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ZINC: A Micronutrient with Pleiotropic Actions
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Abstract

Zinc is a micronutrient with multiple functions in the
human body, including physical growth, immune
competence, reproductive functions, as well as neuro-
behavioural development and metabolic activities. Zinc is
a component of more than 300 enzymes. It is the most
important essential trace element in human nutrition. One
of the leading causes of zinc deficiency is inadequate
intake of dietary zinc rather than poor absorption of the
mineral. Although zinc does not supply energy, this
micronutrient is essential to the breakdown and
absorption of other micronutrients. The present review
comprehensively describes the well known functions of
zinc besides highlighting the newly discovered ones.
Further, the clinical implications in relation to the
biological functions and molecular mechanisms of action
of zinc are also emphasised.
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Introduction

Micronutrients are nature's wonder drugs, playing a
central role in metabolism and in the maintenance of
various homeostatic functions. By definition, those
nutrients whose daily requirements is <100 mg are called
micronutrients, e.g. iron, zinc, copper, manganese, and
fluoride. There is a highly integrated system to control the
flux of micronutrients in illness, and this demonstrates
just how important the body perceives the micronutrients
to be. An adequate intake therefore is necessary to sustain
metabolism and tissuc function, but provision of excess

supplements to individuals who do not need them may be
harmful. Clinical benefit is most likely in those
individuals who are severely depleted and at risk of
complications, and is unlikely if this is not the case [1]. A
plethora of information has accumulated on zinc, whose
normal metabolism is depicted in Fig.1.
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Figure 1. Zinc metabolism.

While zinc is present in all cells/tissues, the muscle and
bone contain the highest amount (90%). In the serum, zinc
is present predominantly in combination with albumin.
Liver is the main storage site of zinc (interestingly, zinc
supplementation improves liver pathology and reduces
the incidence of hepatocellular carcinoma in patients with
chronic hepatitis C) [2]. Oysters, lobster, red meat
(especially beef), lamb and liver have some of the highest
concentrations of zinc in food. The concentration of zinc
in plants varies based on levels of the element in soil.
When there is adequate zinc in the soil, the food plants
rich in zinc are wheat (germ and bran) and various seeds
(poppy, sesame, alfalfa, celery, mustard). Zinc is also
found in beans, nuts, almonds, whole grains, pumpkin
seeds, sunflower seeds and blackcurrant [3].The present
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review attempts to highlight the functions of zinc
especially in the light of recent developments and to
emphasize the clinical perspectives wherever possible.

Metabolism of carbohydrates

The effect of zinc ions on carbohydrate metabolism and
intracellular Zn** was studied in hepatocytes from fed rats.
The addition of ZnCl, to the medium led to an almost 3-
fold increase in lactate production and an increase in net
glucose production of about 50%. Half-maximal rates
occurred at about 40 uM ZnCl,. These effects were not
seen with Mn”’, Co™, or Ni*" up to 80 uM, whereas Cu’' at
80 uM and Cd” or Pb”" at 8 uM exhibited similar effects as
80 uM ZnCl,. Changes in intracellular Zn** were followed
by single cell epifluorescence using zinquin as a specific
probe. Intracellular free Zn™ in isolated hepatocytes was
1.26 £ 0.27 uM, and the addition of ZnCl, led to a
concentration-dependent increase in epifluorescence.
CdCl, or PbCl, at 8 uM was as potent as ZnCl, at 20-80
uM, whereas NiCl, at 80 pM was without effect. ZnCl,
completely abolished the inhibition of glycolysis by
glucagon (cAMP). Glucagon led to a pronounced drop in
cytosolic Zn’". Both glucagon and zinc stimulated
glycogenolysis by increasing the phosphorylation of
glycogen phosphorylase but acted oppositely on
glycolysis. Zinc overcame the inactivation of pyruvate
kinase by glucagon without changing the hormone-
induced protein phosphorylation. The antagonistic action
of zinc and cAMP on glycolysis together with the rapid
and marked decrease in free zinc concentration induced
by glucagon (cAMP) may indicate an as yet unknown role
of zinc as an important mediator of regulation of
carbohydrate metabolism [4,5].

