------------------------- Vitamins and Minerals involved in wound healing


Vitamins and Minerals involved in wound healing


They include:
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Vitamin A.

2- Vitamin D.

3- Vitamin K.

4- Copper.

5- Zinc.



1. Vitamin A

It is also called retinol, Anti-night blindness and Anti-Xerophthalmia vitamin.

Chemistry:

- Vitamin A or retinol is a polyisoprenoid compound containing a cyclohexenyl ring.  

-  The active forms of vitamin A are retinol, retinal (retinaldehyde), and retinoic acid.  

- It is available to the human either in the form of retinol or as a precursor  (or provitamin) that is called carotenoids or carotenes ( hydrocarbon pigments, yellow or red).  The most important carotenoids are: (-carotene, (-carotene, (-carotene and cryptoxanthine present in colored leafy plants and fruits.

 - All carotenes are formed from 2 rings A and B connected together by 18 carbon atoms.  Ring (A) in all carotenes is (-ionone ring.  Carotenes differ from each other only in the nature of B ring, in (-carotene, it is (-ionone ring.  In (-carotene, it is (-ionone ring.  In (-carotene, it is (-ionone.  In cryptoxanthine, it is hydroxy (-ionone ring.

[image: image9.emf]
- (-carotene is a symmetrical molecule containing two terminal (-ionone rings connected by an 18 carbons in a hydrocarbon chain.  (-carotene is the most effective provitamin since it can give 2 molecules of vitamin A1 (2(-ionone rings), while the others (can only give one molecule of vitamin A1.

- Vitamin A occurs in nature in two forms vitamin A1, retinol and vitamin A2, dehydro-retinol.   The activity or potency of vitamin A2 is about 40% of vitamin A​1.
- Vitamin A is an alcohol; it can form esters with fatty acids and can be oxidized to aldehyde and acid.   Its activity is lost by, exposure to light, U.V. rays and oxidation of double bonds.  
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Sources:

- Plant origin: All pigmented (particularly yellow) vegetables and fruits and the leafy green vegetables supply provitamin A (carotenes). It is present in carrots, tomatoes and potato. 

- Animal origin: It is present in meat, liver, milk, butter and egg yolk supply retinol palmitate.

- In fish liver oils retinol is present as esters of fatty acids, chiefly stearic, palmitic and higher unsaturated fatty acids.

Metabolism:

1- Retinyl esters are hydrolyzed in the intestinal lumen by pancreatic and intestinal hydrolase and the vitamin is rapidly absorbed into the intestinal mucosa, e.g.  
                                                    Pancreatic hydrolase 

Retinyl esters (Retinyl palmitate)   →      Retinol + palmitate

2- Ingested (-carotene are oxidatively cleaved by (-carotene dioxygenase to generate 2 molecules of retinal.  In the intestinal mucosa, retinal is reduced to retinol by a specific reductase utilizing NADPH.H+.  A small fraction of the retinal is oxidized to retinoic acid.

a) Inside the intestinal cells, retinol is again esterified with palmitate to form retinyl esters and incorporated into chylomicrons which enter the blood stream and are taken up by the liver to be stored as an ester form.

b) The retinoic acid is directly absorbed into the portal circulation to the liver.  However, this form is not stored in the liver but it is either mobilized to the general circulation to the target tissues, or excreted through the bile after being oxidized and conjugated with glucouronic acid.

* When body demands require mobilization of hepatic vitamin A, the stored retinyl palmitate is hydrolyzed and the free retinol combines with plasma retinol-binding protein (RBP), forming   RBP–retinol complex (holo-RBP complex), which is then pass to the circulation where, it complexes with prealbumin forming holo-RBP-prealbumin complex.  This large complex then circulates to target tissues that have specific receptor sites for RBP, and retinol is transferred intracellularly to bind another specific binding protein termed cellular-retinol-binding protein (CRBP) which sequesters and concentrates retinol within the cell.

*  Absorption of vitamin A is affected by factors affecting fat absorption e.g. bile salts, presence of mineral oils in diet e.g. paraffin oil decreases absorption of vitamin A and carotenes as they are soluble in such oils and pass to stool with these oils.

Storage: 

- 95% of vitamin A is stored in the liver as ester. The remaining 5% is present in adrenals, lactating breast, lung and intestine.  Thyroxine helps mobilization of vit A from liver.   High doses of vitamin A antagonize thyroxin action.  

