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INTRODUCTION
The concepts of internal cleansing and detoxifying have been integral to naturopathic philosophy since the profession’s inception over a century ago. The problem of “toxicity” has grown as the number and quantity of poisonous compounds in the air, water, and food have increased. A substantial and growing body of research now supports the significant impact on health of acute and chronic exposure to endogenous and exogenous toxins and the efficacy of an individual’s detoxification mechanisms (see Ch. 37 ).
Toxins damage the body in an insidious and cumulative way. Once the detoxification system becomes overloaded, toxic metabolites accumulate, and sensitivity to other chemicals, some of which are not normally toxic, becomes progressively greater. This accumulation of toxins can wreak havoc on normal metabolic processes.
This chapter identifies “toxins” and natural ways to sup-port their detoxification and elimination, with particular focus on enhancing the function of the liver, the body’s primary organ for neutralization of undesirable chemicals.
TOXINS
A toxin is defined as any compound that has a detrimental effect on cell function or structure. The discussion of toxins in this chapter is organized into the four areas:
• heavy metals
• chemical toxins
• microbial compounds
• breakdown products of protein metabolism.
Heavy metals
The heavy metals most commonly causing problems in humans are:
• lead
• mercury
• cadmium
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• arsenic
• nickel
• aluminum.
These metals tend to accumulate within the brain, kidneys, and immune system where they can severely disrupt normal function.[1] [2] [3] [4] [5] [6] It is conservatively estimated that up to 25% of the US population suffer to some extent from heavy metal poisoning. Hair mineral analysis is a good screening test for heavy metal toxicity (see Ch. 18 ).[1] 
Most of the heavy metals in the body are a result of environmental contamination due to industry. For example, in the United States alone, industrial sources contribute more than 600,000 tons/year of lead into the atmosphere to be inhaled or – after being deposited on food crops, in fresh water, and soil – to be ingested.[1] 
Common sources of heavy metals, in addition to industrial sources, include lead from the solder in tin cans and copper pipes, pesticide sprays, and cooking utensils; cadmium and lead from cigarette smoke; mercury from dental fillings, contaminated fish, latex paints and cosmetics; and aluminum from antacids and cookware.[1] Some professions with extremely high exposure include battery makers, gasoline station attendants, printers, roofers, solderers, dentists, and jewelers.[1] Unfortunately, arsenic and mercury have now also been found as contaminants or intentional additions to imported Chinese and Ayurvedic herbal medicines.
Early signs of heavy metal poisoning are vague or associated with other problems. Early symptoms can include:
• headache
• fatigue
• muscle pains
• indigestion
• tremors
• constipation
• anemia
• pallor
• dizziness
• poor coordination.
The person with even mild heavy metal toxicity will experience impaired ability to think or concentrate. As toxicity increases, so do the severity of signs and symptoms.[1] [2] [3] [4] [5] [6] 
Numerous studies have demonstrated a strong relation-ship between childhood learning disabilities (and other disorders including criminal behavior) and body stores of heavy metals, particularly lead[7] [8] [9] [10] [11] [12] (see Ch. 135 ).
Chemical toxicants
This category of toxins, primarily dealt with by the liver, includes:
• toxic chemicals
• solvents, e.g. cleaning materials, formaldehyde, toluene, benzene, etc.
• drugs
• alcohol
• formaldehyde
• pesticides
• herbicides
• food additives.
Exposure or toxicity to toxic chemicals can give rise to a number of symptoms. Most common are psychological and neurological symptoms such as depression, headaches, mental confusion, mental illness, paresthesia, abnormal nerve reflexes, and other signs of impaired nervous system function. Respiratory tract allergies and increased rates for many cancers are also found in people chronically exposed to chemical toxins.[13] [14] [15] [16] [17] [18] [19] 
Microbial compounds
The waste products and cellular debris from bacteria and yeast in the gut can be absorbed, causing significant disruption of body functions. Examples include:
• endotoxins
• exotoxins
• toxic amines
• toxic derivatives of bile
• various carcinogenic substances.
Gut-derived microbial toxins have been implicated in a wide variety of diseases, including liver diseases, Crohn’s disease, ulcerative colitis, thyroid disease, psoriasis, lupus erythematosus, pancreatitis, allergies, asthma, and immune disorders.
In addition to toxic substances being produced by microorganisms, antibodies formed against microbial antigens can cross-react with the body’s own tissues, thereby causing autoimmunity. The list of autoimmune diseases which have been linked to cross-reacting antibodies includes rheumatoid arthritis, myasthenia gravis, diabetes, pernicious anemia, and autoimmune thyroiditis.
The immune system and the liver are responsible for dealing with the toxic substances that are absorbed from the gut.
Breakdown products of protein metabolism
The end-products of protein metabolism – ammonia, urea, etc. – cause significant problems if allowed to accumulate. Most are eliminated by the kidneys.
DETOXIFICATION MECHANISMS
The body eliminates toxins either by directly neutralizing them or by excreting them in the urine or feces (and to 
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TABLE 50-1-- Major detoxification systems
Organ
Method
Typical toxin neutralized
Skin
Excretion through sweat
Fat-soluble toxins such as DDT and heavy metal such as lead and mercury
Liver
Filtering of the blood
Bacteria and bacterial products, immune complexes

Bile secretion
Cholesterol, hemoglobin breakdown products, extra calcium

Phase I detoxification
Many prescription drugs (e.g. amphetamine, digitalis, pentobarbital), many over-the-counter drugs (acetaminophen, ibuprofen), caffeine, histamine, hormones (both internally produced and externally supplied), benzopyrene (carcinogen from charcoal-broiled meat), aniline (the yellow dyes), carbon tetrachloride, insecticides (e.g. Aldrin, Heptachlor), arachidonic acid

Phase II detoxification


Glutathione conjugation
Acetaminophen, nicotine from cigarette smoke, organophosphates (insecticides), epoxides (carcinogens)

Amino acid conjugation
Benzoate (a common food preservative), aspirin

Methylation
Dopamine (neurotransmitter), epinephrine (hormone from adrenal gland), histamine, thiouracil (cancer drug)

Sulfation
Estrogen, aniline dyes, coumarin (blood thinner), acetaminophen, methyl-dopa (used for Parkinson’s disease)

Acetylation
Sulfonamides (antibiotics), mescaline

Glucuronidation
Acetaminophen, morphine, diazepam (sedative, muscle relaxant), digitalis

Sulfoxidation
Sulfites, garlic compounds
Intestines
Mucosal detoxification
Toxins from bowel bacteria

Excretion through feces
Fat-soluble toxins excreted in the bile
Kidneys
Excretion through urine
Many toxins, after they are made water-soluble by the liver

a lesser degree from the mucous membranes, lungs and skin). Toxins that the body is unable to eliminate build up in the tissues, typically in the fat stores and bone. The liver, intestines, and kidneys are the primary organs of detoxification (see Table 50.1 ).
EXPOSURE DIAGNOSIS
Both recognition of exposure and assessment of the efficacy of the detoxification mechanisms are essential for effective detoxification of the patient. Exposure assessment is discussed here, while description of assessment of liver detoxification efficacy is integrated into the discussion of the liver’s detoxification pathways.
While an accurate and exhaustive history and physical examination will probably always be the mainstay of diagnosis of toxin exposure and build-up, a number of useful laboratory techniques have been developed for detecting toxins in the body.
Heavy metal assessment
For heavy metals, the most reliable measure of chronic exposure is the hair mineral analysis. Reliable results of hair analysis is dependent upon (1) a properly collected, cleaned, and prepared sample of hair, and (2) the test being performed by experienced personnel using appropriate analytical methods in a qualified laboratory. This procedure is discussed thoroughly in Chapter 18 .
Chemical exposure
For determining exposure to toxic chemicals, a detailed medical history is essential. When appropriate, the laboratory analysis for this group of toxins can involve measuring blood and fatty tissue for suspected chemi-cals. Table 50.2 lists common indications for suspecting chemical exposure.
Recently, innovative laboratory assessment methodologies for the assessment of chemical exposure have become commercially available. Perhaps the most promising is urinary organic acid analysis. Traditionally only used to assess and define inborn errors of metabolism that cause death within the first year of life or severe mental retardation, metabolic profiling has now become useful for identifying enzyme impairment due not only to genetic diseases but also to nutritional deficiencies and chemical poisoning (see Ch. 29 for a full discussion of this useful methodology).
TABLE 50-2-- Common indications for suspecting chemical exposure
• More than 20 pounds overweight
• Diabetes
• Presence of gallstones
• History of heavy alcohol use
• Psoriasis
• Natural and synthetic steroid hormone use
  —anabolic steroids
  —estrogens
  —oral contraceptives
• High exposure to certain chemicals or drugs
  —cleaning solvents
  —pesticides
  —antibiotics
  —diuretics
  —non-steroidal anti-inflammatory drugs
  —thyroid hormone
• History of viral hepatitis
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Microbial compounds
A number of laboratory techniques are available to determine the presence of microbial compounds. Those most commonly used include tests for the presence of abnormal microbial concentrations and disease-causing organisms in the stool (see Ch. 9 ), microbial by-products (see Ch. 31 ), endotoxins (erythrocyte sedimentation rate is a rough estimator), and bacterial overgrowth in the small intestine (see Ch. 7 ).
Breakdown products of protein metabolism
The determination of the presence of high levels of breakdown products of protein metabolism and kidney function involves both blood and urine measurement of these compounds (see Ch. 31 ).
LIVER DETOXIFICATION
Overview
The liver is a complex organ that plays a key role in most metabolic processes, especially detoxification. The liver neutralizes a wide range of toxic chemicals, both those produced internally and those coming from the environment. The normal metabolic processes produce a wide range of chemicals and hormones for which the liver has evolved efficient neutralizing mechanisms. However, the level and type of internally produced toxins increases greatly when metabolic processes go awry, typically as a result of nutritional deficiencies. These non-end-product metabolites have become a significant problem in this age of conventionally grown foods and poor diets (see Ch. 108 ).
Many of the toxic chemicals the liver must detoxify come from the environment: the content of the bowels and the food, water, and air. The polycyclic hydrocarbons (e.g. DDT, dioxin, 2,4,5-T; 2,4-D, PCB, and PCP), which are components of various herbicides and pesticides, are one example of chemicals that are now found in virtually all adipose tissues measured. Even those eating unprocessed organic foods need an effective detoxification system because all foods contain naturally occurring toxic constituents.
The liver plays several roles in detoxification: it filters the blood to remove large toxins, synthesizes and secretes bile full of cholesterol and other fat-soluble toxins, and enzymatically disassembles unwanted chemicals. This enzymatic process usually occurs in two steps referred to as phase I and phase II. Phase I either directly neutralizes a toxin, e.g. caffeine, or modifies the toxic chemical to form activated intermediates which are then neutralized by one or more of the several phase II enzyme systems. These processes are summarized in Figure 50.1 .



Figure 50-1The liver’s detoxification pathways.


