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TntroNiction 



I. INTRODUCTION 

The essential trace elements cari be deined simply as 

those elements necessary in the diet of humans or animals in trace 

amounts ( less than 100 mg per day for human). Minerals are 

those elements that remain largely as ash when plant or animal 

tissues are burned. About 4% of the body weight consists of 

mineral matter ( Briggs, 1979). 

About 100 elements have h(-en identified out of which 

50 have been found In be prosen t in human hod . V hose w hich 

have been proved to he essential constituents jf living tissues 

are classified as major or minor elements on Ihe basis of the 

amounts present in biological sample. 

Those trace elFr:mt ( micronutrients) with no known 

function for either humans or,  laboratory animals are often 

referred to as trace contaminants Clira Mixori Leviis, 1986). 



Major elements are sodiurti, potass]Lrn, calc,tin, 

magnesium, silicon, chloride and phoSphorus. These are 

required in the diet in levels of mg/day ( Alfinslater and 

Mienda, 1980). 

Minor elements are Iron, copper, cobalt, zinc, 

manganese, molybdenum, Iodine, Boron, Fluorine, selenium and 

Chromium. rhese are also required by the human body and 

these are required in py quantities/day ( Bri(Iys and callo 

way, 1979). 

Trace contaminants are cadrnum, Lead, Arsenic, Barium, 

Strontium, Mercury ,  , Boron, Al urn in ii in, I - it him, 3ery ilium anc 

cthers ( Clara mixon Lewis,  1986). 

The U elc;-rr field is one of the mo t active and 

interesting areas of nutrition today with importar c discoveries 

constantly being made. I hese serve as structural components 

of enzymes, vitamins, hormones and other protein containing 

tissues ( Cameron, 1984). 

Per'rneability of cell inembrance::, osmostic 

pressure arid acid base alanco are regulated in the presence 

of mineral elements in body fluids. Nerve response to 

stimuli and muscle contractility require the presen:e of mineral 

elements (Alfinslator et ul., 1980). 

2 
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The amount of inorqani material containeo in foodstuffs 

varies with the material and in the case of pJants with the 

type of soil, tertilizer etc. Approximately 4.e per cent of 

the total weicjht of the body cons sts of inorgar ic compounds. 

The bones contain from 22 to 82 percent, where us the muscles 

and the body fluids contain about 1 percent. 

Cereals and vegetables are the chief sources of supply 

of the trace elements ( Solomons, 1989). 

In certain restricted areas in many parts of the wor d, 

animals and man have suffered from variou i debilitating 

diseases with well maikod clinical and pathological 

manifestations that have been shown to be caused by naturally 

occurring trace element deficiencies toxicities, a.d imbalances 

Wenc, et al., 1983). 

Gastroenteritis is a common disease causing morbidity 

and mortality amongst pediatric ape qroups(Kasliwal et al., 

1982). Acute gastro-enteritis is a common din cal syndrome 

in our country. The etiological agents responsible for it are 

too many and still in a large number of cases, no causative 

agent could be identified (Vinod Kumer/(  Suman Kirti, 1981). 

Further, it has been found that common pathogens 

responsible for gastroenteritis vary in different parts of 

the country. 
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Toxicity due to metal compounds under acute and 

moderately severe chronic conditions can be distinguished 

b outward clinical symptoms. foxicity duc to chronic 

exposure to very low doses of matallic toxicani n is difficult 

to diagnose, especially when clinical or outwird symptoms 

are not well pronounced. Under these conditions blood, 

cerebrospinal fluids, and available excretory products of 

metabolism such as faces, urine, skin, nails ,nd hair are 

analysed to identify and assess the dosage of the 

toxicant(Luckey and Venugopal, 1977). 

The study of trace elements in the treatment of disease 

of The gastrointestinal tract will help to 

Gain information about the special furict ions of the 

GlTract 

Develop an understanding of the nature ol some of the 

disease of the GlTract 

Develop a knowledge of relationship of nutrition and 

diet to the treatment of the different diseases ( Martha Davis 

Dunn, 1983). 

The GIT includes the esophagus, stomach, and intestines 

which perform critical functions in the digestion and 

" GlTract = Gastrointestinal tract 
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absorption of nutrients. The (3liract might be compared to 

a most sensitive t ibe in the human body w ich responds 

to physical and pGychological  factors. The responses of the 

esophagus, stomach and intestines also refloct and are 

interrelated with the emotions and tensions of e.ch individual 

Martha Davis Dunn, 1983). 

The drugs like Nalidixic acid are i.sed for the 

treatment of GITract disorders. Gramoneg showtd superiority 

in this trail over chloramphenicol, streptomycir, furazolidine 

and in some cases also ovei geri IHycin ( Kas. :wal et al 

iI1;Y1fl 

The skin is the harrier as well as the principal organ 

of communication between the man and his environment 

Montagna, 1982). It is a major organ of the body forming 

about 8% of the total mass. 16 has rich nerve supply which 

is concerned with sensory and thermo regulatory lunctions 

William et al., 1989). The skin is divided sharply into 

3 distinct layers. 

a thin outer layer of epithelial tissue, the epidermis. 

a much thicker layer of connective and other tissues, 

the dermis, and 



iii Substanenn tissue consisting of adipose  and areolar 

tissue the flesh'. 

Starvation of patients with btirns is a well - recognized 

cause of morbidity and mortality. Limited studies indicate 

that epithelialization of burns may be improved by treatment 

with zinc ( Prasad, 1979). 

The development of laser use in dermatology has been 

and continues to be, a mixture of serendipity and science 

shortly after the invention of lasers in 1960, the pioneoring 

studies of Leon Goldman established that the Ruby laser, 

a pulsed red laser, could be used for treatmeni of port-wine 

stains and benig,i pigmented lesions (R. Rox Anderson and 

Parrish, 1988). 

The interesting and often close connection between 

the skin and the gut has been well reviewed by wormsley 

in a monograph. The association can arisc-  in three 

ways: 

There are diseases which primaril, affect the 

alimentary tract with secondary or associ3ted Cutaneous 

manifestations. 

There are generalised disease processes involving both 

the skin and the alimentary tract. 
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There is increasing evidence that some primary skin 

diseases affect the structure and fuiction of the 

intestine ( Jewell, 1988). 

The crucial initial steps in trace-metal analysis,. such 

as sample preparation and ashing and metal isolation and 

concentration, have been improved considerably. 

Instrumentation technology has developed atomic absorption, 

fluorimetry, emission spectroscopi , neutron activation, X- 

ray fluorescence, electron microscope, and sprk source mass 

5pectroscopy techniques into versatile and Iighly sensitive 

tools for the determination of metals in hioioqi sample ( LUCkOy 

and Venugopal, 1977). 

Hence an attempt has been made in this study to 

estimate the trace elements like zinc, iron, copper and 

manganese in the serum and urine of different types of GlTract 

and skin disorders by Piper' method (1966) using atomic 

absorption spectrophotmeter in order to see if they could 

serve a markers the early diagnosis of GlTract and skin 

disorders. 



Chapter 2 
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II REVIEW OF LITERATURE 

The literature related to the investiation "Assessment 

of trace elements in Gastro intestinal tract ad skin disorders" 

is presented under the following headings. 

Nutritional importance of minerals 

Trace elements and their role 

a. Iron 

Nutritional and biochemical role of iron 

Absorpition of iron 

Excretion of iron 

Levels in normal and changes in pathological 

conditions 

Changes in GlTract skin disorders. 

b. Zinc 

I) Nutritional and biochemical role of zinc 

Absorption of zinc 

Excretion of zinc 

Levels in normal and changes in pathological 

conditions 

changes n G]Jr'act and skin (Jisorders. 

c. Copper 

I) Nutritional and biochemical role of copper 

ii) Absorption of copper 



iii) Excretion of copper 

Levels in normal and change in pathological 

conditions. 

Changes in GlTnact and skin disorders. 

d. Manganese 

Nutritional and biochemical role of manganese 

Absorption of Manganese 

Excretion of Manganese 

Levels in normal and changer; in pathological 

conditions 

Chanqcsin GiTract and skin disoders. 

1 . Nutritional Importance of Minerals: 

More than 60 elements have been discovered in bacteria, 

fungi, higher plants, animals and man, few of them have been 

studied intensively. 

There are more than 25 minerals an(i trace minerals 

important to the body's nutrition and health. Nineteen of these 

are essential nutrients ( Solomons and Young, 1988). Trace 

elements, ii icronut riot I elements or minor do iient S are terms 

applied to the rerrtaining elements or minor elements are terms 

applied to the remaining elements occurring cons intly in biologic 

systermi5( Trowbridge, 1988). 



kus 

Digestion and healthtul assimilation of foods depend upon 

adequate "mineralisation" in H e system (Gy 41rd tcvc 1'4u11. 

1972 ). In the absence of a specific element, a deficiency 

state develops on diets otherise adequate and satisfactory, i.e., 

containing all other dietary essentials in adequate amounts and 

proportions and free from toxic properties. Dietary 

supplementation of this specific element alone reverses the 

deficiency state, resulting in repeated and significant responses 

in growth and health. 

With some elements, the deficiency state has been 

correlated further with the finding of subnormal concentrations 

of the element in the blood on organs of the deficient animals 

and of altered metabolism ( Alpers et al. , 198). 

Excess amount of essential minerals car be toxic. Thus, 

it is important that we obtain minerals in our diets in properly 

balanced amount ( Wenck et al., 1983). 

In humans the elemental nutrients act in four ways: 

as strctural components 

as charged ions 

as components of metal loen7yrnes, and 

as miscellaneous effectors in small molecules ( Paige 

1988) 



Substantial proportions of the body ' ma ;nesium and zinc 

are incorporated into bones, but their physiolojic roles in this 

context are not well understood. 

Certain trace elements ( Mert . W)  1981) are indispensable 

components of metalloproteins and metalloenz vmes: hemoglobin 

iron) , alkaline pIiospIintn(, ( / iiw), (erLiloplasilnln ( co[))er) 

glutathione peroxidase ( selenium), p'ruvate carboxylase 

manganese), and xanthine oxidase ( molybdenum). Other trace 

elements are found in varin small moleculeE Vitamin Bi 2 

(cobalt) and thyroxine / Trliodolhyronine ( i:dine). Others 

functions as a soluble complex ( chromium). 

The zinc content of a mixed diet in tu United States, 

for example, is about 3 mg/1000 kcal ( Solomons, 1982). An adult 

would have to consume 5000 kcal to ingest 15 mg of zinc as 

specified by the RDA ( NRC, 1980). Moreover, some dietary forms 

of nutrients are poori absorbed and a nutrient's biblogic 

availability varies accordinij to its source. For example, muscle 

meats and blood are good sources of availahl€ iron, but iron 

from vegetable sources is less well absorbed. 

Elemental nutrients are impertant in fulfilling the body's 

requirements for growth and maintenance. However, the dietary 

levels of crtain elements may influence heath in other ways. 

11 
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The dietary ratio of zinc to copper may influence  cholesterol 

concentrations and atherogensis, with high zinc : copper ratios 

being detrimental ( klevay, 989). seleniferous soils are 

associated with lower rates of certain rna11gn-incies in human 

(Schrauzer; 1977). 

