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Categories of Detox diets
No universal ‘core’ 

components
No universal 

agreement on 
supplemental 

strategies

Fasting- short/long  
term

Anti-oxidant/vitamin 
supplements/high dose

Slow introduction of 
foods/restriction

botanical supplements/
High dose

GI products Specialty products

Hydro-therapy/
chelation

Special ‘cleanses’

Popular Detox diets
Some Popular

Detox Diets
“Purported”
Mechanism

Martha’s Vineyard Diet
Detox-Roni Delux

22 daily F/V →flush 
toxins

Raw Food-5 Step Plan
Natalia Rose

100% raw diet→
sluggish system, 
“live enzymes”

Wild Rose Herbal D-tox
Terez Willard

Variety of herbal 
combinations/

12 days-liver detox

Fasting/herbals “flushing” system

“Are you toxic” popular assessment tests: If you have 
4 or more factors you ‘need to detox’ 

Source: internet. Will not disclose exact website to not increase exposure to blatant quackery

• Fatigued?
• Feel dizzy, trouble 

concentrating?
• Cracking joints, back 

pain, AM stiffness?
• Frequent headaches, 

generalized aches?
• Sinus problems?

• Exposed to coffee, 
candy, soda, 
chemicals, sedatives, 
stimulants?

• Do you eat fatty, fried, 
or processed foods?

• Need to lose weight?
• Have auto-immune 

disorders?
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Limitations in ‘popular’ ‘detoxification’ profile 
assessments 

Ancient rituals of Egypt & canopic jar- Liver as a sacred organ

Liver has historically been viewed as the ‘life force’

Liver detox ‘products, supplements, treatments’
not new, but now million $$ industry

Right: 1939 Advertisement in Life Magazine; Left: York, England bill board: source Landmarks in Hepatology, 2004

Toxins from environment/endogenous/lifestyle/
‘xenobiotics’

Underlying hypothesis- detoxification strategies:

Genetic 
Variance

(Single nucleotide
Polymorphisms

(SNPs)

Dietary 
Inadequacies-

compromised co-enzymes
for detoxification

systemDiminished
Hepatic

Detoxification 
Capacity/
Toxic bio-

accumulation

Body becomes a toxic ‘reservoir’

Liver retains toxic load, ‘bio-accumulation’

Liver functions, but ↓capacity to detoxify 
due to toxic exposure, genetics, diet/lifestyle

Lower toxic load,
Eat healthy

Series of tests 
to assess ‘detox capacity’

Remove toxin accumulation
via ‘detox’

and supplementation

Chronic pain, fatigue, weight gain,
mild cognitive disturbances, immune
disorders, cancer patients, psycho-

neurologic patients. All need detoxification 1

1 Bennett, P, Working up the toxic patient: practical intervention & treatment strategies. 13th Internatl Symposium of The Institute of 
Functional Medicine

*Negative 
Factors

Up-regulate
Phase 1

Poor diet,
Etc

overwhelms
phase 2

Hypothesis: Imbalance
between phase 1 and phase 2 causes 

toxic overload
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Hepatic detoxification requires a three step process:

Phase 1
Cytochrome P450 enzymes (CYP)

Phase II
Conjugation reactions

Phase III 
Efflux proteins

The Liver-Biology & Pathophysiology, Wiley & Blackwell, 5th Edition, 2010 

Phase I detoxification 

Transformation of the 
Original compound

Via
Oxidation,
Reduction,
Hydrolysis

CYP 450 enzymes

CYP 1,2,3 form
Majority

Of 
Phase I Detoxification

enzymes

Up to date database for P450: http://drnelson.utmem.edu/cytochromeP450.html
The Liver, Biology & Pathobiology, Wiley-Blackwell, 5th Edition, 2010

Shimada T et al. J Pharmacol Exp Ther 1994;270(1):414. 

CYP3A
CYP2D6

CYP2C

CYP1A2CYP2E1

CYP3A

CYP2C

CYP1A2

CYP2E1

?