Proper functioning of the liver’s detoxification systems is especially important for the prevention of cancer. Up to 90% of all cancers are thought to be due to the effects of environmental carcinogens, such as those in cigarette smoke, food, water, and air, combined with deficiencies of the nutrients the body needs for proper functioning of the detoxification and immune systems. The level of exposure to environmental carcinogens varies widely, as does the efficiency of the detoxification enzymes, particularly phase II. High levels of exposure to carcinogens coupled with slow detoxification enzymes significantly increases susceptibility to cancer.
The link between the detoxification system’s effectiveness and susceptibility to environmental toxins, such as carcinogens, is exemplified in a study in Italy of Turin chemical plant workers who had an unusually high rate of bladder cancer. When the liver detoxification enzyme activity of all the workers was tested, those with the most dysfunctional detoxification system were the ones who developed bladder cancer.[20] 
Filtering the blood
One of the liver’s primary functions is filtering the blood. Almost 2 quarts of blood pass through the liver every minute for detoxification. Filtration of toxins is absolutely critical as the blood from the intestines contains high levels of bacteria, bacterial endotoxins, antigen–antibody complexes, and various other toxic substances. When working properly, the liver clears 99% of the bacteria and other toxins during the first pass. However, when the liver is damaged, such as in alcoholics, the passage of toxins increases by over a factor of 10.
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Bile excretion
The liver’s second detoxification process involves the synthesis and secretion of bile. Each day the liver manufactures approximately 1 quart of bile, which serves as a carrier in which many toxic substances are dumped into the intestines. In the intestines, the bile and its toxic load are absorbed by fiber and excreted. However, a diet low in fiber results in inadequate binding and reabsorption of the toxins. This problem is magnified when bacteria in the intestine modify these toxins to more damaging forms.
Phase I detoxification
The liver’s third role in detoxification typically involves a two-step enzymatic process for the neutralization of unwanted chemical compounds ( Table 50.3 ). These not only include drugs, pesticides, and toxins from the gut, but also normal body chemicals such as hormones and inflammatory chemicals (e.g. histamine) which become toxic if allowed to build up. Phase I enzymes directly neutralize some chemicals, but most are converted to intermediate forms that are then processed by phase II enzymes. These intermediate forms are much more chemically active and therefore more toxic. If the phase II detoxification systems are not working adequately, these intermediates can cause substantial damage, including the initiation of carcinogenic processes.
Phase I detoxification of most chemical toxins involves a group of enzymes which, collectively, have been named cytochrome P450. Some 50–100 enzymes make up the
TABLE 50-3-- Chemicals detoxified by phase I
Drugs
• Phenytoin
• Erythromycin
• Codeine
• Warfarin
• Amitryptyline
• Phenobarbital
• Prednisone
• Steroids
OTCs
• Acetaminophen
• Ibuprofen
• Salicylates
Foods
• Caffeine
• Vanillin
Nutrients
• Arachidonic acid
• Fatty acids
Environmentals
• Alcohol
• Insecticides
• CCl4 
• Benzopyrenes (cigarette smoke, charcoal-broiled meat)

cytochrome P450 system. Each enzyme works best in detoxifying certain types of chemicals, but with considerable overlap in activity among the enzymes.
The activity of the various cytochrome P450 enzymes varies significantly from one individual to another, based on genetics, the individual’s level of exposure to chemical toxins, and his or her nutritional status. Since the activity of cytochrome P450 varies so much, so does an individual’s risk for various diseases. For example, as highlighted in the study of chemical plant workers in Turin discussed above, those with underactive cytochrome P450 are more susceptible to cancer.[21] This variability of cytochrome P450 enzymes is also seen in the variability of people’s ability to detoxify the carcinogens found in cigarette smoke and helps to explain why some people can smoke with only modest damage to their lungs, while others develop lung cancer after only a few decades of smoking.
Patients with underactive phase I detoxification will experience caffeine intolerance, intolerance to perfumes and other environmental chemicals, and an increased risk for liver disease, while those with an overactive system will be relatively unaffected by caffeine drinks. One way of objectively determining the activity of phase I is to measure how efficiently a person detoxifies caffeine. Using this test, a surprising fivefold difference in the detoxification rates of apparently healthy adults has been discovered.[22] 
When cytochrome P450 metabolizes a toxin, it chemically transforms it to a less toxic form, makes it water-soluble, or converts it to a more chemically active form. Caffeine is an example of a chemical directly neutralized by phase I. Making a toxin water-soluble allows its ex-cretion by the kidneys. Transforming a toxin to a more chemically reactive form makes it more easily metabolized by the phase II enzymes.
A significant side-effect of phase I detoxification is the production of free radicals as the toxins are transformed – for each molecule of toxin metabolized by phase I, one molecule of free radical is generated. Without adequate free radical defenses, every time the liver neutralizes a toxin exposure, it is damaged by the free radicals produced.
The most important antioxidant for neutralizing the free radicals produced in phase I is glutathione. In the process of neutralizing free radicals, however, glutathione (GSH) is oxidized to glutathione disulfide (GSSG). Glutathione is required for one of the key phase II detoxification processes. When high levels of toxin exposure produce so many free radicals from phase I detoxification that the glutathione is depleted, the phase II processes dependent upon glutathione stop.
Another potential problem occurs because the toxins transformed into activated intermediates by phase I are substantially more reactive. Unless quickly removed from the body by phase II detoxification mechanisms,
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they can cause widespread problems, especially carcinogenesis. Therefore, the rate at which phase I produces activated intermediates must be balanced by the rate at which phase II finishes their processing. People with a very active phase I detoxification system coupled with slow or inactive phase II enzymes are termed “pathological detoxifiers”. These people suffer unusually severe toxic reactions to environmental poisons.
An imbalance between phase I and phase II can also occur when a person is exposed to large amounts of toxins or exposed to toxins for a long period of time. In these situations, the critical nutrients needed for phase II detoxification are depleted, which allows the highly toxic activated intermediates to build up.
Recent research shows that the cytochrome P450 enzyme systems are also found in other parts of the body, especially the brain cells. Inadequate antioxidants and nutrients in the brain result in an increased rate of neuron damage, such as seen in Alzheimer’s and Parkinson’s disease patients.
As with all enzymes, the cytochrome P450s require several nutrients, listed in Table 50.4 , in order to function.
A considerable amount of research has found that
TABLE 50-4-- Nutrients needed by phase I detoxification
• Copper
• Magnesium (deficiency substantially increases toxicity of many drugs)
• Zinc
• Vitamin C

TABLE 50-5-- Substances that activate phase I detoxification
Drugs
• Alcohol
• Nicotine in cigarette smoke
• Phenobarbital
• Sulfonamides
• Steroids
Foods
• Cabbage, broccoli, and brussels sprouts
• Charcoal-broiled meats (due to their high levels of toxic compounds)
• High-protein diet
• Oranges and tangerines (but not grapefruits)
Nutrients
• Niacin
• Vitamin B1 (thiamin)
• Vitamin C
Herbs
• Caraway and dill seeds
Environmental toxins
• Carbon tetrachloride
• Exhaust fumes
• Paint fumes
• Dioxin
• Pesticides

TABLE 50-6-- Inhibitors of phase I detoxification
Drugs
• Benzodiazepines (e.g. Halcion, Centrax, Librium, Valium, etc.)
• Antihistamines (used for allergies)
• Cimetidine and other stomach-acid secretion blocking drugs (used for stomach ulcers)
• Ketoconazole
• Sulfaphenazole
Foods
• Naringenin from grapefruit juice
• Curcumin from the spice turmeric
• Capsaicin from red chili pepper
• Eugenol from clove oil
• Quercetin from onions
Botanicals
• Curcuma longa (curcumin)
• Capsicum frutescens (capsaicin)
• Eugenia caryophyllus (eugenol)
• Calendula officinalis
Other
• Aging
• Toxins from inappropriate bacteria in the intestines

various substances activate cytochrome P450 (see Table 50.5 ) while other substances inhibit it (see Table 50.6 ).
Inducers of phase I detoxification
Cytochrome P450 is induced by some toxins and by some foods and nutrients. Obviously, it is beneficial to improve phase I detoxification in order to eliminate toxins as soon as possible. This is best accomplished by providing the needed nutrients and non-toxic stimulants while avoiding those substances that are toxic. However, stimulation of phase I is contraindicated if the patient’s phase II systems are underactive.
All of the drugs and environmental toxins listed in Table 50.5 activate P450 to combat their destructive effects, and in so doing, not only use up compounds needed for this detoxification system but contribute significantly to free radical formation and oxidative stress.
Among foods, the brassica family, i.e. cabbage, broccoli, and brussels sprouts, contains chemical constituents that stimulate both phase I and phase II detoxification enzymes. One such compound is indole-3-carbinol, which is also a powerful anti-cancer chemical. It is a very active stimulant of detoxifying enzymes in the gut as well as the liver.[23] The net result is significant protection against several toxins, especially carcinogens. This helps to explain why consumption of cabbage family vegetables protects against cancer.
Oranges and tangerines (as well as the seeds of caraway and dill) contain limonene, a phytochemical that has been found to prevent and even treat cancer in animal models.[24] Limonene’s protective effects are probably due to the fact that it is a strong inducer of both phase I and phase II detoxification enzymes that neutralize carcinogens.
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Inhibitors of phase I detoxification
Many substances inhibit cytochrome P450. This situation can cause substantial problems as it makes toxins potentially more damaging because they remain in the body longer before detoxification. For example, grapefruit juice decreases the rate of elimination of drugs from the blood and has been found to substantially alter their clinical activity and toxicity.[25] Eight ounces of grapefruit juice contains enough of the flavonoid naringenin to decrease cytochrome P450 activity by a remarkable 30%. The common inhibitors of phase I detoxification are listed in Table 50.6 .
Curcumin, the compound that gives turmeric its yellow color, is interesting because it inhibits phase I while stimulating phase II. This effect can be very useful in preventing certain types of cancer. Curcumin has been found to inhibit carcinogens, such as benzopyrene (the carcinogen found in charcoal-broiled meat), from inducing cancer in several animal models. It appears that the curcumin exerts its anti-carcinogenic activity by lowering the activation of carcinogens while increasing the detoxification of those that are activated. Curcumin has also been shown to directly inhibit the growth of cancer cells.[26] 
As most of the cancer-inducing chemicals in cigarette smoke are only carcinogenic during the period between activation by phase I and final detoxification by phase II, curcumin in the turmeric can help to prevent the cancer-causing effects of tobacco. In one human study, 16 chronic smokers were given 1.5 g/day of turmeric while six non-smokers served as a control group.[27] At the end of the 30 day trial, the smokers receiving the turmeric demonstrated significant reduction in the level of mutagens excreted in the urine. These results are quite significant as the level of urinary mutagens is thought to correlate with the systemic load of carcinogens and the efficacy of detoxification mechanisms. Those exposed to smoke, aromatic hydrocarbons, and other environmental carcinogens will probably benefit from the frequent use of curry or turmeric.
The activity of phase I detoxification enzymes decreases in old age. Aging also decreases blood flow though the liver, further aggravating the problem. Lack of the physical activity necessary for good circulation combined with the poor nutrition commonly seen in the elderly add up to a significant impairment of detoxification capacity, which is typically found in aging individuals. This helps to explain why toxic reactions to drugs are seen so commonly in the elderly.
Phase II detoxification
Phase II detoxification typically involves conjugation in which various enzymes in the liver attach small chemicals to the toxin. This conjugation reaction either neutralizes the toxin or makes the toxin more easily excreted through the urine or bile. Phase II enzymes act on some toxins directly, while others must first be activated by the phase I enzymes. There are essentially six phase II detoxification pathways:
• glutathione conjugation
• amino acid conjugation
• methylation
• sulfation
• acetylation
• glucuronidation.
Table 50.1 provides examples of toxins neutralized by each of these pathways. Some toxins are neutralized through several pathways.
In order to work, these enzyme systems need nutrients both for their activation and to provide the small molecules they add to the toxins. In addition, they utilize metabolic energy to function and to synthesize some of the small conjugating molecules. Thus, mitochondrial dysfunction, such as found in chronic fatigue syndrome, a magnesium deficiency or physical inactivity, can cause phase II detoxification to slow down, allowing the build-up of toxic intermediates. Table 50.7 lists the key nutrients needed by each of the six phase II detoxification systems. Table 50.8 lists the activators and Table 50.9 the inhibitors of phase II enzymes.
Glutathione conjugation
A primary phase II detoxification route is conjugation with glutathione (a tripeptide composed of three amino
TABLE 50-7-- Nutrients needed by phase II detoxification enzymes
Phase II system
Required nutrients
Glutathione conjugation
Glutathione, vitamin B6 
Amino acid conjugation
Glycine
Methylation
S-adenosyl-methionine
Sulfation
Cysteine, methionine, molybdenum
Acetylation
Acetyl-CoA
Glucuronidation
Glucuronic acid

