Role of Macronutrients in Biotransformation

Fat

Phosphatidyl choline is an essential membranous component of the MFa system. It's fatty acid composition in the membrane can be altered through dietary fat changes (eggs).

In animal studies - when given phenobarbitol animals fed oils with high linoleic or gamma linolenic acids (EFA's - herring oil, linseed/flax oil) had highest cytochrome P​450 response, while animals fed beef fat or low levels of com oil had the lowest'.

Diets devoid of or low in PUF A and high in saturated fats produced a lower level of GSH transferase activity in rat hepatocytes.2

Humans (much less info than with animal models) - feeding subjects with high fat diet (70% fat and 10% protein of total calories) for 2 weeks resulted in t 1/2 increase for antipyrine and theophylline. Indicating possible MFa depression.3 While low fat diets (30% fat and 50% protein of total calories) resulted in lower t1/2 for both drugs. Indicating that substitution of dietary protein for fat can result in acceleration of drug metabolism.

In human studies no difference in metabolism has been shown between saturated and unsaturated fat diets.

It is possible that endogenous lipids such as steroids and fatty acids may occupy Cytochrome P450 binding sites, thereby displacing exogenous substances and possibly interfering with their metabolism.

High fat diets reduce available glutathione levels.4

Protein

Metabolism of toxic chemicals and drugs has been shown to be impaired by protein deprivation. Increased toxicity of chemical compounds and drugs have been reported with protein deficiency. Protein deficiency decreased the activity of liver MFa systems, which increase the t 1/2 of numerous toxic chemicals and drugs and potentiate drug action and toxicity.s

Quantity and quality of protein in the diet alters both phase I and phase 2 reactions in drug metabolism ( a gelatin diet induces very low MFa activity)

The toxicity of strychnine and phenobarb is increased in protein deprived rats.6 The toxicity of acc, acetylcholinesterase inhibitors, herbicides, fungicides have

increased several-fold by protein deficiency.7

Protein deprivation results in:
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-decreased Cyto-P450 content ofliver, secondary to decreased quantity of

microsomal protein

-decreased NADPH-Cytochrome P-450 (c) reductase -decreased cytochrome b5

-decrease in GSH - hepatic

-increases in liver UDP-glucuronlytransferase (phase 2)8

Plasma proteins also play roles in binding, distribution, and delivery of foreign compounds in the body.

Reduced clearance of antipyrine and increased t 1/2 of antipyrine are found in Asian

vegetarians having low dietary protein intake.9 This was not found in Caucasian

vegetarians with adequate protein intake.

Isocaloric increasing of the ratio of dietary protein to CHO ratio in well nourished volunteers has been shown to enhance clearance of antipyrine and theophylline. 10 An

increase in the protein/carbohydrate ratio in the diet of normal subjects has been found to

increase estrogen 2-hydroxylation II, decrease androgen 5aIpha-reduction 12 and alter the

plasma concentrations of testosterone and Cortisol in a reciprocal fashion and produce

parallel changes in the binding globulins for these steroids'3

Lead toxicity is increased with low protein diet.

Methionine and Cysteine deficiency leads to reduction of intestinal and hepatic MFO enzyme activity. hepatic MFO activity can also be suppressed by folic and choline deficiency.

Low methionine intake also impacts selenium metabolism making less selenium available for GSH-peroxidase biosynthesis.

Low levels of excess dietary methionine in rats has alleviated toxicity of methylmercury and atrazine.

Charcoal-broiled beef

Charcoal broiled meets contain polycyclic aromatic hydrocarbons. These same P AHs in

cigarette smoke is thought to cause increased drug and chemical oxidation. Two studies

looked at whether P AHs in charcoal broiled beef led to increase oxidation of phenacitin,

antipyrine or theophylline. In one study levels of phenacitin were markedly lower with

the beef consumptionl4. In the second study antipyrine and theophylline metabolism was

accelerated during consumption of the charcoal-broiled beef 15. While such cooking of

beef increases oxidation, no change in conjugation has been found.

