the penis).
However, other human and animal studies have examined
males or females fed soy formula as infants, and have not
found abnormalities in infant growth, head circumference,
height, weight, occurrence of puberty, menstruation, or
reproductive ability.

Research in children during the first year of life has
found that the substitution of soy formula for cow’s milk may
be associated with significantly lower bone mineral density.
Parents considering the use of soy formula should speak with
a qualified healthcare practitioner to make sure the appropri-
ate vitamins and minerals are provided in the formula.

INTERACTIONS

Most herbs and supplements have not been thoroughly test-
ed for interactions with other herbs, supplements, drugs, or
foods. The interactions listed below are based on reports in
scientific publications, laboratory experiments, or tradi-
tional use. You should always read product labels. If you
have a medical condition, or are taking other drugs, herbs,
or supplements, you should speak with a qualified health-
care provider before starting a new therapy.

Interactions with Drugs

Estrogen: Soy contains “phytoestrogens” (plant-based
compounds with weak estrogen-like properties) such as
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isoflavones. In laboratory studies, it is not clear if
isoflavones stimulate or block the effects of estrogen, or
both (acting as a “receptor agonist/antagonist™). It is not
known if taking soy or soy isoflavone supplements increas-
es or decreases the effects of estrogen on the body, such as
the risk of blood clots. It is unclear if taking soy alters the
effectiveness of oral contraceptives containing estrogen.

Selective Estrogen Receptor Modulators (SERMs),
Aromatase Inhibitors: It is not known what the effects of
soy phytoestrogens are on the anti-tumor effects of selective
estrogen receptor modulators (SERMs) such as tamoxifen.
The effects of aromatase inhibitors such as anastrozole
(Arimidex &), exemestane (AromasinZE), or letrozole
(Femara®) may be reduced. Because of the potential estro-
gen-like properties of soy, people receiving these drugs
should speak with their oncologist prior to taking soy in
amounts greater than normally found in the diet.

Warfarin: Soy protein may interact with warfarin. If
you are taking warfarin, please check with your doctor and
pharmacist before taking soy supplementation.

Interactions with Herbs and Dietary Supplements

Iron: The effects of soy protein or flour on iron absorp-
tion are not clear. Studies in the 1980s reported decreases
in iron absorption, although more recent research has noted
no effects or increased iron absorption in people taking soy.
People using iron supplements as well as soy products
should consult a qualified healthcare practitioner to follow
blood iron levels.

Panax ginseng: One article discusses the drug interac-
tion potential of soy extract and Panax ginseng. Further
investigation is necessary.

Interactions with Laboratory Assays

Calcium, Phosphate: Animal study indicates that soy
may have estrogen-like effects on calcium and phosphate
levels. Urinary calcium excretion may be reduced. Further
studies are needed before a conclusion can be drawn.

Interactions with Foods

Wheat: Based on limited human study, reduced
absorption of the soy isoflavone genistein (theorized to pos-
sess “phytoestrogen” properties) may occur when taken in
combination with wheat fiber.

UPDATES
Last updated: November 2003.
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OPINION ARTICLE

The Proposed cGMPs Will Eliminate
Small Companies and Provide No
Greater Assurance of Safety

Jonathan W. Emord,*
Emord & Associates, Washington, DC

Must we limit to a select few those who may manufac-
ture, distribute, and sell dietary supplements in the United
States to achieve supplement safety? The FDA seems to
think so. Under its proposed rule on current good manufac-
turing practices (GMPs) for dietary supplements, FDA pro-
poses extensive and costly new regulations on all dietary sup-
plement manufacturers, packers, and holders, affecting per-
sonnel, physical plants, equipment and utensils, production
and processes, holding and distributing, consumer com-
plaints, and records and recordkeeping. Those rules impose
costs in excess of the financial abilities of small and interme-
diate sized companies in this industry. Rather than propose a
direct pursuit of safe outcomes via enforcement against adul-
teration (costlier for the government but more effective in
assuring safety), FDA proposes an indirect pursuit of safe
outcomes via manufacturing process controls (costlier for the
regulated class and far less effective in assuring safety).

The proposed GMPs regulate every aspect of dietary
supplement manufacture and distribution, demanding that
processes (record keeping, building design, building main-
tenance, equipment, and practices) be followed on the mis-
taken assumption that regulations prescribing processes
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assure safe outcomes. In fact, they do not reliably do so
because they have no effect upon those who presently vio-
late the law with impunity. They who pose the greatest
threat to public health and safety can be counted upon to
violate any new regulations with impunity. For them,
enforcement of the existing adulteration laws is the answer.

Regulations of the kind favored by FDA, covering
every aspect of the making of dietary supplements, impose
a prior restraint on good actors in the market (those who
presently and reliably produce safe products), impose huge
costs on the entire regulated class, and create massive new
barriers to market entry. The proposed regulations are anti-
competitive and they stifle innovation. Good actors who
cannot afford the new compliance costs can be expected to
fold, leaving large firms with less competition. Bad actors
can be expected to add non-compliance with the new regu-
lations to their non-compliance with the old and carry on
clandestinely. To the extent that safety does improve under
the proposed GMPs, it will be more of a coincidence than a
response to the new rules. In the absence of competition
from small and intermediate firms, bad actors are likely to
assume greater market share as consumers unaware of the
fraud try bad actors’ products in an attempt to avoid the
higher costs that will come from larger firms freed of com-
petition. In that way, the proposed GMPs may actually
cause an increase in unsafe supplements.

Moreover, FDA’s regulation of the process by which
dietary supplements are made has the effect of suppressing
innovation that could improve safety and quality or provide
consumers with new supplement choices or combinations.
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Given the extraordinary breadth and ambiguity of the pro-
posed GMPs, companies find it hard to discern precisely
what the government expects of them. They will naturally
cleave to methods, equipment, and procedures that FDA
inspectors either accept overtly or find unobjectionable.
They will fear use of any new methods, equipment, and pro-
cedures because those will involve an immediate issue of
compliance. The effect will be to retard progress in the
market to the detriment of consumers.

To make matters worse, the proposed GMPs are pep-
pered with ambiguous aspirational language that affords
FDA enforcement officers virtually unbridled discretion,
permitting them to require changes to every aspect of pro-
duction. There is no limit in the proposed rules on the exer-
cise of FDA enforcement discretion. Consequently, those
rules invite arbitrary and capricious enforcement without
regard to the economic impact of FDA compliance
demands. Interpreting ambiguous provisions in the pro-
posed GMPs differently, an FDA enforcement officer in San
Francisco may cause a plant to be subjected to extensive and
costly compliance demands that an FDA enforcement offi-
cer in Illinois may elect not to impose (despite substantial
and material similarities in the two plants).

One of the most hotly contested provisions of the pro-
posed GMPs concerns the requirement for testing of “each
finished batch of the dietary ingredient or dietary supple-
ment produced before releasing for distribution” not for
safety per se but “to determine whether specifications for
identity, purity, quality, strength, and composition are met.”
Like foods, supplements derived from natural sources will
necessarily vary in their strength. An herbal supplement,
for example, may be comprised of crushed leaves that will
include various chemical constituents responsible for health
enhancing physiological effects. Those constituents will
necessarily vary from leaf to leaf because plants in nature
do not include identical levels of the various constituents.
Consequently, demanding proof of strength, as one would in
a standardized drug, makes little sense in the context of
dietary supplements derived from plant sources. Moreover,
because each dietary ingredient is itself a constituent of a
food daily consumed, so long as the source is free of conta-
mination, it may be combined with other such dietary ingre-
dients in a pill and consumed without need for independent
testing of the combination. That is because the constituents,
as food ingredients, would be capable of being consumed in
the daily diet and mixed in the gut cavity without adverse
effect. Thus, unlike the mixing of drug substances with
other drugs, other foods, or other supplements, the mixing
of foods and food ingredients is common in the daily diet
and poses no serious threat to public health. Thus, FDA
may reasonably demand that source ingredients be tested
for identity, purity, quality, and composition by source man-
ufacturers—but not strength which may depend on several,
sometimes unidentified, compounds. Source manufacturers
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can, and do, certify based on such testing that the ingredi-
ents in each finished batch have satisfied the appropriate
analytical testing methodology. Those who purchase ingre-
dients from the source manufacturer, however, should not
be required to do batch testing thereafter unless there has
been a breach in quality control during distribution and sub-
sequent manufacture. If there has been no such breach, and
the “downstream” parties have documentation to prove
chain of custody and consistent controls to avoid a change
in the status of the source materials from the time of man-
ufacture, that should suffice without need for expensive,
redundant testing. That should hold true even if source
materials are mixed in a subsequent manufacturing stage.
For foods and dietary supplements, this approach is all that
is required to assure safety. The FDA should not demand
more because doing so creates unnecessary and burden-
some costs that will drive out competition by overwhelming
in regulatory costs small and intermediate sized firms with
no history of selling any unsafe product.

In comments my firm prepared on behalf of Essential
Nutrition, Ltd.; Life Enhancement Products, Inc.; Durk
Pearson and Sandy Shaw; Julian M. Whitaker, M.D;
Advocare International, L.P; Vitamin Research Products;
Livron Vitamin Co., Inc.; and American Nutrition
Corporation, we included a detailed assessment of the eco-
nomic impact of the proposed GMPs. FDA grossly under-
estimated the economic impact of the GMPs, stating that
the regulated class would be required to pay no more than
$86 million to achieve compliance. Rubin estimated that
the cost would be ten times higher at $860 million. In addi-
tion, FDA overestimated the economic benefit of the pro-
posed rule to be $218 million. Rubin found the economic
benefit to be, at best, no more than $13.9 million.

The proposed GMPs conflict with the statutory pre-
sumption in the Dietary Supplement Health and Education
Act, 21 USC 342(f), that FDA may not take action to pre-
vent the sale of a dietary supplement on grounds of adul-
teration unless FDA proves that the supplement “presents a
significant or unreasonable risk of illness or injury under
conditions of use recommended or suggested in labeling, or
if no conditions of use are suggested or recommended in
the labeling, under ordinary conditions of use.” The GMPs
provide for civil and criminal prosecution of those who fail
to satisfy manufacturing, testing, and recordkeeping
requirements, regardless of whether the supplement is in
fact adulterated. In addition, the Dietary Supplement
Health and Education Act requires dietary supplement
GMPs to be modeled after the food GMPs, 21 USC 342(g)
(2). In fact, the proposed GMPs appear modeled after the
drug GMPs. The emphasis on redundant batch testing, for
example, is not a requirement for foods but only for drugs.

The proposed GMPs are rife with problems and threat-
en to cull from the dietary supplement market all but the
largest firms. It would be the better part of valor, not to
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mention common sense, if the agency were to avoid enact-
ing them and to redouble its efforts to prosecute those who
sell adulterated products. Rather than institute a cradle to
grave system of costly process controls, not directly related
to safety, FDA ought to require source manufacturers to
conduct safety tests, require those who purchase from them
to retain documentation of chain of custody and of no harm-
ful change in the status of the source materials from manu-
facture, and to focus agency attention on arresting the sale
of demonstrably unsafe products. FDA should abandon its
present approach of imposing prior restraints on all, includ-
ing the overwhelming majority of safe sellers. The fact
remains that among dietary supplements, foods, and drugs,
dietary supplements are today—without the GMPs—the
safest among those product categories. While a very few
dietary ingredients have been shown to produce harm, usu-
ally when abused, the overwhelming majority of them have
not caused serious harm. Our aim should be to preserve this
exemplary record and to focus government attention on
routing out the bad actors. Our aim should not be, as FDA
would have it, imposing prior restraints on the entire indus-
try in the indirect hope that doing so will improve safety.
There will not likely be any demonstrable improvement in
overall safety in an already largely safe market, but there
will certainly be far fewer companies in the supplement
business, far fewer choices for consumers, and somewhat
higher costs for products when competition diminishes.

