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13th International Symposium of
The Institute for Functional Medicine

Welcome

he 2005 Clemens and Pressman article titled “Detoxification Diets Provide

]

Empty Promises™ prompted considerable discussion at the Institute for
Functional Medicine (IFM). The daily clinical experiences of our faculty
and our practitioner base, and the evidence with which we were familiar at
the time, directly challenged the article’s conclusion that, “These approach-

es are contrary to scientific consensus and medical evidence and are not consistent with

the principle that diets should reflect balance, moderation and variety.” As Dr. Jeffrey

Bland points out in his introduction to this Proceedings for the 13th International

Symposium: “While the principles of balance, moderation, and variety are excellent guide-

lines for constructing public health policies, they may not be specific enough for con-

structing the proper diet for a patient with a specific alteration in his or her functional
capacity for detoxification.”

The Institute decided to investigate further. We devoted more than 6 months to
the discovery process for this symposium, reviewing research and discussing the topic
with experts in the field. We found a valuable and growing evidence base, developed by
both researchers and eminent clinicians, that paints a very rich picture of significant
interconnections between diet and the processes of biotransformation and detoxifica-
tion. Within the presentations from the faculty we assembled for this symposium, you
will find robust research and clinical evidence demonstrating the importance of match-
ing the patient’s unique genomic characteristics to the appropriate diet, food prepara-
tion, and eating patterns in order to induce the appropriate phase I and phase II
enzymes responsible for balanced detoxification of exogenous molecules and biotrans-
formation of endogenous metabolic by-products.

The faculty brought to this symposium much that is practical and ready for clinical
application—for example, the exciting research from the emerging field of chemoprotec-
tion that provides dietary strategies for defense against carcinogenesis. You will also learn
about the profound effects of, and possible solutions for, exposure to heavy metals (such
as mercury) and other organic and inorganic toxicants that can produce adverse effects,
including oxidative stress, inflammation, thrombosis, vascular smooth-muscle dysfunc-
tion, dyslipidemia, and mitochondrial dysfunction. The specter of obesity, an epidemic
today in the industrialized world, emerges from these pages in a cause-effect relationship
with environmental toxins. Toxins can increase oxidative stress, affecting redox signaling,
which, in turn, influences gene transcription and signaling pathways controlling insulin
resistance, cytokine modulation, and mitochondrial function. Activation of NFKB (a gene
transcription factor) is mediated by redox balance and is a final common pathway for
obesity and many other chronic illnesses. These actions and reactions contribute to the
epidemic of weight gain and resistance to weight loss.

Evidence from years of both bench science and clinical research by the sympo-
sium’s distinguished faculty demonstrates a very real and important connection
between the specificity of patients’ genetic/environmental uniqueness and their health
status. These presentations substantiate a position that detoxification diets can help ful-
fill the promise that a carefully crafted, personalized, dietary and lifestyle plan will create
significant health benefits for our patients. Working closely with our partner in this pro-
ject, InnoVision Health Media, the Institute for Functional Medicine (www.func-
tionalmedicine.org) proudly brings you this Proceedings from the 13th International
Symposium on Functional Medicine.

heait S e, m..

President and Director of Medical Education
The Institute for Functional Medicine (IFM)
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Introduction

13th International Symposium of
The Institute for Functional Medicine

Managing Biotransformation: Introduction and Overview
Jeffrey Bland, PhD, FACN

Jeffrey S. Bland, Ph, is an educator, research professor, leader in
the natural products industry, and expert in human nutrition and
functional medicine who serves as chief science officer of
Metagenics, Inc., in Gig Harbor, Wash. Dr Bland is the founder of,
and serves as the founding board chair for, the Institute for
Functional Medicine.

description of the family of human detoxification

enzymes, cytochrome P450s, first appeared in the litera-

ture in 1962." Until that time it was known that foreign

compounds were somehow detoxified by specific physi-

ological processes, but the nature of these processes had
not been elucidated. In the absence of an understanding about this
superfamily of detoxification enzymes (now known to be generated by
57 genes, many of which show multiple polymorphisms), there was
much speculation as to how an individual actually eliminated lipophilic
compounds, both exogenous and endogenous. It is now recognized
that the enzymes in the CYP450 superfamily have roles not only in the
detoxification of drugs and other xenobiotics, but also in the metabo-
lism of nutrients and endogenous molecules such as essential fatty
acids, phytonutrients, steroid hormones, and vitamins D and A2

Over the past 40 years, we have learned that what is termed
phase 1 activation of lipophilic compounds is carried out by enzymes
in the CYP450 family. This phase 1 biotransformation of a molecule
creates an activated intermediate that is either directly eliminated
from the body or, more commonly, becomes a substrate for one of the
phase 2 conjugation enzymes and is then eliminated. The phase 2
conjugases, which include sulfation, amino acid conjugation, glu-
tathione conjugation, glucuronidation, methylation, and acetylation
activities, are also highly polymorphic. In both the phase 1 and phase
2 detoxification enzyme families, some enzymes are constitutively
expressed and some are inducible. Importantly, certain environmen-
tal and nutritional agents have been found to influence the induction
and activities of specific phase 1 and phase 2 enzymes.**

Murray has described some of the effects of diet on detoxification
by pointing out that constituents of the diet regulate the expression and
function of both CYP450 and conjugation genes, which impact lipophilic
compound elimination and may also significantly influence disease
pathogenesis. He concludes that “food constituents modulate CYP
expression and function by a variety of mechanisms, with the potential
for both deleterious and beneficial outcomes.” This suggests that diet
may have a “detoxifying” influence if the constituents of the diet properly
support balanced phase 1 and phase 2 detoxification functions.

Recently, however, Clemens and Pressman suggested that “detoxi-
fication diets provide empty promises™ because “these approaches are
contrary to scientific consensus and medical evidence and are not con-
sistent with the principle that diets should reflect balance, moderation,
and variety.” While the principles of balance, moderation, and variety
are excellent guidelines for constructing public health policies, they may
not be specific enough for constructing the proper diet for a patient with
a specific alteration in his or her functional capacity for detoxification.

Genetic polymorphisms that result in highly variable individual
responses to toxin exposure, to dietary influences, and to drug treat-
ment may be useful in identifying people at risk for many different

kinds of diseases and adverse effects.” For example, exposure to specific
toxins and the absence of proper support for detoxification functions
are both thought to increase the risk for neurodegenerative conditions
such as Parkinson’s disease,* and in both situations genetic variability
is common. It is well known that individuals who consume a poor-qual-
ity diet and/or excess alcohol—and concomitantly take aceta-
minophen—have a much-higher risk of both hepatic and neurological
injury from the medication.” It is also clinically well established that
diet plays an important role in the etiology of hepatic encephalopa-
thy."" Diet therapy that influences both intestinal and hepatic detoxifi-
cation enzyme function is part of the standard of care for patients with
this condition. ™"

Grapefruit juice,” red wine," and crucifers” have been shown to
contain constituents that influence specific CYP450 activity that can
alter drug metabolism and elimination. Certain foods and spices (eg,
black pepper)™ can also influence phase 2 activities. Oral supplementa-
tion with the amino acid glycine has been found to support phase 2 gly-
cination and glucuronidation,” which may improve detoxification in
certain individuals. Some of these characteristics have been clinically
exploited to develop a nutritional regime that will reduce the rapid
first-phase detoxification of drugs, such as with cyclosporine, which is
used to prevent tissue rejection in transplant patients.

All of these examples help us understand that specific diets may
exert clinically beneficial effects on detoxification function in patients
with unique needs. In essence, the emerging understanding of the role
that diet plays in influencing detoxification rests on a pharmacoge-
nomic mechanism of action. In a recent article, one suggested
approach for minimizing adverse drug reactions was to offer therapy
based upon an individual’s specific genetic make-up.”” This calls not
only for tailoring the drug therapy to the patient’s genetic needs, but
also, we suggest, the diet to respond to pharmacogenomic uniqueness.
After all, “it is estimated that genetics can account for 20 to 95 percent
of variability in drug disposition and effects.”

Constituents of food play potentially important roles in defin-
ing relative risks for certain diseases through their influence on spe-
cific detoxification processes. One interesting emerging example is
the role that coffee has in reducing the risk of Parkinson’s disease*
while increasing the risk of myocardial infarction in people with cer-
tain detoxification enzyme genotypes.”

Constituents of the diet play a role in the metabolism of steroid
hormones such as estrogen.*** Estrogen is metabolized by CYP450
and conjugase enzymes whose expression and activities are influ-
enced by specific dietary constituents. Numerous recent studies have
indicated that a number of dietary constituents influence the metabo-
lism of estrogen, with the most notable being the isoflavones and lig-
nans from soy foods and the glucosinolate metabolites such as
indole-3-carbinol from cruciferous vegetables.”**” Indole-3-carbinol
has been shown to upregulate CYP1A2 and may influence phase 2
activities. CYP1A2 upregulation, in turn, helps regulate estrogen sig-
naling and appears to decrease the risk of certain cancers.”** An
indole-3-carbinol intervention trial with women who had precancer-
ous lesions of the cervix found that there was a statistically significant
regression of the premalignant lesions in women treated with 200 mg
per day of indole-3-carbinol as compared to placebo.” Results such as
these strongly suggest that diets containing certain amounts of crucif-
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erous vegetables—which deliver useful phytochemicals—can have a

salutary influence on estrogen detoxification and excretion.