Women with sulfotransferase lA I arg/arg and arg/His alleles exhibit increased rates of breast cancer with increasing doneness of red meat intake.16

Carbohydrates

in 1951 - IV glucose administration prolonged phenobarb hypnosis.

Increased sucrose leads to decreased MFO activity in rats with decreased levels of Cyto P-450 and b5. This is possibly due to depression of heme synthesis by CHO.

Antipyrine and theophylline clearance was looked at in 6 subjects during sequential feeding of high CHO, high fat and high protein diets over a study period of 6 weeks. Decreased clearance of antipyrine and theophylline were found during high CHO and high fat dietary periods, but increased clearance occurred with high protein diet. These results suggested that substituting dietary protein for either CHO or fat will increase drug metabolism.17

Cruciferous vegetables

"Now that I am president no one is going to make me eat broccoli" President George Bush.

10 health subjects consumed a diet in which cabbage and brussel sprouts were substituted for vegetables in a control diet known from previous animal studies to not stimulate CYP function. When the cruciferous vegetables were added the Tl/2 of antipyrine was reduced by 13% and the clearance by 11 %. The average plasma concentration of phenacetin was decreased by 34-67%. Increased levels of conjugated compounds were also found indicating increased glucuronic acid conjugation IS. A follow-up study by the same group confirmed that glucuronidation of acetaminophen is increased during consumption of cabbage and brussel sprouts.

Consumption of indole-3-carbinol significantly decreases urinary output of E I, E2, E3 and 16alpha-(OH)E 1 (which has estrogenicity comparable to E2 and leads to the formation of DNA adducts). Reduction of urinary output of 16alpha-(OH)E 1, 4-(OH)E 1 and 4-(OH)E2 are also significantly reduced by the consumption of soy (at any isotlavanoid level)19. Soy also leads to a reduction in circulating cholesterol, whether this is due to an induction or suppression of metabolic mechanisms in not yet clearo.

In Caucasian persons with GSTM 1 null phenotype, when eating cruciferous vegetables had increased induction ofCYPlA2 which activates certain procarcinogens (aromatic amines from cigarette smokef'

Fasting and starvation

In starvation there is an increased oxidation action with CYP2E I and decreased conjugation for the metabolites of this pathway. Decreased conjugation is due both to decreased GSH content and decreased activity of glucuronidation.22 The body preferentially goes to glucose production over biotransformation allowing reactive, unconjugated and hydroxylated intermediates less soluble than their conjugated counterparts to accumulate. Fasting has been shown to decrease hepatic GSH concentration23

Micronutrients

Vit E - widespread biological effects in maintaining health of reproductive, circulatory, muscular, skeletal, immune and nervous system.

It is a well known stabilizer of membranes and therefore provides suitable environment for synthesis and activity of membrane associated enzymes that protect against toxin damage. In addition it has antioxidant properties.

Although CCL4 does not cause liver damage via lipid peroxidation, Vit E partially prevents CCL4 Hepatotoxicity.

Pretreatment with Vit E in animals and humans prior to Ozone and Nitrous Oxide exposure provides partial protection against toxicity of these agents.

Deficiency ofVit E in diet markedly enhances lipid peroxidation and changes in lipid composition in tissues

In Vit E deficient rats Paraquat toxicity is enhanced. Vit E Supplementation had a reverse effect and protected against Paraquat toxicity.

Pretreatment with Vit E caused decrease in cardiomyopathy from adriamycin.

In Vit E deficiency there is an increase in lead toxicity (anemia, splenomegaly and increase in RBC fragility [rats]). By increasing Vit E these results were prevented.

Vit E. Controls one of the rate limiting steps of heme synthesis (so deficiency would result in decrease of Cyto-P450)

Vit E had protective effect against methylmercury toxicity in fowls

Vit E hooks on to free radicals, neutralizing toxicity

VitA

Required for epithelial cell differentiation and regulates stability of biological membranes. Essential for normal estrogen cycle.

