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prostate health, and taste perception.

Zinc is a cofactor in over 300 metalloenzymes,
and is able to directly affect gene expression, signal
transduction, transcription, and cellular replication
through nonenzymatic pathways.1 Zinc plays a role in
the synthesis of protein, fat, and cholesterol, as well
serving as a cofactor for SOD, alcohol metabolism, and
insulin function. Zinc is also important for its role in
the immune system, cell growth and differentiation,

Biochemistry and Mechanisms of Action

Zinc has anti-inflammatory action mediated through inhibition of nitric oxide formation.2
There is a greater incidence of chronic diarrhea in zinc-deficient children,3 and zinc supplementation has historically improved chronic diarrhea in malnourished children.4
Zinc acts as an antioxidant through mechanisms outside its role in the antioxidant enzyme
superoxide dismutase. Zinc has been shown to protect vitamin E stores,5 stabilize membrane
structures,6 prevent LDL and VLDL oxidation,7 protect against carbon tetrachloride-induced
hepatitis,8 and maintain tissue levels of metallothionein, a potential free radical scavenger.9
Recent studies exploring the mechanisms of zinc deficiency and immune suppression
have shown zinc deficiency (like protein-calorie malnutrition) elevates the production of
glucocorticoids through up-regulation of the hypothalamic-pituitary-adrenocortical axis. 10
Emerging research in the mouse model has shown that zinc deficiency, through glucocorticoid
release, actually causes a depletion of precursor T and B cells in the bone marrow and thymus,
suppressing lymphocyte production.
Zinc has a regulatory role in apoptosis, as it both induces and blocks cellular apoptosis, depending on the cellular concentration.11 At very high concentrations, zinc can induce
apoptosis in immune cells, possibly the mechanism responsible for the immune suppression
of high supplemental doses of zinc. Apoptosis plays a role in many disease states, including
autoimmune diseases, Alzheimer’s and Parkinson’s disease, stroke, ischemia, cancer, and
HIV infection.11
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Pharmacokinetics
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Zinc absorption occurs throughout the length of the small intestine, but in greater amount
in the jejunum, by active transport and diffusion. Active transport into the bloodstream is
mediated by binding to albumin, alpha-2-macroglobulin, or transferrin.1 Iron, copper, and
phytates inhibit zinc absorption.
Zinc is stored in the spleen, muscle, liver, and bone marrow. Other tissues with high
concentrations of zinc include the prostate, skin, spermatozoa, and retina. Red and white blood
cells also have high concentrations of zinc. Elimination of zinc is primarily through the feces
and urine, with smaller amounts eliminated through the skin.

Deficiency States and Symptoms

Severe zinc deficiency is seen only in combination with protein-calorie malnutrition,
long-term intravenous feeding, or in the inherited disorder acrodermatitis enteropathica.12
Nutritional zinc deficiency, however, has been well documented in otherwise “well-nourished”
infants and young children, children and adults with chronic diarrhea, infants and children
with impaired physical growth,13 children at risk for or with a history of pneumonia,14 and in
infants and children with impaired neuropsychological activity.15,16 Zinc deficiency has also
been documented in sickle cell anemia,17 renal disease, alcoholism, teenage pregnancy,18 anorexia nervosa, bulimia,19 the elderly,20 HIV infection,21 burn patients, and those with chronic
gastrointestinal disease.12
Because zinc is crucial in cellular growth and replication, rapidly replicating cells such
as embryonic and fetal tissue, cells of the central nervous system, the gastrointestinal system,
and the immune system are particularly vulnerable to zinc restriction. Infants, young children,
and individuals with acute or chronic infections that necessitate mounting a continuous immune response, as well as people with injuries or illness that requires tissue repair, are most
at risk for zinc deficiency.12
The immune system is particularly dependent on a steady supply of zinc. Studies in mice
with 30 days of sub-optimal zinc intake have shown a 30-80 percent loss of immune function.22
Alterations in the immune status of human subjects having only minimal zinc deficiencies
include defective natural killer function, decreased interleukin-2 production, anergy,23 and
lymphopenia.22
Manifestations of severe zinc deficiency include diarrhea, dermatitis, alopecia, and
poor wound healing. Signs of mild-to-moderate zinc deficiency include growth retardation
(as related to protein metabolism) male hypogonadism, poor appetite, low immunity, rough
skin, mental lethargy, and impaired taste acuity (hypogeusia). The symptoms of acrodermatitis
enteropathica, an autosomal recessive disease with impaired zinc absorption, exhibit a classic
manifestation of zinc deficiency: eczematoid skin lesions, alopecia, diarrhea, and concurrent
bacterial and yeast infections.
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Clinical Indications
Anorexia Nervosa and Bulimia Nervosa

