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Abstract

Zinc is a trace element that has recognized biological activity, necessary for several fundamental body
functions such as immune response, metabolism and particularly for wound healing. Nevertheless, zinc
deficiency has become a significant public health concern to date and more so in the developing world. The
following review aims at focusing on the physiological functions of zinc, especially as regards to immune
system, oxidation and cell repair. Additionally, it analyses the correlation between the deficiencies of zinc
and the various diseases such as; type 2 diabetes, age related macular degeneration and respiratory infections.
Particular emphasis is placed on the importance of zinc in preventing childhood malnutrition and on possible
uses of this element for syndrome treatment common illnesses such as diarrhea and the flu. For instance, zinc
deficiency has been prevalent in India due to low level of zinc index in soils and poor consumption of zinc
containing foods by children and pregnant women. This review emphasizes the necessity of generating more
consistent and accurate data regarding zinc concentration in populations most affected; the necessity to
increase the intake of zinc and the efficacy of supplementary doses with the goal of decreasing the effects of
zinc deficiency.

Index Terms - Zinc, immune response, physiological functions, childhood malnutrition, deficiency,
concentration, efficacy, supplementary doses.

1. Introduction

Zinc is a very important mineral that is used by human body in the maintenance of health. Because of its
antioxidant property, the compound participates in many biochemical processes such as DNA synthesis,
protein synthesis, and immune response. Trace element Zinc plays a vital role in the growth, development and
functioning of tissues and cells in the human body; influencing almost all the systems. It is well known for
help for skin health, wound healing, vision, and even neurological functions, making them an essential
nutrient.

This mineral is found naturally in a large number of foods such as beans, nuts and seeds, whole grains, dairy
products, meats, fish especially shellfish. For those who cannot get their recommended daily requirement of
zinc from the foods they take, zinc can be taken in the form of a dietary supplement and /or in fortified foods.
Zinc is however still a limited nutrient worldwide especially in the developing world where diets are
monotonous or consist of plant-based foods that are low in bioavailable zinc.

The importance of zinc should also not be overlooked seeing it is an integral cofactor of over 300 enzymes
that play roles in important metabolic activities in the body. It assists in immunity, fertility and the brain while
in addition the antioxidant function being protective against oxidative stress a factor to chronic diseases
including cardiovascular, diabetes and certain types of cancer.
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Excessive absorption of zinc can suppress copper and iron absorption. it has been found that Zn toxicosis can
occur at very low concentrations. Deficiency causes poor immunity, slow growth, increased vulnerability to
infections, whereas toxicity from consuming an excessive amount can reduce copper absorption to dangerous
levels and bring several detrimental effects.

Appreciation of the hazard factors and therapeutic role of zinc is crucial in the management and utilization of
opportunities in using zinc as a tool in health. This overview would give a complete insight into zinc’s multiple
uses their role in treating health disorders, and its place in normal diet as well.

2. Functions of Zinc

Zinc is part of around 60 enzymes in human and plays an important role of catalytic activity of enzymes and
other biochemical reactions. This nucleotide is important in the formation of deoxyribonucleic acid (DNA)
and ribonucleic acid (RNA) plus synthesis of proteins. Zinc plays a part in the synthesis of the clotting factors
in liver, antimicrobial peptides and receptors which are engaged in the transport of vitamin A. this means that
even if people are taking vitamin A supplements, they will develop deficiencies if they are not taking enough
zinc.

Moreover, zinc play a role of antioxidant by suppressing the generation of endogenous free radicals. This
matters as being a part of the extracellular form of antioxidant enzyme superoxide dismutase, it plays essential
roles in the protection from oxidant damage. Zinc also counteracts oxidative change that reduces the shelf life
of Vitamin E and has a role in the maintenance of peak tissue metallothionein concentration that could reduce
free radicals concentration.

Other significant role for zinc present in the body includes carbohydrate metabolism, protein digestion, blood
clotting, and bone metabolism.

3. Structural and Regulatory Roles

Zinc is an essential element in the structure of bio membranes. These membranes are more prone to oxidative
damage and loss of specific transport systems and receptor sites that could contribute to disorders of zinc
deficiency, if zinc concentrations are reduced in these membranes.

