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Metabolic liver disease/ Hepatic detoxification

The Kupffer cells in the liver are responsible for removal of circulating immune complexes.  If a person has an adverse reaction to food, it may not be demonstrable as long as the threshold of activity of the Kupffer cells is not reached.  If another allergic process occurs, such as a pollen allergy, the threshold will be overwhelmed and an adverse reaction to food will present.  For example,  some patients may only present with food sensitivities when they have hayfever.

A. Cytochrome P450 (a.k.a. mixed-function oxygenase [MFO] system) occurs mainly in the liver (to lesser extent in the intestines and lungs).

1. cP450 is a superfamily of enzymes.  There is significant individual variability since 71 genes code for these enzymes.  This variability may explain differences in individual susceptibility to various toxins.

a.
Each enzyme is designated by the letters "CYP" followed by another Arabic numeral (e.g. CYP2D6)

2. The main function of the cP450 system is to convert fat-soluble toxins into water-soluble non-toxic compounds which can then be excreted in the bile or urine.

3. Most drug interactions are the result of cP450 enzyme inhibition or enzyme induction.

a. Enzyme inhibition usually involves competition with another drug for the enzyme binding site. 

b. Enzyme induction occurs when a drug stimulates the synthesis of more enzyme protein, enhancing the enzyme's metabolizing capacity.

c. Note that some drugs are metabolized by cP450 enzymes into the metabolically active form, while others are inactivated in their first-pass through the liver.

4. Upon exposure to toxic substances, the cP450 enzyme activity increases as a consequence of upregulation.  Also upregulated are other hepatic detoxification enzymes involved in conjugation, sulfur transferase, acetylation and sulfation.

5. Chronic toxic exposure with resultant increase in cP450 system enzymes can cause hepatic and other tissue damage.  The detoxified intermediates can be more reactive than the original toxin.  These intermediates are normally conjugated into non-reactive compounds.  However, in a state of chronic toxic exposure, the conjugating nutrients (i.e. SOD, Vit. E, Vit. C, carotenes, glutathione peroxidase, glutathione reductase) may become depleted leading to tissue damage (peroxidation and fibrosis).

6. Conversely, some people have underactive cP450 enzymes which makes it more difficult for them to clear hormones and inflammatory compounds (such as histamine) leading to metabolic toxicity and inflammation.  Additionally, people with underactive cP450 enzymes are more susceptible to the development of cancer, caffeine intolerance, and environmental sensitivities.  

7. Phase I of detoxification refers to the cP450 enzymes.

8. Phase II of detoxification refers to enzymatic conjugation of the reactive intermediates formed from the cP450 enzymes.

B. Measuring Phase I and Phase II detoxification pathway

1. Caffeine clearance test:  [Phase I]  Caffeine is principally detoxified in the liver by cP450 enzymes.  The rate at which caffeine is cleared from the liver is indicative of cP450 activity.  

a. a standard dose of caffeine is administered (based on body weight).  Saliva samples are then taken at 2 and 14 hours (or over the next 8 hours depending on the lab used) after the caffeine dose. (No other caffeinated beverages are to be consumed during the test period or for 24 hours prior.)  Saliva correlates very well to serum levels of caffeine.  

b. the rate of caffeine clearance from the body is indicative of cP450 activity.

c. Factors which up-regulate cP450 activity include:  

1.) chronic toxic exposure

2.) alcohol

3.) smoking (nicotine) – smoking upregulates phase I and depletes phase II and pt bcomes gluthione deficient.  This is why NAC, Se and gluthione and/or gluthione are good treatments for smokers

4.) polycyclic aromatic hydrocarbons (formed during charcoal broiling and found in cigarette smoke)

5.) acetominophen (Tylenol), phenobarbital

6.) indoles (found in Cruciferous vegetables)

7.) Iron deficiency

8.) High protein diet

9.) Niacin, Vitamin B2, Vitamin C

10.) Caraway and dill seeds

d. Factors which down-regulate cP450 activity include:  

1.) under-nutrition

2.) fasting

3.) protein deficiency

4.) carbohydrate

5.) phosphatidylcholine deficiency (PUFA deficiency)

6.) benzodiazepines (Halcion, Librium, Valium, etc.), Antihistamines, Cimetidine (Tagamet), Ketoconazole, Sulfaphenazole

