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Excretion
Protection: 
Unfortunately, this aspect of defense is easily overridden due to the ubiquitous presence of environmental toxins.  The CNS, with major senses close to the primary information processing organ (brain- smell, sight, taste, hearing and touch) should keep us away from toxic items. But our so-called higher reasoning ability allows us to override these obvious facts and instead believe the marketing lies of the producers of such poisons such as "Better Living Through Chemistry."  The breakdown of these systems allows entry of toxins in foods.  For example, nasal fatigue and learned behavior conspire to allow entry of airborne toxins.  The skin is impervious to polar compounds, but not to fat soluble non-polar compounds, which most of the toxins are.

Free radical damage occurs readily from xenobiotics. Superoxide anions (02-), singlet oxygen (02), H202, hydroxy radical, and lipid peroxides are generated by enzymatic reactions throughout the body.  Our inherent protection mechanism includes superoxide dismutase , which protects against 02 toxicity and radiation damage, catalase, GSH peroxidase which protects against oxidative breakdown of Hgb and prevents mitochondrial swelling from pollutants; and myeloperoxidase.
Biotransformation:

Chemical compounds foreign to the body are called xenobiotics, they include: natural food products, drugs, food additives, pesticides, solvents, plastics and industrial products and by-products.  After entry to the body the majority of xenobiotics undergo metabolic changes whereby lipid soluble compounds are converted into polar, water soluble products and excreted from the body. Many electrophilic reactive species are generated during the biotransformation process. These electrophiles are chemically reactive with the basic cellular constituents: protein, RNA, DNA, leading to disruption of normal cellular function leading to toxicity and carcinogenicity.

This biotransformation and detoxification takes place in two major phases.

· Phase 1: Functionalization where foreign compounds are converted by mixed function oxidases to more potent or less potent compounds than the parent compounds to render them ready for the next stage of processing.
· Phase 2: Conjugation process, whereby metabolites produced in phase 1 are combined with endogenous molecules and become less toxic and harmful and more water soluble and readily excretable.
Phase 1
In Phase 1 compounds undergo either oxidation, reduction or hydrolysis and become sequestered for further biotransformation.  MFO, mixed function oxidases or monooxygenases, enact these processes. Many components of MFO are important: 
· Heme protein of cytochrome P-450, Fe (40% of heme produced by the liver is used for P450).
  Selenium deficiency decreases heme synthesis.

· NADPH or NADH cytochrome P450 reductase and cytochrome b5 reductase (from B3) also need Magnesium to function, which reduces Fe3+ to Fe2+.  The reaction of MFO requires both NADPH and 02. If any of these components are not present in sufficient amounts, then appropriate biotransformation may not occur.

· phosphatidylcholine (from B6)
· CYPP450 enzymes need Fe, Cu, Vit A, B2, B 1 to function correctly (but Fe supplementation does not increase low Cyto-P450 levels)

The CYP450 enzyme system plays important roles in synthesis and catabolism of molecules critical for cellular function, particularly synthetic reactions such as the conversion of cholesterol to bile acids, steroid metabolism and Vit D3-25 hydroxylation, conversion of alkanes to fatty acids and subsequent conversion of fatty acids to eicosanoids.  Catabolic reactions regulated by CYP-450 enzymes also involve fatty acids, steroids and eicosanoids.  Different levels of functioning are seen in different sexes. The CYP forms responsible for steroid hormone synthesis are regulated by ACTH (by enhancing transcriptional activity through camp-dependent mechanism) and are exclusively found in steroidogenic tissue.

The generation of NADPH and UDP-glucuronate (phase two) are closely connected to the carbohydrate metabolism of the liver as are glycoprotein synthesis and ureogenesis. Under normal conditions, in the well-fed state, the pentose phosphate pathway provides sufficient NADPH for biotransformation process.
 Increased biotransformation stimulates the pentose phosphate pathway (shifting intermediates of malate and glucose-6-phosphate to HADPH generation from gluconeogenesis), but in starvation NADPH for biotransformation can only be produced at the expense of gluconeogenesis.