2. Trace elements and their role: 

a. Iron: 

i. Nutritional and Biochemical role of iron: 

When dietar iron level or hioavailibility becomes 

insufficient to rret We needs of a normal individual or one whose 

needs ire elevated due to blood loss or other reasorls, the 

body responds first by drawing upon iron stores. As stores 

become progressively depleted over time, the efficiency of 

dietary iron absorption increases ( Crosby and O'Neil-Ca Hin, 

1984). When this adjustment is not sufficient to remedy the 

situation, serum ferritin may drop below 1 2mg/L and essential 

iron in the tissues will decrease (Finch and Cook, 1984). 

Dietary intake of iron for adult females is 18 mg and 

for adult males is 10 mg daily (Martha  Davis Dunn. 1983) 

Asparagus, Beans, green, Broccoli, Lettuce, romaine, liver, 

calves, spinach (fresh, cooked) wheat brar ( commercially 



milled) are the rich sources of iron ( 2.0 mg iron / 100 

kcal). Beef, Bread ( White riched) chicken, Eggs 

whole), Raisins ( uncooked, sugar (brown), wheat flour 

white, enriched, whole grain) contain medium iron content 

0.7-1.9 mg iron / 100 Kcal). Apples, raw, Bologna, 

frankfurters, boiled milk, potato chips, rice ,sJgar ( white) 

contain ( < 0.7 mg iron/100 Kcal) ( Ihornpson,1988). 

Enzymes such as the catalases, the c tochromes in 

hydrogen iron transport and xanthine oxidase contain iron as 

an integral part of the molecule. Iron is required as a co-

factor for other enz'mes ( Robinson and Lawler, 1982). 

Enzymes (called cytochromes) in the electron transport system 

contain heme, without it they are unable to participate in 

the oxidation of carydrate, lipids, and protein for energy. 

Other enzymes involved in oxygen utilization also are heme 

containing ( Wilson et a)., 1971) 

ii. Absorbtion of Iron: 

Iron is absorbed primarily in the small intestine 

(Charlton and Bothwell, 1983). Iron iri foods are much better 

absorbed than others. Herne ir'orr is absorbec directly as 

the heme complex, and its iron is then released in the 

intestinal mucosal cells and subsequently be moved across the 

13 
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cell, across the serosal membrane, and finally to the blood, 

where it is picked up by translerrinq and presirnably becomes 

indistinguishable from previously absorbed iron. It is important 

to realize that absorption is the sum of uptake and transfer 

Rorn Rasmussen et al., 197L). 

Due to the rapid turnover of the riucosal cell,,, uptake 

does not imply absorption. If the mucosal iron is not 

transferred before the cell is sloughed into the lumen, this iron 

is no longer part of the organism, rather it concributes to the 

lumenal contents ( de Bruin, et al., 1970). 

Most of the iron in food is also in the form of nonheme 

iron ( S.R. Lynch, 1984). This form must be soluble and in ionic 

form to be absorbed. Stomach acid solubilizes both ferrous 

2+ 3+ 
i (Fe ) and Ferric (Fe ) ron, but generally terrous iron is 

better absorbed than ferric iron. Many food components from 

soluble chelates such as ascorbic acid with ferrous or ferric iron 

aiding in absorption ( Gorrnan and Clydesdale, 1983) 

The percentage of iron absorbed from either heme or 

nonheme iron is generally influenced by the extent of body Iron 

stores. Men having markedly larger' stores of iron than women, 

absorb lower percentages of both nonheme and heme iron than 

do women ( Lay risse et al. , 1974). 
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Excretion of iron: 

The daily excretion of body iron by .dults is about 

0.1 mg from the L'ine (Madhavan Nair, 1990) and 0.3 to 0.5mg 

in to the intestinal lumen. Small amounts of iron are also 

lost in the perspiration and by exfoliation of the skin. The 

iron losses through menstruation range from 0.3 to 1.0 mg 

on a daily asis, but  about 5 per cent of women have losses 

in excess of 1.4 mg daily. Ihus the total iron losses by 

women are 1 to 2 mg daily ( Robinson and Lawle, 1982). 

Levels in normal and changes in pathological conditions: 

Iron is an essential micromineral for t1- e human body. 

The normal amount of  iron present in blood ct adult is 75-

175 mg/dl) ( Barland et dl., 1980). 

Beard and Finch ( 1985) have recently pointed out an 

important distinction between the cinical and the public 

health definition of the iron deficiency. Clinical iron 

deficiency will be manifested, as the anaemia of iron deficiency 

Narasinga Rao, 1990). The fnctional implication of iron 

deficiency have recetly been reviewed ( Vyas and Chandra 

1984). 

The " Bantu siderosis" appears to resLlt from maize 

sorghum beverage, which can contain 40 mg iron/L. Moreover 
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this iron is present in a highly available form ( Derman et 

1980). Death mayoccur with 4-6 hours due to severe 

necrotizing qastroenteritis ( Lynch, 19840 Th€ daily intake 

levels of 25 to75 mcj are unlikely to cause piob1erns (Finch 

and Cook, 1984). 

V. Changes in GlTract and Skin disorders: 

Nutritional siderosis : - Excessive ingestion of iron in 

elderly persons subsisting on marginal diets has resulted in 

so called nutritional siderosis. In patients with this 

condition, excessive iron has been found in the small 

intestine. The bone narrow generally shows an erythroblastic 

hypercellular state. Extensive liver diseases occur in this 

condition usually and there is extensive deposition of iron 

in the liver (Grace and Powell, 1974). 

Idiopathic Hemochromatosis: 

In idiopathic hemochromato sis, which iE characterized 

by deposition of iron in the liver, pancreas, heart, and 

pituitary with resulting impaire function together with 

associated skin pigmenta ion ( due to nelanin) and hypogonadism 

not due to iron depletion) there is a defect in absorption 

of iron by the small itestine (Alfinslater etal. , 1979) 



b. Zinc: 

i. Nutritional and Biochemical role: 

The 1980 RDA for zinc is 15 mg/day for people 11 years 

of age and older (NRC, 1980) but 710C availabJe in the food 

supply amounts to only 12.3 mg per,  capita. 

Normal, well balanced adult diets supply an average 

of 10-15 mg Zinc daily with the actual Emount greatly 

influenced by protein content because of the association of 

zinc th the protein in foods and by refined cereal or white 

flcur content because of the high concentration of this mtal 

in the germ and "branny" layers of the grain and its removal 

therefore in the milling process ( lJnderwood and Platell, 

1979). 

Zinc has been associated with several human disorders 

including beriberi, nephrosis, hepatic porphyria and post 

alcoholic cirrhosis of the liver. 

Common foods vary greatly in zinc con :entration. In 

general most (in particular organ meats) eggs, shellfish, and 

some vegetables are high in zinc. In contrast milk fruits, 

and other vegetables are reported to be lower in zinc 

content ( Swanson and King 1979). 

17 



Many dietary factors including other,  minerals, phytates, 

and dietary fiber, may adversely affect zinc absorption 

(Hambidge et al., 1986). 

Zinc has been shown lo I rave roles in enzy me functions 

(Vallee, 1983) structural integrity ( Chvapil, 1976) and 

regulation of hormonal actions under normal cnd1t1ons and 

during infectious episodes ( Sugarman, 1983). 

Zinc has well established roles in such basic enzymatic 

functions and DNA and RNA polymerases. Moreover it has 

been suggested that it may actually stabilize these nucleotides 

(DNA, RNA) as well ( Solor]mons, 1982). 

Thymidine Kinase is yet another critical enzyme where 

zinc is involved biochemically and such basic involvemnt 

in nuc1ea5 biochemical and regulatory events may partially 

explain the rapidly replicating tissues and cell types, i.e. 

intestinal and mucosal epithelia, may be particularly sensitive 

to zinc deficiency ( Chçril, 1976). 

Zinc is an essential cofactor in the enzymatic profiles 

of over protins fr9m a wide variety of species. These 

enzymes have roles in the synthesis and degraiation of all 

major cellular constituents. In fact, proteins, 
 carbohydrates, 

ME 
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lipids and nucleic acids and have representatve enzymatic 

functionalities which include zin(. rnetalloevzymes in their various 

metabolic pathways ( Bettger, 1981 ). Some examples of these are 

colleoenases, anhydrases, aldolases, ligases, :arboxylaos, 

creatinases, anhydrases, peptidase and dehydratases ( Clara 

Mixon Lewis, 1986). Other enzymes activated by zinc include 

a variety of dipeptidases and arn.nopeptidases ( tvartin et al., 

1981). 

ii. Absorption of Zinc: 

The prototypical "adult 70 kg man" contains an average 

of 1.5 - 2.5 gms of 7iflC. Zinc absorption is approximately 

30% efficient, thus with an intake of 15mg/day ( the current 

RDA), the average net absorption, barring other abnormalities, 

would be roughly 5 mg. Absorption for the most part, takes-

place in the small intestine ( Antonson et al., 1979). 

Zinc absorption is homeostatically regulated. More 

recently, a second brush-border--membrane protei has been 

identified as being involved in the zinc absorption process 

(Menard and Cousins, 1983). The actual proces'; of zinc 

absorption appears to be regulated by a carr.er  mediated 

mechanism( Solomons and Cousins, 1984). 

Zinc absorption is increased during prgnancy and 

lactation (Devies and Williams, 1977). Prctein and amino acids 

have been shown to quantitatively increasE zinc aesorbed from 

the diet ( Wapnier et al., 1983). 



Perhaps one of the most controversial areas in the 

field of zinc absonotion/nutrition has been the nature of the 

zinc binding ligands in human and bovine miU- The value 

of human milk zirc is useful for the treatment of 

acrodermatitis ente'opathica ( Moynahan, 1974). 

Excretion of Zinc: 

Zinc is lost from the body predominately via the 

Gllract with losses in the urine ( Burch et al., 1975 and 

Sweat Rauer gj al., 1984) as relative minor components. Zinc 

in the feces is a reflection of dietary zinc, pancreatic zinc, 

zinc from intestinal secretions, and sloughed intestinal mucosal 

cells. Hence one of the difficulties in the use of radio 

isotopes or stable isotopes of zinc as tracers in the study 

of absorption/distribution process is the fact that the specific 

activity of the isotope may intact he influenced by this 

endogenous secretory compartment. Estimates hae been made 

hat as much as 10-50% of the zinc in the feces may infact, 

be endogenous in origin ( Smith, 1988). 

Levels in normal and changes in Pathologi:al conditions: 

Zinc is present in all livincj tissues. The normal 

concentration of zinc in the serurmi is 90-116 nig/dl ( Tietz 

19g6). 
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Common to the syndrome of zinc deficiency are a number 

of dominant features like retarded growth, loss of appetite, 

hypogonadisrn, dermatitis, alopecia, and resistance to infedtion 

Sandstead et al., 1976). Not only is the sense of taste 

impaired, but srriei' and sight ( night blindness) have also 

been identified as result of zinc deficiency ( Morrison et al., 

1978). 

Similarly wound healing, Ulcerations ( both external 

and internal) and parakeratosis have also been related to 

zinc deficiency ( Larson, 1974). 