The effect of Zn* on glycolysis is strongly dependent on
the concentration of Zn”'. Phosphofructokinase (one of
the key enzymes of glycolysis) is activated by low
concentration of Zn’* (an effect which is more pronounced
compared to Mg”") but is inhibited at higher concentration
approaching 0.23 mM. Thus, glucose flux through
glycolysis and amount of lactate produced depend on
phosphofructokinase activity which in turn is subjected to
regulation by Zn”' concentration [6].

The role of zinc deficiency, which could, at least
potentially, exacerbate the cytokine-induced damage in
the autoimmune attack which destroys the islet cell in type
1 diabetes, is unclear. Since Zn plays a clear role in the
synthesis, storage and secretion of insulin as well as
conformational integrity of insulin in the hexameric form,
the decreased Zn, which affects the ability of the islet cell
to produce and secrete insulin, might then compound the
problem, particularly in type 2 diabetes. Zinc homeostasis
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is regulated by the ZnT (SLC30A4 gene family) and Zip
(SLC394 gene family) zinc transporters. The ZnTs
transport zinc ion from the cytoplasm to extracellular
spaces or lumen of organelles, while the Zips transport
zinc ion from extracellular spaces or lumen of organelles
to the cytoplasm. A nonsynonymous single nucleotide
polymorphism (SNP) in SLC30A48 (rs13266634 C>T)
which changes from arginine (R) to tryptophan (W) at
position 325 is associated with type 2 diabetes.
Furthermore, major epitope(s) for ZnT8A lie within the
cytoplasmic domain of the molecule (aa268-369) and
R325W is a key determinant of humoral autoreactivity to
this protein [7]. Several of the complications of diabetes
may be related to increased intracellular oxidants and free
radicals associated with decreases in intracellular Zn and
in Zn dependent antioxidant enzymes. In a study by
Marreiro et al, it was found that zinc supplementation
enhanced insulin sensitivity in obese women who were
not zinc-deficient [8, 9].

Lipid metabolism

Zinc seems necessary for at least two stages in essential
fatty acid (EFA) metabolism, the conversion of linoleic
acid to y-linolenic acid, and the mobilisation of dihomo-y-
linolenic acid (DGLA) for the synthesis of 1 series
prostaglandins. Zinc may also be important in the
conversion of DGLA to arachidonic acid and in
arachidonic acid mobilisation for 2 series prostaglandins
(PG) formation. These interactions shed considerable
light on a number of clinical syndromes, including
acrodermatitis enteropathica, diabetes mellitus, the
glucagonoma syndrome and sickle cell anaemia. It also
underscores the zinc based acne therapy in pregnancy
[10].

Leptin, the product of the 0ob gene, plays a key role in a
feedback loop that maintains energy balance by signaling
the state of energy stores to the brain and by influencing
the regulation of appetite and energy metabolism. Zinc
also plays an important role in appetite regulation. Zinc
restriction decreases leptin levels while zinc
supplementation of zinc-depleted subjects increases
circulating leptin levels. In addition, zinc
supplementation increases interleukin-2 (IL-2) and
tumour necrosis factor-a (TNF-a) production that could
be responsible for the observed increase in leptin
concentrations. Zinc may influence serum leptin levels,
possibly by increasing the production of IL-2 and TNF-a