Excretion:    

- Normally the urine contains no vitamin A or carotenoids.  Under normal conditions very small quantities are excreted in feces.   Vitamin A is excreted by sebaceous glands of the skin.

- Great amounts of vitamin A are excreted by colostrums and the milk content of vitamin A decreases gradually over the period of lactation. 
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Functions of vitamin A:

Retinol and retinal work mainly in vision, whereas, retinoic acid through a receptor-mediated mechanism carries out all other functions.

I- Role of vitamin A in vision (rhodopsin cycle):
- The light receptors of the eye are the rod and cone cells in the retina.  Rods are responsible for vision in dim light.  They contain a photosensitive pigment called rhodopsin (or visual purple) which is formed from 11-cis retinal and opsin (a simple protein). Cones Rods are responsible for vision in bright and colored light and contain a photosensitive pigment called iodopsin.  It is formed from retinal and a protein called photopsin. 

- As depicted in the figure below, when rhodopsin is exposed to light, it dissociates as it bleaches and forms all-trans retinal and opsin.  This reaction is accompanied by a gradual conformational change that induces a calcium ion channel in the membrane of the rod cells.  The rapid influx of calcium ions triggers a nerve impulse, allowing light to be perceived by the brain.
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- Retinal is then reduced into all-trans retinal, which leaks out, from metarhodopsin II into the rods and into the blood stream.  All-trans retinal is changed to 11-cis retinal by isomerase enzyme in the rods, as a minor pathway. However, the majority of all-trans retinal is reduced firstly into all-trans retinol that is isomerized into 11-cis retinol that is dehydrogenated into 11-cis retinal to be reutilized.

- In dim light, 11-cis retinal combines rapidly with opsin to form rhodopsin by which night vision is possible (dark adaptation). In retinol deficiency the function of rhodopsin will be improper and the patient will be night blind.

- When light intensity is raised the rhodopsin concentration is decreased and night vision sensitivity becomes reduced and vice versa.
II. Role of retinoic acid (hormone A):

- Mechanism of action: Retinoic acid binds specific intracellular protein receptors (the retinoid receptors) that are ligand-dependent transcription factors. The retinoic acid-receptor complex binds to specific response element in retinoic acid-dependent genes and affect rate of their transcription. This leads to changes in the level of specific proteins produced by these genes.  

1- Retinoic acid participates in epithelial glycoprotein synthesis.  Retinyl phosphate may serve, as a glycosyl donor in the synthesis of mucopolysaccharides and glycoproteins needed for normal growth regulation and for mucin secretion.  Retinoic acid controls expression of the genes for different mucins.  The most commonly affected epithelia are those, which perform mucous secreting functions, i.e., the mucosa of urogenital tract, respiratory tract, gastrointestinal tract, the cornea and the skin.

2- Retinoic acid is required for the synthesis of the iron-transport protein transferrin.  Therefore, vitamin A deficiency leads to anemia caused by impaired transport of iron.

3- Retinoic acid is responsible for the normal structure and normal function of the zona fasiculate of the adrenal gland, which secretes glucocorticoids. Glucocorticoids hormones are important to control carbohydrate metabolism.

4- Retinoic acid accelerates the normal growth of bones and teeth.  It controls the activity of osteoblasts and osteoclasts.

5- Retinoic acid has a role in reproduction in male and female especially.  It is necessary for normal development of testis and synthesis and release of androgen from testis.  It is also necessary for normal fertilization and implantation and for the maintenance of normal placenta.

6- Retinoic acid stabilizes the differentiated state of all of the body cells, particularly the epithelia, and guard against their malignant transformation. Therefore, it is a potent anticancer agent.

7- It is immunostimulant since it controls the differentiation of the various types of the immune cells.

III. Antioxidant activity of retinoids:

- Carotenoids, retinoic acid and vitamin A are antioxidant and may play a role in trapping peroxy free radicals in tissues at low partial pressure of oxygen.  It complements the antioxidant properties of vitamin E, which is effective at higher oxygen pressure.  The antioxidant properties of these two vitamins partially explain their anticancer activity.
Deficiency:

1. In the eye: Night blindness (impaired dark adaptation). Xerophthalmia: cornea becomes dry and rough this occurs lately. Fissuring of cornea (keratomalacia). Inflammation of conjunctiva (Bitot's spot, white area in the conjunctiva).