18 JANA Vol. 6, No. 4

The government cynic within me causes me to believe
that those at FDA who developed these regulations could not
be ignorant of their anticompetitive effects. There is an his-
toric regulatory pattern wherein regulators grant greater
market protection to industry market share leaders, effec-
tively creating monopolies in the process, in exchange for
those leaders’ consent to government control over certain
aspects of the industry. This monopoly rent-government
control quid pro quo may be working here. As FDA increas-
ingly loses the power to prevent truthful nutrient-disease
claims from entering the market and increasingly fears any
competition to its drug approval regime, it may be attempt-
ing to regain control over the supplement industry by culling
its numbers substantially and erecting a new monopoly rent-
government control paradigm, all under the guise of improv-
ing safety. If that is not an overt government aim, it certain-
ly is a predictable result of the proposed GMPs.

Jonathan W. Emord is a principal in the law firm
Emord & Associates, PC. He represents several small to
mid-sized companies that filed comments in the GMP rule-
making proceeding opposing the proposed new rules. He
also served as lead counsel in the landmark First
Amendment decision against FDA, Pearson v. Shalala, and
several subsequent cases involving decisions against FDA
speech suppression.
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OPINION ARTICLE

Good Manufacturing Practices for
Dietary Supplements: Analysis and Critique of
the FDA Proposed Regulations

Bernd Wollschlaeger, MD, FAACP*
Assistant Clinical Professor of Medicine and Family Medicine
University of Miami School of Medicine
Miami, Florida

The ephedra debate has revived and intensified the
ongoing discussion about the quality and safety of dietary
supplements.

Several consumer advocate groups and medical organi-
zations are calling for a tightening of the Dietary Supplement
Health and Education Act of 1994 (DSHEA) and for stricter
regulation regarding the manufacturing and sale of vitamins
and herbs. During this heated debate the FDA has decided to
release the long-awaited proposed regulations for Good
Manufacturing Practices (GMP) for Dietary Supplements
(published in the Federal Register on March 13, 2003).!

Section 9 of the DSHEA authorizes the FDA to pre-
scribe good manufacturing practices for dietary supple-
ments and “such regulations shall be modeled after current
good manufacturing practice regulations for food and may
not impose standards for which there is no current and gen-
erally available analytical methodology.”2

The manufacturers of nutritional supplements, the
Consumer Health Care Products Association (CHPA), the
National Nutritional Foods Association (NNFA), and the
Council for Responsible Nutrition (CRN) have for years sup-
ported GMP guidelines and agree that the future of the indus-
try depends on providing consumers with assurance of quality.

Since publishing an Advance Notice of Proposed
Rulemaking in 1997, the FDA has taken no action until
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now; this inaction has created a regulatory vacuum. In 1999
the National Nutritional Foods Association instituted its
own GMP certification program for members, requiring
third-party supplement/product certification. Nature's Way
and Wakunaga were the first NNFA members to pass GMP
certification in July 2002.

The proposed GMPs appear to be based on the premise
that all dietary supplements are inherently unsafe, and
therefore the manufacturing processes need to be held to
the same standards as pharmaceutical drugs and medical
devices. According to the FDA, highlights of the proposed
rules include:

* The proposed rules would establish new standards or
"current good manufacturing practices" (CGMPs) to
help reduce risks associated with adulterated or mis-
branded dietary supplement products, and

Would establish industry-wide standards necessary to ensure
that dietary supplements are manufactured consistently as
to identity, purity, quality, strength, and composition.

* Minimum standards include requirements regarding
design and construction of physical plants that facilitate
maintenance, cleaning, and proper manufacturing opera-
tions, for quality control procedures, for testing final
product or incoming and in-process materials, for han-
dling consumer complaints, and for maintaining records.

» Examples of product quality problems the CGMPs will
help prevent are: superpotent, subpotent, wrong ingredi-
ent, drug contaminant, other contaminant (eg, bacteria,
pesticide, glass, lead), color variation, tablet size or size
variation, under-filled containers, foreign material in a
container, improper packaging, and mislabeling.

* The proposed CGMPs would apply to all firms that man-
ufacture, package, or hold dietary ingredients or dietary
supplements, including those involved with the activities
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of testing, quality control, packaging and labeling, and
distribution. The proposed regulations would apply to
both domestic firms and foreign firms that manufacture,
package, or hold dietary ingredients and dietary supple-
ments for distribution into the U.S.

* The CGMPs will assist manufacturers in producing
unadulterated and properly labeled dietary supplements
and will provide a basis for consumers to have confi-
dence that the dietary supplement products they purchase
contain the identity, purity, quality, strength, and compo-
sition the label claims.

* Manufacturers are also responsible for determining that
any representations or claims made about their products
are substantiated by adequate evidence to show that they
are not false or misleading. With this proposed rule, FDA
will have the authority to determine standards that firms
should apply in production and labeling.

* Under the CGMP proposed rule, manufacturers would be
required to:

° Employ qualified employees and supervisors;

o

Design and construct their physical plant in a manner
to protect dietary ingredients and dietary supplements
from becoming adulterated during manufacturing,
packaging, and holding;

Use equipment and utensils that are of appropriate
design, construction, and workmanship for the intended
use;

Establish and use a quality control unit and to produce
master manufacturing and batch production records;

Hold and distribute materials used to manufacture,
package, and label dietary ingredients, dietary supple-
ments, and finished products under appropriate condi-
tions of temperature, humidity, light, and sanitation so
that their quality is not affected.

Keep a written record of each consumer product qual-
ity complaint related to CGMPs; and

Retain records for three years beyond the date of man-
ufacture of the last batch of dietary ingredients or
dietary supplements.

* Manufacturers are also responsible for determining that
any representations or claims made about their products
are substantiated by adequate evidence to show that they
are not false or misleading. With this proposed rule, FDA
will have the authority to determine standards firms
should apply in production and labeling.

The above listed components of the proposed GMP rule
represent a significant change form the original wording of
the DSHEA which grants the FDA the authority to establish
GMP regulations governing the preparation, packing, and
holding of dietary supplements under conditions that ensure
their safety. These regulations are supposed to be modeled
after current good manufacturing practice regulations in
effect for the rest of the food industry. The proposed GMPs
will create expanded inspection and enforcement authority
by the FDA and will not follow those of conventional foods
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as stipulated in the original language of the DSHEA.

When deveveloping final GMPs for the dietary supple-
ment industry, I would encourage the FDA to consider the
following points:

1. The proposed GMPs should include exemption for
licensed healthcare professionals who dispense herbs and
herbal preparations in a clinical setting (ie, acupuncturists,
compounding pharmacists). Those practitioners provide
unique custom formulations rarely available as commer-
cial supplement products. Those exemptions would serve
the public interest and increase consumer choices.

2. The proposed rules will place a heavy financial burden on
many small manufacturers of dietary supplements The
majority of these small manufacturers produce high
quality unique products unavailable elsewhere in the
marketplace. We have to protect the access of consumers
to those products and ease the financial hardship caused
by the proposed rules for those manufacturers.

3. Furthermore, section 111.35 of the proposed rules dis-
cusses numerous laboratory methods that can be used for
the identification and quality assessment of botanical
ingredients. The analytical methods developed and vali-
dated by Association of Analytical Communities
(AOAC International) and the methods included in the
United States Pharmacopeia (USP) monographs have
been acknowledged by the FDA. Unfortunately, the FDA
did not include validated resources such as those provid-
ed and in current use by the European Pharmacopeia,
the German Pharmacopeia and others, which serve as
authoritative resources of scientifically valid analytical
methods, and qualitative standards for botanical dietary
supplements. For example, the Furopean Pharmacopeia
demands a comprehensive certification procedure for
certification applicable to herbal drugs and herbal drug
preparations including information regarding botanical,
macroscopical, microscopical and phytochemical char-
acterisation, and biological activity.It also includes addi-
tional features such as batch analysis, reference stan-
dards and quality overall summary (QOS), which distin-
guish the active plant from potential adulterants,

While I support the development of reasonable and
appropriate GMPs for the manufacture of dietary and nutri-
tional supplements, in my opinion the proposed GMPs as
drafted by FDA attempt to further regulate dietary supple-
ments according to those required for pharmaceutical drugs
further curtailing the intention and spirit of DSHEA: to
grant US consumers choices in natural healthcare modali-
ties at reasonable prices.
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Interaction of Cytokines, Excitotoxins, and
Reactive Nitrogen and Oxygen Species in
Autism Spectrum Disorders
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ABSTRACT

There is growing and compelling evidence that exces-
sive peripheral as well as central immune activation of brain
microglia can result in alterations in brain growth and con-
nectivity during rapid brain growth, the so-called "brain
growth spurt." A considerable amount of evidence, present-
ed in this paper, demonstrates the deleterious effects of
immune factors, such as cytokines, chemokines, and exci-
totoxins, when present in excess. The interaction between
excitotoxicity, ROS and RNS injury and immune dysfunc-
tion is discussed. It is concluded that excessive activation of
the brain's immune system during critical growth periods
can occur when vaccines are given as combination vaccines,
using schedules that are too close together or by the use of
certain live viruses in the vaccines.

KEY WORDS: microglia, cytokines, interleukins, vaccina-
tion, chemokines, autism spectrum disorders, free radicals,
excitotoxicity.
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INTRODUCTION

There is growing evidence that overstimulation of sys-
temic immunity can produce deleterious effects on nervous
system function, including neurodegeneration.! While most
are aware that autoimmunity can occur when nervous sys-
tem components are incorporated in immune reactions, for
example with postvaccinal encephalitis and subacute scle-
rosing panencephalitis, few are aware of chronic neurode-
generation without autoimmunity. Recent evidence indi-
cates that a different type of reaction can occur that may
have relevance to not only autism spectrum disorders, but
also to the Gulf War Syndrome, neurotrauma, hypo-
glycemia, hypoxia/ischemia and various neurodegenerative
disorders. In this discussion I will discuss only autism and
the autism spectrum disorders.

The non-specific immune destruction of neurons, neu-
rites and synaptic connections described by McGeer is
referred to as autotoxicity.2 In this process, either systemic
immune factors (cytokines) or local immune factors, such
as [(-amyloid and infectious particles, can activate the
brain’s immune system via activation of astrocytes and
microglia. In both instances, brain levels of complement,
cytokines, reactive oxygen and nitrogen species, cellular
immune components, proteases, adhesion molecules, exci-
totoxins, arachidonic acid, and chemokines are released.

It is the hypothesis of this paper that all neurological
and neurobehavioral symptoms associated with autism dis-
orders can be explained by this autotoxic phenomenon. The
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process is triggered by excessive immune stimulation by
vaccinations that are too numerous and spaced too close
together. Associated factors magnify this effect through a
multitude of mechanisms that will be discussed.

MICROGLIAL ACTIVATION AND
NEURODEGENERATION

Microglia are the primary immune cells of the CNS,
and along with activated astrocytes can initiate the release
of immune factors. Making up approximately 10 to 20% of
the cells of the CNS, microglia are very sensitive to physi-
ologic disruptions of almost any kind. There is growing evi-
dence that they play a major role in the neuodegenerative
process and are particularly prominent in Alzheimer’s
dementia,3 Parkinson’s disease, 4 ALS,5 Huntington’s dis-
ease,® supranuclear palsy,” multiple sclerosis,® macular
degeneration,® glaucoma,!® trauma,!! strokes,!2 viral
encephalopathy,!3 HIV dementia,!4 and prion disorders.15

Location of microglial cells determines their sensitivi-
ty to systemic activation. Microglia located within the
choroid plexus, circumventricular organs, and perivascular
cells of cerebrovascular vessels can directly transfer sys-
temic immune activation to the CNS, which in turn activates
parenchymal microglia.!6 In this way, CNS immunity can be
activated acutely, or should the stimulation continue or be
repeated at close intervals, chronic microglial activation can
result. While microglia can function in a neurotrophic mode
during acute injury and during neurodevelopment, there is
growing evidence that they contribute significantly to neu-
rodegeneration with chronic inflammatory states. It is
known that microglia contain numerous receptors on their
surface, including receptors for glutamate, I1-1, 1L-6, com-
plement, Fc receptors, MHC I and II glycoproteins, 32-inte-
grins, and vitronectin receptors.!?