[11].
Metabolism of nucleic acids (DNA and RNA) and
proteins

B



Rani et al

Zinc is an essential element in the nutrition of human
beings, animals, and plants. Zinc is required in the genetic
make-up of every cell and is an absolute requirement for
all biologic reproduction. Zinc is needed in all DNA and
RNA synthesis and is required at every step of the cell
cycle. DNA is about 5000 times less susceptible to
damage by Zn’ ion than is RNA, suggesting its role in the
predominant evolutionary selection of DNA, rather than
RNA, as the bearer of the primary genetic information.
Zinc remains an essential component of all DNA and
RNA polymerases examined today. With a poly C
template, Zn’" alone can catalyze the assembly of an
activated GMP derivative (guanosine 5'-
phosphoimidazolide) into poly G chains 30 to 40 residues
in the natural 3'-5' linkage. Although other metals are
catalytic, zinc produces greater fidelity [12]. Zinc is also
involved in protein synthesis, a vital function, where it is
required for several key enzymes in RNA and DNA
synthesis [13]. The interaction of several DNA binding
proteins is mediated through unique structural motifs
including zinc finger motifs [14].
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Cys-His zinc finger

Figure 2. Zinc finger motif. C, cysteine; H, histidine.

Zinc fingers (Fig. 2) are finger-like protrusions extending
from transcription factors or gene-regulating proteins and
fastening to the wide, major groove of a DNA molecule.
Over 200 proteins, many of which are transcription
factors, incorporate zinc fingers. The finger-like
projections are suited for DNA recognition by means of
their three-dimensional shape. From an evolutionary
perspective, it is proposed that ancestral genes specifying
a small peptide would easily pick up zinc from the
environment and would fold without assistance into a
stable conformation where they would have the ability to

e

bind to DNA and RNA [15-21]. Zinc finger motifs are
subjected to redox signalling mediated by reversible thiol
co-ordination of Zn’". It has been documented that the
fidelity of intron cleavage is controlled by redox-
responsive Zn”’ cycling. Zn" is best suited for this purpose
compared to any other metal. This is especially important
under oxidative stress [22].

Zinc is required for the activity of >300 enzymes,
covering all six classes of enzymes. Zinc binding sites in
proteins are often distorted tetrahedral or trigonal
bipyramidal geometry, made up of the sulfur of cysteine,
the nitrogen of histidine or the oxygen of aspartate and
glutamate, or a combination. Zinc in proteins can either
participate directly in chemical catalysis or be important
for maintaining protein structure and stability. In all
catalytic sites, the zinc ion functions as a Lewis acid [23].

Epithelial integrity

Zinc improves the absorption of water and electrolytes,
improves regeneration of the intestinal epithelium,
increases the levels of brush border enzymes, and
enhances the immune response, allowing for a better
clearance of the pathogens. Another report has recently
provided evidence that zinc inhibits toxin-induced
cholera, in cultured Caco-2 cells. Thus, Zinc plays an
important role in modulating the host resistance to
infectious agents and reduces the risk, severity, and
duration of diarrheal diseases. There is a close association
between diarrhea and zinc deficiency particularly with
co-existing malnutrition (Fig. 3) [24].

— Diarrhea ——— Zinc Malabsorption

v
Microbial Exposure
A
Zinc Malnutrition

Decreased Immunity <

Figure 3. A plausible link between
malnutrition, diarrhea and zinc deficiency

Vitamin A metabolism

Zinc status influences several aspects of vitamin A
metabolism, including its absorption, transport, and
utilization. Two common mechanisms postulated to
explain this dependence relate to-

(i) The regulatory role of zinc in vitamin A transport
mediated through protein synthesis. Zinc deficiency can
depress the synthesis of retinol-binding protein (RBP) in
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the liver and lead to lower concentrations of RBP in the
plasma. Thus, reductions in plasma holo-RBP in animals
fed zinc-deficient diets compared with their pair-fed,
zinc-supplemented control counterparts may be due to
impaired hepatic synthesis of the transport protein
although partial food intake and growth restriction may
confound this relation;

(i1) The oxidative conversion of retinol to retinal that
requires the action of a zinc-dependent retinol
dehydrogenase enzyme in the visual cycle in the retina of
the eye [25, 26].