The clinician is thus challenged to investigate the potentially toxic
burdens patients might be exposed to, ranging from pollution or xeno-
biotics in their homes, work, or local environments; to prescribed or
recreational drugs; to the quality of their diets. Each potential exposure
raises the questions frequently mentioned by Sidney Baker, MD: “Is
there something for which this person has a special, unmet need? Is
there something to which this person is having an adverse or toxic reac-
tion (ie, something the person is getting too much of)?” It is now recog-
nized from molecular and cellular biology research that diet and
lifestyle choices can influence both the level of exposure to potentially
toxic substances and detoxification functions.”* Some key examples of
these mechanisms include:*"

1. alteration of the absorption of toxins (ie, fiber intake);

2. alteration of gut microbial function (ie, prebiotics, probiotics);

3. alteration of the genetic expression of CYP 450s and conjugases

(ie, glucosinolates);
4. alteration of post-translational, site-specific phosphorylation of
CYPs through specific kinase modulation (ie, sulforophane);

. post-translational and other possible influences on detoxifica-
tion enzyme function (ie, pH, methylation with folate and vita-
min B12, oxidation, and non-enzymatic glycation);

. modulation of transcription by factors such as orphan nuclear
receptors and cell-signaling pathways (eg, PPAR, RXR, T3, 1/25
vitamin D3, Pregnane X, Nrf 2) and by phytochemicals (eg, car-
nesol, epigallocatechin gallate, curcumin).

o

(=3

In essence, this contemporary view of the role that diet plays in
detoxification suggests that specific dietary signals are translated to
the genes through a complex process involving reporter gene activa-
tion through specific nuclear transcription factors and cell-signaling
pathways. These nuclear transcription factors control the cell-specific
expressions of various detoxification enzymes. Various environmental
substances send “stress” messages to the genome that induce specific
detoxification responses. Intracellular reduction/oxidation potential
(ie, cellular bioenergetics) plays a role in determining the degree of the
response to the toxin. A quick response to a toxic exposure that short-
circuits the need to induce protein synthesis in response to a toxic
stress signal is mounted through the kinase activation pathway, which
in turn is also sensitive to various phytochemicals and dietary factors.

Clearly, the diet-detoxification connection represents a specific
example of clinical nutrigenomics. Muller and Kersten defined nutrige-
nomics as “the understanding that micronutrients and macronutrients
can be potent dietary signals that influence the metabolic programming
of cells and have an important role in the control of homeostasis.”**
Food-derived molecules of plant origin (phytochemicals) modulate the
expression of genes and their post-translational products that control the
cytoprotective effects of the detoxification process. It is now apparent
that foods can deliver specific phytochemicals that influence detoxifica-
tion function by a variety of means, including direct ligand interaction
with nuclear regulatory factors and interaction with the xenobiotic and
antioxidant response elements.**

The papers you are about to read will explore some of these—
and many other—fascinating ideas in greater depth. The IFM sympo-
sium itself provided an exciting look at some overarching concepts
about the links between diet and detoxification that can now be sup-
ported by the emerging science:

1. Numerous genetic differences can influence both phase 1 and

phase 2 detoxification functions.

2. Multiple environmental agents and drugs can affect the
detoxification process.

3. Many nutrients and phytochemicals can influence both phase
1 and phase 2 detoxification function.

4. The multiple, complex interactions that can involve genetics,
detoxification function, and environmental exposures (food,
drugs, toxicants) can magnify the effects mentioned in points
1, 2, and 3 above.

5. Dietary influences on detoxification may play a role in the
diet-cancer association.

Taken as a whole, the information provided in this series of
papers demonstrates that the proper diet for a specific patient can
influence detoxification function in a clinically important manner.
Our review of this impressive body of evidence suggests strongly that
this important topic in clinical nutrition and its relationship to medi-
cine have not been adequately emphasized in either teaching or clini-
cal practice. Detoxification diets may have significant value in
promoting more effective physiological responses to toxic stressors
that come either from the exogenous or endogenous environments.
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Who Ignores Individuality Fails the Patient

Sidney MacDonald Baker, MD

Sidney MacDonald Baker, MD, is an author, an associate editor
of Integrative Medicine: A Clinician’s Journal, and currently
practices integrative medicine in Sag Harbor, New York.

TIPPING POINTS

It happens all the time. We find ourselves stuck in traffic wonder-
ing what has jammed it up, only to discover when speed is restored that
it was nothing but an inscrutable episode concerning the way a certain
number of cars and trucks fit the highway and responded to a statistical-
ly insignificant wrinkle in their pattern in space and time. Or, we return
from going out to dinner and find the fire we had left blazing in the fire-
place reduced to embers. Rekindled and restocked with a couple of logs,
the new wood smolders over the glowing coals and thick, dark smoke
crowds the chimney. Then, strike a match and its tiny, inseminating
flame causes the fireplace to burst suddenly into a lively fire, with its hot,
clean smoke. As clinicians, we wonder whether we can identify a similar
tipping point in a patient’s chemistry of energy and detoxification, to
purify his or her metabolic fire and kindle the healing process toward
which nature has such a strong impulse.

In Chad, Africa, in 1967, T was called to see the 6-year-old daughter
of the ambassador of a large Asian country. I was a Peace Corps volunteer
at the bottom of the post-colonial hierarchy of medicine among the
dozen or so physicians serving the 4 million people of Chad. My job as
leader of 7 nurses and lab technicians was to teach and treat Chadians,
not members of the diplomatic corps or their families. It was past mid-
night when the ambassador and his wife arrived at my cubicle in the
Peace Corps office with their daughter, Sue, who was somewhere on the
boundary between stupor and coma. She had been unremittingly febrile
for 3 days, and was, at first glance, a candidate for IV hydration, blood
count, thick smear for malaria, and a spinal tap. Encephalitis or meningi-
tis—both common in Chad—appeared to be the top diagnostic possibili-
ties, as her history and physical gave not a shred of evidence for being a
benign, localized infection that might have provided some more hopeful
traction on the problem. The environment in my cubicle in the 5-room
Peace Corps office was ill suited to any of my options, although I did have
IV fluids, a microscope, stains, a counting chamber, and an LP setup.

I could not envision a good outcome as I reviewed my findings
with Sue’s mom and dad. However, I then took an extra long look in her
right ear canal where my first examination had encountered some
smooth, brown wax that made it difficult to see her ear drum, which, of
course, I had hoped would be bright red and give me something to
treat—however poorly an earache would have matched the clinical pic-
ture. The bead of wax had looked shiny, and I conjured up the novel the-
ory that her very high body temperature had melted the flakey wax
more typical of a child. On second examination, the smooth, brown wax
turned out to be the backside of a tiny, engorged tick. I drowned it in
warmed mineral oil. Sue’s parent’s helped me set up a lamp to get the
right angle on my head mirror so I could extract the tick while Sue was
supine. I removed the beast with small bayonet forceps while praying
that I not scratch her ear canal and panic her parents with a few inno-
cent drops of blood. All the time I feared I was straying in a fruitless
detour from an urgent clinical strategy. Barely had I delivered that bad

baby from Sue’s ear canal and begun to refocus my senses, when Sue
roused herself. Within five minutes she became alert, talkative, and
cheerful. By the time she and her parents walked out into the cool night
air 30 minutes later, her temperature had dropped from 104.6° F to nor-
mal and she had polished off half a liter of IV fluids that I uncorked for
her to drink. In those few minutes she had returned to her normal self
and [ was forever changed.'

Sue’s particular clinical expression of tick paralysis or tick toxicosis
was at the crossroads of something in her individual make up, the loca-
tion of the tick bite, the species of the tick, and its particular toxin. The
lessons I learned at that crossroads were about respect for individuality,
the susceptibility of the central nervous system to small toxic exposures,
and the imprecision of the boundary between what I had previously
thought of as toxic on the one hand and allergic on the other.

LESSONS FROM ACUTE ILLNESS

Most of the lessons medicine has drawn from acute illness provide
an imperfect way of thinking about chronic illness, which is what con-
cerns most of us in daily practice, where quick answers such as came
that night in Chad are not usually available. Tick paralysis, strep throat,
pneumococcal pneumonia, chickenpox, broken arm, and other names
we give to acute illness embrace the concept of causation in ways that
work very well when it comes to reassuring patients that “we know what
you've got.” To say that a patient’s acute problem is caused by any of the
above-named acute illnesses does not defy logic—particularly when the
etiologic agent is named in the diagnostic label. In the realm of chronic
illness, however, our failure to distinguish between names (diagnostic
labels), notions (ideas we form about groups of people), and things (eti-
ologic agents) defies logic when we tell patients that their symptoms are
caused by their disease. In reality, depression is the name, not the cause,
of sadness. Arthritis is the name, not the cause, of joint inflammation.
Lupus is the name, not the cause, of a constellation of sign, symptoms,
and lab values. These names of chronic illnesses refer to ideas we form
about the similarities of presenting signs and symptoms across many
individuals, each of whom, however, has distinguishing features that are
cast aside in a diagnostic process that puts individuals into a disease
group in order to assign them to a standard treatment. Stop and think
about the notion that something called lupus is the cause of symp-
toms—it makes no sense.

