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ABSTRACT

Serum was biochemically examined for changes in zinc and protein levels in dietary zinc deficiency.
Mature Swiss albino mice were treated with zinc deficient diet (2-3 ppm) zinc in zinc deficient i.e.
experimental group and zinc control diet (100 ppm) in control and pairfed groups. The experimental and
control animals fed ad libitum while the pairfed were provided the same quantity of diet as consumed by
the experimental animals. The experiment was run for six weeks, at the end of which the animals of the
three groups were sacrificed and blood collected for various biochemical estimations of the serum. It was
found that the ZD animals showed significant decrease in both the serum zinc and protein levels with
respect to both the ZC and PF animals. This shows that zinc deficiency of present magnitude is sufficient
enough to decrease the serum zinc and protein levels of the subjects in a significant manner. This also
shows an interrelationship between zinc and protein metabolisms. Almost significant and significant
decreases were also observed in serum zinc and protein contents of the PF animals with respect to the ZC
animals. These results can be attributed to the negative effects of stress due to prolonged restricted
feeding.
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INTRODUCTION

Zinc is an important biological trace element. Its role is well documented in carbohydrate, protein, lipid
and nucleic acid metabolic activities (Prasad et al., 1971; Prasad and Oberleas, 1973; Falchuk et al, 1975a
& b; Fell and Burn, 1976; Underwood, 1977 and Prasad, 1983 and 1985). It is a component of nearly 300
metalloenzymes thus playing key role in biological processes. As a result its deficiency leads to disruption
of a number of biochemical reactions.

Zinc is present in all living tissues in varying quantities. High dietary zinc causes its level to rise in most
tissues (Lutz, 1926). However, body has limited capacity to store zinc in any of its organs. Most of the
zinc in the body is in a state of constant movement with varying degrees of accumulation and turnover of
zinc in different tissues. The mechanism of zinc exchange and the intermediates between the protein
bound zinc of the plasma and the intracellular zinc are not yet clear. Zinc is found mainly as a component
of metalloproteins which make the larger portion of the body zinc as compared to the metalloenzymes
which make up only a small portion of the total body zinc (Underwood, 1962). Serum zinc has been
shown to have correlation with plasmic proteins in normal humans (Folin et al., 1994). Low plasma zinc
levels have been reported in male cats (Kane et al., 1981) along with significant reduction in protein and
alkaline phosphatase activity in guinea pigs in zinc deficiency experiments (Gupta et al., 1985). Decrease
in protein levels has also been reported in zinc deficiency (Bates and McClain, 1981; Yousef et al., 2002
and Wong et al., 2006). The present study aims to explore the effect of dietary zinc deficiency on serum
levels of zinc and protein and their interrelationship, if any.

MATERIALS AND METHODS

Colony bred BALB/C strain of Swiss albino mice (35-40 gms) was used in the present study. Three
groups of ten animals each were formed.

1-Zinc-Control group (ZC) which was fed 100 ppm zinc diet.

2- Experimental or zinc-deficient group (ZD) which was fed 2-3 ppm zinc diet.
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3-Pairfed group (PF) was fed on a diet having 100 ppm zinc but the amount was restricted to the

One consumed by the zinc- deficient group animals.

The animals were kept separately in polypropylene cages with stainless steel grills. The cages and

Grills were changed daily and washed first with water and then with 10% EDTA solution to remove any
traces of zinc. The animals were provided diet and demineralized water (0.2 ppm zinc) ad libitum. The
diet was prepared according to Wallace et al., (1984) and ZnSO, was used to adjust zinc concentrations of
100 ppm and 2-3 ppm. Diet consumptions were recorded daily whereas body weights weekly. The
experiment was set for the time period of six weeks.

Table-1. Zinc deficiency experiments: Biochemical estimations of
serum protein and zinc

Animal Group Serum Protein Serum Zinc

(mg protein/gm tissue)  (ug zinc/mg protein)

ZC 224.3069 + 2.7002 0.0475 £+ 0.006
2t 2
PF 198.3432 +4.3973 0.0307 £ 0.001
P b*
ZD 163.3415 + 2.0613 0.0203 £ 0.0017
Values - MeantSEM * p<0.1
Pvalues - a-ZCVsPF *ok p <0.05
b- ZCVs ZD ok p <0.01
c—PFVsZD ook p <0.001

At the end of six weeks the experiment was terminated and the animals were sacrificed. Blood was
collected and serum separated for biochemical estimations. For protein estimation Bradford’s method
(1976) was used. Zinc was estimated by atomic absorption spectrometry.

RESULTS

Serum Zinc

The serum zinc concentration of the ZD group was significantly (P < 0.01, P < 0.001) decreased as
compared to both the ZC and the PF groups while serum zinc concentration of the PF group was almost
significantly reduced as compared to the ZC group.

Serum Protein

The serum protein concentrations of both the PF and the ZD groups were significantly (P < 0.001)
decreased with respect to that of the ZC group and amongst themselves, while that of the ZD group was
significantly (P<0.001) less than that of the PF group.

DISCUSSION

In the present study the experimental results have shown a significant decrease in the serum zinc level of
the ZD animals with respect to the ZC animals. This shows that the zinc deficiency of present magnitude
is sufficient enough to influence the serum zinc levels of the ZD animals. This study has also recorded a
highly significant decrease in the serum protein levels of the ZD animals. These results when considered
separately as outcomes of the zinc deficiency induced in the ZD animals are well supported by the various
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earlier studies (Bates and McClain, 1981 and Yousef et al., 2002). However, when the serum levels of
both the zinc and protein are considered simultaneously, a number of questions arise, such as, whether the
zinc deficiency causes protein decrease and as we know that it does (Gupta et al., 1985), then next,
whether this decreased protein in any way is responsible for exacerbation of ongoing zinc deficiency and
so contributing to its own and zinc’s further reduced levels, while decreasing zinc level further the
decrease in protein level and its own as a consequence.

