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Zinc
Biochemical Functions:  
· cofactor for cytoplasmic SOD

· enhances immune function

· anti-inflammatory action

· direct and indirect antiviral effects against some viruses (e.g. rhinovirus, herpes simplex)

· promotes conversion of thyroxine to triiodothyronine

· enhances thymus hormone output.

· essential to normal skin function

·  helps reduce local  hormone and retinol binding protein, influences serum retinol levels.

· decreases 5( reductase activity on testosterone
· stabilizes biological membranes and provides protection against peroxide damage

	DIGESTION
	ABS. Loc.
	ABSORPTION

HIGH CONC.
	ABSORPTION

LOW CONC.
	TRANSPORT
	CELLULAR UPTAKE
	METABOLISM
	STORAGE
	EXCRETION

	
	jejunum
	diffusion
	carrier mediated
	
	albumin, transferrin, IgG
	passive transport
	
	no pool; muscle, brain, heart


	FACTORS THAT ( ABSORPTION
	FACTORS THAT ( ABSORBTION
	Nutrient Interaction
	Drug Interaction

	· 
	· 
	· Large doses of zinc taken for prolonged periods of time may cause copper deficiency which can result in cardiac arrhythmia, hyperlipidemia, or immune system impairment. Administration of 2-4 mg/day of copper (depending on dose of zinc used) should prevent zinc-induced copper deficiency.  There is no evidence that zinc and copper supplements must be taken at separate times. 

· Large doses of zinc may promote folic acid deficiency.
	· Some diuretics may increase zinc excretion

· Zinc inhibits the absorption of tetracycline.  


	Dosage and Administration: US diet 10 mg/day, USRDA  15 males, 12 mg for females. Usual supplemental doses of zinc are 15-90 mg/day.

     Many of the studies described above used zinc sulfate at a dose of 50 mg of elemental zinc 3 times a day.  However, because it appears to be less bioavailable than the picolinate or citrate salts and may cause more gastrointestinal side effects, zinc sulfate is not recommended. 

     Zinc sulfate is irritating and not well absorbed.  Zinc oxide is very poorly or not absorbed. Well-absorbed forms of zinc include zinc methionine, picolinate and citrate.  When using zinc picolinate or zinc citrate, a reasonable therapeutic regimen would be 30-90 mg of zinc per day (in divided doses for more than 30 mg/day) with meals for 2-3 months, followed by lower doses for maintenance.  Zinc lozenges should be in the form of zinc gluconate at a dosage of one lozenge containing23 mg zinc every 2 hours for one week.  Zinc supplementation should be balanced with copper (.75-1 mg copper for every 15 mg of zinc)

     Zinc supplementation requires 12 weeks to show results.


	Food Sources: whole grains (5 times as white flour), dairy products, nuts and seeds (pumpkin) and meats.  Oysters are the highest food source although may contain cadmium which is more prevalent in wild oysters.


	Deficiency Signs:  

· Zinc taste test is sensitive for deficiency but is not specific.

· White spots on the nails

· Zinc is particularly necessary in growing children and the elderly.

· Serum zinc levels in 13-14 year old males are lower than in any other age group.


	Toxicity Signs:  Zinc should be taken with food to avoid gastric irritation.  Most of the adverse effects reported for zinc have been due to zinc-induced copper deficiency.


Both deficient and excess Zinc can influence the metabolism and detoxification of xenobiotics. Zinc deficiency decreases enzyme function but excess decreases Cyto P450 levels.  Zinc deficiency causes a reduction of GSH levels

Clinical Indications

	Behavioral and Psychiatric Conditions

	Anorexia nervosa
	45 mg/day
	Controlled and uncontrolled trials:  resulted in increased food intake and weight gain in patients with anorexia nervosa.  


	Dermatological Conditions

	Acne vulgaris
	30 mg, 2-3 times daily for 3 months followed by lower maintenance doses; balance zinc with copper
	Controlled trials

	Furuncles
	30 mg, 2-3 times daily for 3 months followed by lower maintenance doses; balance zinc with copper 
	Uncontrolled trial:  May induce regression of active lesions and prevent recurrences

	Atopic dermatitis and eczema
	
	Appears to be helpful and appears to enhance the efficacy of essential fatty acids.

