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Introduction

Dcficiencics of mangancse (1) and nickel (2) in man have not been yet documented but mangancse deficiency (3) and
nickel deficiency (2) have been reported in several animal specics.

There arc numcrous enzymes that can be activated by mangancse which include hydrolascs, kinacs, decarboxylascs,
and transfcrasc (4). It is known to activate glycosyl transfcrases (5, 6), which arc important in polysaccharide and
glycoprolcin synthesis. Leach et al (7) have identificd the critical role of mangancse in chondroitin sulfate synthesis.

There arc significant concentrations of nickel present in DNA and RNA (8-11) and may contribute 1o the
stabilization of the structure of nucleic acids. It may be an important cofactor in some cnzyme system, since nickel
can activatc numcrous ¢nzymes in-vitro, including deoxy-ribonuclcase (12) acetyl-CoA synthetase (13), and
phosphoglucomutasc (2, 14).

Protcin-cnergy malnutrition is a deficiency disorder mainty of protcin and encrgy but also frequently associated with
deficiencies of various vitamins and tracc metals.

Though there are some problems often encountered in the interpretation of hair analysis for trace clements, but there
arc some potential advantages of hair analysis for trace clements. Sample collection is casy and physically not
traumatic. Of all human tissucs, the head hair has been found to be most suitable for the analysis of many trace
clements in human subjects (15) ; because during the period of growth, the hair being exposed to circulating blood,
lymph, and extra-ccllular fluid, keep a continuous records of the changes of concentrations of these clements in the
body.

Duc to widespread prevalence of varying degrees of malnutrition among preschool children of Bangladesh (16), this
study was undertaken as preliminary study towards understanding the status of mangancse and nickel in hair of
malnourished children and healthy control children.,

Materials and Methods

Selection of subjects

Different clinical types of 53 malnourished children of 1 10 5 years of age, were sclected for this study and forty
scven apparcntly healthy children of same age group sclected randomly from the same socio-cconomic background
scrved as control. Diagnosis was made from history, anthropometry, clinical cxamination, and supported
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by serum protein and scrum albumin cstimation. NCHS (17) standard was uscd to asscss the nutritional status.
Welcome classification was used to asscss the clinical spectrum of malnutrition (18). Patients with scvere systemic
disordcrs were excluded from the study.

Sample collection and preparation

Hair sample, approximatcly 5g, cut close to the occipital portion of the scalp with stainless steel scissors, were
collected from cach of the subjects. Blood samples were collected from cach of the subjects for the determination of
serum total protein and scrum total albumin. In casc of malnourished children, the hair and serum samples were
collected immediately after admission to hospital. Hair samples were kept in clean paper envelops until preparation
for analysis.

The hair samples were washed according to the procedure described by International Atomic Encrgy (IAEA), (19) and
the pellets were made from the washed samples according to the prescribed procedure (20). The pellets were mounted
in 35 mm slide framc with adhcsive tapes and preserved in a desiccator until irradiated for the determination of
mangancse and nickel levels.

Analytical methods

Manganese and nickel levels in hair matrix were determined by Proton Induced X-Ray Emission, external beam
mcthod (21). Scrum total protcin and scrum total albumin were measured by Biuret method (22).

Statistical Analysis

Concentrations of manganesc and nickel in hair of control and malnourished children were compared by Two sample
Students t-test and also compared by Cochran'’s modificd t-test to allow for incquality of variance. The t-test was also
madc following logarithmic transformation to ensure stability of variance and normality of samplc (23). Analysis of
variance by one way classification was donc to find out the effect of age on hair manganese and nickels (23). In all
analysis, results were considered statistically significant if Pg 0.05.

Dietary Data

For the control children, dictary data were collected from their parcnts using dictary records for 3 consecutive
weekdays combined with frequency of intakes of nutrients. For the malnourished children, dictary data were collected
from their parents using 24 hour dictary recall method combined with frequency of intake of nutrients. The records
were checked by an expert nutritionist. Energy, protcin, carbohydrate and other nutricnts valucs were obtained from
food composition tablc (24).