Activation can result in the release of numerous active
molecules, including an assortment of cytokines,
chemokines, proteases (MMP-1,2,3 and 9, metalloprotease-
disintegrin, elastase), cell adhesion molecules, reactive
nitrogen and oxygen species, eicosanoids, neurotrophins,
interferons, arachidonic acid, and excitotoxins. The first to
connect microglial activation to neurodegeneration was
McGeer and co-workers.18

[1-1 is considered the main response cytokine to injury
of various kinds. Interleukin-1 is converted to the active
state when cleaved by IL-18 converting enzyme (ICE),
which is constitutively expressed by the brain. This cytokine
is considered the prime initiator of microglial activation in
instances of systemic activation of the immune system, as
would occur with vaccination and other antigen stimulation.

The initiator of microglial activation at the microglial
membrane is the protease enzyme mitogen-activating pro-
tein kinase (MAPK) and its stress-activated kinase SAPK.
All factors known to activate the microglia, such as alu-
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minum, mercury, excitatory amino acids, lipopolysac-
chrides, B-amyloid, IL-1B, bacteria, viruses, mycoplasma
and oxidized LDL, do so through these groups of kinases.19

Stresses of many types can activate SAPK but the one
most pertinent to this discussion is glutamate. Glutamate is
known to activate both SAPK1 (Jun-N-terminal kinases-
JNKs) and SAPK2 (p38 kinases) in neurons as well as
microglia.20 It been shown that mice with mutated (inactive)
SAPK are resistant to glutamate neurotoxicity.2! In addition,
MAPK activation has been demonstrated in microglia from
autopsied Alzheimer’s patients.22 Both IL-1 and TNF-alpha
can activate the SAPKs. It is known that either cytokine
alone is not neurotoxic but when combined show significant
toxicity. Likewise, both enhance excitotoxicity.

Once activated, the microglia can upgrade the produc-
tion of cellular-destructive elements such as the eicosanoid
pathways, arachidonic acid, cytokine production and the
generation of two excitotoxins — glutamate and quinolinic
acid. Several of these systems are self-propagating. For
instance, IL-1B increases the secretion of glutamate and
glutamate, in turn, increases the production of IL-18.23
Likewise, quinolinic acid increases the secretion of gluta-
mate into the extracellular space and interferes with gluta-
mate re-uptake.24 This in turn increases the release of addi-
tional quinolinic acid. Quinolinic acid is known to increase
lipid peroxidation and RNS and ROS at the synaptosome,
and results in a loss of glutathione, which in turn increases
glutamate release and inhibits its clearance.?’

It has been demonstrated that quinolinic acid levels can
increase 300-fold in the brain’s extracellular space in cases
of HIV-1 dementia.26 Direct measurements have shown that
98% of quinolinic acid is derived from the brain, primarily
the microglia. Experimentally, encephalitis by other virus-
es, including measles virus, produces similar elevation in
brain-derived quinolinic acid and glutamate.2” Recently, it
has been shown that microglial activation plays a major role
in spongioform encephalopathies.?8 Quinolinic acid exerts
its neurodestructive effects via the NMDA receptor. It has
also been shown that hippocampal degeneration predomi-
nates following exposure to quinolinic acid, an area of the
brain critical for learning and memory as well as emotion-
al development.2?

While quinolinic acid is significantly neurotoxic in the
adult brain, in the developing brain its toxicity is consider-
ably less than glutamate or NMDA. We know that the devel-
oping brain has a selective sensitivity to excitotoxins that
changes with maturation. For instance, kainate is non-toxic in
the immature brain but extremely toxic in the adult brain.30

In addition, cytokines have been shown to dramatical-
ly increase destructive reactions in cases of experimental
allergic encephalitis (EAE).3! The mechanism may involve
an interaction between cytokines, excitotoxicity, and free
radical generation.
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The combined toxicity of IL-18 and an excitotoxin was
demonstrated in experiments in which the two were co-
administered, producing extensive damage throughout the
cortex distant to the injection site (5X greater than at the site
of injection).32 The resulting lesions resembled that of a
stroke. The cortical damage was prevented by an NMDA
antagonist. In rodent models, IL-18 mRNA expression
appears in 15 to 30 minutes and the protein within one hour
of traumatic injury, excitotoxin infusion, or ischemia.
Clearly, these events occur rather rapidly.

A recent study found that children with autism spec-
trum disorders and developmental regression demonstrate
excessive innate immune responses, particularly involving
TNF-alpha.33 In these children, stimulation with
lipopolysacchride dramatically increased cytokine produc-
tion as compared to controls. In addition, they produced
higher levels of cytokines even without stimulation. This
indicates a hyperimmune response that would be more like-
ly to produce CNS microglial activation.

Several studies have linked excess IL-2 to cholinergic
dysfunction. Aceytlcholine is a major transmitter utilized
during learning and memory.3436 In the nervous system,
IL-2 is produced by both neurons and microglia. Normally
the concentration is low, but with CNS inflammation IL-2 is
strongly up-regulated to levels that can alter cholinergic
transmission. Radioimmunoassay in the rat brain indicates
that the highest levels of IL-2 are in the striatum and hip-
pocampus and are found in very low concentrations in the
frontal cortex.3’7 The IL-2 suppression of Ach release is
reversible and not due to neurotoxicity. Another study found
that lipopolysaccharide injection could result in selective
destruction of cholinergic neurons but at lower concentra-
tions could interfere with choline acetyltransferase.38 This
effect was a direct consequence of IL-2 production of NO
and not an excitotoxic mechanism. Acetylcholine plays a
major role in learning and memory.

Microglial activation is also seen when excitotoxins are
injected in the brain of animals. For instance, injection of
ibotenic acid into the nucleus basalis has been shown to pro-
duce intense activation of microglia not only in the region
of glutamertergic neurons but also cholinergic neurons.3?
Injections of immunotoxins can produce the same effect.40

EICOSANOID PATHWAYS AND MICROGLIAL
ACTIVATION

Central to neuroinflammation are the cyclo-oxygenase
(COX) and lipo-oxygenase (LOX) enzymes. The COX
enzymes appear in two basic forms, COX-1 and COX-2. COX-
1 is constitutive and exists within microglia; COX-2 is
inducible and found only in glutamatergic neurons, which have
a high density in the hippocampus and its limbic connections.4!

NF-kB is considered the inducible pathway for the
COX-2 enzyme. Poly(ADP-ribose) polymerase (PARP-1)
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has been shown to play a key role in NF-kB-driven expres-
sion of these inflammatory mediators.#2 It appears that
inducers of NF-kB such as iNOS, IL-18, TNF-alpha, and
glutamate act through PARP-1, since blocking this factor
reduces inflammatory mediators. Enhanced activity of NF-
kB is seen in AD, Parkinson’s disease, neuroinflammation,
excitotoxicity, strokes, and brain trauma.

One mechanism by which prostaglandins initiate neu-
rotoxicity is by inhibiting glutamate re-uptake, leading to
excitotoxicity.43 Excitotoxins, such as kainate, elevate neu-
ronal levels of COX-2 and induce apoptosis, with the great-
est destruction seen in the hippocampus, amygdaloid com-
plex and pyriform cortex.4 Again, we see a vicious cycle of
prostaglandin induction of glutamate excess and glutamate
stimulation of COX-2 activity.

Numerous studies have shown that by blocking the
COX enzymes one can reduce or even abolish excitotoxic
lesions.4> Hence, there is an intimate connection between
immune cytokines, glutamate excitotoxicity, and eicosanoid
metabolism.

OXIDATIVE STRESS AND LIPID PEROXIDATION

Common to all of these pathways is the production of
oxidation and nitration products, with subsequent lipid per-
oxidation. One common denominator is excess accumula-
tion of calcium in the cytosol. The excitotoxins produce this
directly by opening the calcium pore in voltage-gated chan-
nels. Other factors can impair calcium homeostasis by
inhibiting mitochondrial and endoplasmic protective mech-
anisms. The immune factor S1008, released by microglia,
has been shown to increase cytoplasmic calcium levels in
neurons.46 In addition, IL-1B, in higher concentrations, can
increase cellular calcium.47

Intracellular calcium triggers activation of protein
kinase C and the release of arachidonic acid from the cell
membrane, which is the substrate for eicosanoid production
via COX and LOX enzymes. In addition, I1-18, TNF-alpha,
the excitotoxins and eicosanoid products all stimulate
inducible nitric oxide synthease (iNOS), with resulting
accumulation of nitric oxide.*8 In addition, IL-1 has been
shown to dramatically increase the production of the pow-
erful radical superoxide by way of NADPH oxidase, an
enzyme found in abundant supply in microglia.4®

High levels of cellular NO in the presence of superoxide
fuel the production of the powerful free radical peroxynitrite,
a prime radical that produces mitochondrial disruption and
cellular energy loss. Peroxynitrite is considered to be a major
player in neurodegeneration and is found elevated in the tis-
sues of all persons with neurodegenerative diseases.50-52

The production of free radicals is dramatically upgrad-
ed in activated microglia, greatly increasing their ability to
destroy invading organisms and tumor cells. It also, when
occurring chronically, can lead to neurodegeneration and
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significant synaptic disruption and loss. Dramatic increases
in oxidative products have been described in all neurode-
generative diseases, retinal degeneration, trauma, autoim-
mune diseases, strokes and infectious diseases, and increas-
es parallel inflammatory markers. Of major concern is the
bystander injury produced by these radicals, especially in
association with chronic microglial activation, as would be
seen in autism spectrum disorders. Peroxynitrite is known to
damage amines, tyrosine and tryptophan residues, nucleic
acids, and metalloproteins.>3 It is also known to directly
damage DNA, inhibit repair enzymes function and activate
poly(ADP-ribose) polymerase (PARP) leading to energy
depletion.>* Like 4-hydroxynonenal (4-HNE), peroxynitrite
also inhibits glutamate re-uptake, further triggering excito-
toxicity.>S In addition, superoxide and peroxynitrite can both
activate MAPK/SAPK families and the hydroxyl radical can
activate SAPK1 isoform, which in turn activates microglia.

While numerous radical species are produced by
inflammatory and excitotoxic reactions, the most damaging
appear to be the reactive nitrogen species. Of these perox-
ynitrite and ONOOCO02- appear to be the most harmful. These
nitrogen species, as we have seen, are known to do major
harm to the mitochondrial energy mechanism, primarily
through damage to mitochondrial DNA and nitration of crit-
ical enzymes.56

Another particularly harmful substance is 4-hydrox-
ynonenal (4-HNE), an aldehydic product formed during
lipid peroxidation. This radical has been found elevated in
the same neurons susceptible to excitotoxic damage and is
consistently elevated in all neurodegenerative diseases. 4-
HNE is co-localized with peroxynitrite, and can impair
synaptic proteins, reduce glucose transport and interfere
with glutamate re-uptake.5’ The latter increases extracellu-
lar glutamate levels and triggers excitotoxicity. Both prod-
ucts are resistant to the usual antioxidants, being neutralized
only by thiols, glutathione, and select flavonoids.

Oxygen and nitrogen radicals are known to inhibit
long-term potentiation (LTP), a central mechanism for
learning and memory. This may be how IL-1, IL-6, TNF-
alpha, and excitotoxity inhibit LTP.

Activated microglia also contain myloperoxidase, an
enzyme that catalyzes the reaction between hydrogen per-
oxide and chloride to produce the very powerful and
destructive radical hypochlorous acid.58 The drug dapsone,
which has been shown to reduce the incidence of
Alzheimer’s disease, inhibits myloperoxidase.>®

Microglia are the most abundant source of free radicals
in the brain since they contain both NADPH oxidase and
myloperoxidase. Lipid peroxidation induced by all of these
processes damages numerous membranes in the cell,
including nuclear, mitochondrial, and endoplasmic mem-
branes, as well as the cell membrane itself, Disruption of
cell membranes interferes with ion channels, signal mole-
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cules, and nutrient exchange, and generates radicals in close
approximation to DNA and mitochondrial energy enzymes.

There is growing evidence that oxidative stress and
lipid peroxidation represent the central mechanism of cell
death in inflammation, excitotoxicity, and immune activa-
tion. Blocking these radicals significantly reduces damage
caused by all three processes.