CLINICAL LOGIC

The lesson that we can take from acute illnesses, such as Sue’s tick
toxicosis, is that everyone is different. In a patient-oriented medicine—
as opposed to (or complementary to) a disease-oriented medicine—we
are deprived of the simplicity of prescription-pad medicine where one
can match the treatment to the name of the disease. We are rewarded
instead with a clinical logic that rests on more solid semantic and scien-
tific foundation than the thinking that colitis is the cause of gut inflam-
mation. The logic of complementary, functional, integrative, or good
medicine begins with the biological reality of individuality and proceeds
with the following strategic models that can be posed as questions.

1. Is there something for which this person has a special unmet need?

2.1s there something to which this person is intolerant?
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Possibilities of unmet needs include:
* Nutrients

* Accessory nutrients

« Light

¢ Love

 Rhythmic integration

Possibilities of intolerances include:

¢ Toxins—elemental, such as lead and mercury; biogenic, such as
food; parasites; germs; and synthetic chemicals, most of which
are petrochemical products

e Allergens—molds, foods, pollens, dander, dust, and chemicals

THE “WHY” QUESTIONS

Those two questions about unmet needs or unrecognized intoler-
ance have formed the basis for my practice for the past 30 years. In my
role as a pediatrician and family practitioner, I am obliged to help my
patients onto a mutual path of discovery when they ask questions about
whether a chronic condition might benefit from taking supplements or
from avoiding allergenic foods or noxious environments. I have found
that an extensive questionnaire, including environmental and dietary
questions, and a chronological history form are essential tools for letting
patients understand the way I think. These documents can be as much
an avenue for educating my patients as they have been a way of getting
grist for my diagnostic mill. I used to provide a lengthy written philo-
sophical orientation to new patients, but eventually found that the ques-
tionnaire was as informative to them about my agenda as it was to me
about their situations.

A detailed history is particularly helpful in soliciting the patient’s
collaboration in trying to answer the “why” questions that lie beneath the
first two. That is, if you have an unmet need, why (and how) did it arise?

Is it because you have:

¢ An excess need genetically, a poor diet for your specific genetic
needs, maldigestion, malabsorption, or a tendency to waste cer-
tain nutrients?

 Malillumination?

¢ Aninability to give or receive love?

e Or habits that inhibit the healthy meshing of rhythms upon
which harmony depends?

If you are sensitive to things that don’t seem to bother most people,
why and how did you become s0?

¢ Could you be out of balance with respect to the issues raised in the
unmet needs question, or could it be because of deficient digestive
forces, so that food retains too much of its antigenic identity?

¢ Could a hypervigilant immune system result from an antigenic
load produced by disturbances of the gut microflora or from
invasive life experiences?

¢ Could an exposure to chemicals or molds—especially when
under stress—have provoked the well-recognized, but poorly-
understood state of sensitization in which the immune system’s
parallel functions to those of the central nervous system—per-
ception, memory and recognition—have become “hung up”in a
maladaptive responsiveness?

e Finally, could endocrine imbalance, such as mild congenital
adrenal hyperplasia or acquired adrenal insufficiency” have
given rise to an easily correctable state of multiple sensitivities?

In my 30 years of practicing by the light of answers to the above

questions, I have learned, contrary to expectations set by my medical
schooling, that the odds are very good for finding successful answers in a
practice that deals with complex chronic illnesses. People who are moti-
vated to seek medical help are more likely than symptom-free people to
be “out of balance” within a framework of needing to get or avoid things.
They are also likely to be more sensitive in the broadest meaning of that
word—including a heightened awareness of and an increased reactivity
to stimuli that are unnoticed or are not bothersome to most people. The
statistical definitions of “normal” on which we base so much of our labo-
ratory assessment may not work very well in the clinical realm, where we
struggle to define the individual patient’s need for good things and toler-
ance for bad things. Disease-based medicine is about how patients fit
within definitions forged out of statistical averages. Public policy has
made imperfect attempts to grapple with the fact of individual sensitivi-
ty.** When I began to wonder whether addressing these individual
quirks might lead to finding remedies for single individuals, I soon dis-
covered in day-to-day practice that it did. A methodical engagement with
a patient in a leisurely, intelligent conversation usually yielded answers
within the paradigm of my two questions.

WHAT IS “GOING AROUND”?

In the course of practicing medicine, one naturally gets a notion
about what is “going around,” just as practicing in Chad, Africa, made it
clear that malaria, schistosomiasis, intestinal parasites, and other infec-
tious diseases were issues to keep in mind when seeing patients with every
sort of presentation, whether typical or not. I believe that what is going
around in North America calls for considering unmet needs for omega-3
fatty acids, magnesium, calcium, zinc, and vitamin D, proper exposure to
sunlight, and attention to exercise, breathing, and the timing of food and
activity in relation to circadian chemistry. I believe that what is going
around in North America with regard to allergens has to do with molds
and their cousins that make up an undesirable part of the gut microflora as
a consequence of antibiotics and dietary sugars and starches. Gluten,
casein, and other food sensitivities are common masqueraders. Mild
adrenal insufficiency is much more often underestimated than is hypothy-
roidism and should be brought to mind in a person who has an unusual
thyroid story. I believe that what is going around in North America with
regard to toxins is a soup of elemental toxins and chemicals—of which the
fetal and pediatric toxicity endangers the recent generation of children,
whose central nervous systems are extremely vulnerable.

At the moment, mercury is the toxin for which we have the most
elegant and persuasive clinical toxicology, but the variable thresholds for
its effects in different individuals make the blunt tool of epidemiology
more a weapon of defense than discovery.

SEVEN DATA SOURCES

Now, the patient sits before you. You remind him or her that this is a
collaborative effort in which the patient’s instincts, questions, theories,
and intuition all have enormous value in driving decisions. You remind
yourself and the patient that the decision at hand is not about an ultimate
truth, or the treatment for such and such a disease, or even whether or not
the patient has a well-labeled disease. The decision at hand is only what to
do next; it will be based upon input from seven sources of data:

1. The outcome of treatments for individuals like this patient

2. The time path in the emergence of problems

3. Biochemical paths of patients like this one

4. History and physical exam

5. Laboratory tests

6. Response to each treatment you try

7. Your intuition and that of your patient
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EIGHT LANDSCAPE QUESTIONS

Privately—except in the company of patients with a high level of
sophistication—you contemplate the following generic questions about
the size, shape, timing, and energy needs of the patient’s physiological
and biochemical landscape.

Q: What are the organism’s largest surfaces? And which variables
among the illnesses going around might have a practical impact?

Answer: Cell surface and intracellular membranes, constituting a
collective surface area the size of 10 football fields.

Q: What raw materials are used for making most of the message-
carrying molecules in the body?

Answer: Essential fatty acids for cell-to-cell communications, cho-
lesterol for steroid hormones, and essential amino acids for neurotrans-
mitters and healthy thyroid functions.

Q: Which individual organ of the body exposes the largest surface
to the environment?

Answer: The gut, with the lungs a close second.

Q: Which organ commands the most attention from the immune
system?

Answer: The gut, which accounts for about 60% of the immune
system’s activity.

Q: What organ of the body has the single largest number of indi-
vidual cells?

Answer: The gut flora, which surpasses the total number of cells in
the body by an order of magnitude.

Q: Which organ of the body is most subtly vulnerable to injury and
most difficult to repair:

Answer: The gut flora, which suffers enduring changes from antibi-
otics and maladaptive diet, with profound influences on immunity,
endocrine function, energy metabolism, and detoxification.

Q: What is the biggest budget item in the organism’s energy expen-
diture for managing biotransformation?

Answer: Detoxification, which in adults constitutes the body’s
dominant molecule-joining activity.

Q: When do growth in children and detoxification in adults and
children take place?

Answer: During sleep, which should take place during the hours of
darkness.

THE LENSES

So far I have referred here and there to certain generic functions of
the organism. Here is the complete list: 1) energy chemistry, 2) synthesiz-
ing activities, 3) detoxification, 4) membranes/boundaries, 5) messag-
ing, 6) perception, 7) memory, and 8) timing.

This list can be seen as a series of lenses through which pass the
impulses that arise in our genetic predisposition. These impulses then fil-
ter through our environment before becoming variously deflected,
depending on each of these 8 physiologic influences to emerge some-
where in the spectrum of health and disease.

This metaphor lends itself to clinical strategy. It provides me with a
way to keep my clinical options grounded in aspects of the patient’s phys-
iology and psychology that are amenable to change. It offers a recipe for
keeping an open agenda when confronted with the question of detoxifi-
cation, which lends itself to oversimplification on the part of both practi-
tioner and patient. Both may have a different image of which among the
following efforts ranks highest in their hygienic hierarchy: brushing, clip-
ping, combing, cutting, shampooing, picking, scratching, shaving, wash-
ing, scrubbing, sweating, blowing, breathing, coughing, sneezing,
clearing, burping, defecating, flatulating, discharging, dripping, drain-
ing, menstruating, spitting, sweating, urinating, vomiting, wiping,

methylating, acetylating, glucuronidating, sulfating, glutathionylating,
glycinating, and chelating.