Zinc is also important for structure of certain proteins known as “zinc finger proteins.” These proteins aid in
stabilizing these small polypeptides to allow them to fold correctly. Transcription factors, zinc finger proteins
are important in regulating gene expression as transcription factors that, by binding to DNA, influence the
transcription of specific genes. In addition, these proteins are nuclear receptors for steroids and prostaglandins.

Aside from providing structure, zinc functions in cell signaling and influences nerve impulse transmission. In
addition, it plays an important role in apoptosis, a critical control mechanism to regulate growth and
development associated with important chronic diseases.

4. Occurrence and Biological Role

In humans, animals, plants, and microorganisms, zinc is an important metal. As a core ion in many enzymes,
its role in cellular function is vital since it can bind to proteins such as albumin and store in metallothionein.
Structural zinc plays a role facilitating DNA recognition by transcription factors, proteins that are required for
DNA replication and transcription. Zinc is the only metal that is present in all enzyme classes, and is the
second most abundant transition metal in living organisms.

Suitable sources of zinc are the human body, where it contains 2—4 grams, about half in the brain, muscles,
bones, kidneys, and liver. Zinc is also found in highest concentrations in prostate and the eye, though semen
is particularly rich in zinc, which is important for prostate function and reproductive organ growth.

Zinc is stored in particular synaptic vesicles in glutamatergic neurons of the brain where it regulates brain
excitability, synaptic plasticity, and cognitive functions. Zinc affects neuronal signaling and brain plasticity
and has a role in learning and memory. In addition, zinc is essential for the function of zinc finger proteins
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involved in DNA binding and transcription factor activity. Coordination of zinc ion binding to specific amino
acid residues by these transcription factors ensures accurate recognition of DNA sequences. Furthermore, zinc
is bound to transferrin in plasma to shuttle iron.

At a biochemical level, zinc plays an important role in a process and when deficient can have disturbing
effects on human health.

5. Health Benefits of Zinc

Zinc is a very beneficial nutrient for the physiology that we have many sources of it. Below is a comprehensive
overview of its health applications and roles:

a. Immune Function

To maintain a robust immune system, you need zinc. An infection, like pneumonia, is more likely to occur
with deficiency because the immune responses are impaired. For example, older adults aging, benefit from
supplementation and enhance their immune defenses.

b. Treating Diarrhea

Zinc supplementation in infant with diarrhea is advised by the World Health Organization (WHO). Findings
show its efficacy in greatly reducing a child's diarrhea duration, especially in malnourished ones.

c. Wound Healing

Zinc plays a critical role in all stages of the wound repair response. Deficiency of zinc has been associated
with delayed healing and chronic ulcers while topical and oral zinc therapy tends to enhance skin repair and
prevent infection.

d. Oxidative Stress

Being an antioxidant, zinc helps fight oxidative stress from chronic conditions like hypertension and diabetes.
In addition, it demonstrates the potential to prevent metabolic syndrome.

e. Vision and Age-Related Macular Degeneration (AMD)

Preventing cellular damage in the retinas is the role of zinc. Although AMD can be slowed by
supplementation, more studies are needed to prove that.

f. Sexual Health
A zinc deficiency can compromise male reproductive health by interfering with hormone regulation and sperm

production. But taking too much could damage fertility, making it a good idea to be cautious about
supplementation.

g. Skin Health

If you like using kangaroo oil for its anti-inflammatory and healing properties, yet would like to improve other
skin conditions such as acne, eczema and chronic skin infections, zinc is a good complementary choice. It
regulates skin oils, promotes collagen synthesis, speeds healing.

h. Bone Health

Zinc helps to keep your bones strong by supporting bone density and helping prevent osteoporosis. There is
too little evidence to recommend zinc supplements only for bone health.
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i. Neurological Benefits

Headaches and peripheral neuropathy are also associated with deficiency in zinc. Further study is warranted
but symptoms are alleviated by restoring zinc levels.

