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To be pcdantic, I find the concept of 'status' a difficult one to grasp. The term is one 
which is used frequently, probably because of its convenience and ambiguity. Thus, the 
term zinc 'status' appears frequently in publications without any accompanying evalu- 
ation of what the authors are measuring other than a tissue or plasma composition or 
enzyme activity. To be honest, I am probably no less guilty of this sin than any other 
research worker in the field of Zn metabolism. Possibly I will continue to try to get 
away with using the term 'status' unless, as a result of reading this article, journal editors 
and referees become less indulgent about its use. 

In the first section of this review broad considerations which are thought to be 
important when approaching assessment of Zn status will be outlined. i t  will contain 
somc specific comments about certain tissues and an attempt will be made not to repeat 
these in the second part in which more specific comments will be made on some of the 
current approaches to assessment of Zn status. 

Essentially, when we are trying to assess Zn status, we are trying to address the 
question whether or not the subjects being studied are at risk of being Zn deficient, 
actually are Zn deficient, have an adequate body burden of Zn, or whether or not they 
are at risk of an excessive burden of Zn to the point of toxicity? 

It is unlikely that any single one of those measurements currently available can answer 
all these questions simultaneously. Thus, the approaches to assessing status have to be 
selected according to the precise aspect which is being considered. 

The various stages of the metabolic spectrum of Zn status are shown schematically in 
Table 1. Initially in this consideration of the range of effects associated with different 
levels of Zn in the body or tissues it could be assumed, rather improbably, that there is an 
absence of any other pathophysiological influences. At low intakes and low tissue 
concentrations of Zn there clearly will be evidence of clinical deficiency which if gross, 
can lead to disease and death (Aggett, 1989). Similarly, at the other extreme, with high 
intakes and excessive accumulation of Zn in  tissues there is an increasing risk of systemic 
or local toxicity and death. At both these extremes there would probably be significant 
changes in the Zn content of tissues for such assays to be useful. However, it is known 
from studies in experimentally-depleted animals and from case studies of human Zn 
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Table 1. The spectrum of zinc status and its associated pathophysiological phenomena 
-- -- 

Death Excess 

Toxicity 

Compensatory homeostasis 

Clinical, biochemical, and pathological features: homeostasis 
overwhelmed 

Homeostatic excretion and tissue sequestration adequate: no 
clinical discasc 

Initial excess 

Adequacy 

Initial deprivation 

Reduced absorption and increased net intestinal loss from 
endogcnous Zn pools 

Increased absorption, reduced loss o f  endogenous Zn 

Compensated metabolic phase Homeostasis protects vital functional pools; no alterations in tissue 
and fluid concentrations; mobilization of possible stores: no 
clinical disease 

Decompensated metabolic phase Homeostasis becoming inadequate, 'early' functional defects so 
that the metabolism of other nutrients is disrupted arid health 
effects may occur 

Gross clinical phase Extensive specific and non-specific functional defects 

Death Deficiency 

deficiency, that such changes do not affect all tissues uniformly (Jackson ct al. 1982). 
Additionally at these extremes there will be functional changes arising either from 
defective function of Zn-dependent pathways with secondary metabolic changes 
involving other nutrients at the deficient end of the spectrum or, with excess amounts, 
from perturbations arising from the interference of Zn with the metabolism and function 
of other trace elements and nutrients (Yardrick et al. 1989). 

At both these extremes, obviously, systemic homeostatic mechanisms attempting to 
control the body burden of Zn are inadequate. But moving towards the centre of the 
spectrum homeostasis is clearly more effective and it maintains an adequate situation of 
optimum health and function at which tissue concentrations of Zn and its supply to the 
vital functional pools are maintained. In a situation of marginally-adequate intakes of Zn 
the intestinal uptake and transfer of the element becomes more efficient and at the  same 
time there may either be reduction in its loss into the gastrointestional tract via hepatic, 
pancreatic and gastrointestinal secretion or an increased re-absorption of any of the 
endogenous pools which has been excreted into the gut lumen (Taylor et al. 1991). There 
are similar changes in renal conservation of Zn. 

At the other limit of this optimum interval, that is when Zn supply is more than 
adequate, then the mechanisms for the intestinal uptake of the element are down- 
regulated and there may even develop a mucosal block preventing the translocation of 
Zn from the mucosa into the body. Further excesses of Zn which accumulate despite the 
intestinal changes are deposited in the large relatively immobile pools in bone, and 
possibly skin and hair (Jackson, 1989). 