Zinc deficiency symptoms, including anorexia, poor growth, weight loss, amenorrhea,
and depression are common symptoms occurring in anorexia nervosa.24 Altered gastrointestinal
function that decreases zinc absorption, and high levels of exercise that increase zinc needs
are factors that may predispose anorectics to zinc deficiency.25 Zinc deficiency occurs in 50
percent of anorexia nervosa patients and 40 percent of bulimics.19,26
A controlled trial using zinc supplementation in anorectics found a significant increase
in body mass index (BMI) in those on 14 mg elemental zinc from oral zinc gluconate.27 Other
trials have also found a significant increase in weight gain with zinc supplementation.28-31
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Pediatric Diarrhea

In diarrhea, decreased transit time, as well as secretory fluid released in the small intestine,
prevents nutrient absorption. Zinc is necessary for regeneration of the absorptive mucosa of
the intestine. In infants less than one year old, diarrhea lasting longer than 10 days typically
results in low serum zinc levels.32 This appears to precipitate a cycle of zinc malabsorption
and intestinal inflammation that, if unabated, can create chronic intestinal pathology and
further lowering of tissue zinc stores.32 A meta-analysis of studies of zinc supplementation in
childhood diarrhea concluded zinc supplementation has a consistent, positive effect on the
duration and severity of episodes of diarrhea.33,34 The doses used in the studies ranged from
20-40 mg elemental zinc per day.

Age-Related Macular Degeneration

Clinical trials using zinc in age-related macular degeneration (AMD) have been based
on the phenomenon of high zinc content in the retinal pigment epithelium, the tissue under
the retina that nourishes the rods and cones. Using prior studies that provided evidence for
pharmacological doses of zinc in prevention of vision loss in AMD,35 the Age-Related Eye
Disease Study (AREDS) assessed the effect of zinc in 3,640 patients with AMD. The study
compared zinc alone, antioxidants alone, or zinc plus antioxidants against placebo.36 The trial,
lasting 6.3 years, assessed the effects of (1) antioxidants: vitamin C, 500 mg; vitamin E, 400
IU; and beta carotene, 15 mg; (2) zinc: 80 mg as zinc oxide; and copper, 2 mg as cupric oxide;
(3) antioxidants plus zinc; or (4) placebo. Comparison with placebo showed a statistically
significant decrease in the risk of developing advanced AMD in the antioxidants-plus-zinc
group, i.e., the odds were reduced by 27 percent. The use of zinc (and copper) alone resulted
in a 25-percent reduction. When those who had only a small probability of progressing were
excluded, the odds for the rest of the participants dropped even more, with 33 percent less
likely to progress with both zinc and antioxidants and 30 percent less likely to progress with
zinc alone. Those on both antioxidants and zinc were able to reduce their risk of losing vision
by one-third.
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Epidemiological studies assessing zinc intake in those with AMD found moderate levels
of dietary and supplemental zinc – a median intake of 40 mg per day in men and 25 mg per
day in women – were not effective in decreasing risk for AMD.37
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Diabetes