Results

The levels of mangancse and nickel in hair were calculated on the basis of only those values which were above the
minimum detection limit of these clements. The concentrations of these clements are expressed in unit of parts per
million (ppm) which is also equivalent to meg/g dry hair.

Onc value, 33.24 ppm in case of control children and two values, 16.3 ppm and 27.7 ppm in casc of malnourished
children were shown to be much higher than the rest of the valuc of mangancsc and thereby cxcluded from the
calculation from thc mean.

With regards to nickel concentrations, five values, 33.2 ppm, 33.2 ppm, 38.1 ppm, and 40.2 ppm and 91.4 ppm in

case of control children and onc value, 73.7 ppm in casc of malnourished children were found to be much higher than
the rest of the values and thercfore excluded from the calculation of mean.
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Dietary intake

Mean daily intakes of cnergy, protein, carbohydrate, calcium and iron by Control and Malnourished children are
presented in Table-1. Encrgy intakes by malnourished children could meet only 30% to 60% of their requircments
according to US Recommendcd Dictary Allowance (RDA) (25) and protein intakes by them supply only 3.3 £+ 0.3 %
of their total energy need but carbohydrate supplics about 84.5 + 5.0% of their total energy requircments. The daily
intakes of calcium and iron by both control and malnourished children are beyond their RDA.

Levels of manganese and nickel in hair of Control and Malnourished children

Even with higher valucs excluded, there was considerable variation among individual subjects and the range of valucs
for hair mangancse and nickel concentrations arc relatively large.

Table 1. Mean daily intakes of energy, protein, carbohydrate, calcium and iron by Control and Malnourished
children.

Control Malnourished
Encrgy (Kcal/day) 973 + 428 609.5 + 252
(Kcalkg/day) 874 + 38.5 54.8 + 252
Protcin (g/day) 122 + 5.6 10.0 £ 22.7
(g/kg/day) 16+ 04 0.88 + 0.2
(% of total encrgy) 6.6 + 0.6 33+03
Carbohydratc (g/day) 182.9 + 47.1 119.2 + 54.2
(g/kg/day) 153+ 6.7 105 +48
Calcium (mg/day) 184 + 32.5 132.0 + 50.9
Iron (mg/day) 62 +42 44+ 1.6

Table II. Mean Manganese and Nickel levels in hair of Control and Malnourished children.

Hair mangancse Nickel
(ppm or meg/g dry hair) (ppm or mcg/g dry hair)

Sex Control Malnourished Control Malnourished
Male 592+342 6.2+ 32 1145+ 6.0 12.1 + 8.1

(No =28) (No =28) (No =29) (No =30)
Female 6.9 + 2.9 79+29 145+ 7.8 94 + 7.1

(No = 14) (No=21) (No=15) (No=22)
P--Valuc P> 005 (NS) b P > 0.05 (NS) P > 0.05 (NS) P > 0.05 (NS)

a. Mean + 8. D. b. NS means not significant

100



Bangladesh Journal of Nutrition Vol. I, No. 2, June, 1988. Zaman et al : Studies on Manganese and Nickel

Table 1. Analysis of variance table for the effect of age on hair manganese level of control children.

Degree of frecedom  Sum of squarcs Mcan squarcs F--ratio P--value
Ages 3 61.91 20.64 2.13 P > 0.05
(NS) a
Errors 39 378.82 9.7 - —-
Total 42 440.23

a. NS means not significant.

Table--1V Analysis of variance table for the effect of age on hair nickel levl of control children

Degrec of frecdom Sum of squarcs Mecan squarcs F--ratio P--valuc
Agces 3 2253 75.1 2.1 P> 0.05
(NS)@
Errors 38 1354.9 35.7 - -
Total 41 1580.2

a. NS mcans not significant.

Table V. Concentrations of manganese in hair of Control and Malnourished children.