Heme synthesis

Zinc protoporphyrin (ZnPP) is a normal metabolite that is
formed in trace amounts during heme biosynthesis (Fig.
4). The final reaction in the biosynthetic pathway of heme
is the chelation of iron with protoporphyrin. During
periods of iron insufficiency or impaired iron utilization,
zinc becomes an alternative metal substrate for
ferrochelatase, leading to increased ZnPP formation.
Evidence suggests that this metal substitution is one of the
first biochemical responses to iron depletion, causing
increased ZnPP to appear in circulating erythrocytes.
Because this zinc-for-iron substitution occurs
predominantly within the bone marrow, the ZnPP/heme
ratio in erythrocytes reflects iron status in the bone
marrow. In addition, ZnPP may regulate heme catabolism
through competitive inhibition of heme oxygenase, the
rate-limiting enzyme in the heme degradation pathway
that produces bilirubin and carbon monoxide.
Physiological roles, especially relating to carbon
monoxide and possibly nitric oxide production, have been
suggested for ZnPP[27, 28].

Ferrous protoporphyrin
(heme) 106 umol

Ferrochelatase, Fe™' |

Protoporphyrin

................. " Zinc protoporphyrin
(< 50 pmol)

Figure 4. Iron versus zinc protoporphyrin.

Clinically, ZnPP quantification is valuable as a sensitive
and specific tool for evaluating iron nutrition and
metabolism. Diagnostic determinations are applicable in
a variety of clinical settings, including paediatrics,
obstetrics, and blood banking. In addition to diagnostic
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tests and metabolic studies, ZnPP has a potential
therapeutic application in controlling bilirubin formation
in neonates as a preventive measure for
hyperbilirubinemia [27, 28].

Metabolism of alcohol

Alterations in zinc metabolism or zinc deficiency
frequently occur in patients with alcoholic liver disease.
Potential manifestations of zinc deficiency include skin
lesions, hypogonadism, impaired night vision, impaired
immune function, anorexia, altered protein metabolism,
diarrhea, and depressed mental function. Because of the
variety of ways in which zinc deficiency may present in
alcoholic liver disease, clinicians must maintain a high
index of suspicion for this nutrient deficiency when
caring for these patients. Recent data from alcoholic
hepatitis patients demonstrate increased serum levels of
the monokine IL-1, which is known to cause
hypozincemia and an internal redistribution of zinc. This
monokine has a host of metabolic functions other than its
effect on mineral metabolism that have relevance for
alcoholic liver disease such as fever, neutrophilia, and
muscle catabolism [29].

Wound healing

Zinc confers resistance to epithelial apoptosis through
cytoprotection against reactive oxygen species and
bacterial toxins possibly through antioxidant activity of
the cysteine-rich metallothioneins. Zinc deficiency of
hereditary or dietary cause can lead to pathological
changes and delayed wound healing. Oral zinc
supplementation may be beneficial in treating zinc-
deficient leg ulcer patients, but its therapeutic place in
surgical patients needs further clarification. Topical
administration of zinc appears to be superior to oral
therapy due to its action in reducing superinfections and
necrotic material via enhanced local defence systems and
collagenolytic activity, and the sustained release of zinc
ions that stimulates epithelialization of wounds in
normozincemic individuals. Zinc oxide in paste bandages
(Unna boot) protects and soothes inflammed peri-ulcer
skin. Zinc is transported through the skin from these
formulations, although the systemic effects seem
insignificant. [30].

Immunity

Zinc has a number of effects on the immune system.
Possible modes of action of zinc on the immune function
are:

(i) Zinc is an essential factor for the activity of many
enzymes- it is known to form part of more than 300
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metalloenzymes. Thus, zinc is essential to the function of
DNA polymerase, thymidine kinase and DNA dependent
RNA polymerase, whose involvement in nucleic acid
synthesis could explain the effects of zinc on lymphoid-
cell proliferation. Zinc also influences the activity of the
transcriptional regulator family, known as zinc finger
DNA binding proteins. In addition, zinc forms the active
sites of many metallo-proteases [31].