In some cases, a rise in serum zinc values well above 

normal have been documented. In fact there is one extreme 

case of an individual who was exposed to dialysis fluid 

contaminated by stroage in a galvanized tank ( Gallery et 

al., 1972). In this particular case, the serum zinc• rose to 

over 400mg/di and yet no toxic symptoms were ottained. 

In general most zinc salts are 'u:tro intestinal irritants, and 

thus the immediate reflex response of nausea and vomiting 

may serve to self-limit exposure via the oral route. In a 

response known as metal fume fever, the inhalation of zinc 

metal ( normally zinc oxide) results in a series of symptoms 

including weakness1  fever, pain and hyperventilation ( Moynahan 

and Barners, 1973). 
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Zinc salts in very large amounts, 60 to 120 times the 

recommended allowances will induce vomiting and cramps, but 

the sysmptoms subside shortly. 

Changes in GlTract and skin disorders: 

Dietary zinc deficiency has been described which is 

characterized by iron deficiency anemia, hepatosplenomegal y, 

dwarfism, hypogonadism, low plasma zinc, increased plasma zinc 

turnover rate, decreased 24 hours exchangeable zinc pool, 

decreased zinc excretion in stool and urine, and decreased zinc 

in hair ( Prasad, 1983). 

The effect of zinc defic i ency in GlTract is Jue to small 

intestinal alkaline phosphatase ( Alpers, 1988). 

An acute zinc deficiency has been described in patients 

which developed 2-5 weeks after the start of a high caloric 

infusion. The patients becoame apathetic, depressed, and 

developed a facial rash, diarrhoea, and alopecia ( Holman, 

1971). In acrodermatitis enteropathica in which lesions occur 

on the hnds, feet, face, circumorally, and circumanally, there is 

an associated diarrhoea ( Crofton et al., 1983, CIandra 1980) 

The disease is caused by defect in zinc abscrption and 

the condition is treated with pharmacological doses of 
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zinc (Golden et al., 1980). Steatorrhea may be the most 

common mechanism for zinc deficiency in patients with Gllract 

disease. 

Zinc also seems to be necessary for the release of 

retindi-binding protein ( RBP) from the liver (Smith 
. 

1974). In zinc deficiency a lowered RBP miht result in 

inadquate treatment of vitamin A to peripheral tissues, with 

a resultant defect in the glycoproteins of cel.i membrances. 

Whether superoxide dismutase and/or vitamin A are involved 

in the pathogenesis of zinc deficiency ( Robert H. Herman, 

1979). 

Problems in zinc outrition have been identified in 

patients with malaborption, kidney disease, pancreatic 

insufficiency ( Boosalis et al., 1983). Sickle cell anemia, 

and inflammatory bowel diseases ( Prasad, 1983). 

In psoriasis, the loss of large numbers f skin cells 

may results in zinc depletion. The skin contains approximately 

20% of the body zinc(Prasad, 1979). 

C. COPPER: 

i. Nutritional and biochemical role of Copper: 

Uncomplicated copper deficiency in man has never bern 

demonstrated unequivocally, although hypocupremi, associated 

with iron deficiency anemia and hypoproteinemiE, has been 

observed in infants ( Joffe et al., 1981). Infant; maintained 



on nearly exclusive milk diets are liable to develop this 

multiple deficiency syndrome, which invaTiable responds to 

an improved diet. The hypocunr'emia, but nct the anemia 

and hypoproteinemia, generally responds to cooper therapy 

Prasad ej al., 1978). 

The cause of the low blood copper level is obscure. 

It has been suggested that it may be due to a copper 

depletion in the infants or a failure to synthesize 

apoceruloplasmin or to an increased rate of destruction or 

loss of this protein from the body ( Hillman et al. , 1981). 

Hypocupremia does not necessarily arise in infants on exclusive 

milk diets ( Solomons, 1985). 

The Board recommends an intake of 0.08 mg per kg 

of body weight for infants and children ( Jean Hngert et al., 

1973). The estimated safe and adequate intake proposed by 

the food and Nutrition Board is 2 to 3 mg/day fr the adult, 

and that preadolcS cent girls maintain adequate balance with 

1.3 mg per day. 

Foods highest in copper include oysters liver, dried 

yeast, chocolate and lobster. Good sources ar crahrneat, fresh 

vegetables and fruits, nuts, seeds, and legumes. Foods very 

low in copper are refined sugars, cereals and nilk ( Wilson 

pt  al., 1971). 

24 



25 

Copper has been identified as a constituent of a number 

of enzymes: butyryl cocnzyme i dehydrogenase required for 

the oxidation of fatty acids; tyrosinase required for melanin 

pigment forrhation; Juricase in purine metabolism, and in the 

cytochrome oxidation system for energy production (Solomons 

1985). Several copper containing proteins such as 

hepatocuprein and erythrocuprein help protect against the toxic 

effects of oxygen ( Sandstead et al., 1979). Lysyloxidase 

is involved in the synthesis of elastin and collagen. 

Superoxide dismutase s an important role in protecting the 

cell against oxidative damage ( Kievay and ForbLsh, 1976). 

ii. Absorption of Copper: 

Copper is absorbed chiefly from the stomach or 

duodenum. About 30 percent of dietary copper is absorbed 

by adults. Its absorption is inhibited by phytates. About 

95 per cent of the copper in blood plasma is firmly bound 

to a protein complex ceruloplasmin and 5 per cent is loosely 

bound to albumin. Molybdenum, Zinc, and cadmium are 

antagonistic to copper, thus, on increased intake of these 

elements increases the requirement for copper. Vitamin C can 

also decrease the absorption of copper by .lecreasing its 

ability to bind one of the carrier proteinn needed for 

absorption ( Solomons,1989). 
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Excretion of Copper: 

Almost all of the excretion of copper is in the feces, 

chiefly through the excretion of bile (Corinn€ H. Robinson, 

et al., 1986). Urinary loss is usually insignificant. 

Levels in normal and changes in pathological conditions: 

Copper is an essential micromineral. The amount of 

copper present in serum is 75-140 jjg/dl in normal adult 

(Devidson et al., 1979). 

Copper deficiency can exist in special situations in 

milk fed infants ( Graham e al. 1976). Such deficiencs 

on infants are most generally complicated with chronic 

diarrhoea or metabolic diseases, while deficiencies in adult 

man are unknown either naturally or experime;tal1', (Jean 

F3ogert et al., 1973). Long-term treatment of patients with 

sickle cell anemia with zinc supplements (150 mg, 6 x daily) 

resulted in the appearance of copper deficiency Prasad 

et al., 1978). 

High dietary copper produced increased pigmentation, 

increased hair growth, and increased thickness of the skin 

(Hurely and Bell, 1975), Elevated zinc intakes h3ve been used 

in the treatment of the copper accumulation disases such as 

Wilson's disease( Brewer et al., 1983) a rather rare chronic 



metabolic disease in man in which the body has great 

difficulty in disposing the excess copper, the copper is 

stored in the liver and other tissues (such as the eyes), 

finally resulting in toxic concentrations. The level of serum 

ceruloplasmum is usually very low hi this disease. The excess 

copper in these tissues leads to hepatitis, lenticular 

degeneration, renal malfunction, and neurologic disorders 

(Frieden,, 1970). 

V. Changesin GlTract and skin disorders: 

Dietary copper Deficiency: 

Dietary copper definciency rarely occurs, but a few 

cases have been described in infants (al Rashid and Spangler, 

1971 ), and although hypocupremia, bvpoierremia, neutropenia, 

hypoproteinemia, anemia, megaloblastic changes, and scorbutic 

bone changes occur, there is no known small intestinal 

abnormality ( Danks, 1980) . Copper deficiency is more likely 

to occur during total parenteral nutrition ( Vilter et al. , 1974) 

Manke's Syndrome: 

Manke's kinkyhair or steely-hair syndrome is caused 

by a defect in the GI absorption and transport of copper 

(Joffe et al., 1981). The overall syndrome consists of a 

progressive brain disease, culminating in death, pili torti 

Kinky or steI y ha r) , an abnorimia I I y of el ast mc fit mom in 

arterial walls, scorbutic bone changes, and 'hypothermia 

(Menkes, 1972). The manifestations of the disease are the 
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result of sytemic copper deficiency. The nature of the disease 

are the result of systemic copper deficiency ( Darby, 1982). 

The nature of the transport defect in the gastrointestinal tract 

is unknown, but copper accumulates in the small intestinal 

epithelial cells. Pharmacological doses of copper can be absorbed 

however ( Shike M. et.al., 1981). 

The epidermis and increased mortality ii early life are 

characteristics of copper deficiency ( underwood, 1971). High 

dietary copper produced increased pigmentation, increased hair 

growth, and increased thickness of the skin in mutant offspring 

Menkes, 1972). 

The decrased copper level in serum might be due to 

defective from the intestine a result of skin depigmentation 

(Bales, 1989). Chromic diarrhoea and short bovel syndrome 

(Trowbridge, 1988). 

d. Manganese: 

I. Nutritional and Bio Chemical role of manganese: 

A dietary deficiency of manganese has never been 

recorded in man. Important but limited evidence that 

manganese depletion, that is an induced deficiency of this 



element, may occur in hydraliazine or apresoline disease in 

lupus erythematosis disseminatus in man( WHO, 1981). 

The recommended Dietary Allowances of the NAS/NRC 

(1980) state that safer and adequate intakes of Manganese in 

infants range from 0.5 to 1.0 mg/day and for adults from 2.5 

to 5.0 mg/day. 

Wheat bran, blue berries, whole wheat, split peas, 

beets and navy beans are the richest sources of the mineral 

in foods ( FAO, 1974). The best sources of manganese are plant 

foods especially cereals, which contain between 10-100 mg/kg 

(Kanzantzis, 1981). 

Manganese is an important catalyst and is a cofactor 

or component of many enzymes in the body ( David Buss and 

Jean Robertson, 1982). Among them are glycosyl transferase 

Leach, 1971), superoxide dismutase ( McCord, 1976) and 

Pyruvate Carboxylase ( Utter, 1976). On the basis of its 

relationship to these enzymes, it is needed for synthesis of 

complex carbohydrates in cells, for utilization of glucose for 

lipid synthesis and metabolism, cholesterol synthesis, normal 

pancreas development, muscle contraction, prevention of skeletal defcs 

prevention of sterility and other vital functions( Jean Bogert 

et al.,1973). Arginase is an enzyme which is required for the 

formation of urea, and a number of peptidases that bring 
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about the hydrolysis of proteins in the imestine. It is 

involved in the metabolism of hiocjeriic amines ( Hurley and 

Keen, 1987). 

Absorption of Manganese: 

Manganese is rather poorly absorbed from the small 

intestine by a mechanism similar to that for the absorption 

of iron. It is loosely bound to a protein arid transported 

as "Transmanganin" ( Davidson et al., 1988) . Tissues that 

are rich in mitrochondria take up manganese reEdily from the 

blood. A dynamic equilibrium exists between thE intracellular 

and extracellular maganese kRobirison et al., i9l3), 

Excretion of Manganese: 

Manganese is poorly absorbed from the gut and is 

excreted very largely in the feces, most of :he metabolic 

manganese is excreted into the intestine as a ccnstituent of 

bile, but much of this is again reabsorbed, indicating an 

effectivr' body conservation. Very little manganese is excreted 

in the Urine ( Underwood, 1978). 