It is not known precisely what triggers or regulates the homeostasis of Zn. With .Zn 
deprivation and incipient risk of deficiency there is presumably one or more small 
intracellular pools of the element which are preferentially susceptible to Zn deprivation 
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which thereby initiate adaptive processes which include reduced deposition in the 
long-term sequestatory pools. Thus, the ultimate achievement in being able to assess Zn 
status might depend on identifying these sensitive pools, characterizing them and 
discovering whether or not it is possible to analyse them by compositional analyses which 
are suitable for routine application in clinical and population studies. 

Our current techniques are too insensitive to achieve this. It is possible, for example, 
to have functional defects secondary to a deficiency of Zn without there being any 
simultaneous gross alterations in those tissue compartments which we currently analyse, 
even though the presence of the disturbed function itself indicates that at least one vital 
functional pool of Zn has been effectively depleted. This is illustrated by the presence of 
abnormal muscle purine nucleotide cycle activity in Zn-deprived rats the muscle Zn 
content of which was similar to Zn-adequate controls (Brody et al. 1977). 

The small size of metabolically or functionally important pools of Zn is further 
emphasized by the early onset of growth failure in Zn-restricted animals in whom the 
tissue content of Zn is unaltered, and by the small amount of Zn deprivation which is 
associated with symptomatic Zn deficiency in acrodermatitis enteropathica (Jackson, 
1977), or with the onset of mental impairment in patients with an induced Zn depletion 
(Henkin et al. 1975). 

Thus, we have to be aware that the gross tissue composition being measured may not 
reflect metabolic phenomena of Zn deficiency either in that particular tissue or  
necessarily in any other tissue or  the whole body. Additionally with current analyses it 
would seem that Zn deficiency or excess is relatively well advanced when the tissues 
being assayed are found to have low or high Zn contents. One way of attempting to 
resolve this problem is to assay compositional or functional Zn pools in tissues which 
themselves have a rapid turnover (e.g. leucocytes, platelets) and which would, therefore, 
possibly display evidence of Zn deprivation earlier than pools with a longer more stable 
biological half-life. 

In  the absence of identifying the sensitive tissue or intracellular pools which are 
depleted earliest in Zn deficiency or those which are most sensitive to potential toxicity, 
an alternative approach would be to attempt to monitor some manifestation of 
homeostatic regulation for Zn. In this context interest has focused on the role of 
metallothionein (Bremner et al. 1987). 

A number of pathophysiological processes alter the systemic distribution, tissue 
deposition, and mobilization of Zn. The tissue contents of Zn and their relative pool 
sizes are shown in Table 2. The turnover times of these pools differ. This, in turn, limits 
the information which each is able to provide about recent or short-term changes in Zn 
supply and status. Thus, one would expect that tissues which sequestered Zn and which 
have relatively immobile pools of the metal, i.e. a long biological half-life (e.g. bone and 
hair), would be relatively uninformative about recent or short-term changes in Zn supply 
and status. 

On the other hand, the various vascular components such as erythrocytes, leucocytes 
and platelets may provide more immediate information about Zn. Of these, erythrocytes 
have a half-life of 30-40 d and would be expected to give a longer-term indication of Zn 
supply, platelets with a shorter half-life (18 d) would be more indicative of acute changes, 
as would be some of the leucocyte sub-sets. But here some problems arise because the 
many different sub-sets of leucocytes have widely different half-lives; neutrophils may 
have a half-life of only 6 h, monocytes 1-3 d;  some T-lymphocytes have a half-life of 

https://doi.org/10.1079/PNS19910004 Published online by Cambridge University Press

https://doi.org/10.1079/PNS19910004


12 P. J. A G G E T T  

Table 2 .  Relative sizes of tissue zinc pools (Jackson, 1989) 
-~ 

Tissuc Content (g) Distribution (%) 

Musclc 1 .s MI 

Skin and hair 0.21 8.0 
Livcr 0 . 1 4  1s 4 4  

Bone (1.5-0.8 20-30 

GIT and pancreas 0.03 2.0 
Kidneys 0.02 0.8 
Spleen 0 . 0 3  n. 1 

Blood 042 0.8 
CNS 044 1.6 

Plasma O.(IO3 0.1 
~ _ _ ~  

GIT. gastrointestinal tract: CNS, central nervous system 

200 d whereas others have a half-life as short as 30 h. Nonetheless. if these vascular 
components with their relatively small pools can be isolated they provide an opportunity 
to assess Zn status or perhaps more accurately, since there is no evidence that they 
reflect excessive Zn accumulation, the risk of Zn deficiency over a variable but defined 
historical period according to the selected cell line. 