(i1) Zinc is necessary for the activity of some immunity
mediators. This has been clearly shown for thymulin, a
nonapeptidic hormone (Glu-Ala-Lys-Ser-Gln-Gly-Gly-
SerAsn) secreted by thymic epithelial cells, and requiring
the presence of zinc for its biological activity. This peptide
promotes T lymphocyte maturation, cytotoxicity, and IL-
2 production. Zinc is bound to thymulin in a 1:1
stoichiometry via the side chains of asparagine and the
hydroxyl groups of the two serines. Thymulin is
detectable in the serum of zinc-deficient patients, but is
inactive. The binding of zinc to the peptide results in a
conformational change that produces the active form of
thymulin. The use of thymulin as an indicator of zinc
deficiency has been suggested and the assay of serum
thymulin activity with or without zinc addition in vitro
may be used as a sensitive criterion for diagnosing mild
zinc deficiency in humans. Zinc could also be critical for
cytokine activity. For instance, it has been demonstrated
that the production or the biological activity of
interleukins (IL-1, IL-2, IL-3, IL-4, IL-6), interferon-
gamma (IFN-y) and tumour necrosis factor-alpha (TNF-
a) are affected by zinc deficiency. In addition, and as
mentioned above, zinc deficiency in humans affects the
cytokine production of T, 1 cells leading to an imbalance
between T, 1 and T, 2 cells [31].

(i11) Zinc could contribute to membrane stabilization,
acting at the cytoskeletal level. An effect on membranes
could explain the depression of phagocytosis, oxygen
consumption and bactericidal activity induced by zinc in
phagocytic cells and the modification of Con A surface
receptor availability on lymphoid cells [31].

(iv) Zinc is a major intracellular regulator of lymphocyte
apoptosis. Thus, it is becoming evident that the thymic
atrophy and lymphopenia which accompany zinc
deficiency are mainly due to an alteration in the
production of lymphocytes, and the loss of precursor cells
via an apoptotic mechanism. In this regard, the increased
production of glucocorticoids induced by suboptimal zinc
status could play a significantrole [31].

Antioxidant

Zinc is a component of several antioxidants such as the
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cytosolic enzyme copper-zinc superoxide dismutase (Cu-
Zn SOD). This enzyme is responsible for the
detoxification of superoxide anion free radicals O,
produced under physiological as well as several
pathological conditions. Zinc also attenuates oxidative
damage via stabilization of sulthydryl (-SH) protein and
inhibition of xanthine oxidase [32].

Reproductive system and foetal growth

Inadequate levels of zinc can result in low levels of the
male hormone testosterone, limit sperm formation and
decrease sperm mobility [33]. Since zinc plays a critical
role in normal growth and development, cellular integrity
and many biological functions, including protein
synthesis and nucleic acid metabolism, and all these are
involved in cell division and growth, zinc is believed to be
important for foetal growth and development. Low levels
of zinc are associated with preeclampsia in the mother,
premature birth, retarded growth and low birth weight in
the baby. This is possibly due to the fact that zinc is needed
for proper cell division. Slow growth of the infant, in the
first few months of life, has been associated with low
levels of zinc in the mother's breast milk [34].

Taste

Gustin is the major zinc protein in human parotid saliva
and is important for taste perception. Zinc supplements
have been used to improve taste perception in people
taking medications which reduce taste sensation, and in
cancer patients undergoing radiation therapy. This can be
valuable in helping to maintain normal weight and
nutrient intake during treatment [35].

Hair Growth

Though hair contain many micronutrients such as
calcium, copper, iron, magnesium, phosphorous and zinc,
the latter is especially important for the proper
functioning of hair follicles in several ways- (i) proper
synthesis and functioning of keratin, an important hair
protein; (ii) general utilization of proteins to maintain skin
integrity; and (iii) maintaining epidermal immune
function [36]. Although it is difficult to prove whether an
isolated zinc deficiency may result in hair loss, lower hair
zinc levels have been found in several disorders such as
acrodermatitis enteropathica [37], type 2 diabetes
mellitus [38], autism [39] etc. Zinc supplementation
promotes hair growth in alopecia [40]. Hair zinc is a
reliable biomarker of zinc status [41].