Levels in normal and changes in Pathological conditions: 

The normal concent rat ion of manganese in serum of 

adults were found to be 1.2 ± 0.4 ,og/dl ( Underwood, 1979). 
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Manganese deficiency of dietary origin occurs in the 

human. Invariably skeletal development is affected resulting 

in shortened and often deformed limbs ( Pike an(,  Brown, 1970). 

Manganese toxicity has been reported in miners of 

manganic oxide who acquire toxic levels in the mineral through 

inhalation of ore dust ( Ulrich et al., 1979). The toxic 

syndrome appears to be similar to viral encephalitis and in 

severe cases is characterised by tremor, a peck liar mask like 

facial expression, and incoordinated body nnovernents. Dietary 

manganese appears to be non toxic. 

v. Changes in GlTract and skin disorders: 

Manganese deficiency lends to hyporholesterolaemia 

retarded growth of hair and nails, mild dermatitis, and moderate 

weight lose (WHO, 1981). 

However during the active phase of F epatitis serum 

concentrations of manganese were invariably eieated (Versieck 

et al., 197). The highest concentration of manganese were 

found in the liver, pancreas, kidney and intestines, (Kitamura, 

1974). 
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III. EXPERIMENTAL PROCEDURE 

the experimental procedures Followed in the study, 

"Assessment of trace elements in Gastrointes:inal tract and 

skin disorders" are described in the following sequence. 

Selection of subjects 

Collection of blood and separation of serum 

Collection of urine 

Analysis of minerals in serum and urine 

Statistical Analysis 

1 •Selectlon of Subjects: 

Forty patients of both sexes suffering from different 

types of GlTract and skin disordersi undercoing treatment 

in various hospitals ( G.H,K.G. Hospital, Koval Medical Centred  

Lalitha Hospital) at Coimbatore were selected or the study, 

of the 40 patients studied, half of them werf found to be 

affected by Gllract disorders and thn remaining half of them 

were affected by skib disorders. The patients who had 

been diagnosed with a histologically confirmed GlTract and 

skin disorders only were included for the investigation. 
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Those selected with GlTract disorders belong to the 

aqe group of 35 to 65 years. Among the 20 patients selected 

with skin disorders one was . 5 year old cnlld and the 

remaining 19 were between 35 tc 55 years. 

Twenty heal thy persons of matching ago and sex and 

free from Iseases were selected as controls. 

2. Collection of blood and separation of serum: 

Venous blood samples from the patients of GlTract 

and skin disorders as well as the normal 5ubjeCt5 were 

collected according to the method of (Varley et al., 1980). 

The arm was extended and a tourniquet was fastened 

firmly a few centimeters above the elbow without obliterating 

the arterial pulse at the wrist. 1 he skin over the vein was 

sterilised. A disposable sterile needle fixed on to a 

disposable syringe of approximate capacity .0 ml was 

inserted. When the needle entered the plunges was withdrawn 

slightly. When the desired amount of blood had b€€n drawn 

into the syringe the tourniquet was released and a small pad 

of cotton wool soaked with spirit was placed on the arm and 

the needle was withdrawn from the vein. The pad was 

placed in that place until the bleeding stopped. Then slowly 

transferred the blood from the syringe to ar,  appropriate 

container using the minimum amount of pressure. 



The blood was allowed to clot in a caoped container 

to obtain the serum and it was then rentrifpd. At room 

temperature clotting usually takes 15 to 30 minutes. 

Collection of Urine: 

Since the present study was undertaken to compare the 

trace element level in urine and serum, Urine samples were 

also collected at random from the patients of GlTract end.. skin 

disorders and normal persons. 1 nil of xylene was adped 

to the urine as a preservative. 

Analysis of minerals in serum and Urine: 

The levels of Zinc, Copper, Iron and Manganese were 

estimated in both serum and urine by pipers method ( 1966) 

using atomic absorption spectrophoto meter. The details of 

the method was given in Appendix. 1. 

Statistical Analysis: 

't' tests were conducted whenever necessary to check 

if the results were significant using formula: 

= 
X1 -X2  /n1  n2  

S 
\j n1  + n2 
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= mean of the first sample 

= mean of the second sample 

S = Combined standard deviation 

H 1 -= Number' of patients in the first sample 

n2 = Number of patients in the second sample 

S = _1)S12 + (n2-1) 
2 

n1+n2-2 
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IV. RESULTS AND DISCUSSION 

The study "Assessment of trace elements in 

Gastrointestinal tract and skin disorders" was undertaken to 

evaluate the mineral metabolic status in human GI tract and 

skin disorders. 

Forty patients of both sexes suffering from different 

types of Cl Tract and skin disorders undergoing treatment in 

various hospitals at' Coimbatore were selected for the study. 

Of the forty patients studied, half of them were found to be 

affected by GlTract disorders and the remaining half of them 

were affected by skin disorders. Those selected with GlTract 

disorders belong to the age group of 25 to 65 years. Among 

the twenty patients selected with skin disorders, one was a 

five year old child and the remaining nineteen were between 

35 to 55 years. Twenty healthy persons of matching age and 

sex and free from diseases were selected as contrcls. 

The serum and Urine samples were collected from the 

patients and controls us discussed under chapte' III. All the 

samples were collected before the patients undervent treatment. 

Further random Urinary excretions were used as indices of 

mineral status. 

The serurii and Urinary levels of Iron, zinc, Copper 

and Manganese were determined for both the patients and 
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controls. From the above parameters, the extent of damage 

to the GlTract and skin disorders and impairment of mineral 

nutrititional status were assessed. 

The results obtained in this study were discussed under 

the following headings. 

Types of Gllract and skin disorders arnog the selected 

patients. 

Mean Serum levels of Iron In Gil tact and skin 

disorders. 

Mean urinary levels of Iron in GlTract and skin 

disorders. 

Mean erum levels of Zinc in GlTract and skin disorders. 

Mean Urinary levels of Zinc in GlTract and skin 

disorders. 

Mean serum levels of Copper in GiTra:t and skin 

disorders. 

Mean Urinary levels of copper in GFT ract and skin 

disorders 

Mean serum levels of Mancjnnese in GlTract and skin 

disorders 



Mean urinary levelsc of Manganese in G].Tract and skin 

disorders 

Types of GlTract and skin disorders among the selected 

patients. 

Table 1 represents the various types of GlTract and 

skin disorders among the selected patients. 
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TABLE I 

TYPES OF GI TRACT& SKIN DISORDERS AMONG THE SELECTED 

PATIENTS 

Num ber Num ber 
31 Tract Disorder of Skin Disorder of 

Patients Patients 

2 Epigastric Pain 

Abdominal pain with 
chronic diarrhoea 

Bowel syndrome 

Dy sphagei 

Carcinoma of Stomach 

Trans Urethero reseres 
prostrate ( TURB) 

Gastrectomy and Carcinoma 
of Stomach 

Chronic fluodenal Ulcer  

2 Vitiligo 

8 Hansen's 

1 Granuloma skin 

2 Urlicaria 

3 Teena Vesicular 

1 Eczema 

2 

3 

2 

5 

2 

me 

Total 20 20 

Among the selected patients suffering lrom GiTract 

disorders many of them were affected by abdor1na1 pain with 

chronic diarrhoea ECzeTfla  Urticaria, Hansen's were found to 

be the major skin disorders seen among the selected patients 
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2. Mean Serum levels of Iron in GI Tract and Skin 

Disorders. 

Table [I shows the levels of Iron in serurrr of controls 

and GI Tract and skin Disorders. 

TABLE II 

MEAN LEVELS OF IRON IN SERUM 01- CONTROLS MND GI TRACT 

AND SKIN DISORDERS 

Number Iron in 
Group 

pg/dl Groups 
't' value selected Mean ± S.D Compared 

Controls 20 

GI Tract 

Disorcers 20 
(2) 

Skin 
Disorders 20 
(3) 

65.41 ± 4.45 1 Vs 2 23.19 

30.55 ± 5.03 1 vs 3 23.55** 

18.6 ± 7.68 2 Vs 3 5.83** 

The mean values of serum iron in controls were found 

to be 65.41 ± 4.45 pci per dl with a range of 6u.95 to 69.86 

jig per dl, where as in GITract disorder the mean value 

was found to be 30.55 ± 5.03 jig  per dl with a range of 25.52 
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to 35.58 pg per dl and the mean value inskin disorder was 

found to be 18.6 ± 7.68 pg  per dl with a ranje of 10.92 to 

26.28 ug per dl. 

The normal range of Iron is 80 - 165 pg per dl in men 

and 65-130 pg per dl in women (Robinson and Lawler, 1986). 

In both the group of patients the serum levels of iron 

were decreased when compared to the control values and this 

decrease was found to be statistically significant at 1% levels. 

This is in accordance with the study by Schottonfeld and 

Fraumeni ( 1088) which says that the iron d1lclency might 

be one of the factors that contribute to the occurrence of 

esophagus and stomach cancers. 

Some other studies have also reported depletion of iron 

in serum during chronic diarrhoea and abdominal pain ( Scully 

et al., 1989). 

In this study, majority of the patients were suffered 

by abdominal pain and a few of them had diarrhoei. 

Statistically significant differences ( P 4  0.01) in the 

levQis of iron were found between the two groups of disorders. 

Fig. 1 indicates the mean serum levels of iron in controls 

and GlTract and skin disorders. 
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Number Iron in jjq/dl 
selected mean ± S.D. 

20 5.44 ± 1.05 

Groups value 
compared 

1 Vs 2 12.15 

Group 

Control 
(1) 
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3. Mean Urinary levels of Iron in GI Tract and skin disorders. 

Table III furnishes the details regarding the Urinary 

levels of iron in GI Tract and skin disorders. 

TABLE III 

MEAN URINARY LEVELS OF IRON IN CONTROLS AND GI TRACT 

AND SKIN DISORDERS 

GI Tract 

Disorders 20 2.48 ± 0.30 1 Vs 3 7.28 

Skin 

disorders 20 1.37 ± 0.25 2 Vs 3 12.53** 

VI. 0.01 
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The mean levels of Urinary iron in controls were found 

to be 5.44 ± 1.05 jq per dl with a range of 4.39 to 5.49 1ug 

per dl where as in 01 Tract petients the same was found 

to be 2.48 ± 0.30 with a range of 2.18 to 2.78 jig per dl and 

in skin patients 1.37 ± 0.25 
,
pg per dl with a range f 1.12 

to 1.62 yq per dl. 

The normal range of Urinary excretion of iron is 6.67 

pg per dl ( Robinson and Lawler, 1986). 

It was evident from the table that the excretion of iron 

in skin disorders were half as that of GI Tract disorders and 

the difference in excretion was found to be statistically 

significant. 

Fig. 2 indicates the mean urinary levels of iron in 

controls and GI Tract and skin disorders. 
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4. Mean Serum levels of Zinc in Gllract and £kin disordrs. 