Deficiency associated with decreased Cyto-P450 activity (rats)

Deficiency associated with increased binding ofbenzo(a)pyrene in tracheal epithelia

Quenches singlet oxygen species non-chemically

A mild Vit A deficiency in children has been linked to increased mortality from all causes.

Beta Carotene also protects against singlet oxygen

Organophosphates and PCB decrease liver Vit A content which increases their toxicity


1M injection of 1,500,000 units Vit A given yearly to cattle to treat

Organophosphate poisoning

Other items that lower Vit A are alcohol, coffee, cold weather, cortisone, diabetes, excessive Fe, infections, laxatives, liver disease, mineral oil, nitrates, sugar, tobacco, Vit D Deficiency, Zn deficiency.

Thiamin

20% of CS pts. at EHC-Dallas are deficient in B I

Thiamin depletion occurs from excess formaldehyde or any other items that go to aldehydes (alcohol, Candida, etc.)

Coenzyme of Thiamin is used (TPP) for aldehyde group to be metabolized. Mag also used in this process.

B I also served as coenzyme (TPP) for pyruvate dehydrogenase and alpha keto glutarate dehydrogenase.

Candida and some raw fish put out Thiaminases that destroy B I in the gut.

B I needed to restore oxidized GSH

B I deficiency increases the toxicity of PCB's, heptachlor and ani lines.

Treatment of cattle with 100 mg per day prevented clinical signs of lead poisoning and death.

Riboflavin

20% of CS pts at EHC-Dallas have deficiency

Riboflavin is a component of the coenzymes in various flavoprotein enzymes required for oxidation/reduction reaction. Liver microsomal flavoproteins NADPH-cytochrome reductase supplies reducing equivalents to Cyto-P450.

Dieldrin toxicity increased in B2 deficient animals

B2 supplementation decreases Boric Acid toxicity in B2 deficient animals

B2 facilitates destruction of Azo dye in liver by MFa, therefore protects against Azo dye induced cancer.

B2 used in glutathione reductase pathways which work with SOD to block free radical damage.

B2 Deficiency sx:

Cheilosis, inflammation of mucus membranes of mouth, purple tinged glossitis, reddening of eyes, eyes that tire easily, bum, itch and are light sensitive, depression, hysteria, growth retardation.

B3

Nicotinamide is component of two related coenzymes NAD, NADP which are oxidized to NAD+ and NADP+, and are reduced to NADH and NADPH.

Niacin is involved in over 50 metabolic reactions that are related to energy release from CHO

Used in deamination of amino acids, fatty acid synthesis, and Beta oxidation offatty acids, used in steroid formation and drug metabolism.

85

Used in Acetylation and Acylation. It is bound to Coenzyme A

B6

CS2, PCB and penicillamine have been shown to disrupt normal function ofVit B6. Chronic exposure can cause B6 deficiency

60% of CS pts. at EHC-Dallas are deficient. Whether they are taking oral supplements or not!

Needed for transamination reactions

Low B6 can lead to low taurine, when taurine is low extreme sensitivities to chlorine, chlorite (bleach), aldehydes, alcohol's, solvents, ammonia can develop

86 deficiency also results in poor ability to conjugate epinephrine and serotonin

Compounds that reduce available 86: -oral contraceptives

-alcohol

-coffee

-estrogen

-tobacco

Over 60 enzyme systems are dependent of B6

Deficiency will result in increased levels of Homocysteine (with folic acid)

B12

15% of CS pts at EHC/Dallas are deficient in B 12

Hydroxycobalamine is specific antidote for cyanide toxicity (injection of B 12 cured

dimness of vision-amblyopia in smokers that was due to chronic cyanide toxicosis).

Hydroxycobalamine has 1 less cyanide than cyanocobalamine, hydroxy & cyanide ​

cyano which is excreted in the urine.