As shown in Figure 1, the 8 lenses appear to be sequential in their
arrangement along the trajectory of the impulse arising from the genome
and passing through the environment to be modified in various physio-
logic realms. Each of these realms is amenable to analysis and therapy but
none dominates others in its priority or power. Our job as clinicians is to
identify the places where we can make the most impact with the safest,
quickest, and least-risky or expensive measures. The enormous complexi-
ty of the whole system would be overwhelming were it not for two points
that I find helpful to keep in mind when addressing my patient’s needs.
First, the interconnections among the various systems represented in the
lenses diagram constitute myriad virtuous—or potentially vicious—
cycles. Second, as previously stated, I don’t have to know the whole truth;
Tjust have to decide on the next diagnostic/therapeutic step.

Disease Expression

Timing
Memory
Perception
Membrane
Messaging
Detoxification
Synthesis

Energy

FIGURE 1 The Lenses

The sequential arrangement of the lenses is a concession to the
need for graphic representation and the limitations of our imagination
about very complex systems. In reality, each is under the mutual influ-
ence of all the others. The notion of the lenses is not to be interpreted as
though the different physiologic domains are sequential, hierarchical, or
independent. A more appropriate diagram would be an octagon or a
cube, with lines connecting all the corners (see Figure 2).

VICIOUS CYCLES

The complexity of the relationships among the physiologic domains
in the lenses metaphor is not only in their multiple mutual interactions.
Within these domains are also cycles such as the citric acid cycle, the urea
cycle, and the methionine cycle. In all of these, a virtuous, self-sustaining
mechanism can be corrupted, creating a vicious cycle. The bad news on
vicious cycles is that they are vicious. The good news about vicious cycles
is that, once rebalanced, they return to being virtuous—that is, self-sus-
taining. Let’s take the methionine cycle as an example.
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FIGURE 2 The Interconnected Model

Figure 3 shows reduced glutathione (GSH) as one important termi-
nal branch of thiol chemistry. A redox potential sustained by a relatively
high balance in GSH to glutathione disulfide (GSSG) is required to sup-
port the pathway that begins with methionine. It is a virtuous cycle with
high GSH/GSSH. However, with depletion of GSH, a vicious cycle can
ensue in which thiol chemistry tends to collapse with an impoverished
redox potential.

Figure 4 illustrates a second sort of vicious cycle. Mercury in low
concentration is a potent inhibitor of methionine synthase and, thus, can
block the synthesis of GSH, a principal detoxifier of mercury. An exten-
sion of the example of vicious/virtuous cycles in the physiologic land-
scape of our patients begins with the cellular methyltransferase box.

Figure 5 expands on the information depicted in Figures 3 and 4 by
showing the destination of the methyl groups that come from SAM to
transform their acceptors.”

AN IMPORTANT ENERGY-DETOXIFICATION LINK
Note that the synthesis of creatine by methylation from guanidoac-

Cellular
methyltransferases

A
| |
CHj;
SAM ' s-adenosyl
(s-adenosyl methionine) homocysteine (SAH)
( Methionine ) ( Homocysteine)
L remead |\
Methionine synthase (MS)

= CHy
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Methyl B 12

FIGURE 4 Mercury Disturbs the Methionine Cycle
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The methionine cycle: Mercury poisons a fundamental step in synthesizing GSH,
which is an important detoxifier of mercury.

Cellular
methyltransferases

A

CH,

s-adenosyl
SAM (s-adenosyl homocyste}i/ne
methionine) (SAH)

( Methionine ) ( Homocysteine)

Methionine synthase (MS)

[Reduced Glutathione)(—{ Cysteine )

FIGURE 3 The Methionine Cycle

CH; =

Methyl Bl 92

The methionine cycle: Reduced glutathione is needed to provide the redox environ-
ment for the synthesis of reduced glutathione.

etate consumes 75% of the methyl groups delivered by SAM.
Guanidoacetate is derived from urea-cycle arginine, and creatine’s destiny
is to become phosphorylated for the ultimate formation of ATP. Note that
arginine itself is formed in the very metabolically expensive urea cycle
(from which it is snatched before it can have its urea moiety snipped off)
to provide the basis for energy transfer via ATP. This is but one of many
examples of the links between detoxification—I am now referring to the
urea cycle as well as the methionine cycles—and energy chemistry.

CLINICAL COMPLEXITY

Let’s take some examples of simple toxic exposure to remind us of
the complexity of the clinical picture and clinical management in even
the most unitary causation of illness—especially when removal of the
toxin is not as easy as it was with a tick in a child’s ear.

First is the case of the Dartmouth scientist who died 298 days after
an exposure to diethyl mercury.® Her onset of symptoms followed a
latent period of 154 days during which her blood and hair levels fell con-
tinuously. Her illness progressed despite DMSA chelation with an
increase in urinary excretion of mercury from 257 pg per 24 hours
(before chelation therapy) to 39,800 pg per 24 hours. Bernard Weiss
comments, “The dose did not ... make the poison, so to speak, in appar-
ent violation of a cherished principle of traditional toxicology.”

The second example is the epidemic of Minamata disease in Japan
that was the result of industrial poisoning of fishing waters with methyl
mercury. The acute symptoms included acral sensory disturbances, atax-
ia and dysequilibrium, constricted visual fields, neuromuscular impair-
ment, deafness, disturbances of taste and olfaction, and mental disorder.
Latency periods of up to 15 years were reported,’ suggesting, according
to Weiss,” that aging may unmask toxicity that remained asymptomatic
during the acute phase of low-level poisoning.

A third example, also reviewed by Weiss, is an outbreak of methyl
mercury poisoning in Iraq in 1971-1972 in which the latency period of
16-38 days did not decrease with higher exposure (as documented by
blood levels).
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A fourth example is Pink Disease, which resulted from the use
of mercury-containing teething powders during the first half of the
20th century. Mortality varied from 5.5 % to 33.3% after an illness
characterized by misery, bright pink skin with raw beef hands and
feet, desquamation, occasional gangrene, anorexia, and severe behav-
ioral disturbances. It was first described in 1903, but a published
description did not appear in England until 1922. A review by Dally"
traces the tedious path of discovery in which the cause of Pink
Disease went unpublished until 1945, unaddressed until the volun-
tary withdrawal of the teething powders from the market in 1954,
and unacknowledged in standard reference books until the 1960s.
Arguments were presented that not all children who were exposed to
teething powders became ill. In the 1990s it was shown that men
with azoospermia were the latent victims of the reproductive effects
of Pink Disease in childhood.

The lessons of these examples of single-cause exposures to mer-
cury are that dose and response may have paradoxical relationships;
long latency may obscure the cause of symptoms due to poisoning;
and refusal of the truth may be a particular barrier to open-minded
consideration of toxic causation.

SEVEN PHYSIOLOGIC LENSES—A METAPHOR FOR PATIENT-
ORIENTED DELIBERATIONS

With individuality as the watch word, and with those lessons in
mind, let us see how a consideration of 7 physiologic lenses may help
to organize patient-centered clinical strategy.

1. Energy. Energy is the principle of change." The more energy
there is, the more change is possible. The special way living things
manage energy makes it a primary consideration in the study of living
things. In particular, while a person sleeps and the muscles and
brain consume less energy, the rest of the body is engaged in repair,
healing, and detoxification. During sleep the body maintains a high
level of sugar in the blood, which is the body’s way of delivering the
sun’s energy to the liver and all the other organs. As physicians, we
have not generally been trained to focus on fundamental questions
about energy, or “the chemistry of light,” when we approach
patients—even when their main complaints include a lack of energy.
Recently, however, mitochondrial disease, as indicated by abnormali-
ties in organic acids, has become a fashionable diagnosis, suggesting
that a patient’s metabolic fire is not burning clean.

Methyl Acceptors Methylated Acceptors
Phosphatidylethanolamine Phosphatidyl choline
Guanidoacetate Creatine (75% of SAM utilization)
Neurotransmitters Methylated Neurotransmitters
Proteins (myelin, etc) Methylated proteins
DNA ~—| Methylated DNA
RNA A | Methylated RNA
'

_______ A - \

! Cellular |

. methyltransferases !