CYP-450 refers to a collection of enzymes that have been classified into 10 families based on amino acid sequences 58 of which are found in humans (see http://www.dmclson.utmem.edu/cytochromeP450.html ). They are designated by a family number followed by a subfamily letter which may be followed by the number for and individual enzyme form i.e. CYP450-3A4. The multiple forms of cytochrome P​450 are present which are differentiated by apoprotein moeities and substrate specificities. In mammals Cytochrome P-450 are found in the endoplasmic reticulum of the liver, kidney, small intestine, lung, adrenal glands and all other tissues except striated muscle and RBC's

The level of Cytochrome P-450 in the liver can be increased by the administration of inducers.  Methylated flavonoids all induce CYP (obeletin, aurantian, nobeletin)
	CYP-450 enzyme
	Inducer

	1A1
	3-methylcholanthrene, PAH, pregnenalone, DHEA, 2,3,7,8- TCDD (genistein can block the TCDD-elicited induction of CYP 1 A1)
, Diindolylmethane (in vitro)


	1A2
	3-methylcholanthrene, PAH, cruciferous vegetables (at least once weekly when the individual is GSTM1 (null))


	1B1
	3-methylcholanthrene, PAH, Diindolylmethane (in vitro)4

	2B
	phenobarbitol

	2E
	Ethanol, IDDM (increases the activity of 2E1 - 3.1times)


	3A
	benzopyrene, glucocorticoids

	3A4
	Hypericum perfoliatum, Hydrocortisone (produces a dose-dependent increase in CYP3A4 activation)


	3A5 
	glucocorticoids (in human lung cells)

	19
	Diindolylmethane (in vitro)4


The levels of CYP-450 levels can be decreased by a variety of inhibitors including solanaceous glycosides (especially for anesthetics and muscle relaxants)
, naringenin and quercetin and all hydroxylated flavonoids including rutin and hesperidin.
,
 Organotins (rather than inorganic tin) induce a prolonged induction of heme oxygenase which leads to total depression of CYP450. Co-protoporphyrin does the same.
 Tributyltin can reduce total hepatic CYP450 content by 30%.
 All four sulfhydryl binding heavy metals, Pb, As, Hg, Cd decreased PAH-stimulated induction of CYP 1A1 and 1 A2.
 All four metals decreased induction with dose/metal/PAH dependency. Arsenic decreased BaP induction by 47% and from 45-79% for other PAHs. In animal studies Cadmium decreases total hepatic CYP level and testosterone hydroxylase activity.
  Mercury reduces rat liver CYP levels
 as well as lead.

Physical states can also decrease CYP-450 levels.  Trauma leads to a reduction in CYP450 content in the ER and reduced Microsomal oxidation.  There appears to be selective depression of certain CYP 450s and an apparent induction of some forms ofCYP-448 in trauma.
 Obesity is associated with under activity of CYP 3A4 and over activity of CYP 2E 1.

	CYP-450 enzyme
	Inhibitor

	1A2
	Ipriflavone
, fluvoxamine

	2C 19
	fluoxetine 

	2D6
	paroxetine

	3A4
	sertraline, nefazodone
, cobalt chloride, lead, CCL4, CO, tagamet, cimetidine, itraconozole, ketoconozole, clarithromycin, erythromycin, nefazodone, ritonavir, Grapefruit juice


Categories of CYP-450 Enzymes
Sex differences

Different retention of toxins have been found between men and women. In Seveso, Italy 2,3,7,8-TCDD was accidentally released in 1976. In 1998 a follow-up study found higher levels of dioxin in women in the area than men with no differences of exposure.
 Differences are also seen with heavy metal retention.

	Genetic Polymorphism (see http://www.imm.ki.se/CYPallele/)
	
	
	

	Polymorphism
	Cauc
	Asian
	Afr/Am

	CYPlA1-Mspl (ml)
	7-14%
	33%
	23%

	CYP1A1 - Ile-Val (m2)
	3%
	20%
	2%

	CYP1A1-Mspl (intron 7) (m3)
	<1%
	<1%
	9%

	CYP1A1 -exon 7 (m4)
	3%
	NA
	low

	CYP2C 19
	3-5 %
	20-25%
	NA

	CYP2D6 (poor metabolism)
	7 -10%
	1%
	NA

	CYP2E-Dral
	9%
	31%
	9%

	CYP2E1-Pstl
	2%
	24%
	5%

	CYP2E 1- Rsal
	2%
	27%
	8%

	CYP3A4
	18%
	NA
	NA

	GSTM1
	43-52%
	48-60%
	22-35%

	GSTT1
	15-20%
	60%
	ND

	Paraaxonase
	50%
	NA
	NA

	From Eaton, 2000
	
	
	


CYP 1A1 and 1B1
PAHs such as benzo(a) pyrene and other aromatic compounds are oxidized by CYP 1B1 and CYP 1A1 to mutagenic and/or carcinogenic metabolites.
 Coal tar and bitumen fume condensates are processed via 1A1 to genotoxic compounds that then become substrates for epoxide hydrolase (mEH).
 CYP1A1 is also found in the placenta. Women with threatened preterm delivery are found to be low in serum selenium and have greater inducibility by PAHs leading to greater threat of pre term delivery.