It's methylated form, methylcobalamine inhibits the toxic effect of methylmercury on

nerve fibers in animals (possibly by increasing phosphatidyl choline synthesis)

B 12 and C have been shown to reduce Pb toxicity and CCL4 toxicity

B 12 with choline and inositol reverses Aflatoxin induced fatty liver

Nitrous oxide inactivated B 12 and can cause megaloblastic anemia

In B 12 deficiency the myelin sheath is malformed.

Vit c.

A cellular antioxidant, it scavenges free radical superoxide, and hydroxyl radicals.

It protects against phenol, phenylqumolin, carboxylic acid and barbiturate toxicity. It protects against ozone induce pulmonary edema, 02 toxicity and CCL4 toxicity

It reduces toxicity of pesticides, heavy metals, hydrocarbons, PCB, and acetominophen

It enhances MFa activity ( there is decreased Cyto P450 activity in Vit C deficiency) and enhances incorporation of Fe to heme.

Prevents nitroasamine formation from nitrites in the Gl tract. Protects against Pb and Cd toxicity

Various levels of dietary Vit C may facilitate metabolic degradation of xenobiotics by liver MFa.

Xenobiotics increase Vit C excretion in the urine.

smoking causes 40% decrease, sugar a 50% decrease (for 5 1/2 hours), OC use causes

decrease, stress causes decrease. One cigarette can use 55-200mg of Vit C.

-.------.

It does not chelate out Hg.

Regenerates Vit E

Vit C depletion in the guinea pig impairs oxidative drug metabolism and reduces CYP activity.24 In a study of 19 geriatric patients supplemented with 300mg Vit C, significant improvement in antipyrine Tl/2 and clearance occurred with supplementation in the vitamin-C deficient group. No improvement occurred in the group with normal leukocyte ascorbate leveJ.25

Antipyrine T 1/2 were reported to be longer in liver disease patients with low leukocyte ascorbate levels26. Administration of large amounts of ascorbic acid to nondeficient persons were reported to increase antipyrine in one study27 but not in another8 Minerals

Fe - has central role in heme containing molecules - Cyto P450 and Hgb.

Aniline metabolism is most sensitive to Fe deficiency, and increases susceptibility to Pb toxicity, yet there is a decrease in MFO activity in iron-overloading states.

Overhead

Mag - 40% ofCS pts at EHC-Dallas found deficient Alters MFO function in vivo and in vitro in animals

Deficiency leads to: decreased amount ofCyto-P450, NADPH cytochrome reductase


decreased hydroxylation of aniline, and demethylation of aminopyrene

Mag supplementation reverses both of these effects.

Deficiency symptoms: -headache -eyestrain

-muscle weakness -fatigue

-mild myopathy -myopIa

-increased ammonia

-muscle spasm

- constipation

- arrythmia, PVC

- chocolate cravings

- kidney stones (with B6) - PMS (with B6)
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Selenium

Required component of GSH-PX which maintains integrity of cellular and subcellular membranes.

Selenium deficiency can increase heme degradation but supplementation doesn't increase

heme production.

Enhances blastogenic response (Type 4 reaction)

Reduces toxicity of Pb, and increases biliary excretion of Cadmium and Hg, Prevents Cd induced decrease of Cyto-P450

Se deficiency increased the toxicity of numerous compounds Se supplementation increases GSH-PX levels

Zinc

Both deficient and excess Zinc can influence the metabolism and detoxification of xenobiotics.

Stabilizes biological membranes and provides protection against peroxide damage

Zinc deficiency decreases enzyme function but excess decreases Cyto P450 levels!

Zinc deficiency causes a reduction of GSH levels

Glutathione

Selenium increases

NAC and Cysteine can increase GSH levels Vitamin C

Milk Thistle

Whey Protein

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.

Amino Acids

Glycine, Glutamine, Cysteine, NAC, Taurine
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