TABLE 50-8-- Inducers of phase II detoxification enzymes
Phase II system
Inducer
Glutathione conjugation
Brassica family foods (cabbage, broccoli, and brussels sprouts), limonene-containing foods (citrus peel, dill weed oil, and caraway oil)
Amino acid conjugation
Glycine
Methylation
Lipotropic nutrients (choline, methionine, betaine, folic acid, and vitamin B12 )
Sulfation
Cysteine, methionine, taurine
Acetylation
None found
Glucuronidation
Fish oils, cigarette smoking, birth control pills, phenobarbital, limonene-containing foods
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TABLE 50-9-- Inhibitors of phase II detoxification enzymes
Phase II system
Inhibitor
Glutathione conjugation
Selenium deficiency, vitamin B2 deficiency, glutathione deficiency, zinc deficiency
Amino acid conjugation
Low protein diet
Methylation
Folic acid or vitamin B12 deficiency
Sulfation
Non-steroidal anti-inflammatory drugs (e.g. aspirin), tartrazine (yellow food dye), molybdenum deficiency
Acetylation
Vitamin B2 , B5 , or C deficiency
Glucuronidation
Aspirin, probenecid

TABLE 50-10-- Phase II glutathione conjugation
Detoxifies
Acetaminophen, nicotine, organophosphates (insecticides), epoxides (carcinogens)
Nutrients needed
Glutathione, B6 
Activators
Brassica family foods (cabbage, broccoli, brussels sprouts), limonene-containing foods (citrus peel, dill weed, and caraway oil)
Inhibitors
Deficiency of vitamin B2 , glutathione, selenium, zinc
Clinical indicators of dysfunction
Chronic exposure to chemical toxins, chronic alcohol consumption
Laboratory assessment
Acetaminophen clearance shows low urine acetaminophen mercaptuates

acids – cysteine, glutamic acid, and glycine) ( Table 50.10 ). Glutathione conjugation produces water-soluble mercaptates which are excreted via the kidneys. The elimination of fat-soluble compounds, especially heavy metals like mercury and lead, is dependent upon adequate levels of glutathione, which in turn is dependent upon adequate levels of methionine and cysteine.
When increased levels of toxic compounds are present, more methionine is utilized for cysteine and glutathione synthesis. Methionine and cysteine have a protective effect on glutathione and prevent depletion during toxic overload. This, in turn, protects the liver from the damaging effects of toxic compounds and promotes their elimination.
Glutathione is also an important antioxidant. This combination of detoxification and free radical protection results in glutathione being one of the most important anticarcinogens and antioxidants in our cells, which means that a deficiency is cause of serious liver dysfunction and damage.[28] 
Exposure to high levels of toxins depletes glutathione faster than it can be produced or absorbed from the diet. This results in increased susceptibility to toxin-induced diseases, such as cancer, especially if phase I detoxification system is highly active.[29] 
Disease states due to glutathione deficiency are not uncommon. A deficiency can be induced either by diseases that increase the need for glutathione, deficiencies of the nutrients needed for synthesis, or diseases that inhibit its formation. For example, patients with idiopathic pulmonary fibrosis, adult respiratory distress syndrome, HIV infection, hepatic cirrhosis, cataract formation, and advanced AIDS have been found to have a deficiency of glutathione, probably due to their greatly increased need for glutathione, both as an antioxidant and for detoxification.[30] Smoking increases the rate of utilization of glutathione, both in the detoxification of nicotine and in the neutralization of free radicals produced by the toxins in the smoke.
Glutathione is available through two routes: diet and synthesis. Dietary glutathione (found in fresh fruits and vegetables, cooked fish, and meat) is absorbed well by the intestines and does not appear to be affected by the digestive processes. Dietary glutathione in foods appears to be efficiently absorbed into the blood.[31] However, the same may not be true for glutathione supplements.
In one study, seven healthy subjects were given a single dose of up to 3,000 mg of glutathione. Blood values indicated that the concentration of glutathione did not increase significantly, suggesting the systemic availability of a single dose of up to 3,000 mg of glutathione is negligible.[32] The authors of the study concluded: “It is not feasible to increase circulating glutathione to a clinically beneficial extent by the oral administration of a single dose of 3 g of glutathione.”[32] 
In contrast, in healthy individuals, a daily dosage of 500 mg of vitamin C may be sufficient to elevate and maintain good tissue glutathione levels. In one double-blind study, the average red blood cell glutathione concentration rose nearly 50% with 500 mg/day of vitamin C.[33] Increasing the dosage to 2,000 mg only raised RBC glutathione levels by another 5%.
Vitamin C raises glutathione by increasing its rate of synthesis. In addition, to vitamin C, other compounds which can help increase glutathione synthesis include N-acetylcysteine (NAC), glycine, and methionine.
In an effort to increase antioxidant status in individuals with impaired glutathione synthesis, a variety of antioxidants have been used. Of these agents, only vitamin C and NAC have been able to offer some possible benefit. To determine the relative effectiveness of vitamin C vs. NAC, a 45-month-old girl with an inherited deficiency of glutathione synthesis was followed before and during treatment with vitamin C or NAC. High doses of vitamin C (500 mg/day or 3 g/day) or NAC (800 mg/day) were given for 1–2 weeks. Measurements of glutathione (GSH) levels indicated that 3 g/day of vitamin C increased white blood cell GSH fourfold and plasma GSH levels eightfold. NAC also increased white blood cell (3.5-fold) and plasma (two- to fivefold) GSH. Based on these results, it was decided that vitamin C would be given for 1 year at the 3 g/day dosage. At the end of a year, glutathione levels remained elevated and the hematocrit increased from a baseline 25.4 to 32.6% and the reticulocyte
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count decreased from 11 to 4%. These results indicate that vitamin C can decrease cellular damage in patients with hereditary glutathione deficiency and is more effective than the more expensive NAC.[34] 
Over the past 5–10 years the use of NAC and glutathione products as antioxidants has become increasingly popular among nutritionally oriented physicians and the public. While supplementing the diet with high doses of NAC may be beneficial in cases of extreme oxidative stress (e.g. AIDS, cancer patients going through chemotherapy, or drug overdose), it may be an unwise practice in healthy individuals. One study indicated that when NAC was given orally to six health volunteers at a dosage of 1.2 g/day for 4 weeks, followed by 2.4 g/day for an additional 2 weeks, it actually increased oxidative damage by acting as a pro-oxidant.[35] Compared with controls, the concentration of glutathione in NAC-treated subjects was reduced by 48% and the concentration of oxidized glutathione was 80% higher. Oxidative stress increased by 83% in those receiving NAC.
Amino acid conjugation
Several amino acids (glycine, taurine, glutamine, arginine, and ornithine) are used to combine with and neutralize toxins ( Table 50.11 ). Of these, glycine is the most commonly utilized in phase II amino acid detoxification. Patients suffering from hepatitis, alcoholic liver disorders, carcinomas, chronic arthritis, hypothyroidism, toxemia of pregnancy, and excessive chemical exposure are commonly found to have a poorly functioning amino acid conjugation system. For example, using the benzoate clearance test (a measure of the rate at which the body detoxifies benzoate by conjugating it with glycine to form hippuric acid, which is excreted by the kidneys), the rate of clearance in those with liver disease is 50% of that in healthy adults.[36] 
Even in apparently normal adults, a wide variation exists in the activity of the glycine conjugation pathway. This is due not only to genetic variation, but also to the availability of glycine in the liver. Glycine and the other amino acids used for conjugation become deficient on a low-protein diet and when chronic exposure to toxins results in depletion.
TABLE 50-11-- Phase II amino acid conjugation
Detoxifies
Benzoate, aspirin
Nutrients needed
Glycine
Activators
Glycine
Inhibitors
Low protein diet
Clinical indicators of dysfunction
Intestinal toxicity

Toxemia of pregnancy
Laboratory assessment
Acetylsalicylic acid clearance shows low urine salicyluric acid

TABLE 50-12-- Phase II methylation
Detoxifies
Dopamine, epinephrine, histamine, thiouracil
Nutrients needed
S-adenosylmethionine
Activators
Lipotropic nutrients (choline, methionine, betaine, folic acid, and vitamin B12 )
Inhibitors
Folic acid or vitamin B12 deficiency
Clinical indicators of dysfunction
Premenstrual syndrome, estrogen excess, cholestasis,OCA use
Laboratory assessment


Methylation
Methylation involves conjugating methyl groups to toxins ( Table 50.12 ). Most of the methyl groups used for detoxification come from S-adenosylmethionine (SAM). SAM is synthesized from the amino acid methionine, a process which requires the nutrients choline, vitamin B12 , and folic acid.
SAM is able to inactivate estrogens (through methylation), supporting the use of methionine in conditions of estrogen excess, such as PMS. Its effects in preventing estrogen-induced cholestasis (stagnation of bile in the gall bladder) have been demonstrated in pregnant women and those on oral contraceptives.[37] In addition to its role in promoting estrogen excretion, methionine has been shown to increase the membrane fluidity that is typically decreased by estrogens, thereby restoring several factors that promote bile flow. Methionine also promotes the flow of lipids to and from the liver in humans. Methionine is a major source of numerous sulfur-containing compounds, including the amino acids cysteine and taurine.
Sulfation
Sulfation is the conjugation of toxins with sulfur-containing compounds ( Table 50.13 ). The sulfation system is important for detoxifying several drugs, food additives, and, especially, toxins from intestinal bacteria and the environment.
In addition to environmental toxins, sulfation is also used to detoxify some normal body chemicals and is the main pathway for the elimination of steroid and thyroid
TABLE 50-13-- Phase II sulfation
Detoxifies
Aniline dyes, coumarin, acetaminophen, methyl-dopa, estrogen, testosterone, thyroid
Nutrients needed
Cysteine, methionine, molybdenum
Activators
Cysteine, methionine, taurine
Inhibitors
Tartrazine dye, non-steroidal anti-inflammatory drugs (e.g. aspirin)

Molybdenum deficiency
Clinical indicators of dysfunction
Intestinal toxicity, Parkinson’s disease, Alzheimer’s disease, rheumatoid arthritis
Laboratory assessment
Acetaminophen clearance shows low urine acetaminophen sulfates
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hormones. Since sulfation is also the primary route for the elimination of neurotransmitters, dysfunction in this system may contribute to the development of some nervous system disorders.
Many factors influence the activity of sulfate conjugation. For example, a diet low in methionine and cysteine has been shown to reduce sulfation.[38] Sulfation is also reduced by excessive levels of molybdenum or vitamin B6 (over about 100 mg/day).[39] In some cases, sulfation can be increased by supplemental sulfate, extra amounts of sulfur-containing foods in the diet, and the amino acids taurine and glutathione.
Acetylation
Conjugation of toxins with acetyl-CoA is the primary method by which the body eliminates sulfa drugs ( Table 50.14 ). This system appears to be especially sensitive to genetic variation, with those having a poor acetylation system being far more susceptible to sulfa drugs and other antibiotics. While not much is known about how to directly improve the activity of this system, it is known that acetylation is dependent on thiamin, pantothenic acid, and vitamin C.[40] 
Glucuronidation
Glucuronidation, the combining of glucuronic acid with toxins, requires the enzyme UDP-glucuronyl transferase (UDPGT) ( Table 50.15 ). Many of the commonly prescribed drugs are detoxified through this pathway. It also helps to detoxify aspirin, menthol, vanillin (synthetic vanilla), food additives such as benzoates, and some hormones. Glucuronidation appears to work well, except for those with Gilbert’s syndrome – a relatively common syndrome characterized by a chronically elevated serum
TABLE 50-14-- Phase II acetylation
Detoxifies
Sulfonamides, mescaline
Nutrients needed
Acetyl-CoA
Inhibitors
Vitamin B2 , B5 , or C deficiency