CYP1A1 genetic variants m1 and m2 may be associated with greater inducibility.
 The m4 variant has decreased catalytic ability with several substrates.
 1A1 variants may be important factors in increased risk of lung cancer especially when in concert with GSTM1 null genotype.
  Those with 1A1 variation to increased clearing have higher amounts of benzopyrenedioexposide-SA adducts, and DHA adducts.
 Among women with above median serum levels of PCBs, those with m1 variant had higher risk of breast cancer. PCB body burden may modify the effect of the polymorphism on postmenopausal breast cancer risk through increased CYP 1A1 enzyme induction or by activation by specific PCB cogeners.
 Induction of 1A  by the presence of chlorinated pesticides led to greater levels of DNA adducts in the placenta.
  Coke workers in Taiwan were checked for Mspl variant, which was found in 11 and 22% of them. Those with the variant had increased serum levels of AST, ALT, and GGT over non-variant controls.
  The 1A1 variant also showed increased rates of renal cellular carcinoma 
CYP1A2

1A2 is needed for oxidation of many carcinogens, dietary heterocyclic aromatic amines, aromatic arylamines, and tobacco-specific nitrosamines. This enzyme is only found in the liver and has shown a 70-fold variation in activity. Caffeine clearance is the test to show function of lA2.

CYP2C19

Polymorphism of 2C19 is associated with poor metabolism of (s)-mephenytoin. Such individuals (3-5% Caucasians, 20-25% Asian) can also have poor metabolism of omeprazole, diazepam, proguanil, chlorproguanil, propranolol, citalopram, imipramine, amitriptyline, mephobarbital and hexobarbital.

CYP2D6

2D6 is involved in the metabolism of over 30 widely used cardiac and antidepressant medications (neuroleptics, antiarrhythmics, beta blockers, opioids, SSRI’s). 7-10% of Caucasians have the "poor metabolizer" phenotype. These poor metabolizers have been associated with lower risk of lung cancer. Other variants lead to "ultrarapid metabolizers"
 which has been linked to increased risk of smoking-related lung cancer.

CYP2E1

CYP2E1metabolizes benzene, styrene, xylene, toluene, ethers, trichloroethylene, chloroform, CCL4, acetone, acetaminophen, methyl tert-butyl ethers, alcohols, halogenated anesthetics, fluoxetine, sulfadiazine, theophylline and nitrosamines found in diet and cigarettes.
  In Japanese persons CYP2E1 DraI polymorphism has been associated with decreased rates of lung cancer.
  Higher rates of alcoholic liver disease among Caucasian drinkers is also found, as is fatal hepatotoxicity from acetaminophen overdose.

CYP 3A4 
CYP 3A4 is the major CYP form responsible for oxidation for parathion and other organophosphates (OP). It both activates the OP (oxon form) and deactivates them (moving them to nitrophenol products. 3A4 is the predominant CYP in the human liver accounting for about 30%of total hepatic P450 content in liver microsomes.
  Occasionally more toxic intermediates are formed. Most toxic metabolites come from a from of oxidation known as alkene epoxidation: 
Aflatoxin B (from Aspergilus flavis causing liver cancer)

benzopyrene

vinyl chloride

heptachlor

Aldrin

trichloroethylene

cyclohexane

styrene

saffrole

Hexane also goes to a highly toxic metabolite (2,5-hexandione "the ultimate neurotoxin")

This enzyme is responsible for metabolism of cortisol, immunosuppressants, cytotoxic agents and calcium-channel blockers.  Oxidation requires vitamins B 1, B2, B3 and can also be increased with aldehydes and fructose.  The polymorphism leads to higher tumor lymph node metastasis stage for prostate cancer.

Aldehyde dehydrogenases

ALDH1A1, ALDH1B1, ALDH2, ALDH3A1, ALDH3A2 variants. Polymorphism of ALDH2 impacts the capacity for acetaldehyde metabolism, can decrease the risk for alcoholism and possibly increase the risk of alcohol related cancers. ALDH3A2 deficiency leads to Sjögren’s-Larsson syndrome.