Conclusion

The above discussion clearly proves that zinc is a
micronutrient with pleiotropic actions. Further research is
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needed to identify the as yet undiscovered functions of
zinc and to extrapolate the knowledge into clinical
applications.

References

1.

11.

12.

13.

22
|

Alan S A (2006) The key role of micronutrients. Clin
Nutr 25:1-13.

Matsumura H, Nirei K, Nakamura H, Arakawa Y,
Higuchi T, Hayashi J, Yamagami H, Matsuoka S,
Ogawa M, Nakajima N, Tanaka N and Moriyama M
(2012) Zinc supplementation therapy improves the
outcome of patients with chronic hepatitis C. J Clin
Biochem Nutr 51(3):178-84.

Dietary Supplement Fact Sheet: Zinc. Available
from: http://ods.od.nih.gov/factsheets/Zinc-
HealthProfessional/. Accessed on: 6" May 2013.

Brand I A and Kleineke J (1996) Intracellular zinc
movement and its effect on the carbohydrate

metabolism of isolated rat hepatocytes. J Biol Chem
271(4): 1941-1949.

Brand I A and Heinickel A (1991) Key enzymes of
carbohydrate metabolism as targets of the 11.5 kDa
Zn” binding protein (Parathymosin). J Biol Chem
266:20984 -20989.

Tamaki N, Ikeda T and Funatsuka A (1983) Zinc as
activating cation for muscle glycolysis. J Nutr Sci
Vitaminol (6):655-62.

Kawasaki E (2012) ZnT8 and type 1 diabetes.
Endocrine J 59(7): 531-537.

Chausmer A B (1998) Zinc, insulin and diabetes. J
AmCollNutr 17(2):109-15.

Marreiro D N, Geloneze B, Tambascia M A, Lerario
A C, Halpern A and Cozzolino S M F (2004)
10.Participation of zinc in insulin resistance. Arq
Bras Endocrinol Metab 48 (2): 234.

Horrobin D F and Cunnane S C (1980) Interactions
between =zinc, essential fatty acids and
prostaglandins: Relevance to acrodermatitis
enteropathica, total parenteral nutrition, the
glucagonoma syndrome, diabetes, anorexia nervosa
and sickle cell anaemia. Med Hypotheses 6(3): 277-
296.

Mantzoros C S, Prasad A S, Beck F W J, Grabowski
S, Kaplan J, Adair C R D and Brewer G J (1998)

Zinc may regulate serum leptin concentrations in
humans. J Am Coll Nutr 17(3): 270-275.

Zinc metabolism. Available from:

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25

26.

27.

Current Trends in Biotechnology and Chemical Research | January-June 2013 | Vol. 3 | Issue 1

http://flipper.diff.org/app/pathways/info/3503
Retrieved: 5th May 2013.

Wilson L (2012) Zinc-The gentle strength and
balancing mineral. Available from:
http://drlwilson.com/Articles/ZINC.htm. Retrieved:
5"May 2013.

Lal H and Pandey R (2011) Textbook of
biochemistry, 2" edn. CBS Publishers, New Delhi,
pp. 464-465.

Klug A and Rhodes D (1987) Zinc fingers: a novel
protein fold for nucleic acid recognition. Cold
Spring Harb Symp. Quant Biol 52: 473-82.

Miller J, McLachlan A D and Klug A (1985)
Repetitive zinc-binding domains in the protein
transcription factor IIIA from Xenopus oocytes.
EMBOJ4(6): 1609-14.

Klug A (1999) Zinc finger peptides for the regulation
of gene expression. ] Mol Biol 293 (2):215-8.

Hall T M (2005) Multiple modes of RNA recognition
by zinc finger proteins. Curr Opin Struct Biol 15 (3):
367-73.

Brown R S (2005) Zinc finger proteins: getting a grip
on RNA. Curr Opin Struct Biol 15 (1): 94-8.

Gamsjaeger R, Liew C K, Loughlin F E, Crossley M
and Mackay J P (2007) Sticky fingers: zinc-fingers
as protein-recognition motifs. Trends Biochem Sci
32(2):63-70.