2. Growth retardation increased liability to cancer and anemia.

3. The skin becomes rough and hyper-keratinized (goose skin, xeroderma).

4. Roughness of mucous membrane of the urinary tract, genital tract, gastrointestinal tract and the respiratory tract leading to repeated infection in these sites.

Requirement :    Adults;   5000 IU/day.    Lactating and pregnant women 7500 IU/day. Excess vitamin A (overdose or hypervitaminosis A) occurs when excessive vitamin A intake exceeds the capacity of retinol binding protein. Free retinol can release in blood with the following toxic effects:  headache, nausea, bone pain and loss of hair.  

2. Vitamin D"Calciferol"

- Vitamin D is a steroid prohormone. 

- There  are  two  types  of  vitamin D :  vitamin D2  derived  from  ergosterol  present  in  plants ,  and  vit-D3  derived  from  cholesterol .     

Sources:

I- Provitamins:

- 7-dehydrocholesterol in animals and man only.  It is formed in intestinal mucosa from cholesterol then passes to the skin, whereby ultraviolet rays of the sun convert it into cholecalciferol (Vitamin D3). This demonstrates the importance of outdoor exposure of infants to sunlight..  

-  Ergosterol is widely distributed in plants especially yeast.  

II- Vitamin D:

- The richest source of vitamin D3 is fish liver oils, e.g., cod and shark liver oil.  

- Egg yolk, liver, butter and milk are a poor source of vitamin D3.
Absorption, storage and excretion:

- Ergosterol is poorly absorbed from small intestine.  Irradiated ergosterol is readily absorbed from the intestine.  Bile salts help its absorption.

- Vitamin D is  mainly  stored  in  liver , but  it  also  present  in  skin , brain, lung, spleen and bones.

- No excretion of vitamin D in urine. It is excreted by bile to be reabsorbed by small intestine.
Properties:

- It is white crystalline substances, insoluble in H2O and soluble in fat solvents.

- It is stable to heat in neutral or alkaline solutions and less stable in acid solutions.

- It is stable toward oxidizing and reducing agents.

- It can form esters with fatty acids due to the presence of OH group at C3.

* Activation of vitamin D (synthesis of calcitriol)

- In the liver vitamin D3 is hydroxylated by 25-hydroxylase to 25-(OH)-D3 that pass to circulation and is the major form of vitamin D in the circulation and the major storage form in the liver.

- In the proximal  renal tubules, (  to  less  extent  in   bone and placenta), the 25-(OH)-D3 is further hydroxylated   to   1,25-dihydroxy-D3 (Calcitriol) by  1-hydroxylase  enzyme .
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* Regulation of calcitriol synthesis;

1- parathyroid  hormone (PTH)  activates  1-hydroxylase  enzyme  and  so,  it  increases  calcitriol  synthesis .

2- blood  calcium  level ;  decrease  blood  calcium  levels  will  stimulate  parathyroid  gland  to  secrete  PTH ,  which  activates  1-hydroxylase  and  so,  increase  calcitriol  synthesis .

3- blood  phosphate  level ;  decrease  blood  phosphate  levels  will  directly  stimulate  calcitriol  synthesis .

4- blood  calcitriol  level ;  increase  blood  calcitriol  levels  will  feed  back  inhibit  1-hydroxylase  enzyme .

Functions of active vitamin D  

Vitamin D functions as a hormone more than as a vitamin.  The target tissues include the Intestine, bone and kidney.
1- In the intestine
 1, 25-(OH)2-D3 induces synthesis of a protein required for calcium absorption (Ca2+-binding protein).  1,25-(OH)2-D3 also increases phosphate absorption from intestine.  This increases the plasma level of Ca2+ and phosphate.
2-  In the bone,

I) 1,25-(OH)2-D3 and PTH act synergistically to promote mobilization  of  calcium  and  phosphate  from bone (deminerilization) . 

II) 1,25-(OH)2-D3 increases the synthesis of osteocalcin (Ca2+-binding protein) of bone, thereby influencing the mineralization of bone tissues.

     3- In the kidney, 1,25-(OH)2-D3 enhances the reabsorption of Ca2+ and phosphate.