7.) Naringenin from grapefruit juice

8.) Tumeric, Capsicum, eugenol (from cloves), Quercetin

9.) Vit. C deficiency

10.) vit. A deficiency

11.) Bacterial endotoxins- dysbiosis in gut will impair detox

12.) Aging – with age, ability to detox decreases, which is why elderly are more prone to side effects

2. Acetylation [Phase II]  One type of conjugation is adding an acetyl group to a cP450-produced metabolite.  There is great individual variability of acetylation rates.  Caffeine is one of the metabolites that is conjugated with an acetyl group.

a. By measuring the acetylated metabolites of caffeine in the urine, the acetylation pathway can be evaluated.  This test is done simultaneously with the caffeine loading test used to evaluate Phase I.  

b. Individuals with rapid Phase I detoxification and slow acetylation (or other conjugation pathways) will have high levels of reactive intermediates that can be more toxic than the original toxic compound.  These individuals are classed as "pathological detoxifiers".  

c. Acetylation detoxifies sulfonamides, mescaline.

d. Acetylation is inhibited by deficiencies of vitamin B2, B5, or Vit. C.

e. There are no known inducers.

3. Glutathione conjugation [Phase II]  Glutathione is an important conjugating molecule.  Glutathione is a tripeptide composed of glutamic acid, cysteine and glycine.

a. The conjugation of glutathione with intermediary biotransformed xenobiotics from Phase I results in the excretion of mercapturic acids. [This can be tested.]

b. Glutathione has two major functions in the body:  conjugation to form mercapturic acid and quenching oxygen free radicals.  Therefore, if the glutathione is used up in its conjugating role, there will be less available to quench free radicals.  This sets the body up for free-radical induced damage and the further release of toxic compounds.  These compounds are processed through cP450, kicking off more free radicals.  Additionally, the new intermediate metabolites but may not then be adequately conjugated due to diminished supplies of glutathione.  A viscous circle of organ toxic damage is created.

1.) In order to assess the status of intracellular glutathione, the analysis of whole blood glutathione can be used.  

2.) Repletion of diminished glutathione levels is important in persons with compromised antioxidant defense mechanisms.

3.) Glutathione conjugation detoxifies:  acetaminophen, nicotine, organophosphates, epoxides

4.) Glutathione conjugation is inhibited by:  Deficiency of B2, glutathione, selenium, zinc

5.) Glutathione conjugation is induced by:  vitamin B6, Brassica family, limonene-containing foods (citrus peel, dill, carraway), NAC, vit E, carotenes, exercise (upregulates glutathione-S-transferase)

4. Glycine conjugation [Phase II]  Glycine conjugates intermediary metabolites to form hippuric acid.

a. Glycine conjugation can be measured by the oral sodium benzoate challenge test.  A standardized amount of sodium benzoate (a food additive) is administered with water.  Urine is then collected for 4 hours.  The quantity of hippuric acid (the conjugate of glycine and sodium benzoate) is measured in the urine.

b. The percent of sodium benzoate converted to hippuric acid is an indication of the functional capacity of glycine conjugation.

c. Glycine conjugation detoxifies:  amino acid conjugation, benzoate, aspirin

d. Glycine conjugation is inhibited by:  low protein diet

e. Glycine conjugation is induced by:  glycine

5. Sulfate conjugation [Phase II]  Sulfation is the major conjugation pathway for amine neurotransmitter and steroid hormones, but also for drugs and other xenobiotics (esp. phenolic compounds).

a. The measurement of sulfation conjugation is done by evaluating urinary sulfate to creatinine ratios.  Note:  this is also an indirect measurement of intestinal permeability.  Urinary sulfate indicates the surplus after its use in protein metabolism and hepatic detoxification systems.  In intestinal permeability, the xenobiotics that are leaked through will deplete sulfur in liver conjugation pathways.  It has been shown that the hepatic conjugation use of sulfur takes precedence over the use of sulfur in amino acid formation (hence growth in children, tissue repair in adults and children is delayed when the conjugation demands for sulfur are chronically high).  

b. Decreased sulfate to creatinine ratios in the urine are associated with depletion of sulfur conjugating pathways in the liver.  