TABLE 50-15-- Phase II glucuronidation
Detoxifies
Acetaminophen, morphine, diazepam, digitalis, aspirin, vanillin, benzoates
Nutrients needed
Glucuronic acid
Activators
Fish oils, limonene-containing foods, birth control pills, cigarette smoking, phenobarbital
Inhibitors
Aspirin, probenecid
Clinical indications of dysfunction
Gilbert’s disease, yellow discoloration of eyes and skin, not due to hepatitis
Laboratory assessment
Acetaminophen clearance shows low urine acetaminophen glucuronide

bilirubin level (1.2–3.0 mg/dl). Previously considered rare, this disorder is now known to affect as much as 5% of the general population. The condition is usually without serious symptoms, although some patients do complain about loss of appetite, malaise, and fatigue (typical symptoms of impaired liver function). The main way this condition is recognized is by a slight yellowish tinge to the skin and white of the eye due to inade- quate metabolism of bilirubin, a breakdown product of hemoglobin.
The activity of UDPGT is increased by foods rich in the monoterpene limonene (citrus peel, dill weed oil, and caraway oil). Methionine administered as SAM has been shown to be quite beneficial in treating Gilbert’s syndrome.[41] 
Sulfoxidation
Sulfoxidation is the process by which the sulfur-containing molecules in drugs (such as chlorpromazine) and foods (such as garlic) are metabolized ( Table 50.16 ). It is also the process by which the body eliminates the sulfite food additives used to preserve many foods and drugs. Various sulfites are widely used in potato salad (as a preservative), salad bars (to keep the vegetable looking fresh), dried fruits (sulfites keep dried apricots orange), and some drugs (such as those used in the past for asthma). Normally, the enzyme sulfite oxidase metabolizes sulfites to safer sulfates, which are then excreted in the urine. Those with a poorly functioning sulfoxidation system, however, have an increased ratio of sulfite to sulfate in their urine.
The strong odor in the urine after eating asparagus is an interesting phenomenon because, while it is unheard of in China, 100% of the French have been estimated to experience such an odor (about 50% of adults in the US notice this effect). This situation is an excellent example of genetic variability in liver detoxification function.
Those with a poorly functioning sulfoxidation detoxification pathway are more sensitive to sulfur-containing drugs and foods containing sulfur or sulfite additives. This is especially important for asthmatics, who can react to these additives with life-threatening attacks. Dr Jonathan Wright discovered several years ago that providing molybdenum to asthmatics with an elevated
TABLE 50-16-- Sulfoxidation
Detoxifies
Sulfites, garlic compounds, chlorpromazine
Nutrients needed
Molybdenum
Activators
Molybdenum
Clinical indicators of dysfunction
Adverse reactions to sulfite food additives, garlic; asthma reactions after eating at a restaurant; eating asparagus results in a strong urine odor
Laboratory assessment
Elevated urine sulfite/sulfate ratio
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ratio of sulfites to sulfates in their urine resulted in a significant improvement in their condition. Molybdenum helps because sulfite oxidase is dependent upon this trace mineral. Although most nutrition textbooks believe it to be an uncommon deficiency, an Austrian study of 1,750 patients found that 41.5% were molybdenum-deficient.[42] 
Bile excretion
One of the primary routes for the elimination of modified toxins is through the bile. However, when the excretion of bile is inhibited (i.e. cholestasis), toxins stay in the liver longer. Cholestasis has several causes, including obstruction of the bile ducts and impairment of bile flow within the liver. The most common cause of obstruction of the bile ducts is the presence of gallstones. Currently, it is conservatively estimated that 20 million people in the US have gallstones. Nearly 20% of the female and 8% of the male population over the age of 40 are found to have gallstones on biopsy and approximately 500,000 gall bladders are removed because of stones each year in the US. The prevalence of gallstones in this country has been linked to the high-fat, low-fiber diet consumed by the majority of Americans.
Impairment of bile flow within the liver can be caused by a variety of agents and conditions, as listed in Table 50.17 . These conditions are often associated with alterations of liver function in laboratory tests (serum bilirubin, alkaline phosphatase, SGOT, LDH, GGTP, etc.) signifying cellular damage. However, relying on these tests alone to evaluate liver function is not adequate, since, in the initial or subclinical stages of many problems with liver function, laboratory values remain normal. Among the symptoms people with enzymatic damage may complain of are:
• fatigue
• general malaise
• digestive disturbances
• allergies and chemical sensitivities
• premenstrual syndrome
• constipation.

TABLE 50-17-- Causes of cholestasis
• Presence of gallstones
• Alcohol
• Endotoxins
• Hereditary disorders such as Gilbert’s syndrome
• Hyperthyroidism or thyroxine supplementation
• Viral hepatitis
• Pregnancy
• Certain chemicals or drugs
  —natural and synthetic steroidal hormones: anabolic steroids, estrogens, oral contraceptives
  —aminosalicylic acid
  —chlorothiazide
  —erythromycin estolate
  —mepazine
  —phenylbutazone
  —sulphadiazine
  —thiouracil

Perhaps the most common cause of cholestasis and impaired liver function is alcohol ingestion. In some especially sensitive individuals, as little as 1 ounce of alcohol can produce damage to the liver, which results in fat being deposited within the liver. All active alcoholics demonstrate fatty infiltration of the liver.
Methionine administered as SAM has been shown to be quite beneficial in treating two common causes of stagnation of bile in the liver – estrogen excess (due to either oral contraceptive use or pregnancy) and Gilbert’s syndrome.[41] [43] 
Liver detoxification support
Nutritional factors
Antioxidant vitamins like vitamin C, beta-carotene, and vitamin E are obviously quite important in protecting the liver from damage as well as helping in the detoxification mechanisms, but even simple nutrients like B vitamins, calcium, and trace minerals are critical in the elimination of heavy metals and other toxic compounds from the body.[44] [45] [46] 
The lipotropic agents, choline, betaine, methionine, vitamin B6 , folic acid, and vitamin B12 , are useful as they promote the flow of fat and bile to and from the liver. Lipotropic formulas have been used for a wide variety of conditions by nutrition-oriented physicians including a number of liver disorders such as hepatitis, cirrhosis, and chemical-induced liver disease.
Lipotropic formulas appear to increase the levels of SAM and glutathione. Although SAM is not currently available in the United States, methionine, choline, and betaine have been shown to increase the levels of SAM.[47] [48] [49] 
Botanical medicines
There is a long list of plants which exert beneficial effects on liver function. However, the most impressive research has been done on silymarin, the flavonoids extracted from Silybum marianum (milk thistle). These compounds exert a substantial effect on protecting the liver from damage as well as enhancing detoxification processes. Silymarin prevents damage to the liver through several mechanisms: by acting as an antioxidant, by increasing the synthesis of glutathione and by increasing the rate of liver tissue regeneration.[50] [51] [52] 
Silymarin is many times more potent in antioxidant activity than vitamin E and vitamin C. The protective effect of silymarin against liver damage has been demonstrated in numerous experimental studies. For example,
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silymarin has been shown to protect the liver from the damage produced by such liver-toxic chemicals as carbon tetrachloride, amanita toxin, galactosamine, and praseodymium nitrate.[50] [51] [52] 
One of the key mechanisms by which silymarin enhances detoxification is by preventing the depletion of glutathione. Silymarin not only prevents the depletion of glutathione induced by alcohol and other toxic chemicals, but has been shown to increase the level of glutathione of the liver by up to 35%, even in normals.[53] 
In human studies, silymarin has been shown to have positive effects in treating liver diseases of various kinds, including cirrhosis, chronic hepatitis, fatty infiltration of the liver (chemical- and alcohol-induced fatty liver), and inflammation of the bile duct.[54] [55] [56] [57] [58] The standard dosage for silymarin is 70–210 mg three times/day.
HEAVY METAL DETOXIFICATION
Nutritional factors which combat heavy metal poisoning include:[1] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] [69] 
• a high potency multiple vitamin and mineral supplement
• minerals such as calcium, magnesium, zinc, iron, copper, and chromium
• vitamin C and B-complex vitamins
• sulfur-containing amino acids (methionine, cysteine, and taurine) and high sulfur-containing foods like garlic, onions, and eggs
• water-soluble fibers such as guar gum, oat bran, pectin, and psyllium seed.
Heavy metal toxicity and detoxification are discussed in detail in Chapters 18 and 37 . 
SYSTEMIC DETOXIFICATION
Over the millennia, several traditional systemic detoxification procedures have evolved: fasting, saunas, and hydrotherapy. Recent research has now not only documented their efficacy for many of the common toxins but also helped refine our understanding of how to better apply them.
Fasting
Fasting is often used as a detoxification method as it is one of the quickest ways to increase elimination of wastes and enhance the healing processes of the body. Fasting is defined as “abstinence from all food and drink except water for a specific period of time, usually for a therapeutic or religious purpose” (see Ch. 47 for a full discussion of this useful therapy and specific instructions on its utilization).
Although therapeutic fasting is probably one of the oldest known therapies, it has been largely ignored by the medical community despite a substantial body of published research. Fasting has been studied in the treatment of:
• obesity
• chemical poisoning
• rheumatoid arthritis
• allergies
• psoriasis
• eczema
• thrombophlebitis
• leg ulcers
• the irritable bowel syndrome
• impaired or deranged appetite
• bronchial asthma
• depression
• neurosis
• schizophrenia.
One of the most significant studies regarding fasting and detoxification involved patients who had ingested rice oil contaminated with polychlorinated-biphenyls (PCBs). All patients reported improvement in symptoms, and some observed “dramatic” relief, after undergoing 7–10 day fasts.[70] This documented efficacy with fat-soluble toxins also indicates the need for care when fasting patients with high levels of these toxins and impaired detoxification mechanisms. For example, the pesticide DDT has been shown to be mobilized during a fast and may reach blood levels toxic to the nervous system.[6] 
Another challenge with fasting is the depletion of liver glutathione, which occurs after approximately 24 hours. This leads to impairment of free radical quenching from phase I and impaired glutathione conjugation. This has led to the development of “modified food fasts”.
Several products are now on the market to help aid the detoxification process. When used properly as part of a fast, these products initiate the same detoxification processes, albeit at a lower rate, while ensuring the availability of the critical nutrients needed to maintain energy and the liver’s detoxification processes. Especially important are glutathione, antioxidants, and botanicals like Silybum marianum.
Saunas
Saunas are an age-old detoxification therapy. They are based on the concept that as the body sweats, toxins are released through the skin. Prolonged saunas (over an hour at a lower temperature) are thought to increase the excretion of fatty acids through the skin and thus fat-soluble toxins. There is some research that documents this method of detoxification. One group of researchers studied 14 firemen who had been exposed to highly toxic polychlorinated biphenyls in a transformer fire and
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TABLE 50-18-- Effects of extended time, modest temperature saunas[72] [73] [74] [75] 
• Increases excretion of heavy metals (cadmium, lead)
• Increases excretion of fat-soluble chemicals (PCBs, PBBs, and HCBs)
• Increases excretion of trace minerals
• Increases lipolysis, growth hormone