N.B., 24,25-(OH)2-D3 also has an effect of increasing intestinal Ca2+ absorption, but decreases the serum concentration of both Ca2+ and phosphate, it promotes normal bone mineralization and the synthesis of hydroxyapatite 3 Ca3(PO4)2Ca(OH)2.
Deficiency:

- It causes rickets in young children and osteomalacia in adults 

* The causes:         

- Decrease intake of vitamin D

- Minimal exposure to sunlight.

- Diseases causing fat malabsorption.

- Severe liver and kidney diseases due to failure of conversion of 25-(OH)- D3 to 1,25-(OH)2-D3.
* Biochemical changes in rickets:

-Defecient  vit-D  will  lead  to  decrease of  blood Ca2+ level  that  stimulates PTH secretion which mobilizes both Ca2+  and phosphate from bones to restore Ca2+  blood level, but it helps also the excretion of phosphate by kidney.

- Demineralization of bones results in softening and deformities which is a stimulus for osteoblasts to proliferate, secreting excess alkaline phosphatase enzyme.  Thus, the serum changes in rickets can be summarized as follows:

1. Calcium (normal level 9-11 mg/100 ml). Kept within normal level due to stimulation of parathyroid hormone.

2. Phosphate is lower than normal level (normal 3.5 – 5 mg/100 ml).

3. Alkaline phosphatase enzyme increased due to osteoblastic hyperactivity 

Vitamin D toxicity (Hypervitaminosis):

Usually occurs due to self medication.  It results in hypercalcaemia  that  leads to abnormal calcification in soft tissues like, Kidney  leading to kidney stones, stomach causing nausea and vomiting and blood vessels  leading to hypertension.

Requirements:   Infants 400 IU/day.    Pregnant and lactating females 800 IU/day.

3. Vitamin K
It is also known as anti-hemorrhagic vitamin.
Chemistry:

* Vitamin K is derived from   naphthoquinones. Two types of vitamin K are existed:

1- Naturally occurring vitamin K (fat soluble): 

    Vitamin K1 (phylloquinone), is the major form of vitamin K in plants.

    Vitamin K2  (menaquinone), is  formed  inside  the  intestine  by  intestinal  bacteria.

2- Synthetic (water soluble): 

    Vitamin K3 (Menadione)  is water soluble and  it is  most  potent member  .

* The presence of the methyl group at C2 in the quinonoid ring is essential for the activity of vitamin K.
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Properties:

- Vitamins K are soluble in fat solvents and insoluble in H2O except vit. K3.

- They are stable to heat but destroyed by light, alkali and alcohol. 

Sources:

-Vitamin K1 is present in  spinach, cauliflower and cabbage.  

- The  main  source  of  vitamin  K2  is  intesinal  bacteria .

Absorption: 

In small intestine and needs bile salts, like other lipids, and carried by  chylomicrons  in  the  lymphatic  circulation  and  then  it  passes  to  systemic  circulation  to  the  liver . Menadione, being water soluble, is absorbed in absence of bile salts, passing directly into the hepatic portal vein.  Although vitamin K accumulates initially in the liver, its hepatic concentration declines rapidly and its storage is limited.

Excretion:   Mainly through stools and also by milk, but not excreted in urine.

Functions:

I- Vitamin K is antihemorrhagic 

A) Vitamin K is essential for synthesis and activation of blood clotting factors, e.g., factors   VII, IX and X.

B) Activation of prothrombin (factor-II). Prothrombin  is  formed  in  liver  in  an inactive  form  (precursor) containing  about  10  glutamic  acid  residues .  These  glutamic  residues  undergo  carboxylation  in  the  presence  of  vitamin K  and  carboxylase  enzyme   to  produce (-carboxy-glutamate. This (-carboxy-glutamate converts the prothrombin precursor  to active  prothrombin  that  will  be  converted  to  thrombin  by  thromboplastin  ,thrombin   will  convert  fibrinogen  to  fibrine  and  blood  will  clot. 
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 II- Activation of osteocalcin in bones (calcium-binding protein).  Calcitriol  stimulates  the  synthesis  of  osteocalcin  in  an  inactive  form  called  pro-osteocalcin . Vit-K converts proosteocalcin into active osteocalcin by converting all glutamic acid residues in this protein into (-carboxyglutamate to be able to chelate calcium ions.

Deficiency :

* The Causes :
1. Deficient intestinal bacteria (sterilization of large intestine) e.g. long use of antibiotic and in newly born infants.