DT-diaphorase (NQOl)

Polymorphism of this enzyme (which activates chemotherapeutic drugs and begins breakdown of some potentially carcinogenic xenobiotics) has been related to rates of colorectal cancer, basal cell carcinoma, adenocarcinoma of the prostate, BPH, and myeloid leukemia. It may also be related to benzene toxicity.

Alcohol dehydrogenases 
· Dihydropyrimidine dehydrogenase polymorphism leads to toxicity of 5-FU.

Phase 2: Conjugation

The conjugation process transforms xenobiotics to polar compounds. It requires energy in the form of ATP and a conjugating agent (usually a nucleotide). UDP-Glucuronic acid enzymatically reacts with a number of nucleophiles. Tripeptide glutathione GSH, through action of enzymes (GSH transferases), reacts with numerous electrophiles.  The products of this reaction are excreted in urine as mercapturic acid.

Any change in the capacity to carry our these steps has profound effects on the biological activity of toxic compounds.

Conjugation is almost exclusively observed for foreign chemicals, with oxidation, reduction and degradation being usually for breakdown and incorporation or nutrients.


The categories of phase 2 conjugation include:

· Acetylation

· Acylation:  peptide conjugation with amino acids
· Sulfur conjugation:  with sulfates, GSH, and rhodenase
· Methylations

· Glucuronic acid conjugation

Pollutant overload, which may initially stimulate these processes, may overstrain or even stop them causing disturbed metabolism, steroid output and immune function.

Acetylation: 

Acetylation occurs through acetyl coenzyme A using N-acetyl transferase found in liver and the gut, and requires vitamin B5 to function. Acetylation is the chief degradation pathway for aromatic (aryl) amines such as P-amino salicylic acid, procaine amide, PABA, histamine, serotonin, aniline, etc.  It is also a pathway for sulfur amines, aliphatic amines, and hydrazines.

Slow acetylators accumulate high levels of isoniazid with prolonged intake and are inclined to peripheral neuropathy. These are also predisposed to SLE from hydralazine and procainamide, as well as having higher levels of ANA in TB pts treated with isoniazid. Up to 80% of chemical sensitivity patients  are slow acetylators (see Rea, WJ - Chem Sens. CDC Press).

N –acetyltransferase polymorphisms:

· ( r ) allele - slow metabolizer - NA T2 (15 known different alleles)
· ( R ) allele - rapid metabolizer - NA T1
NA T2 occurs in 50% of the US population, 5-10% of Japanese and 90% in Mediterranean populations. NA T2 slow acetylators have lower incidence of colorectal cancer but higher incidence of bladder cancer in textile dye-exposed workers. Slow metabolizers (NA T2) have an increasing risk of bladder cancer that parallels increase in lifetime dose of tobacco smoke.
 Increased risk of colorectal cancer in NA T 1 rapid metabolizers and in rapid NA T2 especially when combined with rapid CYPIA2 (OR2.79) and when added to well-done red meat consumption (OR 2.91).
 This combination also leads to increased rates of bladder cancer for non-smokers.

Persons with the NA T2 defective alleles were found to have OR 6.96 for Spanish Toxic Oil Syndrome.
 Those with the syndrome became excessively ill from cooking rapeseed oil that had been denatured with 2% aniline (meant for industrial purposes was illegally refined and sold for home use). 30-40% of those 20,000 affected persons continued to have problems.

Acylation
Acylation occurs by the action of Acetyl Co-A with glycine, glutamine and taurine. Acylation is the pathway for metabolizing aromatic carboxylic acids (monocyclic and polycyclic) such as benzoic acid to hippuric acid. Larger more complex cyclic acids tend to be excreted as glycosides. Simpler acids (benzoic) tend to be eliminated fin form of amino acid conjugates. They are water

soluble" less toxic than precursors and are excreted in the urine.  Taurine is the most common amino acid conjugated with bile.

The bioavailability of the amino acids used in acylation comes from endogenous and dietary sources.  It requires ATP and the enzymes needed are only found in the mitochondria in liver and kidneys. Pollutant damage to the mitochondria will disturb this process.

Improper acylation may result in energy loss, food intolerance, poor cholesterol metabolism and a depletion of fat soluble vitamins.