J. Type 2 Diabetes

Zinc can regulate blood sugar and lipid profiles, and help those with type 2 diabetes, control blood sugar and
reduce complications.

k. Respiratory Infections and COVID-19

There is evidence that zinc levels high enough to support immune resilience reduce risk for respiratory
infections such as COVID-19. The treatment is not proven to work for the disease.

|. Prostate and Reproductive Health Diseases

Zinc helps to prevent the prostate gland from enlarging, as well as to reduce cancer risk. Additionally, it is
important to reproductive health in men and women, maintaining spermatogenesis and developing the sex
organs, and whether in key phases like pregnancy and lactation.

m. Cold and Weight Management

Modulation of proinflammatory cytokines is thought to decrease the severity and duration of colds with zinc
supplements. It also helps in handling the weight by managing the appetite as well as metabolic functions.

n. Fetal Development and Pregnancy

During pregnancy, zinc is important for repairing DNA, cell growth and fetal development. In fact, its role
includes childbirth and lactation, to guarantee optimal health outcomes for mother and child.

0. Biological and Enzymatic Roles
Zinc is essential to a number of biological processes including immune function, digestion, physical growth,
sensory functions and stress management. It controls enzymatic activities important in: protein synthesis,
DNA repair and energy metabolism.

p. Cancer Prevention

The prostate is helping protect men from early damage (and therefore risk of cancer) as much through zinc as
through vitamins A and E.

g. Infection control and Antioxidant

Zinc, an antioxidant, helps protect the body from infections, such as pneumonia and conjunctivitis, and takes
part in biochemical reactions.

r. Alopecia and Chronic Fatigue

Zinc deficiency is linked to hair loss in both children and adults. Adequate zinc intake supports healthy hair
growth. Additionally, zinc-rich foods alleviate chronic fatigue without requiring medication.

s. Bone Loss Prevention and Night Blindness

Zinc strengthens the bone matrix and prevents diseases like osteoporosis. It also enhances vision, with zinc-
rich foods such as beef, lamb, and oysters playing a preventive role against night blindness.
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6. Membrane Barrier Function and Zinc

So, we need to have enough zinc to keep membrane barriers in the skin and mucosa intact, protecting against
pathogens. These deficiency affects these tissues and most prominently the intestines and lungs, primarily by
increasing permeability, resulting in epithelial degeneration and disruption of enzyme function. Zinc also
maintains this stomach mucus layer needed for nutrient absorption and pathogen defense. Zinc deficiency
disturbs mucus glycosylation so that an epithelial surface is more susceptible to infections such as diarrhea.
which supplements zinc restores intestinal function, improves water and electrolyte absorption and regulates
immune responses.

Pathogens can get into the body, entering through weakened tight junctions associated with zinc deficiency.
Supplements stabilize cell membranes; help protect against oxidative damage and enhance immune function.
There is evidence that zinc may be useful in the treatment of mycobacterial infections, enhance macrophage
function and reduce the severity of infection.

Overall zinc is important for immune health and barrier function and possesses exciting potential for treating
infections and diseases. There is need for further research in optimizing the supplemented strategies to address
the multiple deficiencies.

7. Zinc Deficiency and Toxicity

a. Zinc Deficiency

Zinc deficiency occurs when the body cannot get, or doesn’t absorb enough zinc to meet its physiological
requirements. Zinc’s important role in many biological processes makes a deficiency very serious, especially
in circumstances where it is more difficult to obtain zinc such as children, pregnant women and the elderly.
Causes of Zinc Deficiency

Several factors can contribute to zinc deficiency:

Malnutrition: Primary causes of deficiency are diets that skip zinc-rich foods, such as meat and shellfish or
fortified cereals. In developing countries where populations rely predominantly on grain and legume, high

phytate foods which inhibit zinc absorption, zinc availability is higher.

Chronic Diseases: Problems that lower zinc absorption (for example, chronic kidney disease, liver disease,
diabetes, or gastrointestinal disorders such as Crohn's disease or celiac disease) can cause deficiency to occur.

Restrictive Diets: As the bioavailability of zinc in plant-based foods is lower than animal sources, vegetarian
and vegan diets may put you at higher risk of zinc deficiency.