_______ ERREEEEEE

CH,

SAM . s-adenosyl
(s-adenosyl methionine) homocysteine (SAH)

FIGURE 5 Destination of Methyl Groups Derived from SAM

Various inborn errors of metabolism are familiar to pediatri-
cians confronted with severely affected infants who display marked
elevation of lactate, pyruvate, and other metabolites in and around
the citric acid cycle. More-subtle changes turn up frequently in all
sorts of chronically ill patients with impaired capacity to disassem-
ble sugars, fats, and amino acids to retrieve the sun’s energy. Such
impaired capacity may be part and parcel of a biochemical train
wreck into which chronic illness descends in its series of vicious
cycles. These physiological changes may provide clues to clinical tac-
tics that can help reinstate the virtuous cycles by adding substances
that help or by removing substances that hinder energy chemistry.
An example of the former could be a patient with very elevated cit-
rate that normalized with GSH supplementation during a prolonged
effort to isolate the factor(s) that might account for the citrate eleva-
tion."” An unmet need for arginine is another possible cause of cit-
rate elevation.” On the other hand, the presumed role of microbial
analog inhibitors or agonists of the citric acid cycle could be sus-
pected in an individual who has a mixture of markedly high and low
levels of excretion of citric acid cycle intermediaries."

I do not mean by these examples to limit the considerations of
energy chemistry to the citric acid cycle. The previous examples citing
arginine and creatine suffice to indicate that the lights of energy
chemistry blink throughout the whole metabolic landscape. I do
mean to carry our attention away from “What diseases make you
tired?” to focus on biochemical fundamentals in patients of all kinds,
no matter how well or how poorly they fit into some diagnostic box.

2. Synthesis. Nitrogen is the element upon which life depends
for its complexity. It is the basis for “higher” life found in animals, as
opposed to plants, and for consciousness. Dietary essential amino
acids come to us prefabricated so that a modicum of enzymatic dex-
terity is required to create all the shapes and sizes of molecules
required for the evolution of consciousness in which our species
appears to bear a special responsibility. Sulfur is the element upon
which depends the shape of molecules. Sulfur provides the flexible
adhesion required to fold and hold the conformation of proteins in
all of the moveable keys, locks, hands, pockets, bumps, and hollows
needed for enzymatic binding, receptor site rhythms, and the specific
stickiness of antibodies with their inventory of immune memories.
(Sulfur is absent from the more durable, inflexible templates of
genetic memory.)

Methionine brings useful sulfur into the body along with methyl
groups on whose placement depends some of the flexibility needed
for the specific conformations required for molecular mating. The
chemistry of methionine and other sulfur-bearing molecules deserves
our clinical consideration as we ponder the synthesizing ability of our
patients.” Until detailed measurement of thiol intermediaries
becomes available from a commercial laboratory, amino acid analysis
remains our main tool for assessing levels of methionine and homo-
cysteine that provide clues to disturbances in this chemistry. Amino
acid evaluation—akin to analyzing the contents of factory dumpsters
in order to assess their manufacturing efficiency—remains the other
main tool for assessing synthesizing efficiency in our patients.

3. Detoxification. Getting rid of metabolic waste and environ-
mental toxins engages more synthesis of molecules than any other
process (other than growth in children) and is consequently a highly
energy-dependent process. Just getting rid of the toxic part—ammo-
nia—of recycled protein in the urea cycle accounts for a substantial
energy burden. Our body’s sanitation department has representatives
in all tissues and organs, and its failure is both cause and effect of ill-
ness." The metabolic processes involved in thiol chemistry entail nest-
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ed vicious cycles, as mentioned previously. Specific aspects of detoxifi-
cation chemistry are subject to detailed clinical investigation'™ but the
global importance of detoxification expands its analytical landscape
to include questions of the patient’s energy and synthesizing efficiency
and his or her total toxic and allergic load—especially focusing on the
gut and its permeability. Detoxification occurs principally during the
dark phase of the circadian cycle,*”* so its sleep-dependent, rhythmic
pulse calls for attention to the timing of therapeutic intervention.

4. Messaging. The mere fact that endocrinology is a medical
specialty attests to the clinical relevance of measurements and reme-
dies for messenger molecules. That specialty historically circled its
wagons around the pituitary, thyroid, parathyroid, adrenals, and
gonads, leaving other pioneers to explore the lands of neurotransmit-
ters, prostanoids, and other actors in the theater of cell signaling. The
layperson and many practitioners often do not realize that, in this the-
ater, naturally occurring substances such as amino acids, fatty acids,
other nutrients, and accessory nutritional factors provide leverage
that is more appropriate to healing chronic illness than steroidal, anti-
inflammatory, and blocking agents. The latter work well in acute ill-
ness but significantly less well in chronic illness.

Things that can go wrong with the D4 dopamine receptor site
illustrate the importance of the receiver’s function and ability to pro-
vide ongoing transmission of molecular messages. The D4 dopamine
receptor site, which is explained in Richard Deth’s monograph on
attention,™ is a unique receptor site, but its features still illustrate the
point that messaging encounters complexities beyond the mere ade-
quacy of the messenger. The underlying flexibility of the D4 recep-
tor’s membrane locale due to its constituent fatty acids is as
important as it would be to any receptor. Beyond this, methylation of
the phospholipids immediately surrounding the site has a more spe-
cific contribution to the activity of the site and constitutes 1 of 4
novel attributes of the D4 receptor.”” Adjacent neurotransmitter sites
become modulated as a result of changes in the membrane locale
provoked by methylation. Thus, in contrast to the nearly universal
signaling via G proteins, the D4 receptor produces very rapid local-
ized changes in neuronal activity by means of “solid state” modula-
tion of nearby receptors.

A second unique feature of the D4 receptor is that it can direct-
ly amplify oscillations in interneuronal circuits so that it partici-
pates directly in rhythmic aspects (synchronization) of information
transfer. A third feature is the D4 receptor’s interaction with folate-
dependent aspects of cellular metabolism and energy supply.
Finally, dopamine stimulation produces a trophic stimulus to the
cell. Unique as the features of the D4 receptor may be, they serve to
illustrate the ways that molecular messaging can go wrong or be
repaired other than by simply trying to change levels of the signal-
ing molecule.

5. Membranes and Boundaries. Just about everything happens
on or across multiple surfaces in a human organism that appears
whole but is really an integration of compartments from the tiny sub-
cellular to the large bubble of our everyday material reality. In fact, the
infinity we associate with the world of consciousness beyond the lim-
its of our everyday sensory experience is not a bad metaphor for the
vastness of the boundaries contained within the divisions of our phys-
iology. If the digestive and pulmonary boundary across which we do
business with the external world were carried about as an external
appendage like a sail or like leaves on a tree, the first clinical question
and, perhaps, social greeting would be, “How is your sail?” Except, the
health of those tennis court-sized mizzen (the pulmonary epithelium)
and mainsail (the digestive epithelium) would be no more a social or

clinical secret than the texture and luster of one’s skin. The “sail’s” tex-
ture, integrity, flexibility, and the way it is set to capture its energy
source should concern us, even though the digestive membranes’ cel-
lular and molecular features are convoluted and hidden from direct
observation. Similarly the full extent of the lipid membranes that
divide the living intracellular water from its ocean of extracellular
water, and form intracellular organelles, should rise to our mind’s eye
as a surface the size of several football fields.

Travel deeper in your imagination to the molecular level and
find yet another boundary consisting of the frontier between the gen-
erally reductive molecular milieu and its threatening oxidative sur-
roundings. Are our patients appropriately armed to withstand
oxidative stress such as occurs when the cobalt atom in vitamin B, is
irreversibly oxidized by nitrous oxide anesthesia (with fatal results in
the person with susceptible thiol chemistry)?***

The evaluation of mucosal, cellular, and oxidative boundaries
begins with simply seeing our patients in a way that illuminates these
huge and important surfaces, keeping in mind the digestive milieu,
the adequacy of essential fatty acids, and the redox potential in the to
and fro of glutathione and related mechanisms.

6. Perception and Memory. Anatomy fools us into denying
that the central nervous system and immune system form a function-
al unit. If we dissect our language, we see right away that memory
and recognition are terms we use with equal facility to describe the
principal roles of the brain and immune system. Within the body,
these 2 systems appear to be set apart; but, if an alien were to exam-
ine a human being with the question “Where is its memory?” the
intelligent alien would find it equally distributed between neuronal
and lymphoid tissues. Memory of the big world of our senses is in
the brain and cognition of the invisibly tiny molecular world belongs
to the immune system. The two systems are a functional unit as we
take in and respond to signals from our external environment. Some
individuals have responses to the external environment that are inap-
propriately weak or strong. The simplified consequences of such
imbalances is illustrated in Figure 6, which shows the extreme conse-
quences of trends created by different patterns of under- or over-
responsiveness to external or internal immune stimuli.

If the central nervous system and the immune system are part-
ners in the body’s perception and response to external stimuli, then
what might be some polarities in the way traumatic life experiences
become risk factors for different kinds of illness? Figure 6 illustrates a
notion that I have found helpful in communicating to patients the
immunological consequences of invasive life experiences on the one
hand and loss and grief on the other.” The fact that the immune sys-
tem and the central nervous system share our life experiences is illu-
minating for people who are burdened by feelings of guilt or shame,
which, when understood and lifted, may advance healing.