Diabetics have a significant risk for zinc deficiency. Low plasma and erythrocyte levels,
abnormal taste acuity, and low levels of plasma thymulin activity have been found in significant
proportions among type 1 and 2 diabetics.38-40
In murine models of diabetes, zinc supplementation has been shown to lower elevated
serum glucose levels and to decrease risk for onset and severity of diabetes in diabetes-prone
mice.41,42 In zinc-deficient women with type 2 diabetes, 30 mg zinc glycinate was used to raise
insufficient plasma zinc and 5’nucleotidase activities (a sensitive indicator of zinc status).40
Zinc supplementation, at 30 mg per day, has also been shown to elevate selenium glutathione
peroxidase levels in diabetics with retinopathy.43 In another study with insulin-dependent diabetics, 660 mg of daily zinc salts were found to significantly improve peripheral neuropathy.44

HIV/AIDS

Zinc deficiency has been documented in HIV infection in multiple studies.21,45 The utility
of supplemental zinc in HIV infection has been documented in both pediatric and adult HIV
infection. Zinc supplementation has improved CD4 counts, reduced viral load, and reduced
risk of recurrent opportunistic infections (specifically Candidia esophaghitis and Pneumocystis
carinii pneumonia) in CDC stage IV patients (CD4 cells under 50) on AZT.46
Caution has been expressed regarding supplemental zinc in HIV due to the fact that two
HIV proteins in viral replication are zinc-dependent. Recent studies, however, have shown
zinc finger proteins are also necessary for inactivation of the virus and evidence from feline
HIV models implies low zinc levels contribute to the progression of the virus more than they
offer protection against viral replication.46

Other Conditions

Zinc has been shown to be effective in a number of other disease states. Supplementation
has been shown to reduce infectious bronchitis in children15 and in Downs Syndrome patients.47
Zinc supplementation has also been shown to decrease risk for infection from leprosy, malaria,
and congenital herpes;46 to slow the progression of Alzheimer’s Disease;48 to decrease prostatic
swelling in benign prostatic hypertrophy;49 to improve mean sperm counts in oligospermia;50
and to increase the healing rate of gastric and lower limb ulcers.51,52 Zinc also enhances exercise
performance53 and immune function in the elderly.54
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Drug-Nutrient Interactions

Zinc reduces absorption of ciprofloxacin, penicillamine, and tetracyclines. Oral contraceptives and tetracyclines may reduce plasma zinc levels.55 Zinc absorption is reduced with
insufficient gastric acid production and with the use of H2-receptor antagonists.56 It is suggested
to take zinc supplements and acid-blocking drugs at separate times during the day.

Nutrient-Nutrient Interactions
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Large doses of zinc may reduce copper absorption. Long-term doses of zinc required to
deplete copper are reported to vary from 150 to 5,000 mg per day.57 Studies in patients with
sickle cell anemia who were given 150 mg zinc daily for 3-6 months, and were not supplemented with copper, became neutropenic and copper deficient.58 As little as 2 mg copper per
day can prevent copper deficiency with 150 mg zinc supplementation.59
Zinc reduces absorption of oral iron supplementation, and vice-versa.60-62 This is clinically relevant when using supplemental iron in pregnancy. The inclusion of zinc in prenatal
supplements may reduce the potential for iron supplements to adversely influence zinc status
in pregnant women, subsequently reducing the risk of intrauterine zinc deficiency.62

Side Effects and Toxicity

Zinc at doses of 30 mg and above often causes stomach upset, nausea, and possible vomiting, an effect that is reduced when zinc is taken with food. Zinc toxicity with associated copper
deficiency has been documented in a case of zinc gluconate supplementation at 850-1,000 mg
per day for one year. Symptoms included fatigue and dyspnea on exertion. Objective findings
included anemia, neutropenia, pallor, and orthostatic pulse changes.63

Dosage

Doses beyond the RDA of 15 mg/day have not been established. Other dosages are
condition-specific. It may be important to note that 30 mg elemental zinc as glycinate chelate
in studies with diabetics was unable to raise 5’nucleotidase levels to those of controls and was
insufficient to normalize serum zinc levels in diabetics with neuropathy.40 It appears certain
populations of diabetics or individuals with malabsorption may need larger amounts of zinc.
It is noteworthy that 660-mg doses of zinc salts were used in diabetics to successfully treat
peripheral neuropathy symptoms.44

Alternative Medicine Review Monographs

Page 463

Zinc

References

1.
2.
3.
4.
5.