CYP2D6

Relative Quantities 
of P450s in Liver

CYP 450s

Role in detoxification

f
F

Biologic reactive intermediate (BRI) compounds 
formed

Phase I BRI

Net result from Phase l:

Current Drug Metabolism 9:344, 2008

Phase II/III –
detox heroes

“Remains impossible to accurately assess human 
exposure or level of toxicity from BRI”

Summary: Biologic reactive intermediates:
Current Drug Metabolism 9:344, 2008;J Gastro. & Hepatology 23:366,2008

• BRI presence alone is not an accurate indicator 
of human toxicity;

• Toxicity is determined by dose, and the 
collective series of reactions & outcomes;

• Various herbals such as comfrey tea, kava root, 
germander, pennyroyal,black cohosh have BRI 
which do have capacity for hepato-toxicity

Phase II: goal- create inactive, water soluble 
compounds- conjugates

Phase II:

Glucuronidation, sulfation,
Glutathione conjugation,

Acetylation,
Methylation 

The Liver-Biology & Pathophysiology, Wiley & Blackwell, 5th Edition, 2010
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Phase III: efflux protein system- responsible for 
removing

conjugates out (from intra-to extra-cellular)

P-glycoprotein (P-gp)* (AKA MRP1)

Multidrug resistance-associated proteins,
(MDR-1,2,3,4,5,6) 

The Liver-Biology & Pathophysiology, Wiley & Blackwell, 5th Edition, 2010
Current Drug Metabolism 10(5):482, 2009

Bile salt export transport (BSEP)

Breast Cancer resistant Protein
(BCRP)

What factors influence hepatic detoxification system? 
Evidence based data: factors influencing CYP450 -Phase II

The Liver-Biology & Pathophysiology, Wiley & Blackwell, 5th Edition, 2010

• Ethnicity
• Age
• Disease
• Environment/lifestyle
• Drugs
• Genetic variation
• Dietary factors

* Not necessarily fully inclusive, key examples

Some Dietary interactions & CYP450s Current Drug Metabolism 
9:1010,2008;  Toxicology in Vitro 20:187,2006

– Smoked foods (polycyclic aromatic hydrocarbons) 
increase CYP1A activity 

– Cruciferous vegetables (brussels sprouts, cabbage, 
broccoli): alter activity of selected CYP isoenzymes  

• Indole-containing vegetables (cabbage, cauliflower) upregulate CYP1A 
• Isothyocyanate-containing vegetables (watercress) inhibit CYP2E1 

– Organosulfur compounds (garlic) inhibit CYP2E1 and 
induce CYP1A, CYP3A and phase II enzymes

– Grapefruit juice phytochemicals influence CYP3A 
activity

– Flavinoids- influence CYP 3A4, 1A2,2E1,3A4, phase II & 
membrane bound transporters

Genetics influence CYP450s, so
need to understand genetics “basic”: What is a SNP?

A single nucleotide
Polymorphism*;

A change in a single
Nucleotide;

A gene variant;

*occurs in more than 1% of humans

CYP2D6 - numerous Polymorphisms

• Approximately 80 nucleotide polymorphisms are 
known

• Four phenotype subpopulations of metabolizers*
– Poor metabolizers (PM)
– Intermediate metabolizers (IM)
– Extensive metabolizers (EM)
– Ultrarapid metabolizers (UM)

• Variations according to racial background
• More than 65 commonly used drugs are 

substrates* The Pharmacological Basis of Therapeutics, Goodman & Gliman, 2005
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Abbreviated summary- Consequences of variant CYPs

• Influences rate of detoxification, and 
therefore the efficacy, duration, and peak 
of drug response

• Drug-drug/drug-dietary interactions/Affects 
ADR (adverse drug reactions)

• But, no evidence to suggest ‘toxin bio-
accumulation” in your liver due to 
CYP450s’ variances’ 

Non validated mechanism:
hepatic ‘toxin over-load/

bio-accumulation’ theory ….

