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Diet Zn Target tissues
a-2 macroglobulin Including
(~0.15 mM) (30%) . Liver
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o Biliary Other Losses:
Metallothionine FExcretion: Sweat, Skin, Hair up to
Chelating Agents
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Zn** influx

Zn** efflux
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Physiological functions of zinc
Biochemical functions :
Cofactor for enzymes
Activity of zinc finger proteins

Cellular functions :
Growth & cell development
Cell membrane integrity
Tissue growth & repair
Wound healing

Endocrinological functions:
Reproduction: spermatogenesis & oogenesis
Thyroid function
Pancreatic function
Prolactin secretion
lhymopoetin synthesis

Immunological functions : function of neutrophils, T cells, B cells and NK cells
Neurological function: Cognition. memory. taste acuity. vision

Hematological function : coagulation factors

Skeletal function : Bone mineralization
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5

» Methionine synthase
« S-methyltetrahydropteroyltriglutamate—homocysteine S-methyltransferase

A

+ Alcohol dehydrogenase
« Aspergillus nuclease S1

c

+ Carbon monoxide dehydrogenase
» Carbonic anhydrase
+ Carboxypeptidase A

D
» D-2-hydroxy-acid dehydrogenase

G
» Galactitol-1-phosphate 5-dehydrogenase

Categories: Enzymes by cofactor | Zinc proteins
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G cont.

« Glutamate carboxypeptidase Il
« Glutamyl aminopeptidase

+ Insulin-degrading enzyme

L
+ Lactoylglutathione lyase

+ Matrix metalloproteinase
+ Methionine S-methyltransferase
+ Methylmalonyl-CoA carboxytransferase

+ N-acyl-D-amino-acid deacylase
+ N-acyl-D-aspartate deacylase
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N cont.
« N-acyl-D-glutamate deacylase
« N-benzyloxycarbonylglycine hydrolase

P

+ Phosphonoacetate hydrolase
+ Plant matrix metalloproteinase

5

« Stizolobate synthase
« Stizolobinate synthase

Z
+ Zinc carboxypeptidase
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Carbonic anhydrase : Acid-base balance

Alkaline phosphatase : phosphate digestion

Alcohol dehydrogenase : nonspecific aldehyde synthesis

Carboxypeptidases A and B and aminopeptidases : protein digestion

Delta-aminoevulinic acid dehydratase : Heme synthesis

Superoxide dismutase : antioxidant

Phospholipase C : phospholipid metabolism

Polyglutamate hydrolase : folate digestion

Matrix metalloproteinases : wound repair

Polymerases, Kinases, Nucleases, Transferases, phosphorylases, transcriptases : NA synthesis and cell replication and growth.

Zinc dependent enzymes
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Lymphoid vs Myeloid Interactions; —# Enhanced; == |nhibited
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Divalent cation signaling in immune cells
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HL-60 cells
TNFa (pg/mL)
IL-1B (pg/mL)
VCAM-1 (pg/mL)
MDA + HAE (uWM) THP-1 cells

THP-1 cells
TNFa (pg/mL)

IL-f (pg/mL)
MDA + HAE (uM)

HAECs
TNFa (pg/mL)
ILIB (pg/mL)
VCAM-1 (ng/mL)
MDA + HAE (um)

No stimulation

ox-LDL stimulation

Zn—

26.5+254
1.4+12

18.3+4.7
26+0.7

32.2+151
1.5+0.1
1.4+0.6

8.0+6.6

5.8+5.7

3.5+15
1.16+0.36

Zn+

12.1£12.1
0.8+0.7

14.2+£1.7
1.5+0.6

23.8+12.0
09+04
1.0+ 0.5

4.2+5.0

28+27

45+2.1
1.02+£0.20

aA|l values are means+ SDs. Zn—, zinc deficient; Zn+, zinc sufficient.

bFor differences between Zn— (1M Zn) and Zn+ (15wM. Zn) cell groups (Student’s t-test; n=3).