Copyright© 2002 Thorne Research, Inc. All rights reserved. Alternative Medicine Review Monographs

6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

Vallee BL, Falchuk KH. The biochemical basis of zinc physiology. Physiol Rev 1993;73:79-118.
Abou-Mohamed G, Papapetropoulos A, Catravas JD, Caldwell RW. Zn2+ inhibits nitric oxide formation in response to lipopolysaccharides: implications in its anti-inflammatory activity. Eur J Pharmacol
1998;341:265-272.
Bahl R, Bhandari N, Hambidge KM, Bhan MK. Plasma zinc as a predictor of diarrheal and respiratory
morbidity in children in an urban slum setting. Am J Clin Nutr 1998;68:S414-S417.
Bhutta ZA, Bird SM, Black RE, et al. Therapeutic effects of oral zinc in acute and persistent diarrhea
in children in developing countries: pooled analysis of randomized controlled trials. Am J Clin Nutr
2000;72:1516-1522.
Bunk MJ, Dnistrian AM, Schwartz MK, Rivlin RS. Dietary zinc deficiency decreases plasma concentrations of vitamin E. Proc Soc Exp Biol Med 1989;190:379-384.
Bray TM, Bettger WJ. The physiological role of zinc as an antioxidant. Free Radic Biol Med
1990;8:281-291.
DiSilvestro RA, Blostein-Fujii A. Moderate zinc deficiency in rats enhances lipoprotein oxidation in vitro.
Free Radic Biol Med 1997;22:739-742.
DiSilvestro RA, Carlson GP. Effects of mild zinc deficiency, plus or minus acute phase response, on CC14
hepatotoxicity. Free Radic Biol Med 1994;16:57-61.
Cousins RJ. Absorption, transport, and hepatic metabolism of copper and zinc: special reference to metallothionein and ceruloplasmin. Physiol Rev 1985;65:238-309.
Fraker PJ, King LE, Laakko T, Vollmer TL. The dynamic link between the integrity of the immune system
and zinc status. J Nutr 2000;130:S1399-S1406.
Webb SJ, Harrison DJ, Wyllie AH. Apoptosis: an overview of the process and its relevence in disease. Adv
Pharmacol 1997;41:1-34.
Hambidge M. Human zinc deficiency. J Nutr 2000;130:S1344-S1349.
Hambidge M, Krebs NF, Walravens A. Growth velocity of young children receiving a dietary zinc supplement. Nutr Res 1985;1:306-316.
Buttha ZA, Black RE, Brown KH, et al. Prevention of diarrhea and pneumonia by zinc supplementation in children in developing countries: pooled analysis of randomized controlled trials. J Pediat
1999;135:689-697.
Sazawal S, Bentley M, Black RE, et al. Effect of zinc supplementation on observed activity in low socioeconomic Indian preschool children. PEDS 1996;98:1132-1137.
Bentley ME, Caulfield LE, Ram M, et al. Zinc supplementation affects the activity patterns of rural Guatemalan infants. J Nutr 1997;127:1333-1338.
Prasad AS. Zinc deficiency in sickle cell disease. Prog Clin Biol Res 1984;165:49-58.
Endre L, Beck F, Prasad A. The role of zinc in human health. J Trace Elem Exp Med 1990;3:337.
Humphries LL, Vivian B, Stuart M, et al. Zinc deficiency and eating disorders. J Clin Psychiatr
1989;50:456-459.
Sandstead HH. Is zinc deficiency a public health problem? Nutrition 1995;11:87-92.
Baum MK, Shor-Posner G, Campa A. Zinc status in human immunodeficiency virus infection. J Nutr
2000;130:S1421-S1423.
Fraker P, King L. Changes in the regulation of lymphopoiesis and myelopoiesis in the zinc-deficient
mouse. Nutr Rev 1998;56:S65-S69.
Kaplan J, Hess JW, Prasad AS. Impairment of immune function in the elderly: association with mild zinc
deficiency. In: Essential and Toxic Trace Elements in Human Health and Disease. New York; Alan R.
Liss: 1988:309-317.

