ESSENTIAL ELEMENTS AND THEIR BIOLOGICAL ROLE

1.1 ESSENTIAL AND TRACE ELEMENTS AND BIOINORGANIC CHEMISTRY

mos.ih:bl:::?::: zi :::::tiq digellren‘t elements has been established in living bodies. The eleven
BEg thEe the frioat 7 in biological systems are H, O, C, N, Na, K, Ca, Mg, P, S, and Cl.
gk ]i,vi el our elements, i.e. H, O, C and N, constitute about 99% of the total

200Y. These elements are involved to produce the biomolecules like water,
carbohydrate, protein and fat. The next eight most abundant elements are Mo, Mn, Fe, bo,
Cu, Zn, F and I. These eight elements are present at trace quantities. These elements are called
essential trace elements but the term trace is not well defined. For example, Fe is present in few g
while Mo is present in few mg in an adult healthy body, but both are called trace elements. In fact, in
this group, except for F (ca. 2.6 g per 70 kg body weight in human being) Fe and Zn, all other
essential trace elements are present in mg scale in a living body. The next eight important
elements are Li, Si, V, Cr, Se, Br, Sn and W. These elements are required at ultratrace
concentrations (i.e. at the level of parts per ten thousand million).

The biometals are classified as essential metals and beneficial metals. In the absence of
essential metals, the living system cannot survive and it eventually dies. On the other hand, in the
absence of beneficial metals, the life process gets hampered but it cannot lead to death.

Essential metals : Na, K, Mg, Ca, Mn, Fe, Co, Cu, Zn, Mo.

Beneficial metals : Li, V, Cr, Ni, Sn, W. _
The approximate metal contents in a healthy human body (ca. 70 kg body weight) are as follows :

Na (100 g), K (200 g), Mg (35 g), Ca (1500 g), V (15 mg), Cr {2 mg), Mn (15 mg), Fe (5-7 g), Co
(1.5 mg), Ni (5 mg), Cu (200-300 mg), Zn (2-3 g), Mo (10 mg). The amount indicated does not
measure the importance of the metal. The decreasing abundance of the transition metals in
living organisms is : Fe, Zn, Cu, Mo, Cr, V and Ni. The total metal content shown here accourts for
only ca. 2% of the total body weight. Excluding the metals Na, K, Mg and Ca, other metals
collectively weigh just a few grams (ca. 10 g) in a healthy body of ca. 70 kg. But these metals are

extremely essential for the survival of life process.
Is (except for Na, K, and Ca to some extent) cannot exist as

] pH, all these blometa <
mgnzio!;hgt: s?'lould form insoluble hudroxides and phosphates. By using the bioligands, these

biometals form soluble complexes
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Zinc : An adult human hé;l some 2 to 3 g of zinc compared to 4 to 6 g iron and only
~ 250 mg of copper. The zinc cames from diet of egg, meat, milk, beans etc. Zinc is present
as constituent of a huge number 2{ enzymes—carboxypeptidase, alcohol dehydrogenase etc.
Zinc deficiency is indicated by rae‘rded growth, slow healing of wounds, loss of appetite,
anemia. Labour force exposed to tinc oxide fumes often develop zinc toxicity—nausea,
ulceration etc. %

Iron : Iron deficiency leads to alemia which is revealed by a lower hemoglobin content
of blood. The optimum hemoglobin tvel in adult male is ~ 15g/100 ml blood. Iron deficiency
symptoms are retarded growth, sluggsh body functions, loss of appetite. Excess iron deposit
in the body may result from cooking bod in iron utensils, repeated blood transfusions. Excess
iron is not excreted but remains depsited in liver, spleen and skin.

Copper : This essential elements present as constituent of metalloproteins including
metalloenzymes such as ceruloplasmi, hemocyanin, cytochrome ¢ oxidase etc. Our copper
requirement comes from green vegetales, cereals, egg, meat etc. Major amount of copper
is stored as ceruloplasmin. Wilson’s dease (nervous disorder) is caused by failure of binding
copper as ceruloplasmin. Excess of uriound copper is removed by injecting penicillamine
when copper-penicillamine complex isormed and finally excreted in urine (section 10.20).

Fluorine : It occurs as a minor coitituent of bone and teeth. — OH and — F have the
same size and charge. Therefore —OHyroup of hydroxyapatite 3Ca,(PC,),. Ca(CH), is
substituted by fluorine in fluoroapatite 3a,(PO,),. CaF,. Presence of fluorine resists decay
of tooth enamel and dental decay. Presencof small amount of fluoride in water works against
dental decay. However, high level of fluote in drinking water (>2 mg//) may cause damage
to tooth enamel and may jeopardise nojal functioning of some enzymes. Fluorosis is
development of abnormal conditions caust by fluorine and its compounds when persent in
drinking water far beyond optimum tolenle limit. Contamination of drinking water by
fluorine occurs in areas where the wa- passes through underground rocks having
fluorapatite. Hot springs may have even hlorfluoric acid.

Todine : Most of the iodine (~ 20 mg) in its is bound to the protein thyroglobin present
in the thyroid gland located at the base of e neck. The thyroid gland produces iodine —
containing hormone. The normal daily requinient (~ 100 microgram) of iodine comes from
vegetables, fruits, drinking water. Soil and Ver and hence plants, vegetables etc. at high
altitude have less iodine than at planes. Iodine:ficiency leads to goiter—abnormal swelling
of the thyroid gland. Dietary intake should ' supplanted with a regular consumption of

iodised salt which is NaCl with a little of Nand NalO,. :
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