Table IV shows the levels of Zinc in seum of controls 

and GI Tracts and skin disorders. 

TABLE IV 

MEAN LEVELS OF ZINC IN SERUM OF CONTROLS AND GI TRACT 

AND SKIN DISORDERS 

44 

't' value Group Number 
selected 

Iron in 
mean ± 

,ig/d1 
S.D. 

Groups 
compard 

Control 20 71.36 ± 3.75 1 vs 2 

 

GI Tract 
disorders 20 37.14 ± 9.77 1 vs 3 

 

Skin 
disorders 20 34.1 ± 8.53 2 vs 3 

 

P<0.01  

NS : Not significant 

14.61 

17.81 10  

1.05 NS 
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The mean levels of Zinc in serum of controls, GI Tract 

and skin disorders were found to be 71.36 ± 3.75, 37.14 ± 

9.77 and 34.1 ± 8.53 pg  per dl respecJvely and the 

corresponding ranges were found to be 67.61 to 75.11, 27.37 

to 46.91 arrf 25.57 to 42.63 iq per dl. The normal range 

of Zinc in serum is 50-150 pq per dl ( Farper, 1988). 

The levels of Zinc in serum of both the disorders were 

found to be decreased to one half when compared to the control 

and this decreases were £ itistically significant at 1% level. 

The decreased serum levels of Zinc might be due to 

failure to reabsorb Zinc from the gut as a result of 

acrodermatitis and various GI I ract disorders ( Trowbridge, 

1988). 

It was evident from the table that there was no 

significant difference in the levels of Zinc between the two 

groups of disorders. 

Fig. 3 indicates the mean serum levels of zincl in 

controls and GlTract and skin disorders. 



—r--r-. r  

- I - 

1j T -r - . --r Li  
(- hJJ i<.JJN LiLL 

dLi 

40 

30 

20 

10 

0 

rcnn±v- H 

- --.I- L. L)!_--_C 



46 

5. Mean Urinary levels of Zinc in GI Tract and skin 

disorders 

Table V depicts the Urinary Zinc levels in controls and 

GI Tract and skin disorders. 

TABLE V 

MEAN URINARY LEVELS OF ZINC IN CONTROLS AND GI TRACT AND 

SKIN DISORDERS 

Number Zinc in g/d1 Groups 
't' value Group 

selected Mean ± .D. Compared 

Control 20 23.99 ± 6.2/4 1 vs 2 9793 

 

GI Tract 

disorders 20 8.32 ! 3.51 1 vs 3 12.60** 

 

Skin * 

disorders 20 6.33 ± 0.63 2 vs 3 2.50. 

 

* * P < 0.01 

PKO.05 
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The mean Urinary levels of Zinc in controls were found 

to be 23.99 ± 6.24 1g per dl with a range of 17.75 to 30.23 

pg per dl, where as in the case of GI Tract patients the same 

ranged from 4.81 to 11.83 per ii] with a mean value of 8.32 

± 3.51 pg per dl and in skin patients, the value ranged from 

5.7 to 6.96 pg per dl with a mean value of6.33 ± 0.63 pg  per 

dl. 

The Urinary excretion of Zinc in normal adults is 10 

- 18 jig per dl ( Henry, 1986). 

There was a decrease in the excretion of Zinc to one 

third in the case of GI Tract disorders, and the same was 

decreased to one-fourth in skin disorders and the decrease 

was statisfically significant at 1% level for both the disorders. 

When the two groups were compared the results were 

found to be stitistically signifi;ant at 5% level. 

Fig 4 shows the mean Urinary levels of Zinc in controls 

and GI Tract and skin disorders. 
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6 Mean serum levels of Copper in GI Trace and skin disorders 

Table VI indicates the serum levels of Copper in controls 

and GI Tract and skin disorders. 

TABLE VI 

MEAN SERUM LEVELS OF COPPER IN CONTROLS AND GI TRACT 

AND SKIN DISORDERS 

Group 
Number Copper in pg/dl Groups 

selected Mean ± S.D. compared 
'value 

Controls 20 72.85 ± 3.34 1 vs 2 26. 02** 

( 1 ) 

CI Tract 

Disorders 20 40.00 ± 4.45 1 vs 3 25.64** 

skin 
disorders 20 48.75 ± 2.25 2 vs 3 7 •79** 

* 
PKO.01 



The mean serum levels of Copper in contrul, GI Tract 

and skin disorders were found to be 72.85 ± 3.3, 40.00 ± 

4.45, and 48.75 ± 2.55 Vc  y per dl respectively and the 

corresponding ranges were found to be 69.51 to 76.19, 35.55 

to 4.45 and 46.2 to 51.3 pg  per dl. 

The normal range of copper in serum is '0-155 pg  per 

dl ( Tietz, 1986). 

The mean levels of copper were decreased in GI Tract 

and skin disorders when compared to the respective controls 

and the decrease was statistically significant at 1% level. 

The decreased Copper level in serum might he due to 

defective absorption from the intostirr(- as e 
of skin 

depigmentation ( Bales, 1989), Chronic diarrhnea and short 

bowl syndrome ( Trowhridge, 1988). 

The difference in mean values were also found to be 

significant at 1% level between the groups compared 

Fig 5 depicts the mean serum levels of controls and 

GI Tract and skin disorders. 
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7. Mean Urinary levels of Copper in GI iract and skin 

disorders.  

Table VII reveals the Urinary levels at Copperiii control, 

GlTract and skin disorders. 

TABLE VII 

MEAN URINARY LEVELS OF COPPER IN CONTROLS AUD GI TRACT AND 

SKIN DISORDERS 

Group 
Number Copper 

inJJ9/dl 
 Group; 

t value selected Mean ± S. . Compar'd 

Controls 20 20.65 ± 1.42 1 vs 2 16.3** 
 

GI Tract 
Disorders 20 9.0 ± 2.85 1 vs 3 12.51** 

 

Skin 

disorders 20 
 

P <0.01  

Ns Not significant 

10.2 ± 3.46 2 vs .3 169Ns 
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The mean levels of Urinary Copper in Control, GI Tract 

and skin disorders were found to be 20.65 ± 1.4?, 9.0 ± 2.85 

and 10.2 ± 3.46 pg per dl respectively and the corresponding 

ranges were found to be 19.23 to 22.07, 6.15 to 11.8and 6.74 

to 13.66 ,pg  peydl. 

The normal excretion of Copper in Urine i; 15-30 pg/dl 

(Tietz, 1986). 

there was a decrease in the excretion of copper to one-

half in both GI Tract and skin disorders and this decrease 

was found to be significant at 1% level. 1 he decreased 

excretion of Copper might be due to low levels of the same 

in serum of both the group of disorders. 

There was no significant difference in thE excretion of 

Copper between the two groups of disorders. 

Fici 6 depicts the mean urinary levels of copper in 

controls anc GI Tract and skin disorders. 
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6. tlean serum levels of manganese in GI Tract and skin disorders 

Table VIII projected the mean serum levels of manganese 

in controlSand GI Tract and skin disorders. 

TABLE VIII 

MEAN SERUM LEVELS OF MANGANESE IN CONTROLS iND GI TRACT 

AND SKIN DISORDERS 

Nun byrd Mangdr1ue in py/dl Gr:ups '' VJLJO 

Group selec Mean ± S.D. compared 

Controls 20 1.90 ± 0.05 1 vs 2 15.89** 

 

GI Tract 

disorders 20 1.06 ± 0.23 1 vs 3 16.11** 

 

Skin NS 
disorders 20 1.12 ± 0.21 2 vs 3 0.86 

(3) 

** < P 0.01 

NS Not significant 
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The serum levels of manganese in controls ranged between 

1.85 to 1.95 pq per dl with a mean value of 1.90 ± 0.05 pg 

per dl, where as in the case of GlTract and si-in patients the 

same ranged between 0.83 to 1.29 and 0.91 to IL33 pg  per dl 

respectively with a corresponding mean values of 1.016 ± 0.23 

and 1.12 ± 0.21 pq  per dl. 

The normal range of manganese in serurr is 1.2 - 3.8 

pg per dl ( WHO, 1981). 

The mean levels of manganese in serum were foun 
I  d to 

be approximately one half as that of controls and the differences 

were significant at 1% level in both the group3 of disorders. 

This was in agreement with the study by Kuttel ( 1984) 

that the manganese depletion might have oc::urred due to 

dermatitis and GlTract disorders, in which there was a 

deposition of manganese in liver, pancreas, kidney and intestine 

Kitamurra, 1974). 

The difference in manganese levels of serum between 

the two groups were found to be insignificant. 

Fig. 7 represents the mean serum leve.ts of manganese 

in controls and GlTract and skin disorders. 
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9. Mean Urinary levels of manganese in GI Tract and skin disorders 

Table IX represents the Urinary levels of manganese 

in controls and GI Tract and skin disorders. 

TABLE IX 

MEAN URINARY LEVELS OF MANGANESE IN CONTROLS AND GI 

TRACT AND SKIN DISORDERS 

Group 
Number Manganese in ,g/dl Groups 

Selected Mean ± S.D. Compared t value 

Controls 20 0.570 4 0.280 1 vs 2 7.74 

 

GI Tract 
disorders 20 0.080± 0.020 1 vs 3 777** 

 

Skin 
NS 

disorders 20 0.078± 0.004 2 us 3 0.63 

 

** P<0.01 

NS Not significant 
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The mean value of Urinary excretion cf manganese in 

controls were found to be 0.570 0.280 pg  per (U with a range 

of.  0.290 to 0.850 pg per dl, where as the same was found to 

be 0.080± 0.020)Jg per dl with a range of 0.050to0.lo0pg per 

dl in GI Tract disorders and 0.078 ± 0.004 pc per dl with 

range of 0.074. Lo 0.082 pq  per dflnskin disorders. 

The normal excretion ci manganese i urine is 0.2 

- 1.4 pg  per dl ( WHO, 1981). 

In GI rract and skin disorders the Urinary excretion 

of manganese was found to be decreased from the control value 

and this decrease was significant at 1% level. 

The excretion oi manganese etween the two groups of 

disorders show no significant differences. 

Fia 8 indicates the mean Urinary levels of manganese 

in controls and GI Tract and skin disorders. 
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V. SUMMARY AND CONCLUSION 

This study "Assessment of trace elements in 

Gastrointestinal Tract and skin disorders was undertaken to 

evaluate the mineral metabolic status in human GlTract and 

skin disorders. Forty pat ients of both sexes suffering from 

different types of Gljract and skin disorders undergoing 

treatment in various hospitals ( G.H)  K.G. Hospital, Kovai 

Medical Centre and Lalitha Hospitals ) at Ccimbatore were 

selected for the study. The patients who had been diarnosed 

with a histologically confirmed GlTract and skin disor4ers 

only were included for the investigation. Of the fourty 

patients studied half of them were found to e affected by 

GlTract disorders and the remaining half of them were 

affected by skin disorders. Those selected with GlTract 

disorders belong to the age group of 35 to 65 years. Among 

the twenty patients selected with skin disorders, one was 

a 5 year old child and the remaining nineteen were between 

35 to 55 years. Twenty healthy persons of matching age 

and sex and free from diseases were selected as controls. 