Nutritional No. of Hair mangancsc Comparison with Range
status children (ppm or mcg/g dry hair) control group

Control 43 62+32b - 1.7--332
Kwashiorkor 9 7.6 +3.2 P>0.05 (NS) ¢ 43--143
Marasmic- 16 8.0+42 P>0.05 (NS) 32--192

Kwashiorkor

Marasmus 25 6.9 + 3.7 P>0.05 (NS) 20--277

a. Two sample student t-test. b. Mecan + SD. c. NS mecans not significant
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Table VI. Concentrations of nickel in hair of Control and Malnourished children.

Nutritional No. of Hair nicke Comparison with Range
status children {ppm or mcg/g dry hair) control group

Conurol 48* 144+99b - 3.7+ 912
Kwashiorkor 10 128 + 9.7 P>0.05 (NS) € 4.2--31.6
Marasmic- 18 124 + 9.7 P>0.05 (NS) 20--344
Kwashiorkor

Marasmus 25 10.5+70 P>0.05 (NS) 2.6 -390

a. Two sample student t-test. b. Mean + SD ¢, NS means not significant

Analysis of variancc by one-way classification to find out the cffect of age on hair mangancse and nickel are
presented in Table-IIT and Table-IV. respectively. The results show no significant effects of age on hair mangancsc
and nickel concentrations of control children aged I to 3 years (P) 0.05).

Values for hair mangancse concentrations of control, kwashiorkor, marasmic-kwashiorkor and marasmic children arc
presented in Table-V. No significant differences are found between the hair mangancesc Ievels of children with cither
kwashiorkor, or marasmic-kwashiorkor, or marasmus and control children (P> 0.05.).

Valucs for hair nickel concentrations of control, kwashiorkor, marasmic-kwashiorkor and marasmic children are
presented in Table-VI. Mcan levels of hair nickel of children with cither kwashiorkor or marasmic-kwashiorkor or
marasmus show no significant diffcrences (P> 0.05) with that of control children.

Discussion

Valuc of analysis of hair for mangancsc as an index of nutritional status of mangancse is not yet cstablished in
human subjects. From various studics with animal modcls (26), it is found that manganesc level in hair reflects the
mangancsc dictary supply better than any other part of the body studicd but no such relationship was obscrved in two
other studics with cattle (26).

The results of this study show that scx and age have no significant cffects on hair mangancse and nickel levels of
both control and malnourished children. Gibson, R.S. ct al (27) also rcported that sex has no significant influcnce on
hair mangancsc levels of healthy children aged 4.5 to 5.5 ycars. But no study has yct been reported showing the
cffects of sex and age on hair mangancsc and nickel Ievels of control and malnourished children.

The results of the present study show no significant differences in the hair mangancse and nickel levels between
control children and children with cither kwashiorkor or marasmic-kwashiorkor or marasmus. This may be partly
cxplained by results from dictary data.

Analysis of dictary data shows that about 80% 10 90% of cnergy consumed by these malnourished children come
from cereal bascd carbohydrate dicts and protein supplics only 3% of their encrgy. Schrocder ct al (2,28) reported that
highest mangancse levels occur normally in whole cercals, variable amounts in vegetables and low concentrations in
mcat, {ish and dairy products. They also reported that the foods of plant origin arce rich in nickel content and that
animal foods are very low in nickel (29). So, it is apparent that though the dicts based predominantly on cereals,
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consumecd by these malnourished children are grossly deficient in energy and protein but probably rich in manganese
and nickel. Thus, intakes of dictary mangancse and nickel are probably quite adequate for their requirements. Many
components of the dicts affect the bioavailability of manganese and nickel and hence may be considered a:
contributing factors in causing deficicncy or excess state of these elements.