explosion and who subsequently developed neuropsychological problems 6 months after the fire. They underwent 2–3 weeks of experimental detoxification, which was a medically supervised diet, exercise, and sauna program. They were compared with firemen from the same department who did not participate in the detoxification program. Those who followed the detoxification program showed significant improvement in scores in three memory tests as compared with those who did not.[71] Self-appraisal for depression, anger, and fatigue, however, did not improve. This was a very short period of time for eliminating such toxins, but the results do suggest potential benefit. Table 50.18 lists the detoxification benefits of extended time, modest temperature saunas. Note, however, that this procedure also increases the secretion of essential trace minerals.[72] 
As valuable as saunas are, they must be used with care as greatly elevating body temperature can cause problems in some situations. Specifically, they are contraindicated in pregnant women in their first trimester, young children, adults with heart disease or seizure disorders, immediately after intense exercise, and after drinking alcohol or ingesting cocaine.[76] 
Hydrotherapy
Hydrotherapy, the application of hot and/or cold water to the various surfaces of the body, has been used for health promotion and detoxification throughout recorded history (see Ch. 42 for a full discussion). Some research is now documenting its efficacy in increasing the elimination of toxins, specifically lead.
A very interesting retrospective and experimental study evaluated the efficacy of the historic Bath General Hospital in treating lead poisoning. The hospital was established in 1741 to both treat patients suffering from lead poisoning (and other maladies) and objectively evaluate the efficacy of the therapies. Meticulous records were kept, and, considering the clear clinical picture of lead poisoning (colica pictonum), the diagnosis and evaluation, which were made by teams of doctors to limit bias, appear reliable. The researchers analyzed 120 years of documents which recorded the efficacy of the baths in 3,377 patients with lead poisoning. Their success was remarkable: 45.4% cured and 93% improved. As a control, they analyzed several other diseases for which the baths were used and found far lower success rates. The treatment protocol was composed of full-body (standing) immersion in 35°C water for at least 1.5 hours at least three times per week. In addition, the patients drank 1–1.5 pints of the Bath mineral waters a day. The average stay was 150 days.
The same researchers then conducted physiological experiments to determine if a rationale for this efficacy could be established. They found that full immersion increased cardiac output by 50% and increased urinary excretion of lead a remarkable 250%. The peak lead excretion was reached at 2.5 hours.[77] 


SUMMARY 
Detoxification of harmful substances is a continual process in the body. The ability to detoxify and eliminate toxins largely determines an individual’s health status. A number of toxins (heavy metals, solvents, pesticides, microbial toxins, etc.) are known to cause significant health problems and their concentration in the environment continues to increase. Optimal functioning of the detoxification systems combined with periodic systemic detoxification are important tools for the health promotion-oriented physician.
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Therapeutic fasting

Trevor K. Salloum ND 

INTRODUCTION
Fasting is defined as abstinence from all food and drink except water for a specific period of time, usually for a therapeutic or religious purpose.[1] This process spares essential tissue (e.g. vital organs) while utilizing non-essential tissue (e.g. adipose tissue, digestive enzymes, muscle contractile fibers, and glycolytic enzymes) for fuel.
Some medical references use the terms fasting and starvation interchangeably. Unlike fasting, starvation is a process in which the body uses essential tissue for fuel. During starvation, the body relies on protein as a major fuel source, as most fat stores have been depleted. If an organism does not receive food at the end of the maximum fasting period (several weeks to months depending on fat stores, metabolism, stress, and activity), starvation follows and death will ensue.[2] 
Although the term fasting is used loosely in medical literature, the strictest definition (water only) is the focus of this chapter. Some medical studies recommend supplementation with vitamins, fruit and vegetable juices, acaloric fluids (coffee, tea, etc.), and drugs while the patient is “fasting”. These practices have not been shown to produce any advantage, and serious problems have sometimes occurred, especially when non-essential medication was permitted. (In special cases it may be necessary to maintain the patient on essential medication while fasting, e.g. thyroid, prednisone, and insulin.)
Although therapeutic fasting is probably one of the oldest known therapies, it has been the object of only limited study by the scientific community. The most recent development in the study and promotion of fasting has been the formation of the International Association of Hygenic Physicians (IAHP).[3] This organization comprises doctors specializing in therapeutic fasting as an integral part of total health care. The section on clinical protocol below reflects the format practiced by the IAHP. Any doctor contemplating the use of therapeutic fasting should receive adequate training. The IAHP provides guidelines for doctors interested in this training.[3] 
Another recent development has been the work of clinical ecologists who use short-term fasting as part of their diagnosis and treatment of food intolerance.[4] [5] 
HISTORY
Throughout history, people of various cultures and religions have recognized the value of fasting. Numerous references occur in the Bible, Koran, pagan writings, and writings of the ancient Greeks.[6] [7] [8] 
One of the earliest doctors to use therapeutic fasting in the United States was Isaac Jennings MD (1788–1874). In 1822, Jennings discarded the use of drugs and, through the influence of a Presbyterian preacher, Sylvester Graham (1794–1851), began advocating fasting and other aspects of hygienic treatment (vegetarian diet, pure water, sunshine, clean air, exercise, emotional poise, and rest). This later came to be known as the Natural Hygiene or Hygienic system.[9] [10] [11] 
Other doctors who followed in the hygienic tradition included: James C. Jackson (1811–1895), Russell T. Trall (1812–1877), William A. Alcott (1798–1859), Mary Grove Nichols (1810–1884), Thomas L. Nichols (1815–1901), Edward H. Dewey (1837–1904), George H. Taylor (1821–1896), Harriet Austin (1826–1891), Charles E. Page (1840–1925), Emmett Densmore (1837–1911), Helen Densmore (?–1904), Susanna W. Dodds (1830–1915), Felix Oswald (1845–1906), Robert Walter (1841–1921), John H. Tilden (1851–1940), and George S. Weger (1874–1935). Most of these physicians graduated as MDs from eclectic medical schools, and they published various works on hygiene.[9] [10] [11] [12] [13] [14] [15] [16] 
Herbert M. Shelton
The hygienic lineage continued into the mid-1900s, mainly due to Herbert M. Shelton (1895–1985), who developed a stricter protocol for fasting (water only; no enemas, exercise, or treatments; and complete rest) and other aspects of hygiene. Shelton began his study of fasting in 1911 by reading the popular writers of his day: Sinclair, Carrington, Hazzard, Haskell, Purinton, Tilden, and MacFadden. He studied under the fasting authorities of his time at MacFadden’s College (Chicago, IL), Crane’s Sanatorium (Elmhurst, IL), and Crandall’s Health School (York, PA).[9] [10] (Among the earliest fasting institutions of this time were MacFadden’s Healthatorium, Tilden’s Health School, Lindlahr’s Nature Cure Sanatoriums, and Lust’s Jungborn – operated by Benedict Lust, the founder of naturopathy in the United States.[10] ) In 1924, he completed doctorates from the American School of Chiropractic and the American School of Naturopathy in New York.
Shelton was a dynamic lecturer, prolific writer, and publisher. He founded (in 1928) a fasting institution and health school which provided services for over 40 years.[9] In 1949, along with William Esser ND DC, Christopher Gian-Cursio ND DC, and Gerald Benesh ND DC, he formed the American Natural Hygiene Society,[9] [16] a lay organization dedicated to preserving the tenets of hygiene. In 1978, a professional branch was formed, the aforementioned International Association of Hygenic Physicians.[3] Today, the IAHP organizes annual meetings, a journal, research and certification for doctors specializing in therapeutic fasting.
CLINICAL RESEARCH
Research into fasting has been reported since 1880. Since then, medical journals have carried articles on the use of fasting in the treatment of:
• diabetes
• mental disease
• skin disease
• obesity
• cardiovascular disease
• gastrointestinal disease
• chemical poisoning
• arthritis
• allergies.
The earliest research was primarily observational; physiologic and metabolic changes were recorded while an individual fasted. These included: Tanner, 40 days (1880);[17] Jacques, 30 days (1887) and 40 days (1888);[18] Penny, 30 days (1905);[19] and Levanzin, 31 days (1912).[20] The earliest record of therapeutic fasting in the medical literature occurred in 1910.
Further investigation into the physiologic changes that accompany fasting was conducted in 1923 at the University of Nebraska by Morgulis. This classic study, Fasting and undernutrition, provides an in-depth analysis of animal and human reactions during fasting.[21] 
In 1950, Ancel Keys and colleagues at the University of Minnesota compiled two volumes entitled The biology of human starvation. Thirty-two volunteers fasted for up to 8 months while detailed observations were made. These findings were compared with food deprivation observations which were made during the Second World War. Through their studies, the researchers found that fasting did not cause vitamin or mineral deficiencies and that diabetes and skin diseases improved.[22] 
Diabetes
Guelpa recorded the benefits of fasting in diabetes and gout, as well as in inflammation and surgery.[23] The treatment of diabetes with fasting was further explored by Allen in 1915. He noted that rest and fasting usually stopped glycosuria, and he also observed improvements in gangrene and carbuncles.[24] 
Epilepsy
The treatment of seizures through fasting was begun in the early 1900s in France by Guelpa & Marie (cited by Kernt).[25] In 1924, Hoeffel & Moriarty described fasting’s beneficial effects in epilepsy.[26] In 1928, Lennox, concurring with other researchers, found that the induction of ketosis via fasting decreased the length, severity, and number of seizures.[27] 
Obesity
Fasting for obesity has probably received more attention in the scientific literature than any other aspect. The earliest studies were conducted by Folin & Denis[28] who, in 1915, advocated short fasts as a safe and effective means to lose weight. Bloom,[29] Duncan,[30] [31] Drenick,[32] [33] and Thompson[34] have published numerous works on the use of short and long fasts in obesity. Perhaps the most famous study on obesity appeared in the Postgraduate Medical Journal of 1973, which reported the experience of a 27-year-old male who fasted without complications for 382 days and lost 276 pounds.[35] 
In general, weight loss during fasting is initially approximately 0.3% of body weight per day, with a gradual decrease to 0.10%/day after 30 days. The initial weight loss is primarily water and salt. For every pound lost, the body loses approximately 140 g of protein and 250 g of fat.[36] 
Although fasting is very effective for weight reduction, fasting alone, without counseling and other lifestyle modifications, does not insure long-term maintenance of the lower weight level. This is well documented in a study of 121 obese patients who were followed for 7.3 years after fasts which had averaged two months. After 2–3 years, 50% had reverted to their pre-fast weight, and by the end of the study 90% had reverted.[102] 
Heart disease
Studies of the effects of fasting on patients with heart disease began in the early 1960s. Duncan noted improvements in hypertension and chronic cardiac disease.[28] Others have also found fasting to be beneficial in heart disease, including Gresham,[33] Lawlor,[34] Suzuki,[35] Vessby,[36] and Sorbris.[37] Improvements noted include reduced triglycerides, blood pressure, atheromas, and total cholesterol; increased HDL/cholesterol ratio; and alleviation of congestive heart failure.[28] [33] [34] [35] [36] [37] 
Pancreatitis
In a random trial, in 1984, of 88 patients with acute pancreatitis, fasting was determined to be the treatment of choice. It was suggested that “fasting alone be initially used as the simpler and more economical therapy”. The finding was that “neither nasogastric suction nor cimetidine offer any advantage over fasting alone in the treatment of mild to moderate acute pancreatitis of any etiology.”[38] 
PCB and DDT contamination
A most encouraging use of fasting was published in the American Journal of Industrial Medicine in 1984. This study involved patients who had ingested rice oil contaminated with PCBs. All patients reported improvement in symptoms, and some observed “dramatic” relief, after undergoing 7–10 day fasts.[43] This research supports past studies conducted by Inamura of PCB-poisoned patients and indicates the therapeutic effects of fasting. Caution must be used, however, when treating patients known to suffer significant contamination with fat-soluble toxins. DDT is mobilized during a fast and may reach blood levels toxic to the nervous system.[44] 
Autoimmune disease
The beneficial effect of fasting in certain autoimmune diseases was reported in Lancet in 1958. The researchers found that fasting shortened the early stages of acute glomerulonephritis (reduced glomerular filtration rate, high blood pressure, and edema), thus improving the prognosis. They concluded that “all patients with acute glomerulonephritis should fast”.[45] Other autoimmune diseases that have responded to fasting include rosacea, lupus, and chronic uticaria.[46] [47] 
Arthritis
The subject of arthritis and fasting is receiving greater attention in the scientific literature, with most of the research coming from Scandinavia. Scientists have documented the anti-inflammatory effects of fasting with observations of decreased ESR, arthralgia, pain, stiffness, and need for medication.[48] [49] [50] [51] [52] [53] [54] [55] A 1984 US study of 43 patients with definite or classical rheumatoid arthritis found significant improvement in grip strength, pain, PIP swelling, ESR, and functional activity after a fast of 7 days.[52] 
A strong link between arthritis and food intolerance has been revealed through fasting (see also Ch. 51 ). The decrease in symptoms of rheumatoid arthritis during fasting may be due to the decrease in gut permeability which accompanies fasting.[51] This would reduce the absorption of antigenic molecules into the blood from the gastrointestinal tract. In the 1984 Bulletin on Rheumatic Diseases, Panush proposes two theories:[56] 
• nutritional modification might alter immune responsiveness and thereby affect manifestations of rheumatic diseases
• rheumatic disease may be a manifestation of a food allergy or hypersensitivity.
Food allergy
Fasting, in conjunction with food challenging, is now being used as a diagnostic test to determine food intolerances. Patients are fasted for a minimum of 4 days, and then individual foods are given to determine if a reaction occurs. This method correlates well with skin prick and RAST testing. A letter in the 1984 Lancet states: [57] 
When food avoidances prevent headaches, IBS, arthralgia and depression, it is more effective and less costly than traditional treatment and the observation also throws light on the etiology of the disorder.
Other diseases
Other diseases in which the scientific literature indicates that fasting has led to improvement include:
• psychosomatic diseases [39] 
• neurogenic bladder[39] 
• psoriasis [22] [30] [31] 
• eczema [22] [48] 
• thrombophlebitis [38] 
• varicose ulcers[58] 
• neurocirculatory disease[39] 
• IBS[39] 
• dysorexia nervosa (impaired or deranged appetite)[39] 
• bronchial asthma[39] 
• lumbago[39] 
• depression [39] 
• neurosis and schizophrenia [59] 
• parasites[60] 
• duodenal ulcers[61] 
• uterine fibroids. [46] 
These diseases are not a complete list of indications for fasting, but rather are those that have been studied in the scientific literature. There has been considerable empirical study of fasting in the treatment of a wide variety of diseases. Records of the results can be found in lay, hygienic, and medical literature published since the early 1900s.[62] [63] [64] [65] [66] [67] [68] [69] [70] The vast potential of therapeutic fasting is only beginning to be realized, as recent research reveals such pervasive and important effects as enhancement of immune system function.[53] [71] [72] [73] [74] [75] 
PHYSIOLOGY
The study of the physiology of fasting reveals a highly ordered series of events (see Fig. 47.1 ) which conserve body energy reserves while maintaining the basal metabolic rate (the BMR decreases by about 1%/day during fasting, until it stabilizes at about 75% of normal[36] ). It has been suggested that humans, like other species, have evolved special biochemical pathways to subsist for long periods of time without food.[76] During periods of food scarcity due to climate, injury, illness, etc., animals require adaptive mechanisms to survive. It is now apparent that, in addition to maintaining the BMR, fasting also enhances the healing process.
Research in the early 1990s using MRS indicated that glucogenesis may be responsible for 64% and hepatic glycogenolysis for 36% of fuel requirements in the first 22 hours of fasting. This is a radical departure from biochemistry of the past which suggested that hepatic glycogenolysis represented 65% of fuel requirements in the first 22 hours of fasting. Scientists agree that this preliminary research necessitates further studies before any strong conclusions can be reached.[77] [78] [79] 
The body’s response to the lack of energy input can be divided into three stages: early fasting, fasting, and starvation. Maintaining adequate energy resources for metabolism during fasting involves several adaptations, which change as the body moves from one stage to the next. The following discussion, Tables 47.1 , 47.2 , 47.3 , 47.4 , and 
Figure 47-1Energy reserve utilization during fasting. 