Origin of the Stimulus
Outside the body | Inside the body
@ Increased ALLERGY AUTOIMMUNITY
g
I Normal
&
Diminished INFECTION CANCER

FIGURE 6 The Stimulus-Response Model
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7. Timing. Individuality is the principal fact that elevates the
drama of each patient’s illness to the higher slopes of intellectual and
emotional effort on our part as we try to teach our patients a new
way of thinking about illness.”**" Acknowledging functional medi-
cine’s respect for individuality, we may avoid semantic arguments if
we say that “normal” is a statistical concept that can only loosely
embrace a single person’s biochemistry or immunology. Just as no
individual patient is average, so he or she is not normal except in a
statistical sense. When it comes to the temporal domain, however,
we are bound by rhythmic imperatives that command humans to
heed the universal rules of timing. We all dance to the same beat.
Biochemically, we are all different. Rhythmically, we are all the same.
In matters of rhythm, “normal” is not a statistical range; it is a rela-
tionship embraced by the rules of harmony. There is no normal
range for middle C on your piano. Middle C is 256 cycles per second.
The harmony of middle C with the next higher C (512 cycles per sec-
ond) has to do with a precise relationship, not a range of options for
either participant in the harmonic relationship. So it is that the
meshing of rhythms of pulse, respiration, and all of our other oscilla-
tions up and down the scales of our temporal domain, should heed
relationships that fit when our organism displays the qualities car-
ried in the sense of the word “fitness.”

Specific biochemical functions are compartmentalized and
sequenced over time, with small waves of activity in every organ and
enzyme system in the body being laid out over the big wave of the day-
night cycle: the circadian rhythm, which should be considered with
the timing of exposure to light; activity; and every therapy, supple-
ment, and nutrient to mesh with the body’s timing. Below the day-
night frequency of the circadian rhythm are the more rapid
oscillations represented by the cardiovascular and respiratory
rhythms, brain waves, and periodic conformations of receptor sites
and their ligands. Above daily frequency are the longer intervals of
menstrual, seasonal, annual, and seven-year cycles. That the timing of
these cycles may vary from person to person—more in sickness than
in health—does not contradict the fundamental principle that the
meshing of these rhythms must follow the strict imperatives of har-
mony. Physiology invites mechanical metaphor. In the temporal
domain, music and dance provide us with a more apt exercise of imag-
ination in which we immediately recognize the difference between
consonance and dissonance and keeping time. The relationships
between living rhythms obey simple rules that are manifest in our
notions of synchrony, resonance, and tuning. The laws of harmony
and the day-night cycle of our planet are shared by all of us. We may
differ in the ways our biochemistry, environment, or activities and
intentions disobey those rules. We do not differ in the hygienic
rewards that come from obedience to habits that respect our need to
dance in step with the harmonies of our internal and external environ-
ments. Awareness of timing is the first step to remediation.

The details of rhythmic integration and related therapeutic
opportunities for the healthy meshing of our various rhythms will
take a larger part in medicine’s future.” In that future, medicine will
encounter its past—in ancient times, the harmonies of the world were
a more conscious part of perceived reality. That reality is one we now
consider to be more connected to a spiritual rather than a scientific
perception of the world.

CONCLUSION

Laying out a system for thinking about clinical options for indi-
viduals with chronic illness does not mean that we have our clinical
territory completely mapped. By considering only unmet needs of liv-

ing organisms to get or avoid certain things—even if one of those
things is love—I believe we ignore key factors in healing: imagination,
intention, and the attraction toward healing that lives in the implicate
order. Some physicians are quick to tell patients, “Do not look for
answers” or “There is nothing that will help,” effectively amputating
hope and blocking imagination and intention. We clinicians regularly
witness the forces of hope, imaging, and will in failure and in success.
Many of us call upon them, emphasizing nature’s strong intention
toward healing, cultivating hope, and engaging the patient’s will.

I will close by acknowledging two convictions: first, that those
who ignore individuality fail their patients; second, that those who do
not instill in their patients the seeds of imagining and intention for
cure, who do not work to establish a resonance between these forces
and nature’s strong impulse toward healing, betray the legacy we
share as teachers of our patients and students of our own exploration
of the landscape of illness.

The map I have offered is helpful when solutions to my patients’
problems are not obvious. It is even more helpful when a patient’s
problem is obvious because the biggest cause of mistakes that haunt
my office is being blinded by the obvious. When seemingly obvious, I
believe I see the patient’s problem clearly and become enchanted by
my own immediate grasp of a sequence of events that presents a
compelling picture from the list of illnesses—be it mild adrenal
insufficiency, hypothyroidism, unmet needs for magnesium or
omega-3 oils, a problem of mold allergy and yeast dysbiosis, a hid-
den food allergy, a chemical or heavy metal sensitivity, a gluten sensi-
tivity, a need for hormone replacement, or problems of dyschronism.
I attach my ego to my idea. I have learned, however, that I must step
back and wonder whether the light T have shed on the situation has
also cast shadows, hiding clues that, if considered, would illuminate
the problem in a different way.

I remind the patient—and myself—that what is at stake here is
not the whole truth of the matter, but only the decision as to what the
next treatment step should be. Even so, I prefer not to have to utter
the forbidden word “oops,” and I therefore carefully review the
patient’s chronological history form and questionnaire, keeping in
mind the questions about the patient’s unmet need to get nutrients,
light or love, or to avoid toxins or allergens. Then I map my patient’s
issues against the template of the lenses, and try to remember where I
am. When I was in Africa, I knew that, regardless of the problem with
which my patient presented, he or she was very likely to have malaria,
schistosomiasis, and amoebae that, if ignored, might assert them-
selves against a weakened carrier. In North America, I recognize that
my patients may be “carriers” of unmet magnesium needs, omega-3
fatty-acid deficiency, yeast problems, and heavy metal toxicity, any or
all of which may complicate their problems. Such issues are at the
heart of a diagnostic paradox that confronts us when we cross the line
between prescription pad and integrative or functional medicine.
Patients come to us with a great variety of problems upon which we
could place myriad diagnostic labels. As we gather experience in the
environment in which we practice, we find that even though our
patients have “all these different things,” some consistently successful
strategies emerge; we keep coming back to the relatively short list of
causes and remedies.

We who are practicing medicine in the beginning of the 21st
century have entered the battle with an old map that pictures the
enemy in the false metaphors of disease entities.” The scientific med-
icine that we are evolving recognizes that the individual human
being, not the disease, is the fundamental subject of concern and the
target of therapy.
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Imost 50 years ago R.T. Williams first classified detoxifica-

tion enzymes into phase I (degradative) and phase II

(additional) enzymatic reactions. At that time, few of the

details we know today were available and very few

enzymes were identified. The classification was based on
the finding that many xenobiotics, upon entering the liver, are first oxi-
dized (phase I reaction), and then a bulky endogenous compound is
added at the site of the oxidation (phase II reaction) before the metabo-
lite is effluxed from the liver into the bile. Remarkably, this classification
is still useful, with few exceptions. Recently, as our knowledge of the com-
plexity of the efflux system has increased, scientists have expanded this
classification to include the term “phase III” to describe the action of
efflux proteins. Efflux proteins belong to the family of ATP binding cas-
sette (ABC) transporters.l'2

The phase I enzyme activities include oxidation, reduction, and
hydrolysis reactions. Of these, the major players are the cytochrome P450
(CYP) enzymes, which are found across all 5 biological kingdoms.
Approximately 50 different human CYP enzymes have been identified.
Intriguingly, studying the diversity in CYPs across species allows us to
closely map dates of evolution, based on the estimation that about a 1%
mutation in the DNA of CYP genes occurs every 4.5 million years.* From
this, one can determine differences in the DNA sequences of divergent
CYPs. Plant and animal kingdoms diverged around a thousand million
years ago, and vertebrates and non-vertebrates diverged about five-hun-
dred million years ago. Rats and mice only became distinct species some
seventeen million years ago. Of the many CYP genes within the human
genome, the 3 families expressing CYP 1, 2, and 3 constitute the majority
of drug metabolizing detoxification enzymes.’ These enzymes have broad
substrate specificity, so that multiple substrates compete for metabolism
at a single enzyme. Chronic exposure (> 3-4 days) to a compound that is a
substrate for metabolism frequently causes upregulation of enzyme syn-
thesis, resulting in a net increase in activity. In contrast, acute exposure
may inhibit and/or destroy the enzyme, causing a net decrease in the rates
of metabolism of other compounds that are metabolized by the same
enzyme. The net result of induction or inhibition may be recognized as a
drug-drug or drug-nutrient interaction.’

Of all the different CYPs, CYP3A4 represents roughly one-fourth of
the CYPs in the human liver and is responsible for metabolism of as
much as 60% of all drugs, prior to phase II conjugation and phase III
efflux. Because of the multiplicity of substrates for CYP3A4, drug-drug
and drug-nutrient interactions are common and can be of significant
consequence.” For example, echinacea taken for 8 days increased clear-
ance of midazolam, a substrate for CYP3A4 and 3A5, by 42%.°

Within the CYP1 family, CYP1AL1 is highly inducible in the liver, a
unique characteristic. CYP1A1 is responsible for bioactivating a number
of polycyclic hydrocarbon precarcinogens, such as dimethylbenzan-
thracene and benzo[a]pyrene, and the carcinogenic heterocyclic amine
formed during browning of meats, known as PhIP (2-amino-1-methyl-6-
phenylimidazo[4,5-b]pyridine). These activities have done much to per-

suade the scientific community that CYP1A activity in general may do
more harm than good, and that compounds that enhance CYP1A are
unsafe.” However, the other two members of this family, CYP1A2 and
CYP1B1, both metabolize estrogen to potentially less estrogenic prod-
ucts than the major metabolic route (CYP3A4-dependent 16-alpha
hydroxy-estradiol formation). Induction of CYP1A2 increases 2-hydroxy-
lation of estradiol relative to 16-alpha hydroxy-estradiol and research is
ongoing to determine whether this decreases risk for hormone-depen-
dent breast cancer.”