With regards to mangancse Thomson et al (30) showed that iron competitively inhibits the absorption of mangancsc
in iron-deficicnt rats. Analysis of dictary data shows that intake of dictary iron by malnourished children is very
much low according to their RDA, so the interaction of dictary iron with mangancse probably accelerate the
absorption of dictary mangancsc from the gut. Similarly, excess intake of dictary calcium aiso affect the
bioavailability of mangancse (31, 32) in birds. Here also, analysis of dictary data show that the intake of dictary
calcium by malnourished children is markedly low. Therefore, less intake of dictary calcium by these children
probably facilitates the increased absorption of manganese in these children,

With regards to nickel, very little is known about the factors regulating the bioavailability of dictary nickel. It has
been shown that nickel translocates in plants as a stable anionic amino acid complex (33), whether organic nickel
complexces arc the usual compounds of nickel in the plant tissucs, and whether they influence the bioavailability of
nickel in any way, remains to be determined. Most probably high intakes of cercal foods rich in nickel may be
responsible for increased availability of nickel for absorption. However, we need more data for a valid comparison of
the results from this study.

The results from this study support cvidences that age and sex have no significant effects on mangancse and nickel
Ievels in hair of control children aged 1 to S years. This study also provides evidences that there are no significant
differences in hair mangancsc and nickel levels between control and malnourished children. Thus it may be concluded
that most probably our malnourished children are not deficient in manganese and nickel. But it needs extensive
rescarch works on this field for a valid conclusion and should include a) mangancse and nickel contents of the foods
consumed by our children and their chemical nature; b) the relations of different chemical forms to their
bioavailability from the gut, ¢) correlations of their levels in hair with those in various organs, tissues, metabolic
pools and subcellular fractions.

Summary

Hair manganesc and nickel concentrations were determined by proton Induced X-Ray Emission Spectroscopic,
exiernal bcam, method in Bangladeshi malnourished and control children aged 110 5 years. No significant influences
(P> 0.05) of scx and age have found on hair manganese and nickel levels. This study also shows no significant
differences in hair mangancse and nickel levels between control children and children with cither kwashiorkor or
marasmic-kwashiorkor or marasmus (P> 0.05). Mcan daily intakes of cnergy, protein, carbohydratc were
significantly different in the two groups. Malnourished children are markedly deficient in encrgy and protein intakes
and carbohydrate supplics 80% to 90% of their total cnergy while protein supplics only about 3% of their total
cnergy. High intakes of mangancese and nickel rich cereal based dicts and low intakes of dictary calcium and iron may
increase the absorption of manganosc and nickel by these malnourished children,

References

1. Leach, R.M,, Jr. Metabolism and function of manganese. In. : Trace Elements in Human Health and Discase. Vol. IT (A S.
Prasad, ed.), Academic Press, New York, P. 235-247, 1976.
2. Niclson, F.H. Newer trace elements and possible application in man. In: Trace Elements in Human Health and discase. Vol. I
(Prasad, A.S. ed.) Academic Press, New York, P. 379-399, 1976.
Underwood, E.J., Trace Elements in Human and Animal Nutrition, Academic Press, New York, P. 176, 1977.
4. Vallee, B.L. and Coleman, J.E. Metal coordination and enzyme action. In: Comprehensive Biochemistry, Vol. 12 (M. Florkin
and E.H. Stotz, eds.), Elsevier, Amsterdam, P. 165-235, 1964.

5. Leach, R.M,, Jr. Effect of manganese upon the epiphyscal growth plate in the yong chick. Poultry. Sci., 47, 828, 1968,

et

103



Bangladesh Journal of Nutrition Vol. I, No. 2, June, 1988. Zaman et al : Studies on Manganese and Nickel

6. Leach, RM., Jr. Effect of manganese in mucopolysaccharide metabolism. Fed. Proc. Fed. Am. Soc. Exp. Biol. 30, 91, 1971.

7.

8.

9.

10.
11.

12.
13.

14.
15.
16.
17.
18.
19.
20.
21.

22.
23.

24.

25.
26.

27.

28.
29.
30.
31.
32.
33.

Leach, R.M., Jr., Muemter, A H. and Wein, E.M. Studies on the sulfate synthesis in chick epiphyscal cartilage. Arch.
Biochem. Biophys. 133, 22, 1969.

Wacker, W.E.C. and Vallee, B.L. Nuclcic acids and metals. I. Chromium, manganese, nickel, iron and other metals in
ribonucleid acid from diverse biological sources. J. Biol. Chem. 234, 3257-3262, 1959.
Eichhorn, G.L., Metal ions as stabilizers of destabilizers of the deoxyribonucleic acid structure. Nature (London). 196, 474-
475, 1962.