Physiological Demands: The body's zinc requirements are increased by periods of rapid growth such as in
childhood, adolescence and during pregnancy. Deals with the fact that deficiency can occur when dietary
intake is inadequate during these times.

Symptoms and Health Impacts

Zinc deficiency can manifest in a variety of ways:

Immune System Impairment: Low zinc levels compromise the immune system, making individuals more
susceptible to infections such as pneumonia, diarrhea, and respiratory illnesses.

Growth Delays and Developmental Issues: Zinc is crucial for growth and cellular division. Deficiency in
children can result in stunted growth and developmental delays.

Skin Disorders: Zinc is essential for skin repair and maintenance. Deficiency can lead to conditions like
dermatitis, delayed wound healing, and acne.
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Reproductive Health Problems: Zinc deficiency in men can reduce testosterone levels and sperm quality,
while in women, it may interfere with ovulation and pregnancy outcomes.

Neurological Effects: Deficiency has been linked to cognitive impairments, mood disorders, and sensory
dysfunctions, such as a reduced sense of taste and smell.

Addressing Zinc Deficiency

In many cases, zinc deficiency may be Controlled through diet alone, with focus placed on the consumption
of Products that are high In zinc such as lean meats, shellfish, nuts, seeds, and bran cereals. Under conditions
of low intake or malabsorption deficits zinc supplementation may be required. Intervention through food
enrichment and fortified supplemental programs are particularly useful in preventing zinc deficiency related
conditions especially among population at risk.

b. Zinc Toxicity

Although zinc is an important nutrient, the problem is that the body cannot synthesize it and if one takes too
much it results to toxicity. Zinc toxicity is usually associated with the administration of zinc containing
supplements, well water containing zinc, or occupational exposure to zinc.

Causes of Zinc Toxicity

Supplement Overuse: Taking high-dose zinc supplements without medical supervision can lead to toxicity,
especially if doses exceed the tolerable upper intake level (UL) of 40 mg/day for adults.

Occupational Exposure: Workers in industries involving metal processing or welding may inhale zinc
fumes, leading to a condition known as "metal fume fever."

Dietary Excess: Although rare, excessive consumption of zinc-fortified foods can contribute to toxicity in
certain cases.

Symptoms and Impacts
Excessive zinc intake disrupts the delicate balance of trace minerals in the body and can lead to:

Gastrointestinal Distress: Symptoms such as nausea, vomiting, diarrhea, and abdominal cramps are common
initial signs of zinc toxicity.

Immune Suppression: Paradoxically, excessive zinc can impair immune function, increasing susceptibility
to infections.

Mineral Imbalances: High zinc levels interfere with the absorption of other essential minerals, such as
copper and iron. This can result in anemia, weakened bone health, and neurological issues.

Neurological Symptoms: Long-term toxicity can lead to headaches, dizziness, and impaired coordination.
Preventing and Managing Zinc Toxicity
Zinc poisoning can be avoided by following an appropriate diet regime and avoiding unmonitored extra intake

of zinc. If toxicity is suspected, zinc supplements should be stopped and treatment of manifest symptoms
should be done under the guidance of a physician.
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8. Zinc Intake and Supplementation

Balancing the correct amount of zinc intake so as not to be deficient but also not consuming too much
zinc is little costly affair for health. Knowledge of foods rich in vitamins and minerals, knowledge of
each person’s needs, and the decision whether or not to supplement using a professional’s advice can
prevent deficiency as well as toxicity of vitamins and minerals.

Adult Zinc requirements range according to age, sex and physiological status (pregnant etc.). Excessive
supplementation is also known to have certain dangers such as; Toxicity As the body already has its
balanced proportions of nutrient, the additional nutrients are going to balance the nutrients in a wrong
or unbalanced manner.