Sulfation:

Sulfur conjugation is utilized in :

· Systems using 3' -phosphoadenosine-5' -phosphosulfate (PAPS) and sulfotransferases for detoxing chemicals with hydroxy groups such as phenols to make etheryl sulfates.
· Systems using GSH and GSH transferases for chemicals like anthracene to Mercapturic acids (acetylcysteines).
· Systems using inorganic sulfates with the enzyme rhodenase to detox inorganic cyanides and sulfides to Thiocyanates.
· System which convert heavy metals to insoluble sulfides using Cysteines
· Estrogen metabolism (along with methylation and glucuronidation).

Sulfonation is an important step in steroid synthesis as well as conjugation. Sulfonation requires:

· Vit A as deficiency reduces production of PAPS

· Sulfate transfer is aided by Vit C

· Synthesis of PAPS enhanced by cortisone, niacin, and cysteine
· Estrogen decreases PAPS activity and testosterone seems to aid PAPS function

If sulfonation is not working, patients will not tolerate higher doses of phenols. Sulfonation has high affinity but low capacity for phenol. Higher doses of phenols will be pushed to glucuronidation.

Sulfotransferase Polymorphisms:  

· SULT1A1 acts to inactivate estrogens to water soluble and biologically inactive estrogen sulfates. SULT1A1 also participate in the activation of some procarcinogens (heterocyclic amines and PAHs. Their sulfate esters bind tightly to DNA to form adducts.

· SULT1A1 - His (low activity enzyme) was found in 41.6% of a study population. These women had higher rates of breast cancer with increased estrogen exposure.
· SULT 1A1-Arg (normal activity level) showed increased rates of breast cancer with increased doneness level of red meat.

.
Glutathione (GSH) conjugation is important for conjugation of aromatic disulfides, naphthalene, anthracene, etc. as well as the intermediates from Cyto-P450 of bromo benzenes, chloroforms and acetaminophen's. Reduced GSH combines with these xenobiotics to form less toxic mercapturic acids which are the S-conjugates of N-acetyl cysteine.

Amino acids cysteine, glutamine, methionine, alanine and serine can act as acceptors in this system.  Glutathione transferases (GTS) also bind proteins serving a storage function for toxic compounds in the liver. GSH cycles between oxidation and reduction, being cycled back by glutathione reductase, to where it can again be oxidized by thiotransferase and take care of xenobiotics. If a heavy metal such as lead is present, then replenishment will not occur, leading to GSH deficiency. Zn is needed to keep reduced form of GSH.  Selenium is a required component of GSH.  NAC and Cysteine can increase GSH levels Vitamin C.  Vit E, C, Cysteine have all been shown to inhibit GSH depletion and lipid peroxidation after Endrin exposure.



Glutathione administered via nebulizer and IV will both increase serum GSH levels.

Glutathione S Transferase Polymorphisms

There are four human GSTs - GSTM1, GSTM3, GSTT1, GSTP1 which are polymorphic. GSTs are involved in dechlorination of DDT -to-DDE, and the dealkylation of methyl analogs of phosphorothioate insecticides (methylparathion). They also clear HCB. When GSTs conjugate the fungicide hexachlorobutadiene it becomes a highly nephrotoxic compound after being processed by the kidneys.

GSTM1 is active in the detoxification of epoxides like benzo(a)pyrene, PAH, aflatoxin B1.  GSTM 1 deficient individuals are more susceptible to genotoxic action of epoxide carcinogens. The urine in smokers with this variant is 3 times more mutagenic in the Ames test than in those without the variant
. They are also found to have more PAH​DNA adducts in lung tissue. Smokers with the null genotype can reduce their levels of DNA adducts with increased levels of Vitamin E and C.
 Clear positive association has been found for increased rates of lung and bladder cancers with this variation.
 Less clear are associations with increased rates of stomach, colon and esophageal cancers (Eaton, 2000). There is a 9X increase in squamous cell carcinoma in lung in persons with combination CYP1A1 Msp 1 and null GSTM1.
,
 GSTM1 null has OR of 1.49 for postmenopausal breast cancer. Women with GSTM I null have higher levels of placental DNA adducts associated both with smoking and with air pollution.

​

GSTM I (null) is also associated with increased rates of chronic toxic encephalopathy from workplace solvent exposure. Low exposure groups had 3.0 RR and high exposure groups 7.9RR for CTE if they had null GSTM1.

Trichloroethene workers with null GSTM 1 are at lower risk of developing renal cell carcinoma. The carcinogenic agent is a metabolite S-(1,2-dichlorovinyl)-L-cysteine.