EXCITOTOXICITY AND IMMUNE ACTIVATION

It has been demonstrated that excitotoxins, such as
kainate or selective NMDA receptor agonists, can induce
rapid expression of IL-18 mRNA and its protein within the
brain.®9 As we have seen, co-infusion of IL-1 and excito-
toxins into the striatum can produce an extensive lesion at a
distance in the cortex that is reversed only by NMDA antag-
onists. It has also been found that the response differs
depending on the maturity of the neurons exposed to the
immune mediator.6! Immature neurons exposed to interfer-
on-gamma activate a glutamate mediated excitotoxicity
response, but its neurotoxicity is caused directly by NO and
is not blocked by MK-801, an NMDA antagonist. Whereas,
in mature neurons, NO activates the NMDA receptors and
is blocked by MK-801.

Glutamate can also cause widespread activation of
microglia via SAPK induction, as we have seen. In essence,
we witness a cycle of immune activation of glutamate
release and accumulation, which in turn results in further
microglial activation and enhanced glutamate release. This
self-perpetuating process eventually leads to synaptic loss,
dendrite regression, and, when not relieved, neuron death.
One can see that in the rapidly developing brain, as seen
during the last trimester and first two years of extrauterine
life, alterations in glutamate levels during critical modula-
tion periods of pruning can lead to excessive loss of neu-
rons and altered neural pathway development. This has
been demonstrated experimentally.62

For example, it is known that excitatory amino acid
plays a critical role in shaping neuronal circuitry, which is
carefully regulated during the period of rapid brain
growth.3 Normally, transient overproduction of glutamate
will occur during brain development to prune excessive
synaptic connection and remove redundant neurons. In
addition, glutamate also acts as a neurotrophic substance,
consolidating and strengthening synaptic connections.
Together, these two processes bring about the desired post-
natal changes in synaptogenesis, neuronal column cytoar-
chitecture and functional development.

There is a close connection between glutamate excito-
toxic damage to neurons and the generation of free radicals.
Neurons containing nNOS when stimulated by glutamate
produce mitochondria-generated superoxide and peroxyni-
trite.%* As we have seen, peroxynitrite is the main mito-
chondrial enzyme-damaging free radical and leads to con-
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siderable diminution of cellular energy production. In the
face of energy depletion, even physiological levels of gluta-
mate and aspartate can be neurotoxic.%5 The same is seen
with magnesium depletion. Under such conditions of gluta-
mate hypersensitivity, alterations in brain development and
function would be expected.

Recall that microglia produce abundant amounts of glu-
tamate and quinolinic acid, which can increase as much as 10-
to 300-fold under conditions of injury or inflammation. It has
been established that activated microglia can produce suffi-
cient amounts of these excitotoxins to trigger neuron destruc-
tion.% In addition, concentrations of excitotoxins insufficient
to kill neurons outright can still result in synaptic loss, neural
pathway maldevelopment and synaptic dysfunction.

Tissue culture studies have also shown single-strand
breaks in DNA with chronic glutamate exposure, as would
be seen in chronic inflammation of the CNS.67 Acute severe
elevations of glutamate can result in double-strand breaks
and lead to apoptosis. Accumulation of DNA damage,
rather than fatal cellular injuries, would be a particular
problem for the person exposed to chronic elevations of
excitotoxins. This would especially include mitochondrial
DNA, which contains few DNA repair enzymes.

In addition, mercury (from thimerosal, maternal fish
consumption or dental amalgam) is known to directly inter-
fere with DNA repair enzymes as well as reduce function of
all antioxidant enzymes, thereby greatly magnifying the
degenerative effects of microglial activation.®8 It has also
been shown that lead significantly magnifies sickness behav-
ior, both enhancing and prolonging the effect, in instances of
systemic infection.®® Likewise, lead enhances excitotoxicity.

Several factors are known to interfere with glutamate
transporters. These transporters normally function to quick-
ly remove glutamate following its release to prevent toxic
accumulations. It does this by transporting glutamate into
astrocytes, the synapse and microglia. In humans, the major
transporters, accounting for 80% of total glutamate trans-
port, include GLT-1 and GLAST. These transporters play a
major role in neurodevelopment and plasticity by protecting
the delicate neurons, dendrites and growth cones. In the
fetus, GLT-1 and GLAST are strongly associated with the
proliferative zones in the lateral ventricular and subventric-
ular areas.”0 In the adult, GLT-1 is abundantly expressed in
hippocampal pyramidal cells of CA1, CA2 and CA3, den-
tate gyrus, hilus, stratum lacunosum, and molecular and
radiatum zones. This implies critical involvement in learn-
ing and memory as well as limbic behavioral functions.

Numerous molecules have been shown to interfere with
glutamate transporters, including mercury, IL-18, TNF-
alpha, quinolinic acid, arachidonic acid, and 4-HNE.
Mercury can significantly inhibit glutamate re-uptake even
in subtoxic concentrations.’!

Inhibition of glutamate degradation has been shown to
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occur in experimental allergic encephalomyelitis.’? As with
inhibition of its transporter, this also results in an elevation
of extracellular glutamate and initiates excitotoxic reac-
tions. Mercury also inhibits glutamate dehydrogenase,
resulting in extracellular glutamate accumulation.”3 A
recent study found that glutamate decarboxylase, another
enzyme necessary for clearing glutamate, was reduced in
the parietal and cerebellar cortices of autistic children.”4

As we have seen, quinolinic acid concentrations in the
brain of HIV-infected individuals increases up to 300-fold.
Glutamate is also increased in other viral and mycoplasmal
encephalopathies. Virtually all of these excitotoxins are
derived from the microglia, associated with chronic brain
inflammation or direct activation. Similar increases in brain
glutamate and quinolinic acid have been seen in cases of
measles neurotrophic virus,”> prion encephalopathy,’6
leukemia retrovirus infections,”” HHV-6 infections,’8 Borrelia
burgdorferi,” influenza encephalitis,30 Venezuelan equine
encephalitis,8! acute bacterial meningitis,82 and Theiler’s
murine encephalomyelitis.83 In the case of measles neu-
rotrophic virus infections, elevations in quinolinic acid began
at 3 days and by 7 days reached levels 18X higher than nor-
mal. NMDA antagonists have been shown to prevent measles-
virus-induced neurodegeneration in a hamster model.84

Quinolinic acid is known to increase oxidative stress in
the synaptosome and to inhibit glutamate transporters.8> In
addition, quinolinic acid has been shown to inhibit choline
acetyltransferase (ChAT) in the cerebral cortex when inject-
ed intraventricularly, and to reduce both muscarinic and
nicotinic receptors in the hippocampus and cortex.86 These
receptors play a major role in learning and memory, as well
as in other higher cortical functions.

Finally, it has been shown that quinolinic acid, when
injected into the ventricular system, produces disruption of
the BBB in the area of the hippocampus, a disruption that
may depend on the presence of NMDA receptors on the
capillary barrier.87 Other studies have found that glutamate
can also disrupt the barrier.88 A disrupted barrier allows
excitotoxins in the blood to freely enter the CNS.
Quinolinic acid is a metabolic product of serotonin metab-
olism, which is increased in the hippocampus in autism.

Likewise, many disease states are associated with defects
in the barrier system, such as hypertension, diabetes (I and II),
mini-strokes, brain trauma, fever, pesticide exposure, neu-
rodegenerative diseases, and aging itself. In addition, as we
have seen, there appears to be a transport system for cytokines.

It is generally recognized that autism is much more
common in males than females. Glutamate excitotoxic
effect on rat exploratory behavior and habituation was
found to occur significantly more often in males than
females.89 Similar sexual dimorphism has been found in
other MSG studies on neonates.

Another product released by activated microglia, arachi-
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donic acid, has also been shown to significantly promote
excitotoxicity.?! TNF-alpha increases the microglial produc-
tion and secretion of arachidonic acid in an autocrine man-
ner.92 TNF-alpha has been shown to be elevated in autism.%3

BEHAVIORAL EFFECTS OF THE HYPERIMMUNE
RESPONSE

Recent evidence strongly indicates that activation of
the brain’s immune system, principally through activation of
microglia, can contribute to cognitive and behavioral dys-
function. It is also known that immune cells and cytokines
can pass through the BBB.4 Systemic immune activation
can open the barrier. In addition, saturable, active transport
of cytokines IL-1, IL-6, and TNF-alpha has been demon-
strated in rodent models. There is also evidence that vagal
afferants stimulated by systemic cytokines, as occurs with
vaccination, can send a neural code capable of triggering
microglial activation in the brain. This can be blocked by
sectioning the vagus nerve.% In essence, most neurodegen-
erative and behavioral effects are caused by activation of the
brain’s own immune system.

Much information concerning the behavioral effects of
immune molecules has been learned from the use of various
cytokines as pharmaceuticals in treating hepatitis and can-
cer. The effects of these substances are divided into acute
and chronic. Acute effects resemble the flu and persist for 1
to 3 weeks. Chronic effects can occur with all dosages,
routes of administration and schedules. Higher doses are
more likely to produce profound and persistent effects.
Symptoms vary from neuroesthenia, somnolence, and
headaches to low-grade fevers to psychomotor, cognitive
and other behavioral symptoms.

A growing number of human studies have shown dra-
matic alterations in learning, memory, attention and affec-
tive state, as well as perceptual and motor functions follow-
ing cytokine treatments.?¢ ALS patients treated with inter-
feron have demonstrated significant impairment of verbal
memory and calculation ability.% In another study involving
44 cancer patients receiving IL-2, 71% receiving the high
dose developed mild to severe behavioral changes, which
included cognitive dysfunctions.?® All behavioral symptoms
resolved within three days of treatment cessation.

INTERFERON-ALPHA AND INTERFERON-BETA

Patients receiving more than 1 million units of interfer-
on—alpha show some constitutional symptoms. Chronic
symptoms are seen with all doses, but are more likely at
doses of more than 18 to 20 million units.% Renault et al
divided the behavioral symptoms into three categories:
organic personality syndrome, organic affective syndrome,
and delirium.1%0 One set of symptoms seems to be similar
to that shared by autism spectrum patients, and include
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uncontrollable overreaction to minor frustration, marked
irritability, and a short temper. In addition, uncontrollable
crying spells were frequent. Clouded consciousness, disori-
entation, irritability and mood alterations similar to that
seen in autism patients were also seen. In addition, patients
receiving interferon-alpha developed periods of severe agi-
tation, became abusive, and often withdrew from others,
something common to the autistic child.

Psychomotor retardation was seen in 47 to 80% of
patients treated with interferon-alpha and included becom-
ing socially withdrawn, and experience memory loss and
mental fog.l101 Other reports describe patients who exhibit
periods of silence and without warning stare vacantly, even
in mid-sentence.!02

Most cognitive changes have been reported to be
reversible, but some reports describe persistent cognitive
problems lasting up to 2 years following cessation of thera-
py. In rare instances, patients become fully demented.!03
This is understandable when we recall that interferon can
activate excitotoxicity and produce dramatic free radical
injury to synapses and neurons. Interferon-gamma is report-
ed to increase superoxide levels.194 Slowing of thought
processes, confusion, and even Parkinsonian symptoms
have been reported in patients using interferon-gamma.!05

THE INTERLEUKINS AND TNF

Interleukin-2, used to treat infectious disease and can-
cer, has been shown to result in mental status changes, agi-
tation, combativeness, hallucinations, difficulty concentrat-
ing, and delusions.1% Interleukin-1 has been associated
with ideational delusions, seizures, agitation, and somno-
lence, while TNF-alpha can cause transient amnesia, hallu-
cinations and even aphasia.

As we have seen, both IL-16 and TNF-alpha can block
glutamate re-uptake, resulting in high levels of toxic extra-
cellular glutamate. The mechanism is proposed to involve
NO production by these cytokines since blocking NO pro-
duction also reverses this effect.197 Cognitive defects are
also common following IL-1B, based on inhibition of LTP,
which is essential for memory acquisition.

