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Introduction

The importance of zinc as one of the
essential trace elements in the living
organisms is becoming increasingly re-
cognised. Raoult and Breton (1877) were the
first to report its presence in the human
organism, having detected it in the liver.
Because of difficulties in methodology,
investigations were for a long time of a
purely qualitative nature. Keilin and Mann
(1944) isolated and purified the first metal-
loenzyme carbonic anhydrase, containing
0.33 per cent zinc as part of its molecule.

This enzyme is found in high concentration
in red blood cells, gastric acid-secreting
cells and in renal tubular cells. Zinc was
shown to be essential to the mechanism of
action of this enzyme, which catalyzes the
reaction: CO, + H,G g2 H,CO,. Zinc
was thus confirmed as an essential trace ele-
ment and a significant role in metabolic
processes assigned to it.

In the process of carrying out measure-
ments to establish normal reference values
for our laboratory, it was noticed that the
values being obtained, generally appeared
fo be higher than those published in the
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Table I

Normal Values for Zine in Serum or Plasma

Reference

Prasad et al. (1965)
Davies et al. (1968)
Pekarek et al. (1972)
Oon et al. (1974)
Beelzy et al. (1974)
Thind and Fescher (1974)

lit~rature where sim'lar tzchniques had
been employ=d (Table I). R-sults obtained
from a few North European (Scandinavian
ard Br'tish) medical studsnts cl=rking in
Malta foll within the rangs of publishad
normal values, It was thus decided to obtain
samples from other North FEuropzan
students attending a Summer course at the
TIniversity, and to compare the results with
those of the local ponulation.

Subieects and methods

Altogether 61 subjects were studied.
Venous blood was obtained with minimal
venostasis, the blood being withdrawn into
a plastic syringe. The blood was allowed to
clot, after which the supsrnatant was
removed, and cenfrifuged at 1500 rzvolu-
tions per minute for an hour, in order to
remove any remaining blood cells. Serum
specimens in which haemolysis had
occurred were discarded. Plasma proteins
were precipitated with 10% trichloracetic
acid (T.C.A)) as described by Davies, Musa
and Dormandy (1968). The specimens were
again centrifuged to remove the resultant
precipitate.

No. of Sample Mean + S.D.
subjects (ng Zn/100 ml)
14 men plasma 104 + 14
30 men plasma 96 + 12
30 women plasma 97 + 11
99 m=n sarum 102 + 11
33 sarum 102 + 9
57 s2rum 89 + 11
15 plasma 113 + 4

Th= zinc concantration in the protein-
free sup~rnatant was determ’ned using 2
Unieam S.P. 90A atomic absorption spec-
fropnotom-ter with an air-acetylene flame.
Standard curves (10, 20, 30, 35, 40, 45, 50,
55, and 60 ng/100 ml) were obtained using
a standard zinc solution (1 mg/ml, Analar)
dilutad with deionized water before each
series of measurements. The - standards
were made in sodium chlor'de solution
(50 m mol/1), which is the approximate
final sodium concentration in the diluted
serum, as it has been reported that sodium
reduces absorbance readings - for zinc
(Prasad, Aberleas and Halsted, 1966). Equal
amounts of T.C.A. were added fo the
standard solutions and the ssrum samples.
individual aliquots of serum were diluted
1:3 with deionized water, Samples of
deionized water and T C.A. showed that no
extraneous znc was present either in the
reagents or in the centrifuge tubes. Serum
samples from Maltese subjects were run
concurrently with those obtained from
foreigners. Significance was tested by
Student’s paired t-test (Snedecor & Cochran,
1971). All computations were performed on

Table IX

Serum Zinc levels in Maltese and Foreign Subjects

Nationality Sex
Maltese males
Maltese females
Foreign males
Foreign females

No. of subjecis Mean + S.D.
(xg Zn/100 ml)

31 : 124 + 16

12 117 + 13

11 107 + 9

7 ’ 110 + 15
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Fig. 1 Histogram and distribution curve for serum zinc values in Maltese subjects.
(X = mean, § = 1 standard deviaticn).

Fig. 2 Histogram and distribution curve for serum zinc values in foreign subjects.
(X = mean, 5 — 1 standard deviation).




a Hewlett-Packard 9100B Calculator fitted
with a 9101A Extended Memory.

Results

The distribution of serum zinc levels in
Maltese and in foreign subjects as shown in
Table I and figures 1 and 2. The mean value
for Maltese males was 124 ,g/100 ml, for
Maltese females 117 pg/100 ml. The cor-
responding values for foreign subjects were
107 ng/100 ml and 110 ;,9/100 ml. No
statistical sex differences in serum zinc
concentrations were present, either in the
lncal (P < 0.10) or foreign (P < 0.35) sub-
jects. This is in agreement with previous
published data (Davies, Musa & Dormandy,
1968). Maltese subjects showed significantly
higher ssrum zinc levels, 122 g, than the
values obtained from foreign subjects,
108 png (P < 0.01).