Matthews J] M and Sunde M (2002) Zinc fingers-
folds for many occasions. [UBMB Life 54 (6): 351-
5.

Robbins J B, Smith D and Belfort M (2011) Redox-
responsive zinc finger fidelity switch in homing
endonuclease and intron promiscuity in oxidative
stress. Curr Biol 21(3): 243-248.

McCall K A, Huang C C and Fierke C (2000)
Function and mechanism of zinc metalloenzymes.
The American Society for Nutritional Sciences. J
Nutr 130: 1437S- 14465S.

Bajait C and Thawani V (2011) Role of zinc in
pediatric diarrhea. Indian J Pharmacol 43(3): 232-
235.

Mejia L A (1986) Vitamin A-nutrient
interrelationships. In: Bauernfeind J C (ed) Nutrition
basics and applied science-a series of monographs.
Academic Press Inc, New York pp. 89-100.

Christian P and West K P (1998) Interactions

R
|



Rani et al

28.

29,

30.

31.

B2
33.

34.

-

between zinc and vitamin A. Am J Clin Nutr 68:
435S-4418S.

Labbé R F, Vreman H J and Stevenson D K (1999)
Zinc protoporphyrin: A metabolite with a mission.
Clin Chem 45:2060 -2072.

Kappas A, Sassa S, Galbraith R A and Nordmann Y
(1995) The porphyrias. In: Scriver C R, Beaudet AL,
Sly WS, Valle D (ed) Metabolic and Molecular Bases
of Inherited Disease, 7" edn. McGraw-Hill Inc, New
York, pp2102:2103.

McClain C J, Antonow D R, Cohen D A and
Shedlofsky S I (1986) Zinc metabolism in alcoholic
liver disease. Alcohol Clin Exp Res 10(6): 582-9.

Lansdown A B, Mirastschijski U, Stubbs N, Scanlon
E and Agren M S (2007) Zinc in wound healing:
theoretical, experimental, and clinical aspects.
Wound Repair Regen 15 (1): 2-16.

Dardenne M (2002) Zinc and immune function. Eur J
Clin Nutr 56(3): S20-S23.

Powell S R (2000) The antioxidant properties of
zinc. J Nutr 130(5): 1447S-1454S.

Atig F, Raffa M, Habib B A, Kerkeni A, Saad A and
Ajina M (2012) Impact of seminal trace element and
glutathione levels on semen quality of Tunisian
infertile men. BMC Urol 12(6):1-8.

35.

36.

A

38.

39

40.

41.

42.

Current Trends in Biotechnology and Chemical Research | January-June 2013 | Vol. 3 | Issue 1

Favier M and Favier H (2005) Zinc and pregnancy.
Gynecol Obstet Fertil 33(4):253-258. \

Henkin I R (1984) Zinc in taste function. Biol Trace
Elem Res 6(3): 263-280.

Zinc deficiency and fast hair growth. Available
from:http://www.ehow.com/about 5435281 zinc-
deficiency-fast-hair-growth.html Retrieved: 5" May
2013.

Finner A M (2013) Nutrition and hair: deficiencies
and supplements. Dermatol Clin31(1):167-72.

Afridi H I, Kazi T G, Brabazon D, Naher S and Talpur
F N (2013) Comparative metal distribution in scalp
hair of Pakistani and Irish referents and diabetes
mellitus patients. Clin Chim Acta415:207-14.

Blaurock-Busch E, Amin O R, Dessoki H H and
Rabah T (2012) Toxic metals and essential elements
in hair and severity of symptoms among children
with autism. Maedica (Buchar) 7(1):38-48.

Alhaj E, Alhaj N and Alhaj N E (2007) Diffuse
alopecia in a child due to dietary zinc deficiency.
Skinmed 6(4):199-200.

Lowe N M, Fekete K and Decsi T (2009) Methods of
assessment of zinc status in humans: a systematic
review. Am J Clin Nutr 89(6):2040S-2051S.

m