The following is a table of today’s intake guidelines: -

Age Group Recommended Daily Intake (mg)
0-6 months 2
7-12 months 3
1-3 years 3
4-8 years 5)
9-13 years 8
14+ years (male) 11
14+ years (female) 8
Pregnancy 11
Breastfeeding 12
Zinc Excess

Although zinc is used for a variety of metabolisms in the human body the consumption of large quantities of
zinc can be dangerous. Serum, plasma, urine, and hair zinc level is elevated in those exposed to zinc but
measurement is not standardized to confirm toxicity. In animal studies, oral toxicity of zinc salts is 237-623
mg/kg and intraperitoneal toxicity is 28-73 mg/kg. The inhalation LD50 for zinc chloride is also problematic
when it comes to toxicity of the compound.

Zinc and Athletic Performance

Endurance athletes are more prone to zinc-deficiency due to alterations in nutrient intake, need for, and losses
of zinc. Two, low-zinc diets are usually high carbohydrates diet which is a common diet of endurance athletes.
If no supplement is taken then low zinc status is expected.

It lingers poor appetite to the consumer because zinc is crucial to the formation and working of the palate’s
cells. Lack of this vitamin decreases taste sensation and consequently affects appetite even more. This can
lead to an aggravation of the condition since people who experience zinc deficiency lose the ability to have a
normal palate for proteins. Some of the effects of zinc deficiency to female athletes include; irregularities in
the menstrual cycle, amenorrhea and increased risk of osteoporosis. In athletes, other ramifications might
comprise anorexia, weight loss, inadequate stamina, fatigue, and a greater tendency toward osteoporosis. Zinc
deficiency might be worsened by regular exercising because, during the exercise, people will sweat and zinc
changes its distribution between blood plasma and red blood cells.

9. Plasma (Serum) Zinc Levels
Zinc status is usually determined by plasma or serum zinc concentrations. These values can change in the

course of the day, they are lower after dinner, and may also vary in accordance with gender or age. The new
lower normal limit for fasting plasma zinc in the morning has now been set at 10.7umol/l (700ug/1).
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Nonetheless, new cutoff values could be determined by taking into account the findings of more recent
proposals on the kinetics of zinc and a detailed analysis of dietary habits of women in the premenopausal
period, that amounted 11.5 umol/L (750 pg/L).

10. Conclusion

This versatility of the mineral applies to both the acute and the chronic diseases, making the mineral very
relevant in fulfilling human’s body needs. Therefore. The intake of zinc through diet or supplements is very
important for general health.

The results both in biological functions and in the medical system establish Zinc as a key player in both
nutrition and medication. Thus, zinc preparations contain a considerable therapeutic potential, but one has to
take them in reasonable doses to avoid side effects. New findings will further clarify zinc’s processes and
improve its use in public health interventions.

Zinc is an important microelement that is involved in numerous processes in the human body; growth, immune
response and prevention of infection in children. Deficiency of zinc is common in many developing countries
and substantially predisposes individuals to infections and death from such diseases. In the developing world,
deficiency of zinc is mainly mild to moderate, but the impact of zinc deficiency on the general population has
not been clearly addressed.

Zinc plays these roles physically across cases of skin barrier reinforcement to influencing genes in
lymphocytes. Analyzing clinical trials, it emerged that zinc can help lower the risks of acute lower respiratory
infections. Furthermore, zinc has been shown to help in the treatment of pneumonia, and the common cold
among others respiratory illnesses. Zinc supplements likewise show an association with fewer clinical malaria
episodes in malaria affected regions particularly in children.

Ensuring sufficient zinc reserves is most important for immune mediated devices, which is especially relevant
in context of HIV infection. Symptomatic zinc deficiency is further more reported to be more frequent among
HIV infected clients and is related to a faster disease progression and mortality. It is possible to enhance health
results in these individuals by supplementation.

Zinc is also appreciated for performance in wound healing, including those patients with burn injuries. It has
properties which makes it useful for debridement and has got healing properties, he added that is an important
clinical tool.

Elimination of Zinc deficiency still remains a major challenge in public health. With respect to Zinc,
consumers should take enough of it to boost on their immune-resistance and antiviral functions besides
ensuring quick healing from infections with overall better health for vulnerable population-groups. Thus,
systematical efforts should be made to expand the application of zinc supplementation within diverse patterns
of essential nutrition and health related actions.
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