BEHAVIORAL EFFECTS OF ALTERED
NEURODEVELOPMENT

One of the most obvious neurological defects seen with
children suffering with autism and autism spectrum disor-
ders is a loss of “theory of mind,” that is, an ability to
attribute mental states to others as well as oneself, and to
predict and understand another’s behavior based on such
observations.!9® The anatomical substrate for this has not
been completely elucidated, but central to the process is the
amygdala, a nucleus dense with glutamatergic receptors
and with wide connections to the prefrontal and hippocam-
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pal areas.!® It has been shown that repeated, systemic
immune activation can produce hyperactivity in the amyg-
dala.!’0 A number of reports have found amygdala dysfunc-
tion in cases of autism.!!! Autopsy studies have shown
reduced NMDA receptor concentrations in the amygdala
and hippocampus of autistic children.!12 It is also interest-
ing to note that the left amygdala is not activated using func-
tional MRI scans during theory of mind tests on children
with Asperger’s syndrome as is seen in normal children.!13

Bachevalier, using 6-month-old monkeys, found that
amygdala lesions done at 2 months of age abolished social
interaction and produced ritualistic behavior, such as rock-
ing, something commonly seen in the autistic child.!4 It is
known that there is a strong link between systemic immune
activation and a population of cells in the amygdala.!15

Despite these findings, it is unlikely that the amygdala
is the sole site of injury. There is compelling evidence of
widespread neurological damage and neurochemical dis-
ruption in the autism spectrum disorders, which would be
expected with an immune/excitotoxic etiology.!16
Involvement of the dentate-thalamo-frontal pathways has
been demonstrated as have abnormalities in the anterior cin-
gulate cortex, hippocampus and parietal lobes.!17.118
Cerebellar dysfunction has been shown to result in stereo-
typed behaviors.119

Lower dopamine levels in the prefrontal areas and ele-
vation of serotonin in the temporal lobes have been
described in autism.!20.121 Similar changes in these neuro-

transmitters have been seen using IL-2, TNF-alpha, and IL-
1B.122-124

Children with autism have been found to have difficul-
ty with metaphor comprehension and with understanding
sarcasm.!25 Sarcasm interpretation, which requires under-
standing one’s true thoughts, is impaired with left amygdala
damage, but metaphor comprehension is not. The latter
does not require a “theory of mind” interpretation. It is
known that autistic children have defects in executive func-
tion as well as theory of mind.!26 It is also thought that the-
ory of mind requires early operational executive function.
Immune/excitotoxic injuries, especially when chronic,
would be expected to cause widespread damage, primarily
in the areas with the highest concentration of glutamate
receptors, such as the hippocampus, amygdala, cholinergic
projections, striatum, and prefrontal areas. The amygdala
has extensive glutamatergic connections to the medial pre-
frontal cortex, responsible for executive functions and the
caudate, which is concerned with memory consolidation.
Autistic children have been found to have a reduction of
glutamate in the amygdala.!27

The reason autistic children, and especially those with
related conditions (PDD, Aspergers, ADHD, and ADD)
have such a wide variety of presentations could be related to
the timing of the excitotoxic insult. The sensitivity to gluta-
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mate during the cytoarchitectonic developmental schedule
varies considerably during the period of rapid brain
growth.128 Excitotoxic injury during the third trimester
would be expected to produce different lesions and altered
pathway development than would postnatal exposures.
Because postnatal brain maturation extends over such a
long period of time (two years), fluctuations in
cytokine/excitotoxin levels would be expected to produce a
wide variety of neurobehavioral effects. Developmental
windows for specific areas of the brain can be quite nar-
row—measured in days.

Anatomical and histopathological studies have shown
differing anatomical involvement in the various autism
spectrum disorders. For example, children with high autism
and Asperger’s syndrome have been found to have greater
involvement in the amygdala than in the hippocampus,
where as retarded autistic children have significant alter-
ations in dendritic spines and neuropil development in their
hippocampus.!2°

Developmental regression is a hallmark of autism. The
child appears to be developing normally, is pleasant, bright,
and reaching developmental milestones on time. Suddenly,
language skills deteriorate and they become socially isolat-
ed. Because the brain is undergoing rapid development, or
at least reconstructive plasticity at the time, cytokine/exci-
totoxicity events would be expected to produce dendrite
retraction, synaptic loss, and neurotransmitter alterations,
as demonstrated. Studies of autopsied autism children
demonstrate immature neurons, increase neuronal packing
density and reduced complexity of dendritic arbors in the
amygdala, and reduced dendritic complexity in the hip-
pocampus, which indicates underdevelopment of circuitry
in the limbic system.!30 Both TNF-alpha and glutamate
have been shown to inhibit neurite branching and ramifica-
tion of dendritic spines.!31.132

EXCESSIVE IMMUNE ACTIVATION CAUSED BY
VACCINES

A considerable amount of research has demonstrated
that peripheral immune stimulation can activate the brain’s
immune system in isolation. As we have seen, cytokines can
communicate with the CNS by numerous routes, including
the circumventricular organs, choroid plexus, ventricular
walls, and via endothelial cells lining the blood-brain barri-
er. In addition, immune cytokines can open the BBB, allow-
ing free access to the CNS. Another path for CNS immune
activation is by way of microorganism entry into the CNS
itself. For example, measles persistence in the brain occurs
20% of the time following viral exposure.!33 Elevated
measles titers have been reported in autism cases. There is
also concern that oxydative stress can convert attenuated
viruses, such as measles, mumps and polio viruses into
fully virulent viruses or cause them to mutate into entirely
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new strains. Several of the vaccines being given regularly to
both children and adults contain live viruses, including the
MMR, chickenpox and smallpox vaccines.

Katayama and co-workers, using a reverse transcrip-
tion-PCR technique, studied 51 autopsied adults and found
that 45% were positive for measles virus mRNA in at least
one of their organs.!3¢ Examined were the brain, spleen,
lung, liver and kidney. Of these individuals, 19.6% exhibit-
ed measles virus in their brain tissue. It is interesting to note
that they found a high incidence of mutated measles virus
and that the mutation could vary between infected organs,
even in the same individual. It is also significant that little
inflammatory reaction was noted in the brains of these oth-
erwise healthy individuals.

Persistent measles virus is known to precipitate serious
disease as in the case of Crohn’s disease, epilepsy, otoscle-
rosis, asceptic chronic meningitis, and autoimmune hepati-
tis. Defective complement factors, as seen in a high per-
centage of autism cases, would increase the likelihood of
viral persistence. As a consequence, this would lead to
chronic microglial activation, excitotoxicity, and free-radi-
cal accumulation with widespread injury to dendrites,
synaptic connections, and consequent pathway maldevelop-
ment. It should be remembered that the process is not
autoimmune but autotoxic.

In addition, vaccines have, on several occasions, been
shown to be contaminated with other microorganisms, such
as mycoplasma, carcinogenic viruses and immune sup-
pressing viruses (SV-40 and SIV). Garth Nicolson and co-
workers have demonstrated PCR evidence of mycoplasma
species in the blood samples of Gulf War veterans suffering
from amyotropic lateral sclerosis.!35 They found that 83%
of ALS veterans had positive tests, whereas positives were
rarely seen in controls.

It is also known that viral infections can induce severe
states of dementia without infecting the brain. For example,
only very low titers of viruses have been detected in the
microglia of HIV-infected individuals, and virtually none in
the neurons. Yet, a molecular fragment of the virus gp41 can
fully activate microglia, leading to all neurodestructive
processes discussed above.!36

Timing of vaccinations, especially when given in close
approximation, would determine the neurobehavioral and
neurodevelopmental outcome, since they determine the
intensity of the immune response. The addition of additive
toxicities, such as pesticide exposures, thimerosal (mercury)
content, histamine excess (allergies), infections, and other
systemic immune activations, would all be expected to com-
pound the neurotoxicity of the autotoxic process. Because
the process is autotoxic and not autoimmune, connections to
vaccinations may not be immediately recognized.

Injection of the immune adjuvant lipopolysacchride
(LPS) closely resembles the vaccination process. In one
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study, it was shown for the first time that peripherially-
administered LPS decreased learning in mice.!37 The dose
used did not produce observable injury to the neurons, but
significantly impaired the animal’s completing the Morris
water maze and spontaneous alternation Y-maze, which
tests spatial learning that requires a functional hippocam-
pus. Affected were associative learning but not memory
retention. LPS injection, by elevating IL-1 levels, has been
shown to alter hippocampal norepinephrine and serotonin
levels, as well as increase glutamate levels.!38

Another recent study found that glutamate elevations
in the brains of newborn rats produced alterations in hip-
pocampal and striatal glutamate receptors and initiated
excitotoxic lesions in the hippocampus, accompanied by
activated microglia.!3 This would more closely resemble
the situation seen in newborns, especially with hepatitis B
vaccination given soon after birth.

Long-term persistent immune activation and low-grade
brain inflammation has been described in three children
who recovered from herpes simplex encephalitis before age
two.140 These children all demonstrated abundant activated
microglia at brain biopsy.

Not all persistent viral infections are associated with
obvious inflammatory responses. Using a hamster neu-
rotrophic strain of measles, it was found that a non-inflam-
matory encephalopathy could occur with destruction of the
CA1 and CA3 segments of the hippocampus.!4! This result
would more closely resemble symptoms experienced by
the autistic child, since obvious clinical and laboratory
signs of inflammation would be absent. The neurodegener-
ation caused by this neurotrophic measles virus was
blocked using NMDA receptor antagonist MK-801.

There is also growing evidence that persistent herpes
simplex-1 virus in the brain plays a significant role in
Alzheimer’s disease.!42 It is speculated that the virus initi-
ates chronic smoldering inflammatory reactions that lead to
microglial activation, B-amyloid secretion, excitotoxicity,
and eventual loss of synapses and neurons.

The smallpox vaccine is associated with post-vaccinal
encephalitis at a rate of 1 in 110,000 vaccinations. This, of
course, includes only obvious cases of encephalitis. More
chronic, subtle cases involving ill-defined neurological
symptoms remote from the vaccination would be over-
looked. Most vaccine follow-up studies do not extend
beyond two weeks. It is obvious from the above studies that
this is far too short a follow-up period. More persistent
neurotropic viruses (HSV-1, coronavirus, measles virus,
HHV-6, and HHV-7) are being discovered and appear to be
related to chronic neurodegeneration. A post-vaccinal
encephalopathy has been described in children under the
age of two years following vaccination for smallpox.143
Most of these occur as chronic conditions.

Several newer studies indicate that persistent viruses or
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even viral components can result in microglial activation
with degeneration in selected areas of the brain. For exam-
ple, it has been shown that Borna disease virus (BDV)
infection at postnatal day one (PND-1) causes a persistent
viral infection of the brain as well as alterations in the archi-
tectonic anatomy of the developing brain.!4* When the
infection occurs at PND-15, one sees a different alteration
of developmental brain anatomy and a lack of hyperactivity
seen with PND-1 infections. This indicates that timing of
the infection during synaptogenesis and the pathway devel-
opment profile determines the clinical outcome. The BDV
virus has been isolated from psychiatric patients.145 Of even
more significance is the finding that intact virus is not nec-
essary for this cytokine/excitotoxin destructive reaction.
Kimura and Griffin found that weaning animals infected
with Sindbis virus developed an acute encephalomyelitis
followed by complete clearing of the virus.!46 Despite this,
the animals continued to experience progressive degenera-
tion of the hippocampus, adjacent white matter, and cere-
bral cortex, due to retention of the viruses’ RNA within
these neurons which led to chronic microglial activation.
Again, it is important to appreciate that up-regulation of
inflammatory cytokines occurs specifically in these brain
tissues without signs of inflammation.!47 This explains how
inflammation can be absent in the autistic brain with
immune/excitotoxin destruction of cerebral elements.

Two recent studies have shown that Epstein-Barr infec-
tions can cause behavioral, cognitive, or focal neurological
deficits in children.148.149  Reported were three cases of
“Alice in Wonderland” syndrome, cognitive impairment, and
epileptic seizures. Also reported were a 9-year-old with apha-
sia and apraxia, a 11-year-old girl with impulsivity and inap-
propriate behavior, a 17-year-old boy with progressive cogni-
tive decline, a 5-year-old boy with complex partial seizures,
and a 6-year old girl with obsessive-compulsive behavior.

These cases demonstrate that viral persistence in the
brain can result in defects in higher cortical functioning and
limbic behavior. From the study cited previously, we see that
measles virus persistence in the human brain occurs in about
20% of exposed individuals with 45% having persistence in
other tissues. Not only can these persistent viruses initiate
microglial activation, but subsequent vaccination can dra-
matically increase microglial immunity, leading to an accel-
eration of the destructive process.!50 Likewise, as we have
seen, intact infectious virus is not even necessary, since viral
components can trigger this destructive reaction. Immune
dysfunction increases the likelihood of viral persistence.