Pb

0.21
0.52
0.073
0.001

0.022
0.027
0.013

0.06
0.1
0.247
0.18

Zn—

3172+ 119.7
3.9+14

69.9+2.8
56+14

181.2+13.9
4.4+0.7
45+0.6

226+23
13.1+4.8
23.8+4.7
3.33+1.02

Zn+

152.7+£96.4
1.3+0.5
32.1+4.3
23+£05

121.0£ 179
1.7+0.9
20+0.7

13.6£2.1
6.2+18

13.8+2.1

1.45+0.77

Pb

0.007
0.042
0.006
0.046

0.027
0.004
0.004

0.034
0.028
0.016
0.028
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MECHANISMS RESPONSIBLE FOR

THE ROLE OF ZINC ON IMMUNE FUNCTION
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[Figure1) The role of Zinc and Selenium

to suppress cancer cell growth and trasfer (Bythe datas)
HIF-1a 4_ Cance Cell Growth
suppress
SOCS3 C-M yC
HIF-1 & HIF-1B S“"p’ess
® f Product
m;poxi; l suppress o Cancer promoting gene
Induce
Factorl
\®‘ CHIF1 —
suppress
suppress A * (DPloS one 2010:5(12):e15048
- _ (@)Bio.Bio.Res.Com.2000:268 (2) 652-
(3J Nutr Biochem 2013:24(6)1028 -
(glucose supply) @0Qsaka.Can.Res.Foun 2008:
Vascularization @J.J.SUI’Q.MBt&NUt 199933(3) 121
(®Mol Carcinog 2000 Dec;29(4):236-50

(transfer)



Function of Zinc,Selenium on cancer

[Zinc] Suppress to make new blood vessels by cancer cell
PloS one 2010:5(12):215048 Bio.Bio.Res.Com.2000:268(2)652-

Prevent the way to send the nutrition (glucose) in cancer cell
Surg.Metab.&Nutr.1999:33(3)121  J Nutr Biochem 2013:24(6) 1028-

Zinc inhibits STAT3™ (cancer gene)and is related to the suppression of

carcinogenesis and proliferation
Nature, 429: 298-302 (2004) Osaka univ. RIKEN

*:STAT3 (Signal Transducer and Activator of Transcription 3)
One of the cancer genes associated with carcinogenesis

Zinc reduce iron and copper vales to make reactive oxygen species
in serum and liver.

[Selenium]

Selenium reduce iron and copper vales to make reactive oxygen
species in serum and liver. It is stronger than zinc.

Selenium is believed mineral work synergistically with zinc
CCLM 2002 vol.40 issuell Jour.of Zinc Nutr.Therp.Suppl.1 2013
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Zn Dependent Nuclear Functions

DNA damage response
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ZIP 12,4 ?f

Zn-Containing

e Enzymes
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Figure 2: Localization and transport of zinc in a mammalian cell. Cellular localization
and function of ZIP and ZNT zinc transporter family members. Arrows indicate the
direction of zinc mobilization. ZIP1, 2 and 4 are induced in zinc deficient conditions, while
ZNT-1 and 2 members are induced by zinc administration. In general zinc efflux is
associated with enhanced susceptibility to apoptosis and higher levels with
protectionfautophagy.
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Zn transport in various pancreatic cell types.
(A) Localization of Zip1, Zip10, and Zip14 to
pancreatic a-cells suggests that these
transporters are responsible for importing
Zn into the cell. Zn binds to and opens ATP
dependent K(+) channels, allowing the
efflux of Zn from the a-cell and inactivation
of voltage dependent calcium channels,
resulting in decreased glucagon secretion.
(B) Zn is transported into pancreatic -cell
cells via Zip4. ZnT8 is responsible for the
transport of Zn into insulin granules.
Autoantibodies to ZnT8 and polymorphisms
of ZnT8 are associated with the onset of
DM. (Q) Zip5 is responsible for the
transport of Zn into pancreatic acinar cells.
Zn is transported into zymogen granules by
ZnT2 where it binds to and activates
digestive enzymes that are subsequently
secreted.



Factors that Affect Thyroid Function

Factors that contribute to
proper production of thyroid
hormones
| = Mutrients: iron, iodine,
tyrosine, zing, sefenium
vitamin E, B2, B3, B6, C, D

| Factors that increase

conversion of T4 to RT3

= Stress

= Trauma

= Low-calorie diet

* [nflammation
{cytakines, etc.)

+ Toxins

= |nfections

* Liver/kidnay
dysfunction

= Certain medications

Factors that inhibit proper
production of thyroid hormones
= Stress
= Infection, trauma, radiation,
medications
= Fluoride {antagonist to iodine)
= Toxins: pesticides, mercury,

g : cadmium, lead
\/
o~

Autoimmune disease: Celiac
Factors that increase

conversion of T4 to T3
« Selenium
« finc

\/ T3 and RT3 compete for binding
f sites

Factors that improve cellular
sensitivity to thyroid hormones
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Signs you need more zinc

e White spots on fingernail beds
* Cravingsalty or sweet foods

e Diarrhea

* Llow energy

e Catch colds easily

* Ringingin the ears

* Trouble focusing/ADD symptoms
e Low fertility

* Nerve dysfunction

* Faulty memory

* Woundsheal slowly

p
[jl:'| ACTION STEPS

Zinc and Men's Health

To ensure that your male patients are

receiving enough zine, consider imple-

menting the following strategies:

¥" Assure that male patients receive
a maintenance dose of 15 mg/day
AT T

¥ Supplement 50 mg/day zine to
patients ar risk for prostate cancer,

v Supplement 50 mg/day #ine to
patients with low testosterone
levels.

v Supplement 25-50 mg/day zinc to
patients with low semen volume.

v Supplement 25-50 mg/day zinc to
parients with low sperm count.