Another key CYP enzyme associated with enhanced toxicity rather
than detoxification is CYP2EL. This enzyme metabolizes small volatiles
like acetone and amines like nitrophenol, acetaminophen, and aniline. It
also carries out S-oxidations to sulfoxides and sulfones. Although it is
known to be induced by ethanol, it metabolizes very little ethanol.
Ethanol is typically metabolized by alcohol dehydrogenase and aldehyde
oxidase to form acetic acid, which then enters normal nutrient metabolic
pathways to provide energy. Interestingly, both these enzymes produce
NADH2 from NAD. The result is that enzymes associated with the TCA
(tricarboxylic acid) cycle that utilize NAD are then reversed, leading to
acetone formation from acetyl co-A, lactate from pyruvate, and glycerol
from glucose-2,3-phosphate. The latter outcome leads to accumulation
of fats and fatty liver."

Ethanol intake may cause acetaminophen toxicity by altering the
route of acetaminophen metabolism. Acetaminophen is normally metab-
olized ~95% by phase II glucuronidation and sulfation, with only approxi-
mately 5% undergoing CYP2E1-dependent N-oxidation to the reactive
quinone imine. This reactive product is then conjugated to glutathione
and leaves the body harmlessly as a urinary mercapturate. However, fol-
lowing several days of ethanol ingestion, CYP2E1 is upregulated and large
amounts of the reactive quinone imine are formed, glutathione levels are
depleted, and the quinone imine binds to proteins, lipids, and DNA, caus-
ing necrosis around the centrilobular area, where the CYPs are located.
This interaction between alcohol and acetaminophen is thought to arise
from ethanol induction of CYP2E1, such that CYP2E1 successfully com-
petes with the glucuronosyl transferase and sulfotransferase for a greater
proportion of the acetaminophen substrate. It appears that alcoholic bev-
erages induce additional CYPs, such as CYP3A4, which then add to the
metabolic activation of acetaminophen, aggravating the imbalance
between phase I activation and phase II detoxification.™

Phase II enzymes are so called because the products of phase I
metabolism are frequently substrates for these enzymes. Typically, these
enzymes add bulky water-soluble molecules to xenobiotics, often creat-
ing inactive products termed conjugates, that are excreted in bile and
urine. Major phase II detoxification pathways are glucuronidation, sulfa-
tion, glutathione conjugation (and subsequent formation of mercap-
turates), acetylation, and methylation.”"

A key family of phase II conjugating enzymes includes the glu-
curonosy! transferases.” These enzymes use uridine diphospho glu-
curonic acid as a substrate, donating the glucuronic acid to bind most
frequently at a hydroxyl group, but N- and S-glucuronides can also be
formed. The resultant O-glucuronide is typically inactive and excreted
via the bile, although the gut microflora contain a beta-glucuronidase
activity that can break the conjugate, reversing the hydrophilicity gained
from conjugation and permitting re-absorption from the lower intestine
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mucosa and uptake via the portal vein back into the liver, where it can be
re-conjugated as part of an enterohepatic circulation. Inflamed leuco-
cytes also exhibit glucuronidase activity, which can greatly alter bioactivi-
ty of xenobiotics during inflammation.'®

Both foreign chemicals and endogenous substrates such as estro-
gen undergo glucuronidation and enterohepatic recirculation. In the
liver, uridine glucuronosyl transferases are situated in the endoplasmic
reticulum, as are the CYPs. Glucuronidation is a major phase Il metabol-
ic path, not just because of its location, but also because the conjugating
substrate, uridine diphospho glucuronic acid, is formed from the abun-
dant endogenous intermediate glucose-1-phosphate. The easy availability
of glucose-1-phosphate to support glucuronidation contrasts with the
vulnerable supply of 3’phosphoadenosyl-5'phosphosulfate and glu-
tathione, required for sulfation and glutathione conjugation, respective-
ly. Both of those systems rely on the sulfate pool, which is easily
exhausted in the face of large quantities of foreign substances. Thus,
when reactive products are formed during CYP oxidations, such as N-
acetyl p-quinone imine from acetaminophen, the glutathione pool can
be depleted more rapidly than it can be restored, allowing the reactive
oxidation product to bind cellular components such as proteins, lipids,
and DNA, causing cell death by necrosis.”

About thirty years ago, the first phase-III efflux protein, p-glycopro-
tein (P-gp), was identified. It is found embedded in the apical membrane
of many organs of the body."” At the intestine, P-gp is responsible for
decreasing bioavailability of many xenobiotics including drugs, toxins,
and bioactive food components. When xenobiotics enter the intestinal
mucosal cell, a portion of the dose gets effluxed back into the lumen of
the gut via the P-gp efflux protein, for which glutathione is required as a
co-factor. To determine the role of this efflux system even when a com-
pound is administered intravenously, a small piece of ileumn was tem-
porarily isolated in a subject and digoxin was administered.” Within 3
hours, 0.45% of the drug was found in this small luminal sac that, extrap-
olated to the entire intestine, accounted for 11% of the dose.

Like P-gp, another efflux protein—called multidrug resistance-
associated protein-2 (MRP-2)—is found on the apical membrane and
can decrease absorption at the gut by effluxing xenobiotics. In the liver,
MRP-2 plays a key role in effluxing xenobiotic conjugates and sulfated
bile acids into the bile duct. More efflux proteins are still being discov-
ered in many different organs and tissues in the body. Important to our
understanding of how bioactive food components can affect tissue levels
of drugs are multidrug resistance-associated proteins 1 and 3 (MRP-1,
MRP-3); they are able to efflux parent compounds as well as glutathione
and glucuronide conjugates from organs into blood. Like the phase I and
phase II enzymes, phase III efflux proteins are inducible and this may
lead to the drug resistance seen so frequently during chemotherapy.

Considering our ability to detoxify xenobiotics across a lifetime, it
has been noted that the very young and the very old have lower detoxi-
fication enzyme levels—and the elderly also have less ability to
respond to the environment by upregulating synthesis of these
enzymes. Fortunately, even given the twenty million years since
rodents diverged from mammals, a rat’s ability to metabolize xenobi-
otics is very similar to ours, allowing us to use this animal model with
confidence during drug development for identifying likely metabolic
pathways. Yet there are differences, even among human ethnic
groups—partly due to genetic diversity and polymorphisms and partly
due to environmental exposure (particularly diet) as reflected in dis-
ease risk changes in immigrant groups.” A future of personalized med-
icine will have the ability not only to understand these factors, but also
to harness the diet to optimize detoxification.

In considering the vast literature that has been generated over the

past 50 years in the area of detoxification enzymes, there are a few key
points that we should keep in mind:

1. The detoxification enzymes are multiple, highly inducible
enzymes with overlapping substrate specificities, causing drug-drug and
drug-nutrient interactions.

2. CYP1A1 and CYP2E1 are particularly known to bioactivate com-
pounds into carcinogens and toxic products, in addition to detoxifying
other compounds.

3. Whereas there is an almost endless source of glucose for glu-
curonidation, sulfate can readily become limiting, compromising the sul-
fation and glutathione conjugating systems.

4. The drug efflux systems work together with the phase I and
phase II detoxification enzymes to rid the body of xenobiotics, and have
consequently gained the name “phase III” for their role in clearing detox-
ified products from the body.

5. Both genotypic and environmental factors cause variation in
xenobiotic metabolism and clearance, resulting in different responses
to xenobiotics from person to person, and even from time to time in
one individual.
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hat you eat certainly affects how you defend yourself

from exposure to foreign compounds. We readily

accept that exposure to toxic substances from the

environment, usually by inhalation or ingestion,

may adversely affect our physiology. Similarly, we
know that a diet high in salt, sugar, saturated fats, or just too many calories
may have adverse effects that lead to a number of chronic diseases, includ-
ing cardiovascular disease and diabetes. It should not, then, be such a leap
in understanding to accept that certain foods will do more than help us
avoid adverse health effects; they will actually improve our well-being.

Certain foods can upregulate detoxification enzymes, helping to rid
the body of both toxic foreign compounds and toxic endogenous metabo-
lites such as reactive oxygen species that we generate during normal physi-
ological processes. More recently, studies have identified specific foods
and food components that enhance our detoxification systems, such as
broccoli and the anticancer component within broccoli, sulforaphane.

Change in diet is not simple to accomplish, so it is important to
provide patients with clear, rational directives about which foods or sup-
plements are effective in improving health, how foods should be pre-
pared for greatest efficacy, and how much and how frequently these
healthy foods should be included in the diet if they are to effectively
improve detoxification.