An additional danger occurs when too many vaccines
are given too close together. In the case of the autistic child,
it has been found that numerous vaccines have been given
at a single sitting as well as others given later too closely
spaced together. The number of vaccines has been growing
significantly since the 1980s, paralleling the time cases of
autism began to increase exponentially. With mass vaccina-
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tions of Gulf War soldiers we have seen a 200% increase in
cases of amyotrophic lateral sclerosis, by the Pentagon’s
own admission. This is in keeping with the mechanism
explained above.

Such vaccine practices also produce a massive immune
response that in turn leads to CNS microglial activation. So
why isn’t everyone affected the same? As we have seen,
there is a critical interplay among many factors, including
mercury exposure, exposure to other toxins (pesticides,
chemical warfare agents and bug sprays), exposure to other
infectious agents, nutrition, hereditary factors, innate
antioxidant system competence, and immune function.

Deficiencies in certain nutrients appear to be particu-
larly common in the autistic child, including magnesium,
pyridoxine, and DHA, all of which can enhance excitotoxi-
ty when in low supply. Vitamin B has been shown to lower
blood and brain tissue glutamate levels. Magnesium acts at
the NMDA receptor to downregulate calcium entry into the
neuron. In addition, low magnesium levels have been
shown to stimulate proinflammatory cytokine release.!5!
DHA can alter immune function and reduce inflammation,
and has also been shown to play a critical role in synaptic
integrity and membrane fluidity.!52

It has also been noted that yeast infections are very
common in autistic children. There is evidence that the
yeast organism, Candida ablicans, can enter the brain past
the BBB.!53 This organism contains an abundant supply of
beta-glucans that can activate macrophages and microglia.
There is growing evidence that anything that stimulates
peripheral immunity over a prolonged period can aggravate
CNS neurodegeneration. 154

CASEIN AND GLUTEN

Researchers working in the area of autism have
described a relationship between certain food products and
the disorder. Most often named are casein and gluten-con-
taining products. An elaborate theory linking gluten and
gliadin to brain opiate receptors has been proposed to explain
autism’s behavioral symptoms.135 While much of the theory
has wvalidity, it should also be appreciated that gluten and
casein contain high levels of glutamate. Clinical reports indi-
cate that low glutamate diets significantly improve behavioral
symptoms. In addition, it is known that both products in the
diet can produce immune reactions in the CNS.

There is evidence that the endogenous opoids are fre-
quently elevated in autism, but may result from stressors
rather than from being chronically elevated.!56 No matter the
source, there is evidence that endorphins enhance glutamate
excitotoxicity by enhancing calcium levels in the neuron.!57

A similar situation can be found in the case of celiac
disease, in which immune reactions to gluten exist. A sig-
nificant number of affected persons will develop neurolog-
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ical symptoms, most often prior to gastrointestinal symp-
toms. Pratesi and co-workers found anti-IgA antibodies to
brain and especially cerebral vessels in four patients with
active celiac disease.!58 Neurological disorders — including
seizures, attention/memory impairment, cerebellar ataxia,
multiple sclerosis, motor neuron disease, polyneuropathy,
schizophrenia, progressive leukoencephalopathy and pro-
gressive fatal degeneration of the nervous system have been
described.!59-162  From these studies, it is obvious that
alone, even in subclincial cases of celiac disease in which
there are antibodies to gluten and grain, significant neuro-
logic degeneration can occur. Therefore, in cases where the
brain’s immune system is chronically activated by other
causes, further immune stimulation by food-borne allergens
could perpetuate and even enhance the problem.

In a previous paper, I made the point that many autistic
children have clinical or subclinical seizures, which in
themselves stimulate microglial activation.!63 Subsequent
vaccination, or systemic immune stimulation by any sub-
stance, will enhance the destructive process and can even
produce seizures themselves. This has been demonstrated
with whole-cell pertussis vaccines.!64 Chronic immune acti-
vation of microglia could prolong and aggravate seizure
foci by enhancing glutamate and quinolinic acid release.

In addition, many autistic children consume a diet high in
“junk” foods, known to be high in excitotoxin additives. This
includes not only aspartame and MSG, but also foods using
other additives high in glutamate and aspartate. As we have
seen, glutamate can trigger microglial activation and add to
glutamate and quinolinic acid excitotoxicity. Both excitotox-
ins and cytokines add significantly to brain oxidative stress.
The systemic effects of excessive immune activation can
cause many systemic symptoms associated with these two
conditions, while isolated CNS immune stimulation accounts
for cognitive, language, learning, and behavioral effects.

ROLE OF IMMUNE DYSFUNCTION

There is growing evidence that immunological dys-
function plays a major role in autism. Shifting of the
immune system from a Thl profile to a TH2 pro-autoim-
mune profile has been described in autistic children.!65 In
the autistic child, many observers have noted an increase in
ear infections and other URI.

There is growing evidence of autoimmunity in at least
some cases of autism and possibly other related conditions,
including attention deficit hyperactivity disorder (ADHD).
Warren and co-workers have described a common link in
autism, ADHD, and dyslexia by finding an increased fre-
quency of the C4B null gene (does not produce the comple-
ment protein C4B).166 Others have reported an increase in
antibodies to basic myelin protein and neuronal axonal fila-
ments in the brain.1¢7

This set of immune deficiencies would lead to direct
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cytokine activation of microglia by way of autoimmune or
autotoxic-induced cytokine stimulation of microglial recep-
tors. The immune deficiency caused by low levels of C4B
compliment, which is important in eliminating viruses,
mycoplasma, and fungi, would increase the likelihood of
viral and mycoplasmal persistence in the brain. In both
instances chronic activation of microglia would occur.

CONCLUSIONS

It is evident from the evidence presented that pro-
longed and/or hyperintense systemic immune stimulation
can activate CNS microglia and astrocytes, resulting in the
release of numerous neurotoxic compounds, including
excitotoxins. Chronic microglial activation during the peri-
od of intense synaptogenesis and pathway formation could
result in a series of neurodevelopmental disorders whose
presentation would depend on the timing, intensity, and
duration of the insult.

Giving several inoculations during one office visit could
produce such a hyperimmune response, especially in the
face of immune component dysfunction. With the number of
immunizations growing every year, real concern exists as to
the effect on the developing brain. It is also of concern that
mercury as thimerosal is still being added to several vac-
cines, especially with the compelling evidence that mercury
selectively accumulates in the CNS and inhibits numerous
enzymes as well as the glutamate transport proteins.

In this paper, I have demonstrated that virtually all
symptoms of autism spectrum disorders can be explained
by a mechanism involving chronic CNS immune activation,
excitotoxicity, and accumulative injury by reactive oxygen
and nitrogen species and lipid peroxidation products.
Hyperimmune responses, glutamate accumulation, and
increase in free radical production have all been document-
ed in autism spectrum disorders.

There are also compelling studies that raise concern
over the use of live virus vaccines, especially with the
recent demonstration that poor antioxidant nutrition cannot
only increase latent viral mutation in the person so affected,
but also in the rest of the population. As we have seen,
measles virus persistence in the CNS occurs in 20% of the
exposed population and these viruses have undergone
extensive mutation.

Based on this information, I would propose a halt in the
use of live virus vaccines and a reduction in the inoculation
schedules. This would mean that no more than one vaccine
should be given during a physician visit and that each of the
vaccines be spaced at least six months apart. Since the great-
est period of synaptogenesis occurs during the first two years
of life, all vaccines should be delayed until after this period
unless absolutely critical to individual health.
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Approximately 28 to 32 million Americans suffer from
migraine headaches. The majority of these are women
between the ages of 22 and 35 years. Although the causes of
migraine headaches are not clearly understood, it is believed
to result from interplay between the brain tissue and the cir-
culatory system supplying the central nervous system.

In a survey study of 20,000 individuals, about two-thirds
of those who met the criteria for migraine, self-treated with
over-the-counter (OTC) drugs to the exclusion of prescription
medications.! The desirability of prevention is clear to health-
care professionals and patients alike. In addition to obvious
financial savings that effective prevention would generate,
medical effects of medication leading to rebound headaches
could potentially be reduced as well.

PATHOPHYSIOLOGY OF MIGRAINE

The induction of the migraine appears to be triggered by
interactions between precipitating events and specific brain
areas. These events appear to induce constriction of the cra-
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nial vessels that leads to a decrease in blood flow to the
brain, which may induce periods of low oxygenation that
can result in neurologic disjunction. Decreased oxygenation
may be associated with the aura that is experienced in about
10% of migraine sufferers. Migraine auras manifest as per-
ceptions of flashing lights, partial field of vision loss, unilat-
eral numbness, weakness, or speech difficulty.

About 85% of patients will report migraine without
aura. This most common type of migraine lasts about 4-72
hours, and is aggravated by physical activity, occurs unilat-
erally, and can be of moderate to severe intensity. Nausea,
vomiting, photophobia, and or phonophobia may also occur.

The initial vasospasm of the cerebral event is believed
to be mediated by the concentration of prostaglandins and
other CNS neurotransmitters, including serotonin. In con-
trast, neurogenic inflammation is mediated by vasoactive
neuroproteins. The pain associated with migraine headache
usually occurs as a result of cerebral vasodilation and neu-
rogenic inflammation that follows a period of decreased
oxygenation. (Figure 1)

Figure 1. Vasodilation of the cerebral vessels may result in
migraine-related pain.

Prostaglandins and other
CNS neurotransmitters

MIGRAINE
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Psychological factors such as stress and depression have
been associated with the onset of migraine, as have envi-
ronmental factors like smoke, light, and weather changes.
The consumption of large amounts of alcohol, citrus fruits,
aspartame, chocolate, and caffeine may also trigger
episodes. A number of medications have also been associat-
ed with migraine-related headaches. These include Tagamet,
Pondium, Prozac, Premarin, Indocin, nicotine, nitroglycerin,
oral contraceptives, reserpine, and ethinyl estradiol.4

FEVERFEW

Feverfew, Tanacetum partheium, member of the
Compositae or daisy family, is native to the Balkan moun-
tains in Europe and can now be found in Australia, China,
Japan, North and South American, and North America.? Its
use as an herbal remedy dates back 2,000 years.!4 Feverfew
currently is used for migraine headache prophylaxis and to
treat rheumatoid arthritis.2

Chemistry
Some components in feverfew are:

* Sesquiterpene lactones: parthenolides, canin, artecanin,
santamarin

* Flavonoid glycosides: luteolin, tanetin, apigenin, 6-
hydroxy flavonls

* Sesquiterpenes and monoterpenes: camphor, borneol, ger-
macrene, pinenes

* Other: polyacetylenes, pyrethrin, melatonin, tannins,
essential oils, chrysanthemum acetate

The leaf is used for medicinal purposes. The most
active component of feverfew is parthenolide, the most
abundant sesquiterpene lactone.?