Page 464

Alternative Medicine Review Monographs

Zinc

26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.

Shay NF, Manigan HF. Neurobiology of zinc-influenced eating behavior. J Nutr 2000;130:S493-S1499.
Dinsmore WW, Alerdice JT, McMaster D, et al. Zinc absorption in anorexia nervosa. Lancet
1985;1:1041-1042.
McClain CJ, Stuart MA, Vivian B, et al. Zinc status before and after zinc supplementation of eating disorder patients. J Am Coll Nutr 1992;11:694-700.
Birmingham CL, Goldner EM, Bakan R. Controlled trial of zinc supplementation in anorexia nervosa. Int
J Eating Disord 1994;15:251-255.
Safai-Kutti S. Oral zinc supplementation in anorexia nervosa. Acta Psych Scand Supp 1990;361:14-17.
Yamaguchi H, Arita Y, Hara Y, et al. Anorexia nervosa responding to zinc supplementation: a case report.
Gastroenterol Jap 1992;27:554-558.
Bryce-Smith D, Simpson R. Case of anorexia nervosa responding to zinc sulphate. Lancet 1984;2:350.
Esca SA, Brenner W, Mach K, et al. Kwashiorkor-like zinc deficiency syndrome in anorexia nervosa. Acta
Derm-Venereol 1979;361-364.
Wapnir RA. Zinc deficiency, malnutrition and the gastrointestinal tract. J Nutr 2000;130:S1388-S1392.
Brown KH, Peerson JM, Allen LH. Effect of zinc supplementation on children’s growth: a meta-analysis
of intervention trials. Bibl Nutr Dieta 1998;54:76-83.
Sazawal S, Black RE, Bhan MK, et al. Efficacy of zinc supplementation in reducing the incidence
and prevalence of acute diarrhea – a community-based, double-blind, controlled trial. Am J Clin Nutr
1997;66:413-418.
Newsome DA, Swartz M, Leone NC, et al. Oral zinc in macular degeneration. Arch Opthalmol
1993;111:1200-1209.
Age-Related Eye Disease Study Research Group. A randomized, placebo-controlled, clinical trial of highdose supplementation with vitamins C and E, beta carotene, and zinc for age-related macular degeneration
and vision loss: AREDS Report No. 8. Arch Opthalmology 2001;119:1417-1436.
Cho E, Stampfer MJ, Seddon JM, et al. Prospective study of zinc intake and the risk of age-related macular degeneration. Ann Epidemiol 2001;11:328-336.
Mooradian AD, Morely JE. Mirconutrient status in diabetes mellitus. Am J Clin Nutr 1986;45:877-895.
Moutschen MP, Scheen AJ, Lefebvre PJ. Impaired immune responses in diabetes mellitus: anaylsis of the
factors and mechanisms involved. Relevance to the increased susceptibility of diabetic patients to specific
infections. Diabete Metab 1992;18:187-201.
DiSilvestro RA. Zinc in relation to diabetes and oxidative disease. J Nutr 2000;130:S1509-S1511.
Simon SF, Taylor CG. Dietary zinc supplementation attenuates hyperglycemia in db/db mice. Exp Biol
Med 2001;226:43-51.
Tobia MH, Zdanowicz MM, Wingertzahn MA, et al. The role of dietary zinc in modifying the onset and
severity of spontaneous diabetes in the BB Wistar rat. Mol Genet Metab 1998;63:205-213.
Faure P, Benhamou PY, Perard A, et al. Lipid peroxidation in insulin-dependent diabetic patients with early retina degenerative lesions: effects of an oral zinc supplementation. Eur J Clin Nutr 1995;49;282-288.
Gupta R, Garg VK, Mathur DK, Goyal RK. Oral zinc therapy in diabetic neuropathy. J Assoc Physicians
India 1998;46:939-942.
Patrick L. Nutrients and HIV: Part 2 – Vitamins A and E, zinc, B-vitamins, and magnesium. Altern Med
Rev 2000;5:39-51.
Mocchegiani E, Muzzioli M. Therapeutic application of zinc in human immunodeficiency virus against
opportunistic infections. J Nutr 2000;130:S1424-S1431.
Licastro F, Chiricolo M, Mocchegiani E, et al. Oral zinc supplementation in Down’s syndrome subjects
decreased infections and normalized some humoral and cellular immune parameters. J Intell Disabil Res
1994;38:149-162.