The effect of calorie restriction on health and longevity has been
studied many times." Over the years, a body of evidence has accumulated
showing that eating less may boost our defense system and substantially
decrease our risk for chronic diseases. While not the only result, a major
effect of calorie restriction is improved detoxification and clearance of for-
eign compounds. Interestingly, acute restriction, frequently referred to as
starvation, has very different effects than longer-term restriction of calo-
ries to 70 or 80% of ad libitum intake. Acute removal of food, or starva-
tion, will rapidly result in insufficient methionine in addition to many
other physiological difficulties. Low methionine levels will adversely
impact the synthesis of many proteins, including the detoxification
enzymes themselves.

Especially affected are those proteins rich in methionine or cys-
teine—such as metallothionein, the protein responsible for binding and
clearing many divalent cations. Insufficient dietary methionine results in
an almost immediate loss of S-adenosyl methionine, the starting source
for methylation reactions such as DNA methylation and detoxification of
catechols through catechol O-methylation; and for production of cys-
teine, the building block for glutathione. Without glutathione, the body’s
ability to conjugate reactive electrophiles and quench reactive oxygen
species is severely compromised. On the other hand, long-term calorie
restriction has been found to be of benefit in maintaining tissue glu-
tathione levels during aging compared to the typical excess of calories in
the American diet. Also, calorie restriction supports a more rapid
rebound of glutathione synthesis following loss of glutathione after
ischemia.** Given that a key concern as we age is the loss of tissue glu-
tathione levels and, thus, our ability to control oxidative damage, the

benefits of calorie restriction are paramount to a healthy aging body.

The story of how dietary components may upregulate the synthesis
of detoxification enzymes has developed slowly over the last 30 years,
starting with early work by Wattenberg and Conney showing that dietary
crucifers altered the clearance of drugs.* At that time, the components
involved and the mechanisms of improved clearance were unknown.
Knowledge slowly grew, taking a great leap forward with the discovery
that many dietary components, mostly electrophiles, induce multiple
phase II detoxification systems.” Talalay and colleagues used the phase II
detoxification enzyme quinone reductase as a biomarker for such activity
since many other phase II detoxification enzymes were seen to be upreg-
ulated in concert with quinone reductase.’

Another important step forward was the recognition that quinone
reductase and many other phase Il enzymes all contain a DNA sequence
in the promoter region of the gene, earlier identified as controlled by the
synthetic antioxidant tert-butylhydroquinone (BHQ), and given the
name antioxidant response element (ARE).” Apparently, BHQ and other
compounds are able to disrupt the cytosolic binding and metabolism of
a small protein, Nrf2, which then accumulates and spills into the nucle-
us, binding to the ARE on multiple genes and triggering coordinated
upregulation of all those genes bearing the ARE.” As proof of this impor-
tant mechanism, when the ARE sequence is mutated, or when knock-out
mice are generated that do not produce the endogenous factor Nrf2,
dietary factors such as sulforaphane from broccoli and curcumin from
the curry ingredient turmeric (Curcuma longa) have no effect on synthe-
sis of quinone reductase or other phase II enzymes.” Although the ARE
is far from being the only regulatory sequence on the promoter region of
phase II detoxification systems, it does appear to be the one most fre-
quently affected by dietary components that upregulate phase II
enzymes without the concomitant upregulation of phase I enzymes.

Today, knowledge of this intriguing mechanism is still unfolding.
Scientific discoveries are explaining why phase II detoxification enzymes
and phase III efflux systems are coordinately upregulated by so many
food components." There are ARE sequences present on the promoter
region of a number of genes expressing phase III efflux proteins."
Interestingly, the ARE does not appear to be present on phase I genes.
Many dietary components that upregulate phase I cytochrome P450
activities have their effect on cytochrome P450 1A1, through a separate
system consisting of a cytosolic binding protein called the aryl hydrocar-
bon receptor (AhR)."” Once the AhR is bound to a ligand, the complex
travels into the nucleus to bind to a DNA sequence on the promoter
region for cytochrome P4501A family members called the xenobiotic
response element (XRE). This sequence is also present on many phase II
enzymes—including glucuronosyl transferases and quinone reductase—
explaining the coordinated upregulation of cytochromes 1A with so
many phase IT enzymes in response to compounds that trigger the XRE.

A good example is indole-3-carbinol, a metabolite from cruciferous
vegetables.” Although a very weak ligand for the AhR itself, indole-3-
carbinol can generate complexes in the acid environment of the stomach,
including 3,3"-diindolylmethane (often referred to as DIM), that bind the
AhR avidly. When DIM is bound, the AhR complex is transported into
the nucleus where the complex, together with a second protein, binds to
the XRE sequence on the promoter region of many genes. This triggers
coordinated upregulation of expression of phase I and phase II detoxifi-
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cation enzymes. For some genes, the ARE and XRE are in such close
proximity, just a few DNA bases apart, that if 2 separate bioactive food
components trigger these two at the same time, they can act in an inter-
active fashion referred to as cooperativity, maintaining prolonged bind-
ing and synergy in upregulation.” The presence of the XRE on the
promoter region of genes expressing phase III efflux proteins is still
under investigation.

Having reviewed the mechanisms of action of food components, it
appears easy to understand how multiple food components trigger upreg-
ulation of detoxification systems and that whole foods and mixtures may
provide greater effects than single components. But extrapolating mecha-
nistic studies to animals and then to humans is complex. Utilizing the
benefits of this mechanism at the level of the whole body requires atten-
tion to many details.” Often, such details are missing from the literature
since, unlike the required studies prior to the sale of pharmaceuticals,
there are no regulations requiring definitions for effective dosing formula-
tions, amounts, and regimens. So little is known about dosing, that often
the choice of dose for a clinical trial is not based on sufficient information
to make an informed choice. For example, concerns for adverse effects
brought 2 beta-carotene studies to a halt.” These 2 studies raised blood
levels of beta-carotene 6-fold or more above the normal range, whereas 2
studies that were not associated with adverse effects only raised blood
beta-carotene levels to about 2-fold normal.

Studies carried out in cell culture must be repeated in whole animals
and clinical trials if we are to know whether the bioactive food compo-
nents of interest even reach the site of proposed activity without being
destroyed either in the gut or through metabolism at the gut wall and in
the liver. For example, work with curcumin in cell culture has shown
effects that are completely different from effects seen in the whole ani-
mal.*” Green tea, associated with improved detoxification and preven-
tion of a number of cancers, contains epigallocatechin gallate (EGCG),
which is found to be only 1% or 2% absorbed.” This is possibly due to
destruction in the gut. If this is the case, then how does one compare dos-
ing in digestible capsules with dosing by tea drinking? Furthermore, the
question remains whether there is a role for caffeine, a normal component
in green tea, in upregulation of detoxification enzymes and prevention of
cancer. However, it is clear that caffeinated, but not de-caffeinated, green
tea upregulates cytochrome P450 1A2.” It also provides greater protec-
tion against skin cancer development in mice exposed to dimethylbenzan-
thracene and UV light than does decaffeinated green tea.”

Finally, it is necessary to consider the entirety of science’s growing
knowledge on the effects, beneficial and adverse, any given dietary com-
ponent may have on detoxification enzymes—and, thus, on the disposi-
tion of both that component and other xenobiotics in the body such as
drugs, toxic substances, and other dietary components. Because detoxifi-
cation enzymes lack specificity, as well as mechanisms that control their
expression, drug-drug, drug-nutrient, and nutrient-nutrient interactions
can be expected to occur frequently.

Perhaps one of the best known, although still evolving, stories of
drug-nutrient interaction is that of grapefruit and other citrus juices.” It
has been common knowledge for some time that grapefruit juice inhibits
the action of intestinal cytochrome P450 3A4, probably due to the pres-
ence of furanocumarins such as bergamottin and dihydroxybergamottin,
although there are other bioactive components within grapefruit. The
effect of grapefruit on phase III efflux proteins is a little more complex,
varying from acute effects—when efflux from the intestinal mucosal cell
back into the lumen of the intestine is inhibited, ostensibly improving
absorption—to chronic effects where this efflux system is upregulated
and the organic anion transporting system that moves xenobiotics out to
the cell and into plasma is inhibited. Both these actions have a net

inhibitory effect on absorption of drugs and bioactive components.
Furthermore, orange juice appears to have some of the same effects.
When the details are known, determined in clinical trial under strict
adherence to protocol and using carefully evaluated dosing and frequen-
cy of uptake, it may be possible to take advantage of these effects. Until
that time, it cannot be recommended that one takes daily drugs or vita-
min tablets with a glass of juice. Since the time that this paper was pre-
sented, a manuscript has appeared describing UV-irradiation of
grapefruit juice to destroy furanocoumarins and relieve the drug-nutri-
ent interaction with P4503A.%* Thus, the more we find out about these
interactions, the more we may be able to control them.

Currently, the story is similar for many foods and food compo-
nents: the specific mechanism(s) are studied in cell culture and possibly
in whole animals, but not enough is known about effectiveness in
humans to provide a general intake recommendation for disease preven-
tion. More translational research is needed if we are to harness the bene-
fits of foods to their maximum.
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