The levels of iron, zinc, copper and manganese were 

estimated in both serum and urine by piper's method ( 1966) 

using atomic absorption spectrop hotometer. 
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The serum samples were collected from all the patients 

before they underwent treatment. The serum samples were 

also collected from the controls. The iron, zinc, copper, 

and manganese levels of serum samples were determined. 

The mean values of serum iron in controls were found 

to be 66.5 ± 4.45 pg per dl whereFz in GITract disorder 

the mean value was found to be 30.55 ± 5.03 pg per dl and 

in skin disorder 18.6 ± 7.68 jjg per dl. In both the group 

of patients the serum levels of iron were cecreased when 

compare to the control values icA this decrease was found 

to be statistically significani al 1' level. 

The iron deficiency might be due to the cancer of the 

stomach, chronic diarr hoea and abdominal pain. 

The mean levels of zinc in serum of controls, GI Tract 

and skin disorders were found to be 71.36 ± 3.75, 37.14 ± 

9.77 and 34.1 ± 8.53 p per dl respectively. The level of 

zinc in serum of both the disorders were found to be 

decreased to one half when compared to the control and this 

decrease was statistically significant at 1% leve. 

The ecreased levels of tinc might be due to failure 

to reabsor from the c;ut a result of acrodermatitis 

and various GI Tract cflsordor's. 



The mean serum levels of copper in contols, GI Tract 

and skin disorders were found to be 72.85 ± .3.344  40.00 ± 4.45 

and 48.75 ± 2.55 pg per dl respectively. The mean levels 

of copper were decreased in GI Tract and skin disorders when 

compared to the respective controls and the decrease was 

statistically significant at 1% level. 

The decreased copper level in serum might be due to 

defective absorption from the intestine as a result of skin 

depigmentation, chronic diarrhoea and short bowel syndrome. 

The mean serum levels rf manganese n controls were 

found to be 1.90 ± 0.05 pg per dl where as in the case of 

GlTract and skin patients the same was found to be 1.06 ± 

0.23 and 1.12 ± 0.21 pg  per dl respectively. 

The manganese depletion might have occured due to 

dermatitis and GlTract disorders in which there was a 

deposition of manganese in liveç pancrease, kidney and 

intestine. 

When the mean serum levels were compared between 

the two groups of disorders, it was found that there was a 

significant difference in the levels of iron and :opper where 

as the zinc and manganese have shown n significant 

difference. 
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The urine samples were also collected from all the 

patients before they underwent treatment. Th urine samples 

were also collected frorri the controls. The iron, zinc, copper 

and manganese content of the urine samples were determined. 

The mean levels of urinary iron in controls were found 

to be 5.44 ± 1.05 pq per dl whereas in GlTract patients the 

same was found to be 2.48 ± 0.30 ,nq per dl and in skin patients 

1.37 ± 0.25 pg per dl. In this study it was noticed that 

the excretion f iron in skin disorders were half that of GTract 

disorders and the difference in excretion was found to be 

statistically significant. 

The mean urinary  levels of zinc in controls, GlTract 

and skin disorders were found to be 23.99 ± 6.24 1  8.32 ± 3.51 

and 6.33 ± 0.63 pg per dl respectively. There was a decrease 

in the excretion of I zinc to one third in the case of GlTract 

disorders and the same was decreased to one fourth in skin 

disorders and the decrease was statistically significant at 1% level 

for both the disorders. 

The mean levels of urinary copper in control, GlTract 

and skin disorders were found to be 20.65 ± 1.42, 9.0 ± 2.85 

and 10.2 ± 3.46 po per dl respectively. There was a decrease 
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in the excretion of copper to one half in both GiTract and 

skin disorders and this decrease was found to be significant 

at 1% level. 

The mean value of urinary excretion of manganese in 

controls were found to be 0.570 ± 0.280jg per dl where as 

in the case of GI Tract and skin disorders, the same was 

found to be 0.080 ± 0.020 and 0.078 ± 0.004 pg  per dl 

respectively. In GI Tract and skin disorder the urinary 

excretion of manganese was found to be decreased from the 

control values and this decrease was significant at 1% level. 

The decreased excretion of all the four elements 

might be due to depleted levels of the same in serum of 

both the groups of GlTract and skin disorders. 

When the mean excretion of four Elements were 

compared between GlTract and skin disorders, there was a 

significant difference in the excretion of iron anc zinc whereas 

the excretion of copper and manganese were found to be 

insignificant. 

In summary the levels of iron, zinc, copper find 

manganese in both serum and urine were fond to be lower 

than the control values in the two groups of disorders 

studied. Hence it may be concluded that proper 

supplementation of these trace elements might prevent or 
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r,Dduce the chances of occurrence of the above mentioned 

disorders. 

Recommendations for future studies: 

The sectoral and integrated approaches can be made 

use of to assess almost all essential trace elements in sertum 

and urinary levels of both Gl Tract and skin disorders. 



ti1injriy11 



BIELIOGRAPHY 

Alfinslater R. B. ,and Nutrition Requirements in "Nutrition and 

Mienda R. 1990 
adult macronutrients' Plenum Press, 

Nowyork, London, Chapter-i pp.24-25 

and 33_36 

Alpers D.H., 
Manual of Nutritional therapeutics ed,2 

Clouse R.E., 

Stenson W.F, 1988 
Bostoo, Little Brown and Co., P.167- 

185. 

Al. Rashid R.A., and Neonatal copper deficiency, New Engi. 

Spangler J. 1971 
J. Med. 285: 841 

Antonson D. L. , Determination of the site of zinc 
Barak A.J.,and 
Vandorhoff J.A. absorption in rat small intenstine. 
1979. 

J.Nutr., 109; 142-47 

Bales C.W. 1989 Current Topicsin nutrition and disease 

Vol.21: Mineral Homeo Siatasis in the 

Elderly, editor Alan R.Liss, Inc.,New- 

York, page 141-170. 

Bauer M. I., and "Tissue Zinc levels and zinc excrtion 

King J.C. 1984 during experimental zinc Jepletion in 

young men". Am. J. ClinjJutr., 39:556. 



62 

Beard J.L., and Iron deficiency, in Iron Fortication 

Finch C.A. 1985 of Foods ( eds-F.f'. Clydesdale nnd 

K.L. Wiemer) Acdem1c Press, 

ew York. 

Bettger W.J.,and A critical physiological role of 

O'Del B. L. 1981 zinc in the structure and function 

of Biomembrances" Life Sci., 28, 

1425-1438. 

Bjorn Rasmussen E. Iron Absorption. "Present 

1983 knowledge and controversies" 

Lancet, 1: 914-16. 

Boosalis M.G. et.al, 'Impaired Handling of orlly 

1983. Administered Zinc in Pancreatic 

Insufficiency." Am.J.Clin. Nutr., 

31: 268-71. 

Brewer G.J., Hill G.M., "Oral zinc thereapy for Wilson's 

Prasad A.S., Cossack Z.T. disease" Ann. Intern Med. 99: 314- 

and Rabbani IP. 1 t' 320. 

Briggs G.M., and "Bogerts" Nutrition and Physical 

Calloway D.H.1979. Fitness, W.B. Saunders Company 

Philadelphia, London, :. 168 



63 

BL1nker V.W., Hinks U., ASSeSSment of zinc and copper 

La wson '13., Clayton BE., status of healthy elderly people 

1984a using metabolic blaoace studies 

and measurement of Lukocyte concen-

trations. Am J. din. N'jtr. 40: 1096-

1102. 

Burch R.E.,Hahn H.K.J. "Newer Aspects of the roles of 

and Sullivan J.F. 1975 zinc, manganese, copper in human 

nutrition" Clin. Chem. 21: 501 

Cameron A. 1984 Food Science, "A Chemicl 

Approach" Aucland, !oronto P-225. 

Chandra R.K.1980 "AcrodermaLitis enteropaihica Zinc 

levels anc4  cell mediated immunity 

pediatrics 66: 789 

Chavapil P1.1976 Effect of zinc on cells and 

biomembrances, Med. Clin. North 

Am. 60: 799. 

Charlton B. W., and Iron absorption, Anne  Rev. Med 

Bothwell J.H. 1983 34 : 55-68 



64 

Chesters J. K. 1978 Biochemical functions of zinc in 

animals. World Rev. Nutr. 

Diet., 32: 135. 

Chesters J. K. 1972 The role of zinc irons in the trans- 

formation of Lymphocytes by phyto-

haemagglutin in biochem. J. 130-133. 

Clara Mixon Lewis R.D. Nutrition and Nutritional therapy 

1986 in Nursing. Appleton--century 

crofts/Norwalk, Ccnnecticut pg. 

93 - 108. 

Crosby W. H. anc A small dose iron tolerance cest 
0' Neil-cahinq M.A 

1984 PSI an indicator of milk Iron 

deficiency, Jama, 251 : ( 1986-1987) 

Croften R. W. et al., 1983 Zinc absorption in celiac Disease 

and Dermatitis Heretiformis: "A 

test of small intestional function" 

An. J. Cliii, Nutr. 38: 706-12 

Danks D.M. 1980 Copper deficiency in humans, Ciba 

found. Syrnp. 79: 209-25. 



65 

Daltrian P.R., Siimes M.A. Iron deficiency in infancy and 

1979 Childhood. The nutrition foundation 

New york. 

Danks LJ.M., Cartwrijht T., "Manke' s kinki hair diesease" 

Stevens B.J., and Tovnley, Further definition of the defect 

R. R. W., 1973 in Copper transport, Science 

170; 1140. 

Darby W.J., Broquist H.P.7 "Annual Review of Nitrition" Vol.2 

Olson R.E., 1982 Annual Reviews Inc. pg. 190-193. 

David Buss and Jean Manual of Nutrition, London-Her 

Robertson, 1982 Majesty's stationery Office. P9.32- 

40. 

Levis N.T., and Williams R.B., "The effect of prognancy and 

1977 lactation on the absorption of zinc 

and lysine by the rat duodenum 

in situ". Br.J. Nutr.33: 417-423. 

de Bruin E.J.P. et al.,1970 "Iron Absorption jr the Bantu" 

J.Am. Diet. Assoc. 5': 120..31 



66 

Dorothy A. Wenk., Nutrition (the Challcnge of being 

Martin Baren. M.D., well nourished) 2nd edition. Reston 

Sat Paul Dewan pH.D., 1983 publishinq company Inc. page 235- 

239, 250-263. 

FAO,1974 "Handbook on human Nutrition 

Requirements" FAQ Nutritional 

studies Report No.28. FAQ, Rome. 

Fell G.S., Fleck A., Urinary Zinc levels iis an indication 

Cuthbertson D.P.,Queen K. of muscle metabolism. Lancet,pq. 

Morrison C., and Flusain S.C. 280-22. 

lfl'13. 

Finch C.A., and Cook .J.D. " Iron Deficiency Am.J.Chin. 

1984. Nutr.39: 471-77. 

Frido Vich I., 1975 Siperoxide dismutase, Annu. Rev. 

Biochem. 44:147 

Friedn E., 1970 Ceruloplasmin, a ink betv:en 

copper and iron metabolism, Nutr. 