2. Fat malabsorption syndromes associated with pancreatic dysfunction, biliary disease, intestinal mucosal atrophy or any other cause of steatorrhea.

3. Long use of dicumarol. This anticoagulant drug antagonizes vitamin K (by competitive inhibition) and leads to the decrease of prothrombin activation.

4. Liver diseases.

* Effects:

- Hemorrhagic manifestation in skin and mucous membranes due to defect in blood coagulation mechanism.

- Prolonged  clotting  time .

N.B., Deficiency  of  vitamin K does not occur as a result of  defecient  intake  because it  is widely distributed in foods and it is also synthesized  by bacteria in  large intestine.

Requirement:

No dietary requirement in human under physiologic condition.  An exogenous supplement is required only in:

i) Administration of excess vitamin A.
ii) Biliary obstruction.

iii) The above mentioned problems that lead to deficiency.

4- Copper (Cu2+)

- Copper is one of the trace elements associated with proteins and certain pigments.

Sources:  

- The richest sources of copper are nuts, liver, kidney cow’s milk is a poor source of copper.

Absorption:

- Mainly occurs in the upper small intestine.

Body copper:

1. The adult human body contains 100 – 150 mg of copper.

2. 64 mg (50%) are found in muscles and the remaining present in other tissues including liver and bones.

Normal plasma copper: 

- 100 (g/dl.  The copper in plasma occurs in 2 main forms:
I- The firmly bound copper protein: Ceruloplasmin comprising 85% of the total plasma copper; ceruloplasmin is a copper binding protein.  Each molecule can bind 6 atoms of copper.  It acts as ferroxidase enzyme during iron metabolism (Fe2+ ( Fe3+).

II- Albumin (15%): It is loosely bound form of copper.  It acts as a carrier for transport of copper in plasma. 

In red cells: It is present in association of the enzyme superoxide dismutase (erythrocuprein) which deals with the toxic free radical superoxide ion (O2-) generated during aerobic metabolism.

Functions:

1. It is essential for hemoglobin synthesis.

2. It enters in the formation of bone.

3. Maintains the myelin within the nervous system.

4. It is a constituent part of hemocyanin pigment (in blood of invertebrates and acts as oxygen carrier).

5. Copper is a component of the following enzymes:

1. Copper is an essential component of cytochrome oxidase and superoxide dismutase.

2. Cytochrome oxidase is a hemoprotein which forms the link between the O2 of air and the H2 removed by dehydrogenases in the respiratory chain of mitochondria.

3. Superoxide dismutase is a metalloprotein containing Cu2+, Zn2+, and Mn2+ and responsible for the detoxication of superoxide ion (O2-.) formed during aerobic metabolism.

4. This enzyme have different names in different tissues e.g. erythrocuprein in RBCs, hepatocuprein in liver and cerebrocuprein in the brain.

5. Copper also functions as activator for other oxidase enzymes as tyrosinase, lysyl oxidase and dopamine-(-hydroxylase.

Requirements: 

- 2 - 2.5 mg/day for adults (supplied by ordinary diet).

Metabolism: 

- After absorption, copper is carried by plasma albumin and is distributed to the tissues including the liver.  In the liver copper is incorporated into ceruloplasmin and is released to the blood.

Excretion:

- Since copper in plasma is bound to protein, it is not filtered at the glomeruli (not excreted in urine).  Most of the copper is excreted via the bile to intestine  then into feces.

Alterations of plasma copper:

1. Hypercupremia: Occurs in different acute and chronic infections, Infection leads to leukocytosis and release of leukocyte endogenous mediator causes increased liver and plasma ceruloplasmin (acute phase protein, its level is increased in infections and malignancy).

2. Hypocupremia decreased plasma copper and ceruloplasmin or Wilson’s disease (hepatolenticular degeneration).

- This disease is characterized by accumulation of large amounts of copper in:

1. Liver causing hepatic cirrhosis.

2. Lenticular nucleus of the brain causing lenticular degeneration with abnormal movement.

3. Cornea: Causing greenish-brown discoloration of the corneal margin which is called: Kayser-Fleisher rings.

4. Kidney causing renal tubular damage, which leads to, increased excretion of copper and ceruloplasmin.  This results in low serum copper and ceruloplasmin and increased excretion of amino acids.  This results in aminoaciduria.

- The cause of the disease is most probably due to either:

1. Excessive copper absorption from intestine.

2. Inadequate excretion of copper in bile.

5- Zinc (Zn2+)

Sources: Heat, liver, eggs, seafood and milk.