Use Acetaminophen as a case 
study example– Concept: if ‘toxins’ exceed 
liver’s capacity, result = liver dysfunction

Acetaminophen- safe at appropriate doses, hepato-toxic at 
high doses

The Pharmacological Basis of Therapeutics, Goodman & Gliman, 2005

Acetaminophen

Urine- 2%

glucuronidation/sulphation

CYP2E1 N-acetyl-para-benzoquinoneimine
(NAPQI)

Hepatic glutathione conjugates w NAPQI

Mercapturic acid Binds to hepatic cells

When hepatic glutathione depletes to < 30%
Hepatic toxicity

Hepatic cell death
Mitochondrial dysfunction

Elevated alanine aminotransferase (ALT)
Prothrombin time increased

Human & Experimental Toxicology, 22:453, 2003

Scientifically sound analogy to debunk the ‘liver is a 
toxic dump’/bio-accumulation theory

• Liver is metabolically active ≥ 500 functions, 
precise architecture to fulfill those functions;

• ** If toxins were to exceed liver’s capacity to 
detoxify, hepatic damage/cell death would occur;

• Net result: markers of hepatic inflammation, 
injury, death would be manifested in various 
biomarkers→ hepatic destruction

No data to support hepatic bio-accumulation of toxins 
occur on chronic basis;

excessive toxin exposure would result in concurrent hepatic cell death
secondary to inflammation, fibrosis, necrosis---and compromised 

hepatic functionality

Hepatocyte
architecture

The Liver, Biology, Pathophysiology, 5th Edition, 2010
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Progression of liver damage- altered
architecture &ultimately function

Fatty Liver

Hepatitis

Fibrosis -- Cirrhosis

•Lipid accumulation in hepatocytes
•Increase in liver size

•Inflammation
•Hepatocyte death by

apoptosis and necrosis
•Release of liver enzymes

•Excess ECM deposition
•Hardening of the liver
•Death of liver cells

Altered liver protein 
production/albumin

Hepatic functional parameter

Impaired extraction, 
transformation, 

excretion bilirubin/bile acids

Hepatic functional parameter

Altered prothrombin time Hepatic functional parameter

Acute phase response proteins Inflammation

Malondialdhyde (MDA) Non organ specific lipid
oxidative damage

F2 iso-prostanes Non organ specific
oxidative stress

Urinary taurine Acute hepatic damage, cellular 
necrosis,

hepatoxicity

Increased RBP Hepatic regeneration following 
injury

Increased des-gamma carboxy 
prothrombin (DCP)

Hepatic regeneration following 
injury

AST: aspartate serum 
transaminase

Hepatic damage, flow, 
inflammation,
Non specific

ALT: alanine amino 
transaminase

Most specific for hepatic
damage, flow, inflammation

GGT: gamma glutamyl 
transpeptidase

Found in liver, kidney, pancreas, 
heart, brain, prostate; Suggests 
bile flow decrease (cholestasis) 

or secretion defect 

Cytosolic alpha glutathione S 
transferase changes

Early sensitive marker hepatic 
injury

Scientifically 
valid
Ways

To 
determine

Liver
Function,

Regeneration
&

Damage?

Human & Experimental Tox. 
21: 253, 2002;

The Liver, Biology & 
Pathobiology, 2010 

Marker                  Assessment parameter

Recommendations to clinically monitor 
sensitive signals for liver toxicity:

• Incidence of serum ALT elevation 3 x upper normal level 
(ULN);

• ALT level  3x ULN and bilirubin above 2-3 mg/dl

• ** “NO generalized predictive marker of hepatic toxicity 
or hepatic ‘detoxification capacity’ has been validated”

• Current Drug Metabolism 9:344, 2008

caffeine Validated use
Blood/saliva
Ratios of 
Paraxanthine/
caffeine

Marker for
P450 1A2 
specifically

Metabolites:
Paraxanthine,
Theobromine,
theophylline

Abstain from 
Caffeine sources 
24 hrs; sampling
Period needs 8 
hrs; use ratio

Chlorzoxazone Validated use
plasma

Marker for
P 450  2E1
specifically

Metabolite:
OH-
chlorzoxazone

Assess ratio of
OH-
chlorzoxazone/
chlorzoxazone

Erythromycin After IV dose
Of C14 labeled
Erythromycin,
Assess breath

Marker for
P 450 3A3, 
And 3A4

Test assesses
N-demethylation
From these iso-
enzymes;
IV does not 
assess intestinal
3A3/4

Radioactive 
compound 
needed; 
extensively 
validated for in 
vivo hepatic 
activity for 3A3/4.