Rev.28; 97-91. 

Gallery E.D.M. , Blomfield J.5  "Acute zinc toxicity in hemodialysis" 

and Dixon S.R. 1972 rr.Med.J. 4: 331. 



MA 

Gary and Stevenu1, 1972 The complete Handbook of Nitrition 

The Health Library. Robert Speller 

and Sons, Publishers, Inc. New 

York, pg. 29-37. 

bolder M.H.N., Golden B.E., Skin breakdown in Kwashiorkor: 

and Jacson A.A. 1980 respose to zinc Lance. 1: 1276 

Gorman J. F.., and The behaviour and stability of 

(:1 yciesdalr I M . 1 iron ascorbate complexes in 

solution, J . I- ood Sc.. 48: 1217- 

1220, 1225 

Grace N.D.and Powell L.W. ron Storage disorders of the li'er 

1974 Gastroenterology, 64: 1257. 

Hallberg L. 1984 Iron, In present knowledgc Nutri 

tion, 5th editio. The nutrition 

foundation Washington, D.C. 

Haisted J.A. , Plasma zinc in health and disuse, 

and Smith J.C. 1970 Lancet 1: 322-324. 

Harper 1988 Biochemistry, 21st edition, Appleton 

and Lange P9. 578. 

Henkin R.J.., Schectter P.J., Idiopathic hypogeusia with dysgeusia 

Hoye B.,eind Mat toni C . I . . I y osni ii and A I i ow .yridroriie, 

1971 Jarii, 21/: 434-440. 



Hurlev L.S., and Bell L.T.? Amelioration by copper supplementa- 

1975 tion of mutant gene effects in the 

crinkled mouse. P'-oc. Soc. Exp. 

Biol.Med. 149,830-834, 

Joffee G. et al., 1981 A patient with copper deficiency 

intravenous feeding,Clin Pediatr 

20: 226- 228 

John Bernard Henry Iodd. Sanford Davldsohn Clinical 

diagnosis and management by 

Laboratory methods, 17th edittion, 

Pg. 1436-14/41 , W.B. Saunders 

CorI1pny) All India Traveller 

Bookseller 

Dr.Kasliwal G.J., Indian Medical Gazette "Study of 

Dr. Londhe R.S., Gramoneg Therapy in the Gastroen- 

Dr.Kahate S.M. 1982 teritis cases in pediatric grups" 

Vol. CXVI No.7. Pg. 202-204. 

Kazantzis G. 1981 Role of cobalt, Iron, lead, manganese, 

Mercury, Plantinum, Selenium and 

titanium in carcinogenesis, Environ. 

Health perspect 40: 143-161. 



Kitamura S., Stimine K., 

Hayakawa A., Shibata T. 

1974 

Heavy Metals in normal Japanese 

subjects ( amounts of 15 heavy 

metals in 30 subjects) Environ, 

Health Rep. 28: 29-60 ( in 

Japanese) 

Kievay L.M. et al., The Human Requirement for copper 

1980 1 Healthy men fed conventional 

American Diets" Am J.Clin Nutr, 

33: 45-50. 

Kievay L.M.,and Copper metabolism and the Epidemin- 

Forbush J. 1976 logy of coronary Heart Disease" 

Nutr. Rept. mt. 14: 221-25. 

Kuttel J. et al.,1984 Micronutrient adequacy in home 

parenteral nutrition patients, Am.J. 

din. Nutr. 39: 679,, 

Larson D.L., 1974 In clinical Applications of zinc 

metabolism. Edited by W.J.Porres 

Thomas, springfield, IL. 

Leach 1971 Role of rnr1JaneEe in mucopoly- 

saccharide t. etabilism, Fed. Proc. 

Fed. AM. Soc. Exp. Biol 30:991 



WO 

Lewis P.K. eta1., 1982 Lewis's Phrrnacology, James cross 

land, Fifth Edition, Churchill 

Livingstone. P9. 797-802. 

Lott I.T., Dipaolo R., Copper metabolism in the steely 

Schwartz 0. , Janowaska Sr., hair syndrome. 

and Kanfer J.N. 1975 New.Engl. J. Med. 292: 197 

Luckey T.D., and Vcru'jopal  B. Metal toxicity in mammals, physio- 

1977 logic and chemical b'.sin for metal 

toxicity plenum pre65., New York 

and Londcn. 

Lunch S.R. 1984 Iron, in absorption and malasorption 

of mineral nutrients (N.W.Solomons 

and I.H. Rosenberg. eds) Alan R. 

Liss, Inc, Newyork. 

Dr.Madhavan Nair K.1990 Iron Balance in Man, Nutrition: 

special issue: Iron National Institute 

of Nutrition, Hyderabad, Pg: 13-

22. 

Malik A.K., Or.Prakash K. Indian Medical Cazette, "The 

Dr.Sabherwal U., 
treatment of Dermatornycoses with 

Dr.Chugh 1.0., 

Dr.Ghosli Roy B. orally administered Grifulvin
'I  

August 19P2. 
pg. 233-235. 



71 

Martha Davis Dunn 1983 Fundamentals of Nutrition, CBI 

Publishing Company, Inc. PP.343- 

362, 175-194 

Martin D. W., Mayes P.A., Harper's Review of Biochemistry 

and Rodwell V.M. 1981 18th edition, Maruzen Asian edition 

pg. 35. 

Mc Cord J.M. 1976 Iron and Managanese containing super 

oxide dismutase: Structure, 

distribution and evolutionary 

relationships, Adv. Exp. Med. Biol 

74:540. 

Menard P., and Cousins R.J. Zinc transport by Brush border 

1983 membrane vesicles froTi rat intestine 

J. Nutr. 113: 1434-1442. 

Menkes J.H. 1972 Kinky hair disease, pediatrics 50, 

181-188. 

Mime D. B., Canfield W. K., Effect of oral folic azid supplements 

Mahalko J. R. ,and on zLc, copper and iron absorption 

Sandstead H.H. 11984 and excretion.Am.J. Clin. Nutr. 

39, 535. 



Morrison S.A. Zinc deficiency as a cause of 

Russell R.M., abnormal dark adaptation in 

Carney E.A., and cirrhosis, A.M. J. Clin. Nutr. 31: 

0akes E.V. 1978 276-282 

Moynahan E.J., 1974 "c rodermatitis enterophathica; 

a lethal inherited zinc deficiency 

disorder. Lancet, 2: 399-400 

Moynahan E.J., cnc4 Zinc deficienc and a synthetic 

Barnes P.M. 197 diet for lactose jntolerence, Lancet 

1:676 - 678 

Dr. Narasinga Rao B.S. Nutrition News, National Institute 

1987 of Nutrition, Hyderabad, Vol. 8,No.1 

Neldner K.M., and Zinc therapy of acrodermatitis enter- 

Hambridge K.M. 1975 opathica. N. Eng. J. Med. 292: 878- 

882 

NIN 1981 "1.7 Requirement of Trace elements" 

NIN Annual Report,' Indian council 

of Medical Research, PP. 20 - 22 

NRC(National Research Recommended Dietary Allowances 

r )/. 1 
council) 1980 9th ed. ' 

36. 
 

72 



NRC 1973 ( National Research "Division of Medical Sciences 

Council) committee on Biological effects of 

Atmosp herk Pollutan ps" Manganese. 

National Academ' of Sciences, 

Washington, D.0 

Pike R.L. and Nutrition: An integrated Approach 

Brown M. L., 1970 Wiley Eastern University Edition 

New Delhi, P9. 87-108 

Prasad A.S. 1983 Clinical, Biochemical and Nutritional 

Spectrum of zinc deficiency in 

Human subjects. An update, Nutr. 

Rev. 41: 197 -208 

Prasad A.S., llrewer.G. i. HypocLiprerrlin induced zinc therapy 

Schoamake: E. P., and in adults. J.Am. Med. Assoc.240: 
Rabban1 P. 
1978 2166-2168 

Prasad A.S. 1979 Zinc in Human Nutrition, CRC Press, 

Inc. Pg. 19-21. 

Corinne H. Robinson and Normal and Therapeutic Nutrition 

Marllyn.R. Lawler 186 Mac Millian Publishing Co., Inc. 

Collier !M3chmi111an Publishers Pg. 

111-137 

73 



Corinne H. Robinson and Normal and Therapeutic Nutrition 

Marilyn. R. Lawler i 982 Mac Million Publishing Co., Inc. 

Coil i er Macrn i 11 ian Publisrs, Pg. 

131 - 160. 

Ross and Wilson 1987 Anatomy and physiology in health 

and illness 

Rox R. Anderson and Year Book, Year Bok of dermatology 

John A. Parrish 1988 (ed sober and Fitzpartrick) Year 

Book Medical Publishers, Inc. Pg. 

1-3 

Sandstead HH t  L.,1976 Conditional zinc deficiencies In 

Prasad AS, Editor: Trace elements 

in human health and disease vol.1 

zinc and copper, Newyork, 

Academic Press Inc.pp. 34-49 

Schottenfeld and Diet and Health: Implications for 

Fraumeni 1988 Reducing chronic Disease Risk. 

National Academy Press, Washington, 

D.C. Pg. 367-412 

Schraer K.K., and Zinc balance in pregnant teenagers 

Calloway D.H. 1974 Annal. Nutr. Metab. 17: 205. 

74 



75.  

Schroeder H.A., 1976 

Shike M., Roulet M., 

Kurian R., Whitwell J. 

Trace elements and Nutrition 1st 

edition Fibre and Fabre Publishers. 

3 queensquare, London Pg. 3 to 

4. 

Copper Metabolism and requirements 

in total parenteral nutrition. Gastro- 

Steweart S. Jeejeebhoy K.N. enterology 81: 290-97. 

1981. 

Smith J.E., Brown E.D. The effect of zinc deficiency on 

Smith J.C. , Jr. 1974 Lhe metabolism of retinolbinding 

protein in the rat. J. Lab. Clin. 

Med. 84: 692. 

Solomans N.W. 1982 'Biological Availability of zinc 

in Humans" J. Am. Clin. Nutr. 35: 

1048-75. 



76 

Solomns N. W. 1985 Biochemical Metabolic and clinical 

role of copper in human nutrition 

J.Am. Coll.Nutr. 4: 83-105. 

SolomonG N.W., Clinical Nutrition. eds David M. 

Vernon R Young 1988 Paige 2nd edition. The C.V. Mosby 

Company, pg. 16- 35, 579-592 

Solomans N.W., and Zinc, In Absorption and 

Cousins R.J. 1984 Malabsorption of Mineral Nutrients 

edited by solomons and Rosenberg, 

A.R. Liss,New york, pp.  125-197 

Sugarm.nB. 1983. ZInc ann nfection Rev, of ml. 

Disease.5(1): 137-147. 

Swaminathan M. 1981 Biochemistry for Medical students 

Geetha Book House: Publishers: 

Mysore P9.358-410 

Thomson D.B. 1988 Trace Minerals in foods edited by 

Kenneth T. Smith. Maral 

Dekker, Inc. Nework and Basel. 

Pg. 157-208 



Tietz 1986 "Fundamentals of clinical chemistry" 

W. B. Sounders Company, pg. 1206- 

1 226. 