¥ Some nutritional experts rec-
ommend the use of copper while
«upplcmcnting with zinc in amounts
above 25-30 mg per day long-term,
Recommended dosage is 0.5-1 mg
of copper per 30-50 myg of zinc.




Top five signs of zine deficiency are:

Compromised immune system: Zine affects cell activities. Zine deficiency can cause
reduced or weakened antibodies and compromise the immune system. Thus the deficient
person will be prone to infection or flu.

Diarrhea: A compromised immune system makes one susceptible to infection. One of
these infections is a bacteria that causes diarrhea.

Hair loss and skin lesions: Zinc is important for normal eell growth. Zine nutrition
deficiency weakens the cells, which ean result in hair loss in case of cells on the scalp and
lesions on the skin. This is one of the prominent signs of zine deficiency.

Loss of appetite and/or anorexia: A deficiency of zinc causes decreased loss of
appetite. If zinc deficiency is not identified and treated, decreased loss of appetite can
eventually lead to anorexia.

Impairment of cognitive and motor funections: Zinc deficiency in a pregnant
mother can not only weaken the mother, but can also canse damage to the fetus’s
neurological system, impairing the motor skills and cognitive skills of the infant.

Other signs of zine deficienecy are reduced fertility, rashes on the skin, spots on
fingernails, sleep disturbanece, loss of sex drive, loss of taste or smell, and in some cases
mild anemia.



Zinc in diarrhoea management - role

= Multiple functions of zinc help to maintain the gut
mucosal integrity to reduce or prevent fluid loss

= Thus, in diarrhoea, zinc deficiency affects
various mucosal functions:

2<Disrupts intestinal mucosa

KX Reduces brush border enzymes
2K Increases mucosal permeability
sKIncreases intestinal secretion

= Note: these responses can occur within 48 hours —
O much faster than the direct effects of zinc on cellular development.



Significant | in both tissue & serum Zn common in acute and
chronic diarrhea.

Zinc depletion occurs in diarrhea, more so in chronic state.

Significant ncgative conrelation between serum zine & diarrheal
duration.

In a study, mean serum and tissue zinc levels in children with
acute and chronic diarrhea were found to be significantly lower
than healthy and infected controls.

Zinc supplements have been shown to have a beneficial effect
on acute diarrhea in children.

It is reported that = '1c cupplemeniation leads to accelerated
regeneration of intestinal mucosa, 1 levels of brush-border

enzymes, 1 cellular immunity & 7 levels of secretory antibodies.



Zinc excess
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Figure 2. Comparison of the effects of zinc intoxication versus deficiency. Intoxication by excessive exposure to, or intake of, zinc (left
hand =side), and deprivation of zinc by malnutrition or medical conditions (right hand side), have detnmental effects on different organ
systems. Effects that could not be attnbuted to a certain organ system or affect several organs are classified as systemic symptoms.
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Abstract: Zinc (Zn) is an essential trace element that is abundantly present in the brain. Despite its importance in normal brain functions, excess
Zn is neurotoxic and causes neurodegeneration following transient global ischemia and plays a crucial role in the pathogenesis of vascular-type
dementia (VD). We have investigated the molecular mechanisms of Zn-induced neurotoxicity using immortalized hypothalamic neurons (GT1-7
cells) and found that camosine (B-alanyl histidine) and histidine (His) inhibited Zn2+induced neuronal death. A DNA microarray analysis revealed
that the expression of several genes, including metal-related genes (metallothionein and Zn transporter 1), endoplasmic reticulum (ER)-stress
related genes (GADD34, GADD45, and p8), and the calcium (Ca)-related gene Arc (aclivity-related cytoskeleton protein), were affected after Zn
exposure. The co-existence of carmosine or His inhibited the expression of GADD34, p8, and Arc, although they did not influence the expression
of the metal-related genes. Therefore, ER-stress and the disruption of Ca homeostasis may underlie the mechanisms of Zn-induced neurotoxicity,
and carnosine might be a possible drug candidate for the treatment of VD.

Keywords: Zinc; camosing; histidine; vascular-type dementia
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