Lydocaine IV dose,
Plasma 
assessments

Marker for 
P 450 3A4

Metabolite:
Mono-
Ethylglycine-
Xylidide (MEGX)

Hypotensive 
Effect, BP must
Be monitored;
Hepatic flow 
critical

Midzzolam
(MDZ)

IV dose,
Plasma 
assessments of 
ratio

Marker for
P 450 3A3/

3A4

Metabolite:
1-hydroxy-
MDZ

Very complex
Analytical
Techniques
required

Selective P450 tests of hepatic
detoxification capacity compiled from reference list resources

Summary- suitable markers for assessing in-vivo hepatic 
‘detoxification’ capacity:

• “a combination or ‘cocktail’ of probes is 
most appropriate for assessment, but it is 
too early to conclude which probe(s) will 
be most suitable”

Journal of Clinical Pharmacy & Therapeutics 22:237, 1997; & The Liver-Biology & Pathophysiology, 5th

Edition, 2010 

Limitations in ‘popular’ ‘detoxification’ profile 
assessments 
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Popular Detoxification 
Menu…or toxin anyone?

Thiamine, riboflavin - ≥ 150mg

B6, C, niacin- significantly higher than UL

Choline, Zn, Mg- higher than UL
Anti-oxidant cocktail, E, Beta-carotene, C

Botanicals including
Milk thistle extract,

Broccoli extract,
Dandelion root

Valid liver detox ‘support’

• Role of nutritional factors…

• Life style factors….

• Botanicals….

Milk Thistle- Silybum marianum

• No toxicity concerns, efficacy still not 
demonstrated

• Active substance: silymarin (flavonolignans), from 
the seeds 

• Many forms: capsules (~$5 for 50), liquid extract

• Herbal remedy for over 2,000 years in Europe for 
liver and gallbladder disease 

• Synonyms: Bull thistle, pig leaves, royal thistle,                 
snake milk, St. Mary’s thistle, wild artichoke 

• USDHHS: http://www.ahrq.gov/clinic/epcsums/milktsum.htm

• MayoClinic: http://www.mayoclinic.com/health/silymarin/NS_patient-milkthistle

• NCCAM: http://nccam.nih.gov/health/milkthistle/

Herbal Liver ‘detox’ potions: 

Natural Medicines DataBase- accessed via SCAN’s member page; however, individual subscriptions available

• Herbal hepato-
toxins:

• Chaso, Onshido, 
Lipokinetix®, 
Kombucha tea, 
germander, xiao-
chai-hu-tang, 
Chinese green tea 
extracts (camellia 
sinensis)

• Commonly include:
• No efficacy 

reported, no hepatic 
toxicities, but drug 
interferences: 
yellow dock, 
dandelion root, 
burdock, licorice 
root* (electrolyte 
imbalance/BP)

NO DATA to support: 
Any technique, singular dietary component or 

combination of ‘supplements’, ‘herbals’, hepatic 
detox programs** will purify liver, enhance total 
hepatic detoxification activity, harmonize or ‘re-
balance’ liver. * No RCT has been conducted.

Dietary – phase I or phase II influence does not 
translate into entire hepatic detoxification 
alteration

Risks, concerns….
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Beyond what you’ve heard before about 
Supplement safety concerns,

DRI UL,
What is the potential harm?

“Hormesis”
‘dose’ matters: dose either has a favorable 

or harmful biologic effect
• Lower dose has 

opposite effect of a 
higher dose

• Results in response 
curve – J or U 
shaped curve

Mortality in RCT of anti-oxidant supplementation for 
primary & secondary prevention: systematic review & 

meta analysis. JAMA:297(8) 842, 2007

• Random effects meta-analysis & meta 
regression for co-variates, RCT, using vitamin C, 
selenium, Beta carotene, vitamin E- either alone 
or in combination

• Vitamin C,p=N/S for mortality, but vitamin E 
(RR= 1.04); Vitamin A (RR=1.16); beta carotene 
(RR=1.07) significantly increased mortality in low 
bias trials, where total n=180,938

RD’s take away messages for detox diets:

• Check COI of authors before blindly accepting;
• Be aware of “scientific smooze”;
• Expertise in hepatic P450, or detoxification system is 

not a pre-requisite to critical thinking in this realm;
• Familiarize yourself with validated status tests for 

micro-nutrients;
• Encourage food first approach, educate client on 

DSHEA, homesis, plausibility;
• No supplement/extract can replace whole food 

benefits & may not be beneficial at all
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