Trowbridge L.F. 1988 Clinical nutrition eds David M. 

paige 2nd edition . The C.V.Mosby 

company, page. 119-136. 

Underwood 1978 "Trace element imbalances of 

Interest to the dietitian" J. Am. 

Diet. Associ. 72: 177-79. 

Underwood E.J. 1986 Trace elements in human and animal 

nutrition 5th edition edited by 

W. Mertz academic press, New york. 

Utter M.F., 1976 The biochemistry of Manganese. Med. 

Clin. North Am. 60: 713 

Vellee B.L., 1983 In zinc Enzymes edited by T.G. 

Spiro, Wiley, Newyork. 

Harold Varley., Practical Clinical biochemistry vol.1 

Alan H. Gowenlock, & fifth edition. William Heinemann 

Maurice Bell 1980 Medical Books Ltd.,London,P9.927- 

951. 

77 



73 

Versieck K.Jj BurbiekP Normal manganese concentration in 

Speeck A., Haste J. human serum. Act a Endocrinol, 

1974 76: 783 

Vilter R.W., Bozian R.C., Manifestations of copper deficiency 

Hess E.V., Zeliner D.C., in a patient with systemic 

and Potering H.G. 1974 sclerosis on intravenous hyperali- 

mentation, New Engl.J.Med.291:188 

Vinod Kumar and Bacteriological study of an out 

Suman Kirti 1981 break of Gastroenteristis at Jhansi. 

Pg: 355-356 

Vyas D., and Functional implications of, iron 

Chandra R.K. 1984 deficiency, In Iron Nutriton in 

infancy and childhocd 

A.Steckel. Ed). Raven Press, 

New york. 

Wapnier R.A., Khani D.E., Absorption of zinc by the rat lleum 

Bayne M.A., and effects of histidine and other low 

Lifeshitz F. 1983 molecular weight Jigands. J. Nutr. 

113: 1346- 1356. 



79 

Wenck D.A., Martin Nutrition, 2nd Edition. Reston 

Baren M.D.,. and Publishing Co., Inc. P9. 235-239 

Sat Paul Dewan, Ph.D., 250-263 

1983. 

Williams E.R.,onci Nut r it mu, P rinclp I s, Issues and 

Mary Alice Caliendo Applications. Mcçraw-Hill Book 

1984 Company, Pg. 363-390. 

Eva. D.Wilson ., Katherine H. Principle of Nutrition, Wiley Eastern 

Fisher., and Mary E. Fuque. Private Limited, New Delhi Pg. 

1971 134-202. 

Who, 1981 Environmental health criteria 17 

Manganese Page 52. 

Wilson J.W., 1987 English Language Book Society 

Churchill Livingstone, Page 202-

207. 

Zidar B L., Shadduck R K., Observations on the anemia and 

Ziegler Z. , and Winkeistein A neutropenia of human copper 

deficiency. Am.J. Hematol 3: 177- 

185. 



p1ttcr 



APPENDIX I 

ESTIMATION OF IRON, ZINC, COPPER AND MANGANESE IN SERUM 

AND URINE 
(Piper, 1966) 

Principle: 

Serum and Urine on digestion with triple acid ( nitric 

acid, sulphuric acid and perchioric acid) in the ratio of 9:2:1 

which liberates the trace elements into solution. 

Procedure: 

Digestion of Serum: 

1 .0 ml of the serum and urine were taken in a micro 

kjeldahl digestion flask which was previously washed with 

glass distilled water and dried, and to this was added 10 

ml of triple acid. The mixture was shaken and digested on 

a sand bath with occasional shaking9  the digestion was 

continued till no more brown fumes evolved and the solution 

in the fla became -olorless. The digested mixture was 

transferred to a 25.0 ml standard flask,the washing being 

done with double distilled water and made upto the mark. 

Estimation: 

The digested serum sample was used for analysing Zinc, 

Copper, Iron and manganese levels using the atomic absorption 



al 

spectrophotometer (Varian- Techiron /\ model) available in 

the soil science Department of I amil Nadu Agricitural 

University, Coimbatore. 

c. The Principle and Working of Atomic Absorption spectro 

photometer: 

The sample in solution or suspension i; heated to a 

high temperature by buring it in a flame. The flame breakes 

up the chemical bond between the molecules and enables the 

individual atoms to float freely in the sample area. In this 

condition, the atoms absorb ultra violet or visible radiation. 

The wave length bands in which each element can absorb are 

narrow. Hence, at a particular wavelength the absnrpion 

is to he measured . The arriorint of light nhsor'hed gives a 

direct indication of the amount of metal that is present. 

Technique: 

Select the cathode lamps to be used insert them in the 

lamp quadrants. 

Depress the relevant "Lamp-select" buttons for the 

lamp being used and set the 'matter select' to the 

same lamp. 



Switch on the instrument, set the lamp at the described 

current and allow to stabilise for 10 - 15 mm. 

Set the indicator unit in the transmission mode with 

the select switch in normal 

Set the monochromator to the wavelength required with 

the relevant slit opening and using again setting to 

give opprox imately 80 Percent transmission reading 

Select the "Auto 100" mode and firm the "Set 100" 

to read 0.0 absorbance or 100 percent transmission. 

Select the desired mode of operation on the indicator 

unit ( ie.) Absorbance or transmission. 

Light th orne 

9. Nebjlize the sample into the flame. 



APPENDIX II 

SERUM AND URINARY VAUES OF THE IRON IN CONTROLS, GITRACT 

tD SKIN DISORDERS 

Normal GITract Disorders Skin Disorders 

Serum Urine Serum Urine Serum Urine 

(Hg/dl) ()jg/dl) (?g/dl) (}Jg/dl) (1j9/dl) ()Jg/dl) 

62.2 4.7 34.4 2.4 22.1 1.3 

62.6 9.0 24.6 2.9 23.7 2.2 

63.1 5.3 25.8 2.2 23.2 1.3 

62.6 6.1 35.0 2.4 23.3 1.3 

62.2 5.2 36.6 2.2 13.5 1.4 

71.8 6.2 35.2 2.3 13.2 1.2 

71.6 6.6 25.7 3.2 14.5 1.2 

72.0 6.0 25.9 2.5 12.5 1.4 

72.0 5.4 25.2 2.3 38.9 1.5 

62.5 4.3 26.5 2.3 13.6 1.9 

61.8 5.4 25.2 2.3 22.7 1.3 

62.1 5.0 24.8 2.5 12.8 1.2 

63.1 5.9 37.3 2.3 23.0 1.3 

64.0 4.4 25.5 2.4 13.3 1.4 

62.4 5.0 35.1 2.3 22.8 1.2 

71.9 4.7 28.1 2./4 21.9 1.2 

62.0 4.7 34.2 2.9 21.0 1.3 

63.4 5.0 34.7 3.1 22.9 1.2 

72.6 5.2 35.9 2.3 12.0 1.3 

62.3 4.6 35.2 2.3 13.1 1.3 

83 



APPENDIX III 

SERUM AND URINARY VALUES OF THE Z INC IN CONTROLS1  GITRACT 

AND SKIN DISORDERS 

84 

Normal GlTrnct disorders 

Serum Ulne Serum Urine 
(1g/d1) (JJO/dl) Jg/dl) (JJg/dl) 

Skiii disorders 

Serum Urine 
Jg/d1) Jg/d1) 

69.5 21.8 34.3 9.0 42.3 5.5 

69.0 21.0 31 .7 5.2 27.8 5.7 

79.0 30.7 44.8 10.4 43.5 6.0 
72.1 23.1 54.4 15.3 34.7 6.3 
68.2 24.4 46.7 5.8 34.3 7.2 
67.8 30.9 32.5 /4.6 31.5 6.0 
68.2 26.6 41.7 14.4 39.0 6.0 
72.5 23.0 32.3 11.1 28.5 6.4 
74.6 11.3 30.5 8.3 32.4 6.0 
71.2 24.7 27.5 10.9 30.5 7.2 
74.5 11.4 26.0 7.5 31.0 6.5 
69.2 32.5 29.5 6.5 32.5 5.9 
76.4 33.0 50.3 3.3 44.1 5.5 
76.5 20.3 60.3 7.1 60.2 6.5 
74.7 28.9 34.5 2.5 34.4 7.0 
67.0 15.0 26.0 8.5 27.0 7.9 
66.3 26.2 27.0 10.6 24.3 6.0 
69.2 28.4 40.4 6.8 26.0 6.7 
67.0 21.3 34.5 12.8 24.0 6.5 
74.3 25.3 34.8 5.7 34.0 5.8 



APPENDIX IV 

SERUM AND URINARY VALUES OF THE COPPER IN C)NTROLS, GITRACT 

AND SKIN DISORDERS 

Normal 

Serum Urine 
(pg/di) ()J9/dl) 

GlTract disorders 

Serum Urine 
()Jg/dl) (J9/dl) 

Skin disorders 

Serum Urine 
()Jg/dl) (g/dl) 

71 24 46 13 49 12 

72 23 38 10 50 10 

71 19 40 11 48 10 

70 21 40 12 50 13 

72 21 42 15 52 11 

70 22 39 7 51 11 

70 21 33 8 50 14 

78 23 34 7 47 12 

70 20 38 13 48 12 

72 20 36 6 52 12 

74 20 45 9 47 11 

75 19 41 6 52 10 

73 20 43 6 47 4 

75 20 37 8 52 7 

71 19 36 7 46 3 

71 20 47 8 47 8 

72 20 36 8 51 7 

84 21 47 6 48 18 

74 19 46 13 44 12 

72 21 36 7 44 7 



APPENDIX V 

SERUM AND URINARY VALUES OF THf MANGANESE IN CONTROLS1  

GITRACT AND SKIN DISORDERS 

Normnl GlTrnct Disorders Skin Disorders 

Serum Urine Serum Urine Serum Urine 

(ig/d1) (jg/d1) (jg/d1) Jg/dI) (?y/dl) Jg/d1) 

1.90 0.8 1.02 0.10 0.9 0.07 

1.98 0.5 1.11 0.08 1.0 0.07 

1.93 0.3 1.0 0.09 1.0 0.07 

1.83 0.8 1.0 0.08 1.1 0.08 

1.86 0.2 1.0 0.07 1.0 0.08 

1.93 0.3 1.0 0.09 1.2 0.08 

1.97 1.0 2.0 0.08 1.1 0.08 

1.83 0.7 1.0 0.01 1.4 0.08 

1.96 0.1 1,0 0.09 1.0 0.08 

1.85 0.5 1.0 0.08 1.3 0.07 

1.83 0.7 1.0 0.08 1.4 0.08 

1.92 0.7 0.9 0.09 1.2 0.08 

1.86 0.6 1.0 0.09 1.3 0.08 

1.90 0.3 1.0 0.08 1.5 0.08 

1.97 1.1 1.2 0.08 1.4 0.08 

1.90 0.7 1.0 0.08 1.1 0.08 

1.91 0.5 1.0 0.09 0.9 0.08 

1.97 0.2 1.0 0.09 0.8 0.08 

1.90 0.9 1.05 0.09 0.8 0.08 

1.87 0.5 1.04 0.09 1.0 0.08 