c. Sulfation detoxifies:  aniline dyes, coumarin, acetaminophen, methyl-dopa, estrogen, testosterone, thyroid hormone

d. Sulfation is inhibited by:  tartrazine dye, NSAIDS, molybdenum deficiency

e. Sulfation is induced by:  cysteine, methionine, taurine, molybdenum

6. Methylation is a phase II pathway which adds methyl groups to toxic compounds.  The methyl groups come from S-adenosylmethionine, which is synthesized from methionine.  This synthesis requires choline, vitamin B12, and folic acid.  This pathway is not directly assessed in a liver detoxification laboratory test, but may be inferred from serum homocysteine, vitamin B12 and folic acid levels.  High homocysteine, low B12 and low folic acid all indicated a decrease in methylation.  

a. Methylation detoxifies:  dopamine, epinephrine, histamine, thiouracil, estrogen

b. Methylation is inhibited by:  folic acid or B12 deficiency

c. Methylation is induced by:  lipotropic nutrients (choline, methionine, betaine, folic acid, vitamin B12)

7. Glucuronidation is a phase II pathway which adds glucuronic acid to toxic compounds.  This pathway is assessed in a liver detoxification laboratory test, specifically acetominophen clearance shows low urine acetaminophen glucuronide.  The presence of Gilbert’s disease, yellow sclera or jaundice (non-Hep.) indicate a decrease in glucuronidation.

a. Glucuronidation detoxifies:  acetominophen, morphine, diazepam, digitalis, aspirin, vanillin, benzoates

b. Glucuronidation is inhibited by:  aspirin, probenecid

c. Glucuronidation is induced by: fish oils, limonene-containing foods (citrus inner peels), birth control pills, cigarette smoking, phenobarbital.

C. Three types of Detoxifiers

1. Normal:  normal cP450 activity and sodium benzoate conjugation.  (About 50% of the population.)

2. Slow detoxifiers:  depressed cP450 and low to normal levels of hippurate excretion.  (About 30% of the population)

3. Fast-slow detoxifiers [Pathological detoxifiers]:  elevated cP450 activity and depressed glycine conjugation with reduced urinary hippuric acid output.  (About 17% of the population.)

a. These people are do not respond well to detoxification without added phase II support, because the detoxified compounds further upregulate phase I and continue to overwhelm phase II.  This leaves more toxic intermediates and free radicals available to create systemic symptoms.

b. Fast-slow detoxifiers are at increased risk of cancer due to the activation of pre-carcinogens into carcinogens without subsequent conjugation.

c. Fast-slow detoxifiers should have their conjugating nutrients induced (see above). This replenishment program can restore the conjugation nutrients and function in one to three weeks.

d. Imbalances in Phase I and Phase II detoxification is implicated in a variety of disorders such as chronic fatigue syndrome, Parkinson’s disease, Alzheimer’s disease, autoimmune disease, endocrine disorders, osteoporesis in smokers, migraine headache among others.

Dr Aschuler’s class discussion on detoxification/elimination (see Detoxification):

When you place someone on a elimination diet, also give them a concomitant detox:


Step 1:  Look at how well the gut functions. Often it is best to delay detox unti they are less gut permeable. The gut needs to heal 
first. Heal the gut by treating for 3 weeks:

· replenish with microbes

· glutamine (not more than 1.5g) , caotenes, sinc, ulmus, althea, glycyrrhiza, vitamins


Step 2: Elimination Diet:


Notes for this diet:

· very important patient comes off gradually

· support Phase I  (give multivitamins, Ultraclear, note that Ultraclear sustain has little p450 support))

· support Phase II ( give NAC, Se, to support sulfation pathway, give eggs and brassicas)

· give plenty o’ antioxidants (vit C and E and green tea)

· use a cholerectic – be gentle if “female, fat, forty and fertile”

· make sure elimination is optimal and colon is moving (bentonite/psyllium drink works nicely in AM)

· 30% of public is allergic to psyllium, so you can use oatbran or flax meal instead)

· saunas, exercise (reasonable), colonics




Dr. Crinion’s Notes

Biotransformation (“detox”  in the medical literature-  how can you call it detox if it could make something more harmful?)