Metabolism: 

- Zinc absorption occurs in the upper small intestine.  Zinc absorption appears to be proportional to metallothionein (metal binding protein) levels in the intestinal mucosal cells.  Proteins including milk increase absorption, whereas, large amount of calcium, phosphorus, cadmium, copper, iron, and lead compete with zinc for absorption.  Alcoholism, phytic acid, fibers and some genetic diseases interfere with zinc absorption.

- Zinc is given orally or by injection is mostly excreted in feces.  Endogenous zinc is secreted into the small intestine in the pancreatic juice, which contains carboxypeptidase.

Body zinc:

1. The adult male body contains about 2g of zinc.

2. About 20% of total body zinc is present in the skin.

3. The remaining is present in skeleton (muscles, bones and teeth), spermatozoa, prostate, epididymus, kidney, hair, liver and pancreas.

Functions:

1. Essential for normal growth and reproduction , brain function & regulation of gene expression at level of transcription as it enter in structure of zinc finger motif. Zinc, an essential trace element necessary for the function of 80 metalloenzymes, plays an important role in the polymerization of macromolecules such as RNA and DNA, in protein biosynthesis, cell division and cell membrane stabilisation. Regarding reproduction, it is jointly responsible for spermatogenesis and the preservation of the germ epithelium. Beyond this, it plays an important role in the survival and normal function of spermatozoa as well as in fertilisation. Zinc deficiency can lead to a reduced sperm count and a low testosterone level. Zinc is an important factor for androgen production in the testicles, for proliferation of germ cells and for sperm capacitation. Supplementation of zinc therefore leads to a significant improvement in sperm quality and is thus an important factor in treating male infertility. A zinc-induced increase in the testosterone and dihydrotestosterone levels then also favourably affects spermatogenesis.
2. It plays a role in tissue repair, wound healing and hair and nail integrity.

3. Zinc is an essential cofactor for a number of enzymes including: alkaline phosphatase, lactate and malate dehydrogenases, carbonic anhydrase, carboxypeptidase, retinal reductase (in the rhodopsin cycle, see vitamin A), alcohol and aldehyde dehydrogenases and the antioxidant cytosolic superoxide dismutase (zinc and copper).

4. Zinc is required for mobilization of vitamin A from the liver.

5. Insulin forms complex with zinc, this increases the duration of insulin action when given by injection.  In the B cells of the pancreas is used to store and release insulin.

6. Immunostimulant and essential for male reproductive system and brain function.

7. Anti-inflammatory and hypocholesterolemic.
8. Antioxidant role of zinc: 
A)-Systemic effects:-
   Zinc may have a protective effect against free radical generation and oxidative stress. Zinc levels influence many conditions mediated by oxidative damage, including cutaneous and rheumatologic inflammatory diseases, alcoholism and liver cirrhosis, and cardiovascular diseases. Reactive oxygen species are a major cause of tissue injury in inflammatory conditions.Zinc  has beneficial effects  in certain inflammatory disorders including rheumatoid arthritis, acne, acne rosacea, and dissecting cellulitis of the scalp. 
B)- Antioxidant role of zinc: topical effects

  Topical zinc ions traverse skin and can be found in dermis and blood. Zinc concentrations in skin could be increased eightfold by topical application of ZnSO4 . A concentration of 3% was optimal. Topical zinc sulfate induced mRNA for metallothionein. Zinc oxide is extremely insoluble and would not be expected to be similarly active.  Percutaneous absorption of zinc salt was demonstrated by increased zinc concentrations in skin. Topical application of zinc ions has been shown to induce metallothionein, which may account for its photoprotective

effect.

Normal serum zinc level:

- It is 100-140 (g/dl in a certain type of liver cirrhosis the serum zinc may decrease to 60 (g/dl.

Requirements: For healthy adults 10 - 20 mg zinc/day (up to 150 mg is non-toxic).  This requirement is increased during pregnancy and lactation.

Excretion: Mainly in feces (mostly unabsorbed dietary zinc).