Changes in the tissue composition itself in disease states may arisc from altered 
generalized or systemic metabolism in the tissue rather than the metabolism of Zn itself. 
Thus, the apparent or relative tissue content of Zn could change, perhaps fall. because 
the fundamental, e.g. protein or water content or structure of the tissue itsclf, is 
disturbed. This has been highlighted in the assessment of muscle and liver Zn content in 
malnourished children in whom it has been described how Zn content may vary in a 
balanced way with other metals as a result of primary cnergy or protein deficiency 
(Golden & Golden, 1 9 8 1 ~ ) .  Similar problems arise in assessing Zn status on the basis of 
the Zn content of cirrhotic liver tissue; an attempt to circumvent this difficulty has been 
made by relating the hepatic Zn content to that of another intracellular cation (e.g. 
magnesium: Mills et al. 1983). Indeed, the most appropriate way of expressing the Zn 
content of tissues is uncertain: the dcnominators will depend, as illustrated previously, 
on the nature and extent of pathological and physiological states and, thus. consideration 
must always be given as to whether one should relate values to dry weight. wet weight, 
protein, nucleic acid, or, as mentioned previously, another intracellular marker such as 

In the absence of any proven analytical or metabolic advantage, obviously. the 
selection of tissues for measurement of Zn content is determined very much by 
convenience, accessibility and ethical acceptability. 

The most widely used approach to assessing Zn status has been the analysis of tissues 
such as plasma, whole blood, erythrocytes, leucocytes, platelets, urine and hair. Saliva, 
nails, skin and rectal mucosa have also been used. In animal models liver, bone and 
testicles have also been analysed, but one can sympathize with the possibility that almost 
half the human population would find extension of these analyses to clinical and 
population studies unacceptable. 

The compositional analysis of tissues for any trace element has a number of pitfalls; 
these are listed in Table 3. The problems related to determination of samples during 

Mg. 
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Table 3. Pitfalls and anxieties of compositional analyses of zinc content in tissues and 
fluids and of interpreting the results 

1. 

2. 

Suitability of tissue, is it metabolically appropriate? 

What is a suitable denominator (volume. weight, protein, DNA,  another intracellular 
component. e.g. magnesium)'? 

Do they alter Zn metabolism either systemically or in the selected tissue'? 
Do they alter the turnover and other composition o f  the analytical tissue? 

3. Disturbances arising from diseases. 

4. 

5. 

6 .  

Contamination or loss during sampling, storage or analysis 

Analytical performance and quality control 

Appropriateness and availability of reference ranges 

collection and storagc, losses of sample volume, water. or elements during storage and of 
the analytical procedures and the quality control have been extensively reviewed 
(American Institute of Nutrition, 1980: International Atomic Energy Agency. 1980; 
Vcrsieck & Cornelis, 1980; Versieck, 1985). 

It has already been implied that the content of one particular Zn pool docs not 
necessarily reflect the whole-body burden of Zn. This of course is well illustrated by the 
interpretation of normal plasma Z n  concentrations. (Plasma Zn is a small but rapidly 
mobile pool of the element.) Plasma Zn concentrations increase with acute increases in 
Zn intake, and with the release of Zn from endogenous pools during tissue catabolism 
such as happens during starvation (Henry & Elmes, 1975), or with increased bone 
turnover. 

In severe Zn deficiency plasma Zn concentrations can be maintained by the amounts 
of the metal released from catabolized tissue. For example, assuming that the muscle 
contains 40 p d g  wet wcight, 10 g muscle would when broken down, release 400 pg (6.12 
pmol) Zn. Assuming a plasma volume of 3.0 litres this would be equivalent to 2.0 pmol 
Zn/l. Thus, it is not surprising that even with symptomatic Zn deficiency, normal plasma 
Zn concentrations can be encountered, and it is not unusual to see patients with 
symptomatic acrodermatitis entcropathica with normal plasma Zn concentrations 
(Aggett, 1983). 