Mechanism of Action

The exact mechanism of action of feverfew is
unknown; however, there are several proposed mechanisms:
inhibition of serotonin release, inhibition of prostaglandin
synthesis, inhibition of platelet aggregation and secretion,
inhibition of polymorphonuclear leukocyte degranulation,
inhibition of phagocytosis of human neutrophils, inhibition
of mast-cell release of histamine, cytotoxic activity against
human tumor cells, and antimicrobial activity; it also has
antithrombotic potential.2

Inhibition of serotonin release

The active moiety in feverfew (parthenolide) inhibits
the release of serotonin from blood platelets, similar to the
action of methysergide, an ergot alkaloid.? This mechanism
explains the therapeutic benefit of feverfew for migraine.5:12

Inhibition of prostaglandin synthesis

The interference of phospholipase A by the plant causes
inhibition of prostaglandin biosynthesis. 10 In a study reported
in 1985, feverfew decreased prostaglandin production by
86—88%, but cyclooxygenase inhibition was unaffected.4
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Inhibition of platelet aggregation and secretion

Feverfew has been found to inhibit platelet aggregation
by inhibiting thromboxane synthesis, which occurs via inac-
tivation of cellular phospholipases.®-8 Numerous studies have
shown that feverfew extract inhibits aggregation and secre-
tion of intracellular granules caused by aggregating agents
such as adrenalin, collagen, and adenosine diphosphate.®

Inhibition of polymorphonuclear leukocytes

Feverfew extract inhibits the secretory activity of poly-
morphonuclear leukocytes (PMN), showing a much greater
inhibition of PMNs granule release than do high concentra-
tion NSAIDs.8

Smooth muscle

Sesquiterpene lactones, particularly parthenolide, have
spasmolytic properties that cause smooth muscle to become
less responsive to endogenous substances such as acetyl-
choline, noradrenaline, bradykinin, prostaglandins, hista-
mine, and serotonin. These findings can be linked to an
anti-migraine effect through inhibition of the influx of cal-
cium in the vascular smooth muscle.!3

Contraindication

Feverfew is contraindicated in people who may be
allergic to other members of the Compositae or daisy fam-
ily, such as chamomile, ragweed, or yarrow. It should not be
used during pregnancy or by lactating mothers, or by chil-
dren under two years old. Because parthenolide affects
platelet aggregation in some in vitro studies, caution may
be appropriate for patients with bleeding disorders or those
anticipating surgery.23

Drug Interactions

NSAIDs may alter the efficacy of feverfew. The plants’
mechanism of action (mainly inhibition of platelet aggrega-
tion) may interact with anticoagulants and antiplatelets
such as warfarin and aspirin.2-3

Adverse Effects

The most common reported side effects of feverfew
consumption are GI disturbances after oral ingestion
including diarrhea, heartburn, bloating and flatulence.
Mouth ulcers, lip swelling, and tongue irritation can occur
when one chews fresh leaves.2 When feverfew is discontin-
ued after use of six months or more, people may experience
rebound headache, stiffness in joints and muscles, nervous-
ness, anxiety and insomnia, responses known as ‘“post-
feverfew syndrome.”10

Dosing

Currently there are no precise dosing recommenda-
tions, and doses vary. However, the Canadian Health
Protection Branch recommends 125 mg of feverfew daily,
containing at least 0.2% parthenolide (the active compo-
nent) in each dosage unit.235 Feverfew dosage is general-
ly based on the weight of the leaves. Commonly-used doses
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in herbal practice are:
* Feverfew leaves: 2-3 daily

* Dried powdered leaves: 50-250 mg daily or 125-250 mg
daily in two divided doses for migraine prophaylaxis

* In the UK and Canada, feverfew products are standardized
to contain at least 0.2% parthenolide

Clinical Evidence

Various studies have shown positive therapeutic out-
comes of feverfew monotherapy for migraine prophylaxis;
however, a few studies have shown no clinical benefit. In the
table below are data collected from five different clinical tri-
als obtained from a systematic review conducted in 1998.10

MAGNESIUM

Magnesium is the second most abundant intracellular
cation in the body and the most common intracellular diva-
lent cation and a cofactor in hundreds of enzymatic process-
es; its central role in smooth muscle activity and peripheral

vascular resistance is well known.!5 About 65-70% of
serum magnesium is ionized, while the rest is protein-
bound and complexed to small anion ligands.2 Many stud-
ies of the role that magnesium plays in the pathogenesis of
migraines have examined the total body supply of intracel-
lular magnesium. these conflicting results may be due to the
fact that even though total intracellular magnesium content
is relatively stable, there are wide fluctations in serum ion-
ized magnesium. It is this ionized portion that affects the
physiological component of a migraine. Migraine research
found multiple relationships between magnesium deficit
and migraine attacks.!6

Pharmacology

Magnesium is an electrolyte necessary in a number of
enzymatic processes, phosphate transfer, muscular contrac-
tion, and nerve conduction. Deficiencies have been docu-
mented in malabsorption syndromes, prolonged diarrhea,
vomiting, pancreatitis, aldosteronism, kidney dysfunction,
chronic alcoholism, and diuretic therapies.

First author Patients entered/ Medication Main outcome Result
reference dropouts measures
Johnson et al. 17/2 2 capsules Frequency of headache. Frequency of
(25 mg) Incidence of nausea headache increased
powdered and vomiting. significantly
feverfew (p<0.02) in patients
receiving placebo
compared to
baseline values.
Murphy et al. 72/12 1 capsule Frequency, duration and 24% reduction
(82 mg) powdered | severity of headache. (p<0.005) in
feverfew Incidence of nausea and | attack frequency,
vomiting. significant reduc-
tion (p<0.002) of
N/V. No change in
duration and sever-
ity of headache.
Kuritzky et al. 20/nr 100 mg feverfew | Effect of feverfew on No effect
5-HT uptake and platelet
activity.
Weerdt et al. 50/6 1 capsule (143 mg)| Severity of headache No significant
granulated attacks. # work days lost. effect in either
feverfew outcome.
. Pain intensity. Significant reduc-
Palevitch et al. 57hr zosf(lfesrlgg g\?eﬁ}eg\?v Severity of nause}; and ti%n (p<0.01) in
p vomiting, sensitivity to each outcome
noise & light. measure.

nr: not reported
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MECHANISMS OF ACTION
Inhibition of platelet aggregation / Serotonin levels

Platelet aggregation and serotonin release have been
shown to be present during migraine attacks. Magnesium
has been shown to cause a dose-dependent inhibition of
platelet aggregation. Decreased magnesium levels may con-
tribute to thrombin-induced platelet aggregation, which can
lead to serotonin release from platelets.16

Vascular dilating effect

Magnesium has a strong vascular dilating effect lend-
ing support to the vascular theory of migraine.? Ionized
magnesium levels are known to affect entry of calcium and
release of intracellular calcium from the sacroplasmic and
endoplasmic reticulum in vascular smooth muscle and vas-
cular endothelial cells, and to control vascular tone and
reactivity to endogenous hormones and neurotransmitters.
Cerebral blood vessel muscle cells are particularly sensitive
to ionized magnesium; magnesium deficiency results in
contraction and potentiation of vasoconstrictors and excess
magnesium results in vasodilation and inhibition of vaso-
constrictors. 16

NMDA receptor antagonist

Magnesium is intimately involved in the control of N-
methyl-D-aspartate (NMDA) glutamate receptors, which
play an important role in pain transmission in the nervous
system and in the regulation of cerebral blood flow.
Magnesium ions plug the NMDA receptors and prevent cal-
cium ions from entering the cell. Lowering magnesium con-
centration facilitates activation of the NMDA receptor, which
allows calcium to enter the cell and exert its effects on both

neurons and cerebral vascular muscle. 10 Blocking the recep-
tor renders calcium unable to exert its vasodilatory effects.

Results of clinical studies

* Many clinical studies have researched the use of magne-
sium in migraine treatment and prophylaxis. The follow-
ing data is from selected published clinical studies.

* Bigal et al. found that the relief of pain with IV magne-
sium sulfate (MgSo,) was not different from treatment
with placebo in the migraine without aura (MO) group,
and was better than placebo in the migraine with aura
group (MA). Magnesium sulfate was highly effective in
relieving photophobia and phonophobia in both MO and
MA groups. There was a greater response observed, in all
symptoms, in the MA group than in the MO group.!”

* In a study by Peikert et al., high oral doses of magnesium
lowered the frequency of migraine attacks within 12
weeks of therapy. Compared to placebo, the therapeutic
effects were already significant by the second therapy
phase (weeks 5-8) and were confirmed by a significant
reduction in the number of migraine days as well as the
per patient consumption of acute medication. The dura-
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tion and intensity of the attacks also declined without
being statistically significant in comparison with the
placebo group.!3

¢ In a study by Mauskop et al., of the 40 patients to whom
IV MgSO, was administered, 32 (80%) had at least a
50% initial reduction of pain intensity. In most patients,
headaches began to improve before the end of infusion.
Complete elimination of pain was observed in 80% of the
32 patients within 15 minutes of infusion. Of these 32
patients, 18 had persistent headache relief beyond 24
hours. Long-term responses to MgSO, varied in the dif-

ferent diagnostic categories.!?

¢ Findings from a study by Mauskop et al. indicate that
serum ionized magnesium levels can be used as a marker
for detection of patients with migraine and cluster
headaches who can benefit from magnesium infusions.20

¢ In a double-blind, placebo-controlled trial of oral magne-
sium supplementation in 24 women with menstrual
migraine, positive results were noted. Taken at a dose of
360 mg/day taken in 3 divided doses for 4 months, there
was a 50% reduction in the number of days with
headache. Patients receiving active treatment also showed
improvement according to the Menstrual Distress
Questionnaire score. Four patients dropped out of the
study, but only one did so because of adverse effects
(magnesium-induced diarrhea). In a larger double-blind,
placebo-controlled study involving 81 patients with
migraine headaches, a significant improvement in
patients receiving magnesium therapy was demonstrated.
The frequency of migraine attacks was reduced by 41.6%
in the magnesium group compared with only 15.8% in
the placebo group; 3 patients receiving magnesium ther-
apy dropped out of the study.2!

Dosage

For migraine prophylaxis: oral intake of 300 to 600
mg/day.21.22

Adverse reactions

Diarrhea and gastric complaints are the most common-
ly reported adverse drug reactions. In one study, tolerabil-
ity of magnesium was assessed. Sixteen (45.6%) of 35
patients in the magnesium group reported 35 adverse events
during the course of treatment, mainly soft stools (5
patients), diarrhea (5 patients), and heart palpitations (3
patients). Altogether 17 episodes of adverse events
occurred in 8 (23.5%) of the 34 patients on placebo.22

At higher doses of magnesium, low blood pressure,
nausea, vomiting, urinary retention, decreased heart rate,
and dilation of blood vessels have been documented. Coma
and cardiac arrest are known to occur with toxic doses of
magnesium. Magnesium may accumulate in patients who
have decreased renal function; therefore, one must be cau-
tious when consuming magnesium as a dietary supplement.
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In addition, use of magnesium in pregnant women should
be approached with caution due to its dilating properties.23
Patients taking potassium-sparing diuretics or with renal
failure should not use magnesium supplements.

Drug Interactions

Before beginning therapy with magnesium or any over-
the-counter supplement, a complete medication review should
be conducted by a pharmacist or physician since magnesium
may interfere with the absorption of many other medications.
Lanoxin,® Macrodantin,® penicillamine, and tetracycline drugs
such as Sumycin,® and Vibramycin® may be less well absorbed
in the presence of magnesium, decreasing their effectiveness.
This is especially important with Lanoxin since its therapeutic
concentration must be monitored closely for clinical effective-
ness. Antimicrobials like nitrofurantoin and tetracyclines may
not be effective against bacterial pathogens due to less-than-
anticipated serum concentrations. Concomitant use with excre-
tion-reducing drugs can increase the effects of supplemental
magnesium and magnesium serum levels. These drugs include
calcitonin, glucagons, and potassium-sparing diuretics.?3

Family history

A strong family history is present in up to 80% of
patients with migraines.2! This fact, along with the identifi-
cation of a gene for familial hemiplegic migraine, suggests
that genetic factors are present in a majority of migraine
patients. Cellular magnesium content and magnesium
metabolism are also under genetic control. Possibly there is
an overlap between these two genetic mechanisms.2!

Migraine management

Another important aspect of migraine management is
identifying and avoiding triggers. Many migraine headaches
can be triggered by certain foods, especially those contain-
ing tyramine. Caffeine or caffeine withdrawal and strong
odors, such as perfume, are other common triggers. It is
often helpful for patients to keep a headache diary to record
possible triggers. Typically, removing identified triggers sig-
nificantly reduces the frequency of headaches.?2

Riboflavin

Riboflavin, also known as the water-soluble vitamin B,,
is essential for the body’s conversion of food to energy. It
enables carbohydrates, proteins and fats to release energy, and
is also needed for normal reproduction, growth and repair of
skin, hair, nails, and joints. The riboflavin requirement in
humans is often related to energy intake, but it appears more
closely related to resting metabolic requirements. Differing
amounts are recommended for infants, children, and pregnant
women based on differences in their caloric intakes. The rec-
ommended daily intake for adults is 1.1 mg for women and
1/3 mg/day for men. Rich sources of riboflavin are liver, kid-
ney, eggs, milk, cheese, yeast, broccoli and spinach.24

Indications: Riboflavin deficiency prophylaxis.24
Possibly effective in migraine prophylxis.24-27
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Chemistry

The active, phosphorylated forms of riboflavin, flavine
mononucleotide and flavine adenine dinucleotide, are
involved as coenzymes in oxidative-reductive metabolic
reactions. These two coenzymes are necessary for normal
tissue respiration. Riboflavin is also necessary for the func-
tioning of pyridoxine and nicotinic acid.