Zinc is absorbed in the upper lower intestine under homeostatic control (Sternlieb, 1988). Zinc uptake
across the brush border surface occurs via a carrier mediated mechanism and diffusion which is
stimulated when dietary zinc supply is low and so partially compensates the effect (Cousins, 1986). In the
intestinal cells the zinc is present mainly in the cytosol fraction, bound to proteins- both high molecular
weight ones as well as low molecular weight metallothoineins (Richards and Cousins, 1977). Intestinal
metallothionein level is directly related to the zinc content of the diet (Richards and Cousins, 1976 a & b).
Metallothionein m-RNA levels are responsive to dietary zinc levels (Menard et al., 1981).Genes of both
metallothionein | and Il are expressed in rat intestine (Richards and Cousins, 1977). Once zinc is
transported across the brush border surface, it interacts with the high affinity transport mechanism present
at the basolateral surface (Oestreicher and Cousins, 1984). The carriers of the zinc in portal plasma are
albumin (65%), a,- macroglobulins, transferrin and aminoacids (Boyett and Sullivan, 1970 and Smith et
al., 1979). Plasma compartment zinc is metabolically active. It fluctuates due to nutritional and
physiological factors. A fraction of total plasma zinc is bound to low molecular weight ligands — cystine
and histidine.

After absorption, a substantial amount of fresh zinc is initially taken up by the liver which then
redistributes it to all other body organs (Cousins, 1986). More than one hundred metalloproteins,
metallothionein being the main, bind the zinc within the hepatocytes (Cousins, 1986). Hepatocytes are in
a dynamic equilibrium with the plasma zinc supply. Experimental evidence has suggested presence of two
intracellular pools — in one, zinc is bound relatively weakly and equilibrates rapidly with the medium
while in other and zinc is bound tightly and interacts with medium slowly. Changes in zinc flux into
intracellular pools are directly related to the metallothionein content of hepatocytes. Characteristics of the
labile zinc pool suggest that it may serve as an initial intermediate in the zinc metabolism. Thus it is clear
that zinc uptake, transport and intracellular accumulation and storage are all protein dependent.

Zinc has been found to be a limiting factor in the utilization of the dietary protein (Sandstead, 1973).
Reeves and O’Dell (1981) have reported that rats deprived of dietary zinc, chose low protein diets
compared to those which are fed zinc adequate diet. Protein utilization is supposed to be affected by the
zinc content of the diet (Brzozwska and Pronezuk, 1985). A reason may be increased rate of amino acid
oxidation in zinc deficient rats as reported by Theuer and Hoekstra, (1966). It has also been suggested that
zinc deficiency leads to either a decrease in protein synthesis or an increase in their breakdown.

While utilization of proteins is affected by the zinc content of the diet, protein level also causes changes
in the zinc absorption. Zinc absorption is enhanced by certain amino acids (Schwarz and Kirchgessner,
1975). Source, as well as the dietary proteins, is considered as important factors that influence zinc
availability (Ritchey, 1981). Impaired zinc utilization has been reported at low dietary protein levels in
rats (Van Campen and House, 1974). Rats fed on diets containing marginal proteins have found to be
unable to efficiently utilize dietary zinc. Apparent absorption and retention of zinc generally increases
with increasing protein intake (Pederson and Eggum, 1983). Diets restricted in protein for growth are
associated with reduced plasma zinc concentrations which are not overcome by supplemental zinc in
weanling swine (Ponds and Yen, 1984 and Ponds et al., 1985). Same results have been obtained in mice
(Filteau and Wordward, 1982), rats (Van Campen and House, 1974) and children (Smit and Pretorchus,
1964; Atinmo et al., 1982; Kumar and Rao, 1973; Khalil et al., 1974 and Golden and Golden, 1981). In
human beings also a positive correlation between protein and zinc level and zinc absorption have been
reported (Sandstorm et al., 1980).
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By the above facts it seems that zinc deficiency of this magnitude is initially due to reduced zinc supply
and protein metabolism is affected by the initial zinc deficiency state and as time passes the reduced
protein level gradually contributes to maintain and increase the zinc deficiency by a reduction in zinc
metallothioneins and zinc transport proteins in the serum, ultimately affecting both types of zinc pools in
the body.

The serum zinc and protein levels of the PF animals, on one hand are significantly lower than ZC animals
and on other hand significantly higher than ZD animals. Mammalian zinc metabolism is known to be
influenced by acute stresses such as bacterial infection, vigorous physical exercise, trauma, food
restriction and inflammation. These situations also influence a diverse array of physiological processes
such as amino acid transport, gluconeogenesis and the synthesis of specific liver proteins. Glucocorticoid
hormones have been shown to influence many phases of zinc metabolism. It has been suggested that
important stress related transient changes in the hepatic zinc metabolism, which influence overall zinc
kinetics, involves changes in the rates of metallothionein synthesis. The coordinate hormone regulation of
gluconeogenesis could act with other hormones to regulate overall zinc kinetics and metallothionein gene
expression as well. Cousins et al., (1986) have reported that many factors, including glucocorticoids and
cAMP, coordinate changes associated with acute stress and regulation mechanism of zinc metabolism and
affect serum zinc levels.

Thus the changes in the serum zinc and protein levels of the PF animals can be attributed to the stress
effects of restricted feeding brought about by interplay of various biochemical factors affected by stress
conditions.
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