It is also apparent now that considerable variations in  plasma Zn concentrations occur 
throughout the day. Even early-morning fasting levels are influenced by the duration of 
the period since the last meal on the previous day (English et a f .  1988). 

Plasma Zn falls with Zn deficiency; this is most evident when tissue catabolism is 
prevented. Plasma Zn concentrations also fall with a variety of stresses which induce the 
hepatic uptake of the metal. These include exercise, infection, chronic discase, oral 
contraceptive use, and pregnancy, and they are mediated by humoral factors including 
corticosteroids and interleukin 1 (Anonymous, 1989): additionally in pregnancy, concen- 
trations also fall secondary to plasma volume expansion (Tuttle et al. 1985). Clearly these 
influences need to be considered when plasma Zn concentrations are being interpreted as 
evidence of actual or impending Zn deficiency. 

The small size of the plasma Zn pool is also reflected in the depressions in its content 
which occur during periods of rapid tissue synthesis, when this pool is presumably the 
source of Zn needed for lean tissue. For example, Golden & Golden (19816) showed 
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Table 4. Concentrations of zinc of individuals who died in road trafic accidents (reference 
subjects) and those who died of renal disease (pglg D M )  in autopsy material (Smythe et al. 
1982) 

(Mean values and standard deviations) 

Reference subjects Non-dialysed patients Dialysed patients 

Tissue Mean SD Mean SD Mean 511 

Bone 98 16 - - 135** 27 
H a r t  127 21 1 4 *  22 lj3** 34 
Liver 226 67 323* 143 312** 177 
Muscle 266 36 24 I 39 234** 51 
Spleen 80 I I  87 12 y3** 23 

DM, dry matter. 
Mean values within tissues were significantly different from reference subjects: *P50.05.  **P <041.  

that children recovering from malnutrition and being fed on soya-bean-based products 
from which Zn is absorbed relatively inefficiently, had greater falls in plasma Zn 
concentration than infants who were being treated with cow’s milk-based formulas. 
Similarly, plasma Zn concentrations of ex-preterm infants in early infancy have been 
related to their rate of weight gain (Altigani et al. 1989), and in a large cross-sectional 
study of plasma Zn concentrations of healthy children in relation to their age, ingenious 
mathematical analysis demonstrated troughs in the plasma Zn concentrations which 
coincided with growth spurts (Butrimovitz & Purdy, 1979). Presumably in these anabolic 
states the peripheral uptake of Zn exceeded those at which the element was re-entering 
the plasma pool either from the intestinal lumen or from other compartments. 

In contrast to acute reactions, the effect of chronic stress on plasma Zn concentrations 
has not been investigated extensively. Some groups have shown an apparent Zn 
deficiency in chronic renal failure, but whereas some have shown Zn responsive defects 
in patients with chronic renal failure others have not done so (Aggett, 1984). These 
defects included reduced plasma Zn concentrations, leucocyte Zn content and alkaline 
phosphatase (EC 3.1.3.1) activity (Mahajan et al. 1982). The comparison of tissue 
elemental composition in patients who died, either as a result of road traffic accidents or 
renal failure, demonstrated interesting differences in the Zn content of various organs. 
Assuming that no other systemic metabolic anDmaly induced these changes, the relative 
amounts of Zn in these tissues can be compared (Table 4). The high concentrations of 
the element in spleen and liver of patients with renal disease suggest that the metal was 
being abnormally accumulated and compartmentalized (Smythe et al. 1982). It is possible 
that this is a situation analogous to the chronic anaemia or ‘iron deficiency’ which is 
associated with chronic stress; namely, a situation in which altered systemic metabolism 
and distribution of the element has created a state in which it is not available for its 
normal physiological functions. Thus, in such situations there may exist functional 
defects arising from Zn deprivation, whereas there is a relative abundance of the element 
in some tissues. 