GSTM3 polymorphism is present in 16% of Caucasian population and associated with increased rates of basal cell carcinoma

GSTT I is involved in the activation and detoxification of the metabolites of methylene chloride, ethylene chloride, methyl bromide, ethylene oxide, 1-3 butadiene and other important industrial chemicals. In butadiene workers with this enzyme deficiency are found much higher rates of chromosomal aberrations.
  Certain variants of the GSTTI polymorphism have been associated with increased rates of lung and brain cancers.

There are four different allele variants of GSTP 1 gene: GSTP 1 * A, GSTP 1 *B, GSTP 1 *C, and -*D. Higher rates of testicular, oral, pharyngeal and bladder cancers have been associated with these polymorphisms.
,

Reduction of cyanides and inorganic sulfides using thiotransferase and rhodenase converts cyanide to thiocyanates which are partially secreted through saliva and result in a 200X reduction in toxicity.  This pathway is needed for cyanogenic glycosides as found in cassava, B 12 (cyanocobalamin), walnuts, almonds, apricot pits, tobacco products, apple cider and sorghum. Decreased detoxification of these substances results in neuropathy, goiter, optic atrophy, B 12 deficiency, cyto-P450 malfunction.
Most of the sulfur used to detoxify cyanide comes from ingested cysteine and methionine from protein. 35% of all chemical sensitivity patients are deficient in intracellular sulfur.  The thiocyanate behaves like a halogen and actually competes with iodine resulting in thyroid insufficiency.

Conjugation using sulfur for conversion of heavy metals to sulfides.

Methylation

Methylation occurs by alkylation by methionine.  Methyltransferase enzymes are found mainly in the liver, as well as brain, placenta, breast, red cells and lungs.  This pathway detoxifies amines, phenols, thiols, catecholamines, melatonin, histamine, serotonin, pyridine, etc. Impaired methionation is the most common disordered metabolism in the chemically sensitive.

Methylation requires magnesium, folate, niacin, riboflavin, pyridoxine, cobalamine, serine, betaine, and trimethylglycine to function optimally.
· biotransformation of serotonin

· conversion of adrenalin to noradrenalin

· conversion of homocysteine to SAM. (folate)

· formation of biogenic amines

· formation of phosphatidyl choline and phosphatidylethanolamine

· methylation of 2 and 4 hydroxyestrogens

Gluconation (glucuronidation) with glucuronic acid

The major conjugation reaction moving xenobiotics to polar water-soluble metabolites. This pathway has a high capacity and low affinity for phenols (in contrast Sulfonation).  These enzymes are located in the phospholipid bilayer of the endoplasmic reticulum. Liver, kidney, GI tract, and the skin, in that order are involved in glucuronic action.

UDP glucuronate (the supply of which is rate limiting) for glucuronidation is supplied by glycogenolysis. When glycogenolysis is inhibited by glucose, fructose or insulin (in vitro) glucuronidation is inhibited.
 When the hepatic glycogen stores are depleted, glucuronidation is inhibited.
Vitamin C is needed for this pathway.  Activity of glucuronylsulfotransferase is increased by watercress
 and with green tea.

Combination Polymorphisms and Disease Risk
· Combination polymorphism Renal Cell Carcinoma risk

variant 


risk

CYP1Al 


2.1

CYP1Al & GSTTI

2.3

CYP1Al & GSTPI

2.4

CYPIAI & NAT2

2.5

GSTMl,GSTPl,NAT2 

2.6 
GSTMl, GSTPl, CYP1A1 
3.5

GSTM1, GSTTI (null) and CYP2D6 when in combination in an individual gives higher risk for basal cell carcinomas.
  Breast cancer risk increases as the number of high-risk genotypes increases (GSTM 1 null, GSTT 1 null, GSTP 1 *B).

· Premenopausal breast cancer risk

Variants 



OR . 

GSTPI Ile-Ile/GSTM3*B 

2.07 

GSTPI Ile-Ile/GSTM3*B/GSTTl
9.93
GSTP 1 Ile-Ile/ GSTM 1 (n)/GSTTI
3.96

Excretion

Route of excretion for Halogenated aromatic xenobiotics shifts from urine to feces with increasing size and number of halogen atoms indicating a bypassing of phase one and phase 2 pathways prior to excretion in some compounds.

Non metabolized dioxins have been shown to be cleared out of the blood into the intestines indicating that fecal excretion is regulated by the lipid-based blood concentrations. Studies with animals and humans has shown that fecal clearance can be stimulated by the consumption of non-absorbable lipophillic substances (paraffin oil, rice bran fiber combined with cholestyramine and olestra).
, 
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