TABLE 47-1-- Mobilizable fuel reserves in a 70 kg man[80] 
Tissue (weight, kg)
Glucose/glycogen
Protein
Triglyceride

g
kcal
g
kcal
g
kcal
Blood (10)
15
60
100
400
5
45
Liver (1)
100
400
100
400
50
450
Intestines (1)
0
0
100
400
0
0
Brain (1.4)
2
8
40
160
0
0
Muscle (30)
300
1,200
4,000
16,000
600
5,400
Adipose (15)
20
80
300
1,200
12,000
108,000
Skin, lung spleen (4)
13
52
240
960
40
360
Total
450
1,800
4,880
19,520
12,695
114,255

TABLE 47-2-- Energy reserve utilization[36] [81] [82] [83] 
Energy source
Reserve * 
Glucose
1 hour
Digestion
4–8 hours
Glycogen
12 hours
Amino acids
48 hours
Protein
3 weeks (if protein were the only fuel used for gluconeogenesis)

24 weeks (obligatory loss only)
Triglycerides
8 weeks
* These estimates are based on 100% utilization of each fuel.




TABLE 47-3-- Daily resource utilization of an average 70 kg man during fasting[36] 
Resource
Early (g)
Late (g)
Protein
60–84
18–24
Fat
100–140 * 
160–200 * 
Glucose
100–180
80
Sodium
3.5–5.8
0.02–0.35
Potassium
1.6–1.8
0.4–0.6
* These values are much higher in obese individuals.




TABLE 47-4-- Summary of metabolic events in early versus late stages of fasting

Early
Late
Brain
Uses glucose for fuel
Adapts to using ketones and some glucose
Liver glycogen
Breaks down to supply glucose
Slowly regenerates
Amino acids
High demand for making glucose
Significantly reduced demand for making glucose
Glycerol
High demand for making glucose
Significantly reduced demand for making glucose
Fatty acids
Supply energy directly for most tissues
Major source of energy for most tissues, including ketones for brain
Metabolic rate
Slight reduction
Significant reduction
Net effect
High use of protein to supply glucose to the brain
Less need for glucose, conservation of protein, utilization of fat reserved

Figures 47.1 and 47.2 describe these stages and their metabolic significance. First, however, a summary of energy production and utilization is useful.
Energy production and utilization
Glucose, fatty acids, and L-amino acids are the major fuels of the body. Although a complete description of their metabolism is beyond the scope of this chapter (a good resource is Biochemistry: a case-oriented approach [82] ), their use for energy production can be simplified as follows:
Fatty acid catabolism occurs in the mitochondria of virtually all tissues except the brain and red blood cells. In the energy-producing process of beta-oxidation, two-carbon fragments are successively removed from the fatty acid to form acetyl CoA and ATP. The acetyl CoA enters the Krebs cycle for conversion to more ATP. 
Energy production from glucose metabolism is primarily through the formation of pyruvate (glycolysis), which is converted to acetyl CoA for entry into the Krebs cycle. 
When used for energy production, the L-amino acids are, in general, converted to pyruvate, alpha-ketoglutarate, and oxaloacetate, again for entry into the Krebs cycle. 