Alternative Medicine Review Monographs

Copyright© 2002 Thorne Research, Inc. All rights reserved. Alternative Medicine Review Monographs

24.
25.

Page 465

Zinc

48.
49.
50.
51.
52.
53.

Copyright© 2002 Thorne Research, Inc. All rights reserved. Alternative Medicine Review Monographs

54.
55.
56.
57.
58.
59.
60.
61.
62.
63.

Huang X, Cuajungco M, Atwood CS, et al. Alzheimer’s disease, beta-amyloid protein, and zinc. J Nutr
2000;130:S1488-S1492.
Fahim M, Fahim Z, Der R, et al. Zinc treatment for the reduction of hyperplasia of the prostate. Fed Proc
1976;35:361.
Netter A, Hartoma R, Nakoul K. Effect of zinc administration on plasma testosterone, dihydrotestosterone
and sperm count. Arch Androl 1981;7:69-73.
Formmer DJ. The healing of gastric ulcers by zinc sulphate. Med J Austr 1975;2:793.
Hallbrook T, Lanner E. Serum zinc and healing of various leg ulcers. Lancet 1972;2:780-782.
Krotiewski M, Gudmundson M, Backstrom P, et al. Zinc and muscle strength and endurance. Acta Physiol
Scand 1982;116:309-311.
Bodgen JD, Oleske JM, Lavenhar MA, et al. Effects of one year supplementation with zinc and other
micronutrients on cellular immunity in the elderly. J Am Coll Nutr 1990;9:214-215.
Mason P. Dietary Supplements. London, UK: Pharmaceutical Press; 2001:254.
Sterniolo GC, Montino MC, Rosetto L, et al. Inhibition of gastric acid secretion reduces zinc absorption in
man. J Am Coll Nutr 1991;10:372-375.
Cunnane SC. Zinc: Clinical and Biochemical Significance. Boca Raton, FL: CRC Press; 1988:65-66.
Prasad AS. Zinc: the biology and therapeutics of an ion. Ann Intern Med 1996;125:142-144.
Prasad AS. Essentiality and toxicity of zinc. Scand J Work Environ Health 1993;19:134-136.
Sandstrom B. Micronutrient interactions: effects on absorption and bioavailability. Br J Nutr 2001;85:S1
81-S185.
Brzozowska A. Interaction of iron, zinc and copper in the body of animals and humans. Rocz Panstw Zakl
Hig 1989;40:302-312. [article in Polish]
Solomons NW. Competitive interaction of iron and zinc in the diet: consequences for human nutrition. J
Nutr 1986;116:927-935.
Walsh CT, Sandstead HH, Prasad AS, et al. Zinc: health effects and research priorities for the 1990s. Environ Health Perspect 1994;102:S5-S46.

Page 466

Alternative Medicine Review Monographs