The rationale for using leucocyte analyses for determining the risk of Zn deficiency 
was outlined previously. Even here the influence of extraneous factors is also exemplified 
by experience with such analyses. Some difficulties in interpreting the findings based on 
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the Zn content of mixed leucocytes arises from the heterogenous nature of this tissue. 
Changes in the relative proportions of leucocyte sub-sets with their different Zn contents 
would clearly influence the overall Zn content of a mixed leucocyte population. For 
example, during pregnancy it has been reported that the Zn content of leucocytes falls 
progressively. However, since neutrophils have a lower Zn content than other poly- 
morphs and mononuclear cells (Goode et af. 1989), this overall reduction could be 
attributable to the increased number of circulating neutrophils which occurs from 45 d 
post ovulation, and becomes constant during the last trimester with a further increase at 
the onset of labour. This neutrophilia and leucocytosis increases with subsequent 
pregnancies. Similarly. other changes in sub-set proportions induced by factors associ- 
ated with abnormal pregnancy or other disease states would need to be considered 
before accepting reduced Zn content of mixed leucocytes as acceptable evidence of an 
associated deficiency or of altered metabolism of Zn. 

It has been shown that much more information can be derived from analyses of 
discrete erythrocyte sub-sets. Thus, lower polymorphonuclear (PMN) and mononuclear 
(MN) cell Zn content has been found 24-48 h after delivery in mothers who have had 
growth-retarded babies; furthermore, it has been possible to associate these changes with 
maternal smoking (Simmer er al. 1985). In spite of its potential value, the determination 
of Zn in leucocyte sub-sets is a painstaking preparative and analytical procedure 
(Wallwork, 1987) which may not be acceptable for routine practice. 

The limitations of hair analysis in detecting severe Zn deprivation has been shown in 
animal models in which there is a paradoxical increase in the Zn content of hair with 
severe Zn deprivation in rats (Pallauf & Kirchgessner, 1973). This may well result from 
impaired growth of hair in severe Zn deprivation. A similar phenomenon has been noted 
in malnourished children (Erten et af. 1978). The difficulties of using hair Zn concen- 
trations in determining human Zn status has been reviewed by Hambidge (1982). 
However, both his earlier study in which low hair Zn content was associated with a 
growth retardation and a more recent study which has shown the identification of a 
sub-group of children with low hair Zn concentration and Zn-induced accelerated linear 
growth, suggest that the use of this analysis may have some value in the detection of 
chronic mild Zn depletion (Gibson et af. 1989). 

A wide variety of functional assays for Zn deficiency have been tried (Solomons, 
1979). These are reviewed in the accompanying paper (Thompson, 1991). The 
approaches which have most appeal are probably those which depend on the synthesis of 
proteins which have a rapid turnover and whose synthesis will be susceptible, therefore, 
to Zn deprivation. Assays of retinol-binding protein enjoyed a deserved spate of 
enthusiasm and more recently, determinations of serum thymulin have been explored as 
an indicator of early Zn deficiency (Prasad et af. 1988). In these instances, however, the 
ultimate proof of Zn deprivation has depended on the positive response of these 
measurements to Zn supplementation. Indeed, this approach seems to remain the 
ultimate standard in assessing pre-existent Zn deprivation, as continues to be demon- 
strated in studies of growth retardation in children (Gibson et al. 1989; Walravens et al. 
1989). 

It would seem that the biggest advances which can be made in the determination of Zn 
deficiency may be in finding some particularly sensitive functional defect of Zn deficiency 
or in developing better methods to assess metabolic efforts to maintain systemic 
homeostasis of Zn. At present, the most promising avenue in the latter context would 
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focus on the accurate and reliable determination of metallothionein in biological fluids 
(urine. plasma) or tissues. This ubiquitous protein probably has a pivotal role in the 
homeostasis of Zn. Its synthesis is induced by those factors which cause hypozincaemia 
(Anonymous. 198')). With %n deprivation and deficiency its synthesis is Impaired. 
Therefore. i t  is proposed that simultaneous measurement of metallothionein concen- 
trations may facilitate better interpretation of low plasma Zn concentrations. Such low 
concentrations in the presence of normal or elevated metallothionein concentrations 
would reflect hypozincaemia secondary to pathophysiological factors, whereas the 
hypozincaemia associated with Zn deficiency would have an associated fall in circulating 
metallothionein concentrations (Bremner et nf. 1987). However, even this approach is 
not straightforward. as has been demonstrated by the increased metallothionein content 
of erythrocyte populations containing increased numbers of reticulocytes (Robertson 
et al. 1989). 

Finding an ideal mcthod to assess Zn status, or  the risk of impending deficiency, is an 
exciting and important intellectual challenge. The solution probably lies, not only in a 
better understanding of its metabolism and regulation, but also in  an improved 
appreciation of how these processes interact with the metabolism of other nutrients and 
with systemic pathophysiological disturbances. 
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