Discussion

Zinc has now been detected in all the
cells and fluids of theg human organism
and the zine content of the human hody is
equal to that of iron and about ten fimes
higher than the copper content (Mikac-
Devic, 1970). Zinc is now recognised to be
an integral constituent and cofactor of a
number of enzymes. The presence of zine
is required for collagen synthesis (Fernan-
dez-Madrid, Prasad and Oberleas, 1971),
and alkaline phosphatase, which is a zine-
containing metallo-enzyme, is essential for
normal bone formation. Recent evidence
indicates that it may have a fundamental
role in DNA, RNA and protein synthesis.

True zinc-deficiency states, although
reported, are rare (Prasad, Halsted &
Madami, 1961). Plasma or serum zinc con-
centrations have been measured in a large
number of different clinical states. Reduced
levels have been reported in patients with
chronic pulmonary infection (Halstead &
Smith, 1970), bronchial carcinoma (Beeley,
Darke, Owen & Cooper, 1974) leprosy
(Oon, Khong, Greaves and Plummer, 1974),
chronic renal failure (Mahler, Walsh and
Haynie, 1971), in hypertensive patients with
renal artery stenosis (Thind and Fescher,
1974) and in epilepsy (Barbeau and Donald-
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son, 1974), amongst other conditions. The
significance of the change in zinc concen-
tration in these conditions remains unde-
termined.

It is important to gain further under-
standing of this metal in both health and
disease as it appears that zinc is essential
to an important variety of metabolic pro-
cesses in man. Under normal conditions
z'nc maintains a fairly stable consistency
in the body fluids and tissues, in spite of a
rapid and continuous turnover (Pekarek,
Beisel, Bartelloni and Bostian, 1972).
However, Kubota and his associates in
1968 reported a 5-fold difference in zine
values measured in blood from 243 subjects
from 19 different locations in the United
States. They suggested that this may bz due
to the influence of air contaminated with
zinc and to different dietary conditions. We
ars unable to offer a satisfactory explana-
tion for the difference in serum zinc levels
in the two groups reported in this paper.
Local water does not appear to have a high
zine content and Maltese soil is known to
be zinc deficient. It is known however that
local farmers use a zinc containing fungi-
cide (Zineb) on a large scale. ‘Zineb’ is zine
ethylene 1, 2 bis-dithiocarbamate and is
sprayed on potato and onion crops and on -
vines for foliage protection. Serum zinc -
values increased to the reported levels
appear to have no untoward effect and no
clinical condition has as yet bzen reported
in which zinc levels are elevated. This, of
course, excludes cases of zinc toxicity as a
result of zinc oxide fumes inhalation, where
levels of serum zinc are markedly increased.
‘Zineb’, however, is a carbamate and there-
fore has goitreogenic effects, although
thzse are reported to be very small when
it is used in the recommended concentrs-
tions. It is pesrhaps important that even
greater emphasis should be laid on explair-
ing to lezal farmers the possible dangers
of this fungicide when recommended dos-
age schemss are exceeded.

References

BARBEAU, A., and DONALDSON, J.
Arch. Neurology, 30, 52

BEELEY, J.M. DARKE, C.S., OWEN, G, and
COOPER, R.D. (1974). Thorax, 29, 21.

(1974).



132

DAVIES. LJ.T.. MUSA, M., and DORMANDY, T.L.
(1968). J. Clin. Path., 21, 359.

FERNANDEZ-MADRID, F.,, PRASAD, AS, and
OBERLEAS, D. (1971). J. Lah, Clin. Med,,
78, 853

HALSTED, J.A. and SMITH, J.C. Jr.
Lancet, 1, 322.

KEILIN, D., and MANN, T. (1940). Biochem. J,,
34, 1163

KUBOTA, J., LAZAR, V.A., TTHACA, B.S., and
LOSEE, F. (1968). Arch. Environ. Hsalth,
16, 788.

MAHLER, D.J., WALSH, J.R., and HAYNIE, G.D.
(1971). Amer. J. Clin. Path., 56, 17.

MIKACDEVIC, D. (1970). Advances in Clinical
Chemistry p. 271. Ed. by Bodansky, O. and

(1970).

Stewart, C.P. Academic Press, New York and

London,

-

OON, B.B., KHONG, K.Y, GREAVES, M.W. and
PLUMMER, V.M. (1974). Br. Med. J., 2, 531.

PEKAREK, R.S., BEISEL, WR., BARTELLONI,
P.J., and BOSTIAN, K.A. (1972). Amer. J.
Clin. Path., 57, 508.

PRASAD, A.S., HALSTED, J.A., and MADAMI, M.
(1961). Amer. J. Med.,, 31, 532.

PRASAD, AS., OBERLEAS, D., and HALSTEAD,
J.A. (1966). Zinc Metabolism p. 27-37. Ed by
Prasad, A.S. Charles C. Thomas, Springfield,

Illinois.
RAOULT, F., and BRETON, BH. (1877). Compt.
Rend., 85, 40.

SNEDECOR, G.W., and COCHRAN, W.G. (1971).
Statistical Methods, 6th edn. Iowa State Uni-
versity Press, Ames, Towa.

THIND, G.S.,, and FESCHER, G.M. (1874). Clin.
Sci. and Mol. Med., 46, 136.