Figure 47-2Mechanisms of glucose production during fasting 



The major form of utilizable energy in all cells is ATP, which is produced by oxidative catabolism of D-glucose, alpha-ketones, fatty acids, and/or L-amino acids.
The energy for resting heart and skeletal muscle is met primarily by oxidation of acetoacetate (produced by the liver from acetyl CoA) and fatty acids, and secondarily by glucose oxidation. Muscle contraction requires a continuous supply of ATP, large amounts of which may be almost instantaneously produced by massive conversion of glycogen to lactate (the primary purpose of muscle glycogen). During extreme muscle activity, other short-term energy sources, such as phosphocreatine, are also used. Neither of these is utilized, however, to maintain energy levels during fasting. Exercise also greatly increases glucose utilization by heart and skeletal muscle, which, as discussed below, is probably why resting is important in fasting, since the major source of glucose during fasting is protein catabolism.
Under the fed condition, the energy requirement of the mature brain is met almost entirely by glucose. Since the glycogen content of the brain is very low (0.1%), there is essentially no brain-glucose reserve. After a few days of fasting, the brain switches to oxidation of beta-hydroxybutyrate (produced by the liver from acetyl CoA) as its primary energy source.
Early fasting
The initial physiological response to the lack of food is the increased synthesis of the glucose by the liver for release into the bloodstream. Glucose is especially needed by the brain, which consumes about 65% of the total circulating glucose (400–600 kcal/day), and the red blood cells.[36] [84] Together they consume 100–180 g of glucose per day. Early on in fasting, the liver is the sole source of glucose for the bloodstream. The liver initially synthesizes glucose from glycogen through glycogenolysis. However, liver glycogen stores can only supply enough glucose for a few hours (see Tables 47.1 and 47.2 ), and glucose production from gluconeogenesis soon becomes necessary. Although muscle actually contains more glycogen than liver, it lacks the enzyme D-glucose-6-phosphatase and therefore cannot convert glycogen to glucose for release into the bloodstream.[85] Later in fasting, the glycogen reserves are restored.[86] 
Gluconeogenesis utilizes primarily L-amino acids for glucose synthesis, although glycerol from triglyceride catabolism is also used. Since liver glycogenic amino acid stores are quickly depleted, substrate from other tissues, primarily the muscles, is required. As the fast proceeds, the kidneys become progressively more important in the maintenance of blood glucose levels, and eventually the renal cortex synthesizes more glucose from amino acids than does the liver.[76] If the body continued to require its normal 100–180 g/day of glucose, gluconeogenesis during fasting would quickly use up much body protein, and death would ensue within 3–4 weeks.[81] Early on in fasting, the body catabolizes 60–84 g/day of protein.
Initially, sodium, potassium, and water diuresis occurs and hypovolemia develops. Calcium and magnesium are also lost. Plasma ketones rise, and ketones appear in the urine by the third day.[36] 
Fasting
Research using respiratory quotient and urinary nitrogen studies has repeatedly shown that triglycerides are the major fuel during fasting.[2] [20] [85] [87] [88] [89] To leave the adipocyte, triglycerides must first be hydrolyzed (lypolysis) to fatty acids and glycerol. The fatty acids are transported in the blood, in a physical complex with albumin, to the liver, muscle, and other tissues.
Although the brain converts to oxidation of beta-hydroxybutyrate after 4–7 days, there is still an obligatory need for approximately 80 g/day of glucose for the brain, red cells, muscles, and other tissues.[85] This requirement increases significantly during exercise. Although much of the lactate produced by anaerobic metabolism of glucose and glycogen is resynthesized to glucose by the liver via the Cori cycle, the need for glucose is increased, since there is a net loss due to urinary excretion of lactic acid and metabolic inefficiency. Approximately 16 g of glucose is synthesized from triglyceride glycerol, with the rest of the glucose requirement (and the other metabolic processes requiring amino acids, e.g. enzyme turnover) being met by the catabolism of 18–24 g/day of protein. In experimental animals, as much as 14% of the energy needed by muscle may come from the oxidation of branched-chain amino acids. Glucose is also recycled by the breakdown of blood cells in the liver.[85] [87] [88] The mechanisms of glucose production during fasting are summarized in Figure 47.2 .
Research has determined that an average 70 kg male has the fat stores to maintain basic caloric requirements for 2–3 months of fasting.[2] [20] [85] [87] [88] 
Starvation
Starvation occurs when the body’s fat reserves are depleted and significant protein catabolism again becomes necessary for energy production.[2] As noted above, unless fat reserves are being utilized for energy production and glucose sparing, the body protein stores are adequate for only a few weeks of gluconeogenesis, after which essential proteins are utilized and death occurs.
Mechanism of ketosis
During fasting, when excessive amounts of fatty acids are being oxidized and inadequate glucose is available, large quantities of ketones are secreted into the bloodstream. Ketone bodies are made in the liver from acetyl CoA.
During adequate energy input, the conversion of fatty acids to acetyl CoA is regulated by the availability of L-glycerol 3-phosphate (derived from glucose through the glycolytic pathway). As the concentration of acetyl CoA rises, it is resynthesized into triglycerides, with L-glycerol 3-phosphate serving as the accepter to which three acyl CoA groups are attached (through esterification). During fasting, there is inadequate glucose to provide the needed glycerol for triglyceride synthesis, resulting in acetyl CoA levels in excess of the oxidative capacity of the Krebs cycle. The excess is then shunted into the synthesis of ketone bodies.[82] These ketone bodies (acetoacetic acid, acetone, and beta-hydroxybutyric acid) are utilized by the heart, and, later in fasting, by the brain for energy production.
Mechanism of acidosis
Since the ketone bodies are acids, their entry into the plasma results in an increase in hydrogen ions. This is buffered by the conversion of bicarbonate into carbonic acid and then to CO2 , which is exhaled. Eventually the buffering capacity is exceeded, and the plasma pH decreases, resulting in mild metabolic acidosis. The body compensates for this by increasing the respiratory rate to promote further elimination of CO2 and by excreting ketone bodies in the urine. These adaptations may result in some electrolyte imbalance.[82] 
Amino acid metabolism
With the exception of leucine, which appears to be a regulator of protein turnover in muscle,[90] all amino acids are glucogenic. However, alanine plays a prominent role in a cycle analogous to the Cori cycle for lactate.[91] [92] The alanine cycle provides the mechanism for the recycling of a fixed supply of glucose and the effective transportation to the liver of amino acid nitrogen derived from muscle breakdown. Because muscle, unlike liver, is incapable of synthesizing urea, most of the amino nitrogen from protein breakdown is transferred to pyruvate to form alanine. The alanine enters the blood and is taken up by the liver. The amino groups are removed to form urea, and the resulting pyruvate is converted to glucose. The newly synthesized glucose is secreted into the blood, taken up by the muscle, and catabolized to pyruvate to reseed the alanine cycle.[82] 
Electrolyte balance
Serum electrolyte levels usually do not change significantly during fasting and are not good indicators of tissue stores but are considered the most important blood values during fasting.[93] During early fasting the body loses 150–250 mEq (3.5–5.8 g) of sodium and 40–45 mEq (1.6–1.8 g) of potassium a day. Later, these drop to 1–15 mEq (0.02–0.35 g) and 10–15 mEq (0.4–0.6 g), respectively. The total body stores of sodium are 83–97 g (of which 65% is exchangeable) and of potassium are 115–131 g (of which 98% is exchangeable). The typical daily dietary intake of sodium is 3–7 g and of potassium is 3–5 g.[83] Serum potassium usually decreases but may be elevated. Results below 3 mEq/L or above 6 mEq/L may necessitate breaking the fast. Total calcium is usually stable, but ionic calcium often decreases, especially if vomiting is present.[93] 
Physical changes during fasting
Physical changes during the fast generally include a decrease in weight, pulse,[20] [22] [95] and blood pressure.[20] [21] [22] [96] EKG changes may include sinus bradycardia, decreased QRS complex and T-wave amplitude, elongation of the QT interval, and shifts to the right of the QRS and T-wave axes. These changes return to normal after fasting.[22] [94] [95] [96] 
Laboratory changes during fasting
Most laboratory values of the body fluids during fasting do not follow specific patterns, but are unique to the individual and the disease process.[34] [94] Assessment of a fasting patient’s progress is not based on a sign or symptom, but on the total clinical picture. Although specific predictions of laboratory values during fasting are not possible, some general observations have been made. Some authorities indicate that triglycerides decline with fasting but find elevations if liver damage is present. Serum protein usually declines with fasting. Pancreatic lipase and amylase usually decline with fasting.[93] 
Liver enzymes may increase considerably if liver disease is present and may rise even when liver disease is not present. Triglyceride, cholesterol, and uric acid levels usually rise during fasting,[97] [98] [99] indicating mobilization of tissue stores. Post-fast values often show a decrease from pre-fast values.[26] [40] [98] A rise in BUN may occur, but some authors have observed a decrease.[22] [27] [38] [100] Creatinine levels may be elevated[45] [97] or may remain stable.[101] 
Blood glucose drops in most patients,[24] [26] [27] [48] possibly below 30 mg/dl.[97] If blood glucose is low prior to fasting, it may rise post-fasting.
Complete blood counts usually show no significant change,[102] but decreases in hemoglobin and hematocrit have been observed.[38] [99] [103] When this occurs, hemolysis or hemorrhage must be ruled out. [93] Hematocrit, hemoglobin, and RBC count may be increased, but this usually indicates inadequate hydration.[75] [97] [102] Erythrocyte sedimentation rate usually decreases with fasting.[52] [53] [97] White blood cells are usually unchanged or decrease slightly with fasting; however, infection may cause an increase. An increase may also be observed if levels are low prior to fasting.[93] 
Urinalyses may be difficult to interpret during fasting, since the body discards considerable waste via the kidneys.[102] It is not uncommon to see various types of casts, RBCs, WBCs, bilirubin (+1 to +2), protein (trace, +2), and ketones (+4), and, if liver disease is present, urobilinogen elevation. Specific gravity is commonly elevated (possibly to 1.035), which may reflect inadequate hydration.[97] 
Hormonal changes during fasting
Hormonal changes during fasting typically include decreases of insulin[76] [87] [89] [94] [104] and thyroid hormones.[94] [95] [105] Increased levels of growth hormone,[94] [95] [105] cortisol,[75] glucagon,[76] [87] plasma norepinephrine,[106] serum melatonin,[106] and certain prostaglandins (in animals) usually occur.[107] By contrast, a decrease in growth hormone is usually found in obese individuals.[94] 
In one study conducted on 10 postmenopausal women who underwent short-term fasts, no significant changes in adrenal hormones, androgens, serum and urinary estrogens, plasma epinephrine, or dopamine were recorded.[106] 
Effects of fasting on immune function
The immune system undergoes very important changes during the fast, and an increase in various aspects of immune function has been observed. The first evidence of this came from the study in 1923 which found increased resistance to infection during the post-fast period.[21] Changes in the immune system during fasting include:[53] [71] [72] [73] [74] [75] 
• increased macrophage activity
• increased cell-mediated immunity (T-lymphocytes and lymphokines)
• decreased complement factors
• decreased antigen–antibody complexes
• increased immunoglobulin levels
• increased neutrophil bactericidal activity
• depressed lymphocyte blastogenesis
• heightened monocyte killing and bactericidal function
• enhanced natural killer cell activity in animals and humans.
CLINICAL PROTOCOL
Therapeutic fasting of more than 5 days’ duration is probably best conducted under supervision at an in-patient facility. Several facilities now exist in the US, Canada, England, and Australia, and these centers follow the standards of care and principles of ethics established by the IAHP.[3] 
Consultation standards
• Appropriate case history
• Physical examination
• Evaluation or assessment of the chief complaints
• Explanation and recommendations.
Clinical standards
• Provide an environment conducive to rest and comfort
• Maintain a daily record of progress, including appropriate vital signs
• Supply adequate amounts of water
• Assure the availability of attendants
• Exercise care in terminating a fast and supervising post-fast recuperation, consistent with professional hygienic principles.
Water vs. juice
Only pure water (distilled, spring, reverse osmosis) is recommended while fasting.[65] [69] Some authors have recommended juice, but this is considered a restricted diet, not a fast, since juice is a food, and the continued consumption of carbohydrates inhibits the body’s conversion to ketotic metabolism. In most cases, the fast is superior to the restricted diet: hunger almost totally disappears;[22] [30] ketosis occurs more quickly and efficiently;[22] [30] famine edema does not occur;[22] sodium diuresis is more pronounced;[29] weight loss is more dramatic and is from fat rather than protein stores; healing time is shorter; and patient strength may be greater.[69] It is interesting to note that people in developing world countries on protein-deficient diets die sooner than those who fast completely.[76] Restricted diets, however, are often useful before and after fasting, and if a crisis develops or a fast is contraindicated.[68] 
Quantity of water
The optimal quantity of water to ingest during fasting is best determined by thirst, but patients should drink at least a few glasses a day. During fasting the need for water decreases, since obligatory water excretion is reduced (due to lower excretion of urea, the major osmotic solute) and water is released from catabolized fat.[76] One cup of water each day is actually sufficient to maintain adequate hydration for most people,[76] although researchers fasting obese individuals often recommend 3 L/day.[36] 
Supplements
Loss of minerals or vitamins is usually not a concern, and deficiencies while fasting are rare.[22] [29] [65] [69] [108] [109] In fact, problems, such as nausea and indigestion, have been reported when these were supplemented during the fast.[32] [101] For example, it is well known that nicotinic acid supplementation inhibits the release of free fatty acids from adipose tissue.[36] In one patient in whom vitamin deficiency was reported in the medical literature, the actual fasting protocol was not described. In addition, activity was not restricted and oral medication for inter-current illness was maintained while fasting.[32] Vitamin and mineral excretion becomes very low after 10 days.
Exercise
Exercise is discouraged while fasting. Fuel conservation is necessary to allow maximal healign and the avoidance of unnecessary gluconeogenesis.[65] [69] The body utilizes certain muscle proteins early in a fast, thus initiating the natural restriction of activity. Short walks or light stretching is permissible, but intense exercise will inhibit repair and elimination. In serious chronic disease, an excess of activity has been suspected as cause of death during fasting.[110] 
Sunlight
Sunlight is important for general health during fasting, and patients should try to obtain 10–20 minutes/day. An increase in heart rate of 10–15 beats/minute would indicate excessive exposure. Many fasting facilities have solariums in which patients may sunbathe.
Rest
Rest is a most important aspect of the fast, and patients may nap throughout the day. Less sleep is common at night, due possibly to the decreased daily activity and increase in daytime rest.
Laboratory tests
Laboratory tests such as a CBC and chem-screen are usually performed weekly, while others are performed as necessary. Daily urine tests are sometimes performed, and vital signs are checked daily.[97] [102] 
Enemas
Enemas are not usually necessary and may not offer any added benefit.[49] Some authorities have found that they cause discomfort for the patients.[69] To help prevent constipation, a pre-fast meal of fresh fruit or vegetables will assist in elimination.
Length of fast
The length of a fast is difficult to predict. Factors to consider include size of reserves (see Tables 47.3 and 47.4 ), individual metabolism, financial limitations, work schedules, degree of disease, age, and sex. This decision is based on all factors, especially the patient’s mental state. “The doctor will look for good practical recovery where patient is symptom free and signs of regeneration are present.”[111] Although many old texts refer to fasting to completion (i.e. exhaustion of nutrient reserves), this is now uncommon and not usually necessary.[111] Shelton states:[69] 
In most cases, except TB, there can be no sound objection to a fast to completion, although this will seldom be necessary and many patients will not want to fast so long, unless they must.
A positive mental outlook is important for any patient undergoing a fast. It should be emphasized that the benefits are broad and affect all bodily systems. Perhaps the greatest value for patients is the satisfaction of playing a major role in improvement of their own health.
SIDE-EFFECTS
Side-effects from fasting are rarely serious, but fasting may uncover pathology and reveal weaknesses that were previously subclinical.[30] Discomfort during fasting may be due to withdrawal from stimulants, hypoglycemia, acidosis, elimination of wastes, and enhancement of repair. Patients may experience headaches, insomnia, skin irritations, dizziness, nausea, coated tongue, body odor, aching limbs, palpitations, mucous discharge, and visual and hearing disturbances. Hair growth is usually arrested, and dry, scaly skin may develop. Most signs and symptoms are usually brief as the body works to remove the disease.[112] 
In certain cases, complications occur which may necessitate breaking the fast early. Examples of such conditions include:
• a sudden drop in blood pressure (possibly due to peripheral circulatory collapse)
• delirium
• prolonged hypothermia
• rapid/slow/feeble/irregular pulse
• extreme weakness
• dyspnea
• vomiting and diarrhea leading to dehydration
• gastrointestinal bleeding
• hepatic decompensation
• renal insufficiency
• severe gout
• cardiac arrhythmias
• emotional distress.
Fasting elevates serum uric acid levels and uric acid excretion, and if fluid intake is insufficient, gout or renal stones may be precipitated.[36] [113] 
A few studies have discussed the development of Wernicke’s encephalopathy during prolonged fasting, but since this rarely occurs during hygienic fasting, it is difficult to determine whether this is related to methodology. It is important, however, to acknowledge the importance of utilizing B vitamins, especially thiamine, when any fast is broken with i.v. glucose.[114] [115] 
The decision to terminate the fast should be based on the complete clinical picture and not on an isolated sign or symptom.
CONTRAINDICATIONS
Contraindications to fasting are few, and each case must be judged individually, since no two cases are alike. For example, an inexperienced practitioner may assume that emaciated patients should not fast, while Shelton states:[69] 
Extreme emaciation: In such cases a long fast is impossible. A short fast of 1–3 days may be found beneficial, or a series of such short fasts with longer periods of proper feeding intervening may be found advisable.
Contraindications include severe anemia, porphyria, and serious malnutrition. Individuals with a rare fatty acid deficiency of the enzyme medium-chain acyl-CoA dehydrogenase (MCAD) should also avoid fasting.[46] 
The fasting of children and pregnant women is controversial. While a short fast is appropriate for the sick child who does not want to eat, fasting a pregnant women may be seriously contraindicated: ketosis in pregnant diabetic women is known to cause fetal damage. Although this is commonly recognized, the fact that this information has come only from research of diabetic women is not as widely known. There appear to be no studies of the effects of non-diabetic ketosis on fetal development. Doctors (e.g. Shelton, Benesh, Sidwha, and Burton) with considerable experience of fasting pregnant women (during all three trimesters) have found no adverse effects with fasts of a few days to 2–3 weeks. Although the fasting of pregnant women appears, according to clinical observation, to be safe, definitive pronouncement cannot be made until careful research is performed (such as a controlled retrospective analysis of existing cases).[116] 
Fasts for children and pregnant women should be shorter and meticulously supervised by an experienced doctor. In The science and fine art of fasting, Shelton states: “Few infants require more than 2–3 days of fasting … I have never hesitated to permit a sick infant to fast and I have yet to see one harmed by it.”[69] 
Regarding pregnancy he states: “The author would object to a long fast in chronic ‘disease’ during this period. There can, however, be no objection to a short fast … ”
It is well recognized that fasting during lactation is not generally advised, since milk flow is halted and difficult to resume.[69] Although fasting is considered inappropriate in renal insufficiency,[36] the authors have seen patients with 65% renal function return to normal as a result of fasting and dietary management.
With regard to fasting contraindications in general, Burton stated:[111] 
I have found few health problems which are absolute contraindications to fasting. In my experience, if the need is evident, the only genuine contraindication is fear. … As for the other conditions often mentioned, e.g. kidney disease, heart impairment, TB, etc., they merely require extreme caution, because of the limits imposed by pathology, but they are not inexorable contraindications.
Supervised fasting as a therapeutic procedure is generally safe and effective. The incidence of death at fasting institutions is low, which is promising, since many of the patients have serious chronic diseases and have exhausted other therapeutic options. Of the hundreds of cases of fasting described in the scientific literature, only seven cases of death have been reported prior to 1985.[58] [110] [117] [118] [119] [120] In all cases, the patients had serious chronic disease prior to fasting, and in five of the seven cases drugs were given to the patients while fasting, while in the other two no description of protocol was provided.
There is no evidence in the scientific literature to suggest that fasting itself can be considered a cause of death. Death during fasting indicates that the remedial efforts of the body have been overpowered by the pathological process. This situation occurs in serious disease, whether eating or fasting. In examining the fallacy of attributing the cause of death to fasting, one researcher in the Lancet wrote:[121] 
Fasting short of emaciation is not hazardous, if death results, reasons other than those of the fast should be considered before concluding that all supervised fasts should be discouraged.
CONCLUSION
Therapeutic fasting is a useful protocol for any doctor interested in studying and promoting the inherent ability of the body to heal itself. This fine art and science is generally a safe, economical, and effective therapy for most patients in disease. Those interested in further study should initially direct their attention to the main historical texts and then to the recent hygienic and scientific literature. The references provide a greater depth of information for the topics discussed in this chapter. Internship with a doctor skilled in therapeutic fasting is strongly advised for those interested in providing safe and effective patient care.
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APPENDIX3: Fasting – patient guidelines 