Protection:


Sight, smell, taste (CN’s)


smell:  30-60 s after smelling a chemical you no longer register it as a smell (nasal fatigue)

Phase 1:  


NADPH:  use determined by fasted ((gluconeogenesis) vs. fed state ((biotransformation)


CYP 450 for steroid hormone production are only found in steroidogenic tissue (adrenals, gonads).  Large amounts found in the lungs and small intestine for the toxins these organs are exposed to in the air and food, respectively.  


synthetic reaction

anabolic

cholesterol (bile acids, steroids

vit D

alkanes ( FA ( eicosanoids

catabolic reactions:   FA’s, steroids, eicosanoids

3A4 is prdominate CYP in human liver 30% of total CYP content.  CYP 3A4 oxidation of parathion

Induction:

1A, 1B induced by 


PAH (smoke, exhaust, char-broiled meat) ( 


2,3,7,8-TCDD (dioxin)


PCB (OCC: oxygenated chlorinated compounds)

3A:  also Hypericum (3A4), pregnenalone, ipriflavone


DHEA:  can show up as induced phase 1 on liver detox profile testing (have patient stop and retest 4-6 weeks later).


Hypericum:  Information in regard to PI interaction based on one case study.  

Inhibition:


1A2:  cimetidine, diprofloxacine, erythromycin, fluvoxamine, ipriflavone


2C(9,10):  other SSRI’s, cimetidien, ketoconazole, lansprazole


2D6:  amiodarone, SSRI, haloperidol, etc.


3A:  cimetidine, naringenine, antifungals, protease inhibitors, macrolide antibiotics



Naringenine:  can use citrus to block degradation of certain medications



3A4 is lower in obese subjects


Trauma recues CYP content in the endoplasmic reticulum.


Dr. Lamson uses Cobalt beads to inhibit breakdown of estrogen in menopausal women.

phase 1 increases toxicity of:


benzypyrene (inducer) (PAH):  since it induces this creates an overload for phase 2

by products of phase 1


superoxide anion


singlet oxygen


H2O2

hydroxy radical


lipid peroxide

Phase 2

people can be slow acetylators and tend to be prone to AI disorders, paticularly SLE.

Acylation:  most commonly disordered phase 2 path (clinical observation:  W. Crinion)
If poor ( poor cholesterol metabolism:  pt. may have poor hormone profile/function with hypercholesterolemia

optimal pH is 7.8-8.  People who are toxic have tissue pH lower than this (cancer, food intolerance,…)

Glucuronidation:  optimal pH of 7.8

dysfunctional in diabetes, glycogen depletion (marijuana smoking)

CYP 1A1

1A1 may be importan in increased lung cancer due to the products of phase 1 of PAHs being carcinogenic.

CYP1A2:  12% found to be slow metabolizers, 40% found to be fast metabolizers.  

CYP2D6:  Gene amplification can be up to 12 x, which inherited in Swedish families

CYP2E1:  


Dral (9-31-9):  decreased susceptib lity to lung cancer in Japanese

Nutrition and Biotransformation:

Methionine and Cysteine deficiency ( ( suflation 

In general with macronutrients, sugar ( clearance, protein ( clearance.

B6 and Mg are the most common deficiencies in chemically sensitive people.

Mg deficiency associated with HCl deficiency (B vits also) and asthma (Se def. also) as well

Not So Fast!


Dr. Aschuler says:


- detoxes are best when you use adequate liver supportive nutrients 


- a fast down regulates your P450 so if you are still in a toxic environment, you will feel worse!





Not So Fast!


Excess histamine people:


-Dr. A says histamine is metabolized through phase I, so with a fast, histamine can increase, and make rashes WORSE





If you are B vitamin xu: you can be aceylation impaired





Drink coffee?


-take B vitamins





To increase glutathione:


-eat brassicas


-inner peel of citrus


-Se


-Vit E





Glycine:


- helps with anxiety in the brain too (Dr. Mitchell uses this a lot for anxiety)





Sulfate deficiency:


- show impaired detox sxs


- due to hormonal issues (estrogen xs: see sore breasts, heavy bleeding, spotting)


-arthalgias





High homocysteine?


-think liver and methlyation deficiency 





Elimination Diet Supplementation Schedule


	





	Often pt get exacerbations


	here at higher supplementation dosages
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