Wacker, W.E.C., Gordon, M.P. and Huff, J.W. Metal contents of tobacco mosaic virus and tobacco mosaic virus RNA.
Biochemistry, 2, 182-188, 1965.

Sunderman, F.W., Jr., Measurement of nickel in biological materials by atomic absorption spectrometry. Am. J. Clin. Pathol.
44, 182-188, 1965.

Miyaji, T. and Greenstein, J.P. Cation activation of deoxyriboriyclease. Arch. Biochem. Biophys. 32, 414-423, 1951,
Webster, L.T., Jr., Studies of the acetyl coenzyme A synthetase reaction. IH. Evidence of a double requirement for divalent
cations. J. Biol. Chem. 240, 4164-4169, 1965.

Ray, W.I., Jr., Role of bivalent cations in the phosphoglutamase syStem I. Characterization of enzyme-metal complex. J.
Biol. Chem. 244, 3740, 1969.

Hopps, H.C., The biological bases for using hair and nails for the analysis of tracc elements. Sci. Total. Environ, 7, 71,
1977.

Ahmad, K. and Hassan, N. Nutrition Survey of Rural Bangladesh, 1981--1982. Institute of Nutrition and Food Science,
University of Dhaka, Bangladesh 1983

National Centre for Health Statistics (NCHS). NCHS growth curves for children birth-18 years. United States. Washington,
DC: US Department of Health, Education and Welfare, 1977 (Vital and health statistics, series I[. publication no. (PHS) 78-
1650).

FAO/WHO Expert Committee on Nutrition 8th report. WHO Technical Report Series, No. 477, Geneva, P. 38, 1971.
Report IAEA/RI/50, 1978.

Hussain, M., Khaliquzzaman, M. Abdullah, M., Ahmed, I. and Khan, A.H., Trace Elements Concentrations in Hair of the
Bangladeshi Population. International J. of Applied Radiation and Isotopes. 31, 527, 1980.

Khan, A.H., Khaliquzzaman, M., Hussain, M., Abdullah, M., Katsanos, A.A., Elemental analysis of liquids by external
beam PIXE, down to the ppb levels. Nuclear Instruments and Methods. 165, 233, 1979.

Bemard, L., Osler. Physiological Chemistry. 14th edition. Mc-Graw Hill Book Company, New York. .
Raghavarao, D., Statistical Techniques in Agricultural and Biological Rescarch. Oxford and IBH Publishing Co. New Delhi,
1983.

Paul, A.A. and Southgate, D.A.T. McCance and Widdowson's the composition of foods. 4th edition. MH Stationary Office,
London, 1978.

Underwood, E.J. Trace Elements in Human and Animal Nutrition. Academic Press, New York, p. 172, 1977.

Committee on Dictary Allowances, Food and Nutrition Board. Recommended dictary allowances, 9th revised edn. : National
Academy of Science, Washington, DC, 1980. »

Gibson, R.S., Anderson, B.M. and Scythes, C.A., Regional difference in hair zinc concentration: a possible effect of water
hardness. Am. J. Clin. Nutr. 37, 37, 1982.

Schroeder, M.A., Balassa, J.H., Tipton, L.H., J. Chronic. dis. 19, 545, 1966.

Schroeder, H.A., Balassa, J.J., tipton, I.H., J. Chronic. dis. 15, 51, 1961.

Thomson, A.B.R., Olatunbosun, D., and Valberg. L.S., J. Lab. Clin. Mcd. 78, 642m 1971.

Schaible, P.J. and Bandemer, S.I. Poult. Sci. 21, 8, 1942.

Wilgus, H.S., Jr., Morris, L.C. and henser, G.F., Science. 84, 252, 1936; J. Nutr. 14, 155, 1937.

Tiffin, L.O. Translocation of nickel in xylem exudate of plants. Plant. Physiol. 48, 273, 1971.

104