	Acrodermatitis enteropathica (a genetic disorder associated with the malabsorption of zinc)
	relatively large doses
	In a study of 3 patients, only 1/3rd  the dose of zinc was needed when zinc was administered as zinc picolinate.


	Endocrine Conditions

	Diabetes mellitus
	
	Plasma zinc concentrations are low in diabetics, possibly as a result of increased urinary zinc excretion.  Zinc deficiency is associated with impaired glucose intolerance and may contribute to poor wound healing, immune-system dysfunction and other problems commonly seen in diabetics.  No clinical trials have been done.


	Gastrointestinal Conditions

	Gastric ulcer

Stasis ulcer (d/t poor venous return in the legs

Sickle cell disease (leg ulcers)

Any inflammatory disease
	30 mg, 2-3 times daily for 3-4 weeks
	Controlled trial:  may promote the healing of gastric ulcers.

	Impaired taste
	
	Controlled and uncontrolled trials, conflicting results:  May improve taste sensation in some patients with impaired taste function


	Immune Conditions

	Colds
	zinc gluconate lozenges in a base of glycine (allows zinc to ionize in the nasopharynx.  Citric acid cannot be used as it will stay bound to zinc as will  sorbitol or mannitol either.): 13-23 mg each, dissolved in mouth q 2-3 hr.  

-1/4 of a lozenge placed in the cheek w/ repeated administration with dissolution.

-zinc nasal gel (Zicam) qid
	Controlled trials:  effective for adults but not for children.  

Clinical Observation- R. Hawkins:  After a total of less than 3 lozenges, most patients using the regimen reportedly felt normally by the next day

Controlled trial:  significantly reduced the mean duration of symptoms form 9.0 to 2.3 days

	Immune function
	one trial used 45 mg/day.  Balance zinc with copper.  
	Controlled and uncontrolled trials:  enhances immune function in cancer and AIDS patients.  Zinc is the cofactor for thymulin which is undetectable in AIDS patients.  When added to the blood of AIDS patients, thymulin levels came up to normal.  Another protein (?) in AIDS patients sequesters zinc as well.  

Animal study:  Gestational zinc deficiency may result in immune-dysfunction in the offspring, which can persist for 2-3 generations, despite adequate zinc intake by the offspring.


	Male Conditions

	Benign prostatic hyperplasia
	
	Uncontrolled trial, clinical observation:  May relieve urinary symptoms and reduce the size  of the prostate in men with BPH

	Infertility
	supplementation for 1-3 months
	Uncontrolled trials:  may increase sperm count and or motility in infertile men, particularly those with low serum testosterone levels.


	Neurological Conditions

	Tinnitus
	
	Uncontrolled trial:  In patients with sensorial hearing loss (usually diagnosed as presbycusis) and low serum zinc levels, supplementation with zinc for 3-6 months resulted in reduction in about 25% of cases.

Uncontrolled trial:  In patients with tinnitus and low serum zinc levels, zinc supplementation for 1 month improved tinnitus in 52% of cases.

Controlled trial:  In patients with tinnitus and normal serum zinc levels, zinc supplementation was ineffective. 

	Macular Degeneration
	zinc sulfate 45 mg/day for 2 years
	Controlled trial:  Has been reported to slow the rate of visual loss in patients with age related macular degeneration.


	Pediatric Conditions

	Growth retardation
	
	Controlled trial:  Reported to enhance growth in short children.  In a few children with short stature due to growth-hormone deficiency, supplementation with zinc increased both growth rate and growth-hormone levels.  


	Rheumatologic Conditions

	Rheumatoid and psoriatic arthritis
	30 mg, 2-3 times daily for 3 months followed by lower doses for maintenance, balance zinc with copper
	may reduce symptoms of arthritis, but does not improve psoriasis.  

-Controlled trial:  Conflicting results with rheumatoid arthritis as zinc was effective only in patients with less-severe disease

-Controlled trial:  only one with patients in psoriatic arthritis