Zinc deficiency (Hypozincemia): 

1- Severe zinc deficiency: acrodermatitis enteropathica

  Acrodermatitis enteropathica is a rare inherited disorder caused by an inability to absorb sufficient zinc from diet. Before its discovery in 1973 by Moynahan and Barnes, acrodermatitis enteropathica was typically fatal in infancy or early childhood; subsequently, dietary supplementation with zinc salts were used to alleviate symptoms with dramatic and rapid improvement. Acrodermatitis enteropathica is the model of severe zinc deficiency and has helped in the recognition of severe zinc deficiency in other clinical situations.

 The clinical manifestations of zinc deficiency affect multiple organ systems. Symptoms are nonspecific, and often go unrecognized. The presence of the classic tetrad of neuropsychiatric abnormalities, circumorificial and acral dermatitis, alopecia and diarrhea should alert the clinician to zinc deficiency.

Figure showing acrodermatitis enteropathica

  One of the earliest features of severe zinc deficiency is anorexia. Smell and taste dysfunction, mood changes, and cognitive impairment are subsequent neuropsychiatric manifestations of acute zinc loss. Indeed some adults with acrodermatitis enteropathica have been misdiagnosed with psychiatric illnesses described as “schizoid” and “depressive”. Likewise, zinc-deficient infants are irritable and difficult to console. Growth impairment or failure to thrive is a common feature of children with acrodermatitis enteropathica. Impaired growth is also a notable feature in other causes of zinc deficiency, and acceleration in growth rate is observed after zinc replacement therapy.

  The dermatologic features of zinc deficiency are characteristic and allow early diagnosis of the condition. The earliest cutaneous change is erythema and scaling in the nasolabial and retro-auricular folds. Later, the neck, inguinal, axillary and perineal skin become involved. At the same time, angular cheilitis, stomatitis and glossitis may be present. Areas including the knees, elbows, heels and occipital scalp, which are prone to friction and trauma, are frequently involved. Characteristically, the rash is symmetric and consists of orange brown, erosive and crusted, well-demarcated patches or plaques. With time, these plaques may be hyperkeratotic and resemble psoriasis.

  Vesicular or bullous lesions may occur on the fingertips and palms. Nail changes may be observed with brown discoloration and paronychia commonly reported. Beau’s lines, transverse depressions across the nail plates, have been reported in acrodermatitis enteropathica and may occur with white transverse bands.

  Ocular abnormalities also have been reported in severe zinc deficiency and include conjunctivitis, xerosis and keratomalacia, blepharitis and corneal edema leading to clouding and opacities.

 Gastrointestinal symptoms of bulky, frothy, watery stools are seen less often today because of earlier diagnosis of zinc deficiency. Relief of bowel symptoms

ensues with zinc supplementation.

  Immunologic deficits have been documented in zinc deficiencies. In both animals and humans, zinc deficiency has been associated with a decreased number of T lymphocytes, decreased T-cell mitogen response, and diminished T helper and NK-cell cytotoxic function. In both animals and humans with zinc deficiency, depression of delayed-type hypersensitivity has been observed, and improvement noted with zinc supplementation.

2- Mild zinc deficiency

  The existence and definition of “mild” zinc deficiency is controversial. Isolated zinc deficiency has been documented during periods of rapid growth such as infancy, childhood, and adolescence. During pregnancy, there is a significant gradual decrease in plasma zinc that is not explained by the physiologic alterations of the pregnant state. Several studies have demonstrated associations between low plasma zinc and complications of pregnancy or abnormal fetal development. However, these studies lack consistency, often involve populations at high risk for zinc deficiency and obstetric complications (e.g. low income, adolescent populations), and are not double blind.

  Elderly patients typically have low body stores of zinc. In a randomized controlled trial, the impact of supplemental zinc on immunity in an elderly population was evaluated. Elderly patients who received daily zinc supplementation (20 mg/day) demonstrated improved humoral responses after vaccination. Mild zinc deficiency has also been reported in various disease states, including those that involve absorption abnormalities, such as cystic fibrosis and inflammatory bowel disease; conditions of excessive zinc loss via urine and hemolysis, such as alcoholism, insulin-dependent diabetes and sickle cell anemia; increased zinc requirements, such as growth hormone replacement therapy.

  Unlike severe zinc deficiency, epithelial tissues are not affected prominently in states of mild deficiency. It is important to note, however, that the epidermis contains five to six times more zinc than the dermal layer. Nonetheless, xerotic

or roughened skin and impaired wound healing have been reported in association with mild zinc deficiency, implicating changes in skin.
N.B:Hyperzincemia  is rare.
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