Trevor K. Salloum ND 

WHY FAST?
Fasting is one of the quickest ways to increase elimination of wastes and to enhance the reparative processes of the body. Fasting has been practiced throughout history and is universally employed in the animal kingdom.
Scientific inquiry into fasting began in the early 1900s. Research has found it to be useful in the treatment of: 
• diabetes
• epilepsy
• obesity
• psychological illnesses
• arthritis
• heart disease
• skin disease
• toxic poisoning.
Loss of minerals or vitamins is usually not of concern during a short fast; humans have effective biochemical mechanisms for adapting to long periods without food.
The short fast (3–5 days) is a good chance for the body to acquire optimal rest, both mental and physical. This is an opportunity to build health, break old habits, and increase awareness of oneself. Although longer fasts are required in chronic disease, the short fast can be conducted at home, rather than at an in-patient facility.
The ideal time to begin a fast is when hunger disappears or at the first sign of an illness. Although a short fast can be implemented at any time, it is better to begin on a weekend or during a time period when you can be inactive. The more rest, the better the results: energy can be directed towards healing, instead of other body functions.
Before embarking on a fast, check with your physician. If you are on any medications (including herbs and nutritional supplements) or have any chronic disease, slight alterations may be necessary. A physical examination is important before a fast to ensure there are no contraindications and to allow your physician to monitor your progress more effectively.
A positive mental outlook is important. The benefits of fasting include: 
• decreased weight
• clearer skin
• increased elimination
• tissue repair
• decreased pain and inflammation
• increased concentration
• relaxation and spare time
• savings in food costs.
Perhaps the greatest benefit is the satisfaction that you are taking a major role in improving your health.

FASTING DIRECTIONS
Starting your fast
Prepare for your fast on the day before you stop eating by making your last meal one of only fresh fruits and vegetables (some authorities recommend a full day of raw food to start a fast). In addition, finish all last-minute errands so that you can establish an environment as free of stress and responsibility as possible.
During the fast
Only water – distilled or spring water is best – should be taken by mouth while fasting. (Some authorities recommend fruit or vegetable juice, but this is actually an elimination diet rather than a fast.) The quantity of water should be dictated by thirst, but drink at least a few glasses every day.
Take no coffee, tea, juice, soft drinks, cigarettes, or anything else by mouth except water. If possible, avoid the smell and sight of food. If you have to prepare food for other family members, satisfy your senses with the aroma – no sampling!
Try to keep your mind away from food by reading a book (especially a book on fasting), listening to music, writing a letter, watching a movie, taking a leisurely walk in a park, driving to a pleasant destination, etc.
Exercise is not usually encouraged while fasting. You want to conserve fuel and allow maximal healing. Short walks or light stretching are useful, but heavy work-outs tax the system and inhibit repair and elimination.
Cleansing the skin with lukewarm water is encouraged, but extremes of temperature can be tiring. Try to avoid deodorants, soaps, sprays, detergents, synthetic shampoos, and exposure to other chemicals. These only hinder elimination and add to the body’s detoxification and elimination burden.
Sunlight is essential for healthy cells, but excessive exposure will strain the body’s protective systems. Try to obtain at least 10–20 minutes of direct sun exposure per day. Many fasting institutions have solariums in which guests sunbathe.
Rest is one of the most important aspects of the fast. Try to take a nap or two during the day. You will probably require less sleep at night, since your daily activity has decreased.
Enemas are not usually necessary, but this will depend on your individual health. If you are worried about constipation, a longer pre-fast period of fresh fruits and vegetables will assist elimination.
Body temperature usually drops during a fast, as does blood pressure, and pulse and respiratory rates – all measures of the slowing of the metabolic rate of the body. It is important, therefore, to stay warm. If needed, you may use a hot water bottle at night.
Breaking your fast
Breaking your fast is a good time for you to consider carefully what you are eating and why. While breaking your fast, as outlined in Table A3.1 , and in the days that follow, it can be very helpful to you and your physician to carefully record what you eat and how you feel after eating. Many of today’s health problems are due to food allergies and overeating. Take this time to choose which eating habits you truly want to establish. As you break your fast, eat slowly, chew thoroughly, limit quantities, eat foods at room temperature, and enjoy!
If you have problems
Most discomfort during fasting is usually brief as the body works quickly to restore homeostasis. You may experience headaches, dizziness, nausea, coated tongue, bad odor, mild palpitations, and mucous discharge. If your symptoms are intolerable and persist, notify your physician or break your fast with an orange and resume fasting when symptoms disappear. 
TABLE 3-1-- Breaking your fast
Breakfast
Lunch
Dinner
Day one
One of the following:
A different fruit from the breakfast list
8 oz of any fruit
  ˝ melon


  ˝ nectarine


  Ľ pineapple


Day two
12 oz of one type of fresh fruit
14 oz of whole pears, papaya, or citrus fruit
Raw vegetable salad with leafy greens, tomato, celery, and cucumber or two pears, two apples, and an avocado
Day three
Resume healthy diet – raw fresh fruits, raw/steamed vegetables, whole grains, nuts, seeds, and legumes
SUMMARY
It is important to realize that, although fasting is a very effective way to improve your health, it is only one part of a total health-building program, not a panacea. Fresh air, rest, exercise, sunshine, pure food and water, emotional poise, and wholesome foods eaten in appropriate quantities are equally important in building and maintaining health.