Pharmacokinetics

Riboflavin is readily absorbed in the proximal small
intestine by a saturable transport mechanism. It is enzy-
matically metabolized to two active metabolites in the small
intestine: flavin mononucleotide and flavin adenine dinu-
cleotide. Bile salts enhance absorption of riboflavin and
people with biliary obstruction have decreased absorption.
Approximately 6 to 12% of a dietary dose is excreted in the
urine. The amount excreted in the feces can exceed the
amount ingested following dietary doses due to the synthe-
sis of riboflavin by intestinal bacteria. The elimination half-
life is 1.4 hours with a terminal half-life of 14 hours.

Safety

Problems in humans have not been documented with
normal oral intake of daily recommended amounts. Toxicity
of high doses of riboflavin has not been reported.2+ Likely
safe when used at the recommended dietary allowance
(RDA) of 1.4 mg per day. There is insufficient reliable infor-
mation for using larger amounts during pregnancy.24

Drug Interactions

Concomitant use with Probenecid (Benemid) inhibits
supplemental riboflavin absorption. Propantheline Bromide
(Pro-Banthine) concomitant use delays and increases sup-
plemental riboflavin.24

Adverse Effects
Bright yellow-orange discoloration of urine.24
Migraine Considerations

A mitochondrial dysfunction resulting in impaired
oxygen metabolism may play roles in migraine pathogensis.
Migraine headache can be a prominent feature in patients
affected by the syndrome of mitochondrial encephalomy-
opathy, lactic acidosis, and stroke-like episodes (MELAS).
Riboflavin is the precursor of flavin mononucleotide and
flavin adenine dinucleotide, which are required for the
activity of flavoenzymes involved in the electron transport
chain. Riboflavin, when given to patients with MELAS or
mitochondrial myopathies on the assumption that at large
doses it might augment activity of mitochondrial complex-
es I and II, and improve oxidative metabolism, was able to
improve clinical and biochemical abnormalities.28

Controlled Trials

Two controlled trials exhibited the benefits of riboflavin
in migraine prophylaxis. A randomized placebo-controlled,
double-blind trial was conducted by Schoenen et al. to com-
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pare the effects of high-dose riboflavin versus placebo on
migraine frequency, number of migraine days, duration, and
severity of headache. Fifty-five migraine patients were ran-
domized to receive either riboflavin, 400 mg a day, or place-
bo for a 3-month period. Using an intention-to-treat analy-
sis, riboflavin was superior to placebo in reducing attack fre-
quency (p=0.005) and headache days (p=0.012). In the
group of patients who improved by at least 50%, i.e. respon-
ders, the attack frequency improved 19% in the placebo
group and 56% in the riboflavin group (p=0.01); in the num-
ber of migraine days, the placebo group improved 15% as
compared to a 59% improvement in the riboflavin group
(p=0.002). The authors of the study concluded that because
of its high efficacy, excellent tolerability, and low cost,
riboflavin is an interesting option for migraine prophylaxis
and a candidate for a comparative trial with an established
prophylactic drug. Three minor adverse events occurred,
two in the riboflavin group (diarrhea and polyuria), and on e
in the placebo group (abdominal cramps). No serious side
effects were reported and the riboflavin was well tolerated.28

An open pilot study was conducted and 49 patients with
recurrent migraines were given riboflavin 400 mg/day with
breakfast for at least 3 months. The mean number of
migraines fell by 67% and mean migraine severity improved
by 68%. One patient stopped treatment because of gastric
intolerance, but that patient was also taking aspirin. No
other side effects were reported and the riboflavin was well
tolerated. The study suggests that riboflavin supplements
may reduce the recurrence rate of migraines.2?

Conclusion

The controlled trials are encouraging information for
further research. Riboflavin is a promising alternative for
preventing migraine headaches because it is safe, well tol-
erated and inexpensive. However, more research needs to
be conducted to prove the efficacy and long-term safety.

COMBINATION PRODUCTS: MAGNESIUM,
FEVERFEW, AND RIBOFLAVIN

Since moderate success has been suggested with indi-
vidual preparations of magnesium, feverfew, and riboflavin,
use of these agents in combination may exert a synergistic
antagonistic affect on migraine prophylaxis and treatment.
Several combination dietary supplement products are cur-
rently available, including MigreLief® With Puracol,™
Herbal Migraine Formula,® and MigraHealth.™ 30

While individual data on these products is limited,
information from physicians who are using these combina-
tion products in their practices suggest that combination
products may assist to maintain proper tone of cerebral
blood vessels. By improving tone, blood may flow freely
from vessel to vessel and prevent sudden spasms. It may
also inhibit platelet aggregation, stabilize membranes, and
decrease the inflammatory process.3! Two case reports from
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a neurology practice that used a combination product of
magnesium, feverfew, and riboflavin to treat migraine fol-
low this review.

Randomized, placebo-controlled studies of the combi-
nation products are required to fully evaluate and confirm
their benefit in migraine treatment or prophylaxis.
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CASE REPORTS

Case Reports on Patients Diagnosed with
Migraine and Placed on a Nutraceutical
Product Containing Riboflavin, Magnesium
and Feverfew

Submitted by:
Andrea Cohen, MD*
Certified by the American Board of Psychiatry and Neurology
the American Board of Holistic Medicine, and
the American Society of Neurorehabilitation

While serving as assistant professor of Neurology at
the University of Miami School of Medicine, Dr. Cohen
was in the forefront of the development of neurorehabilita-
tion as a speciality. Her work as Director of Outpatient
Neurorehabilitation Services at the University of Miami
culminated in the book Comprehensive Management of
Parkinson’s Disease, one of the first to outline a holistic
approach to treating this condition. Dr. Cohen has practiced
holistic neurology for the past ten years and maintains a
holistic neurology practice in Denver. These case reports
come from her practice following patient consent.

CASE HISTORY #1:

A 50-year-old, right-handed woman reported to the
neurologist's office with a history of severe headaches dat-
ing back to high school. Over time, the headaches
increased in frequency and intensity. She first sought med-

* Correspondence:

Andrea Cohen, MD

14062 Denver West Parkway, Suite 140
Golden, CO 80401

Phone: (303) 278-2040  Fax: (303) 216-1437
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ical assistance in her early 30s but only received Fiorinal to
be taken abortively. By her early 40s, she suffered from
severe headaches four to six times a month, each lasting 8
to 12 hours. Amitriptyline at 25 mg decreased the frequen-
cy of headaches to four times a month. Identified triggers
at that time included MSG, sulfates, nitrates, dehydration,
changes in weather, and flying. Verapamil was added to the
regimen approximately five years later, but there was no
clear change in the headache pattern.

At the time of her presentation, headaches were
described as starting with a throbbing sensation in a head-
band distribution with pain intensity at 4 on a scale of 1 to
10. The pain then evolved to a severe left temporal throb-
bing considered "excruciating," sometimes associated with
nausea. There were no visual changes. There was no
numbness, tingling, or weakness. Abortive treatment with
Maxalt or Imitrex nasal spray helped to decrease the pain,
but two doses were required and the patient was left with a
"significant hangover effect." Often headaches were so
severe that they put the patient to bed.

A survey of pertinent lifestyle factors showed consis-
tent sleep patterns with seven to eight hours of sleep a night
without interruption. There was no clear source of toxin
exposure in the work or home environment. Aerobic exer-
cise was performed at least 20 minutes daily and she played
tennis at least two times a week for two hours at a time.
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Given the prior identification of dietary triggers, diet con-
sisted of unprocessed foods without soda, coffee, or choco-
late. The patient described herself as "happy, anxious, and
angry". Her most significant stressors were related to her
family, particularly her teenage children. A high level of
satisfaction was attained from her environment and finan-
cial status. Levels of fun and recreation, career, relation-
ships, and level of spirituality engendered moderate feelings
of satisfaction.

Medications were Verapamil 80 mg a day,
Amitriptyline 25 mg ghs, either Rizatriptan 10 mg or
Sumatriptan nasal spray 20 mg abortively for headache, and
Temazepam 15 mg as needed for sleep with headache.

A complete neurology examination showed significant
muscle spasm along the upper border of the trapezius mus-
cles as well as in the occipital areas bilaterally, more so on
the right side than the left. There were no abnormalities at
the temporomandibular joint, including clicking or tender-
ness. Mental status, cranial nerve testing, and sensory
examinations were within normal limits. Strength to con-
frontation was normal. There was persistent fixation about
the left upper extremity but no drift or slowness of fine fin-
ger movements on that side. Reflexes were 2 throughout.
The right toe was downgoing. The left toe was equivocal, a
finding difficult to interpret given the history of prior
surgery to the left toes.

Impression after the initial evaluation was migraine
without aura possibly preceded by muscle contraction
headache. Although the patient had identified triggers for
her migraines and eliminated these from her lifestyle, she
continued to have headaches at a significant rate of four to
six per month. At the time of her visit, she was on subther-
apeutic doses of Verapamil and Amitriptyline. She also
waited to institute abortive treatment until the headache was
well evolved. Findings on examination were discussed
including the question of subtle weakness on the left side.
Initial recommendations included an MRI of the brain as
well as maintenance of a headache diary. The MRI showed
a few punctate areas of increased signal bilaterally. Several
changes were made to the medical regimen.

Verapamil was discontinued and Amitriptyline was
slowly increased to 35 mg nightly. A combination product
of magnesium, riboflavin, and feverfew (Migre Lief®) was
initiated at one tablet twice a day. Recommendations were
made to take abortive treatment at onset of migraine in
order to optimize therapeutic benefit. Strategies for
addressing muscle contraction and stress responses were
also discussed.

Two and a half months later, there was a clear improve-
ment in headache pattern. Headache frequency decreased
from an average of five per month to approximately one per
month. The patient did not have any headaches that forced
her into bed. She noted improved response of the headaches
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to abortive management when taking the triptan at onset of
migraine. She denied side effects of medication other than
a dry mouth likely due to the Amitriptyline. Other than a
transient increase in migraine frequency associated with
significant stress, the patient's headache pattern has
remained stable.

CASE HISTORY #2:

A 58-year-old, right-handed gentleman presented to the
physician's office with an almost 20-year history of severe
headaches. Headaches typically occurred two to three times
a month, but in the winter occurred up to two times a week.
Headaches started in a retro-orbital location as a moderate to
severe throbbing pain either on the right or left sides. There
was no aura. He experienced nausea but no photophobia.
Headaches generally lasted 4 to 12 hours and were aborted
successfully with Cafergot but usually required two doses.
There were no clear triggers other than stress.

In looking at lifestyle factors, there was a high level of
satisfaction with relationships and recreation with only
moderate levels regarding career and financial issues.
Stressors were most commonly related to career. Sleep was
generally quite good. Dietary factors showed little intake of
chocolate or caffeine. Alcohol intake was only occasional
and there was no history of smoking. Aerobic exercise was
performed four times weekly.

Medications were Propranolol at 80 mg a day and
Niaspan at 1000 mg a day.

A neurology examination was pertinent only for a
depression in the left skull secondary to placement of a
radium plate to treat a scalp lesion many years before.
Mental status, cranial nerve, motor, sensory, reflex, and
coordination examinations were within normal limits.

Clinical impression was that of migraine without aura.
In the past, there was no response to prophylactic treatment
with Verapamil and Nifedipine. The patient had a partial
response to Propranolol at 80 mg a day. In spite of this, he
continued with three to four headaches per month and
responses to Cafergot were diminishing. A recommenda-
tion was made to institute a combination product of mag-
nesium, riboflavin, and feverfew (Migre Lief®) at one tablet
twice a day. At a subsequent visit six months later,
headache frequency had diminished to one headache every
four to six weeks. Subsequent visits showed maintenance
of this pattern over a year. The patient denied side effects
from the medication.
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