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CHAPTER I
INTRODUCTION
Trace minerals investigation has become one of the most active
areas of human nutrition research in the past decade.

The introduc-

tion of the atomic absorption spectrophotometer has greatly increased
the speed, accuracy and precision of trace mineral analysis.

The

sensitive biological assay techniques developed for trace minerals
have led to the realization that trace minerals are not only essential nutrients, but that primary and secondary deficiencies exist
in some population groups.
Copper and zinc are two of the most intensively studied trace
minerals.

Copper, atomic number 29 and zinc, atomic number 30 are

members of the first transition series of the periodic table.

Zinc

was found to be an essential nutrient for the rat in 1934 (168).
Studies by Prasad et al (147) later demonstrated a primary zinc
deficiency in a group of Iranian dwarfs, who consumed an unleavened
whole wheat diet high in phytates and fiber.

One inherited disorder,

acrodermatitus enteropathica, has been shown to produce a zinc
deficiency due to zinc malabsorption (144).
The importance of copper in mammalian nutrition was recognized
in 1928, with the realization that copper is a factor in the prevention of anemia in the rat (40). A primary copper deficiency in man
1

has been viewed as unlikely, due to the ubiquitous nature of the
mineral.

Secondary deficiencies do occur as the result of inherited

disorders and in numerous malabsorptive states (128).
In the past two decades maintenance hemodialysis for end stage
renal disease has evolved from a tentative treatment for a small,
select group of patients, to a broadly applied therapy that sustains
the lives of more than 80,000 patients world wide (64).
The basic principle of hemodialysis is the movement of solutes
from the blood to the dialysate by diffusion across a concentration
gradient.

The basic feature of the "artificial kidney" is the

perfusion of blood and a balanced salt solution (dialysate) on opposite sides of a semipermeable membrane.

Solutes are removed from

the blood in proportion to the membrane surface area and to the flow
rates of the blood and dialysate.
Hemodialysis patients are now able to live longer and more
productive lives as the result of the thrice weekly therapy.

Un-

fortunately, most of the dialysis patients have poor appetites, do
not enjoy eating and frequently complain of the taste of meat as
being disagreeable.

Preliminary research has demonstrated that

dialysis may deplete the patient of the trace minerals copper and
zinc (4). A marginal zinc deficiency may be the cause of the abnormal taste acuity (hypogeusia). One group of researchers observed
that taste acuity improved, and zinc concentrations of plasma, red
blood cells and hair all showed improvement following a brief period
of therapeutic doses of zinc (130).

These researchers made no

attempt to monitor the copper status of the patients during the
intervention phase of the investigation.

Prasad et al (145) has

observed that copper status is effected when megadoses of zinc are
given to patients with sickle cell anemia.
The hypothesis of this investigation was that if the hemodialysis patient is given zinc supplementation at the level of the
U.S. Recommended Dietary Allowance, postdialysis, three times per
week (127), serum zinc concentrations will increase and fast acuity
will improve, without compromising the copper status of the patient

CHAPTER II
REVIEW OF LITERATURE
Zinc Essentiality
The essentiality of zinc for the growth of bacteria
niger

was demonstrated by Raul in in 1869 (151).

Aspergellus

Zinc is necessary in

bacterial synthesis of the amino acids phenylalanine, tryptophan,
and trysoine.

Numerous other enzyme systems have been identified

which are zinc dependent.

In 1919 Birckner (12) demonstrated that

certain foods contain zinc and he suggested that zinc might have
nutritional value to humans. Sommer and Lipman (167) reported that
zinc was a required nutrient for plants.

Lutz (116) determined that

the human body contained an average of 2.2 g of zinc.
A mammalian requirement for zinc was first reported by Todd
et al (168) in 1934. O'Dell and Savage (129) demonstrated that zinc
was essential for growth in birds and, at present, at least 15
animal species are also known to require zinc.

In humans a dwarfism

syndrome was first described by Lemann (111) in the early 1900's.
However, it was not until 1961 when Prasad and Halsted (146), working
in Egypt and Iran, published a clinical description of iron deficient
anemic dwarfs, that the first suggestion was made of a zinc deficiency
in humans.

The observations of zinc deficiency in man were:

retarded

growth, hypogonadism, splenomegaly, rough skin, mental lethargy and

geophagia (66, 147). The clinical similarities observed in the dwarfs
and those observed in several animal species with inadequate zinc
intake made it reasonable to assume a zinc deficiency did exist in
man (23). Prasad administered daily supplements of zinc sulfate and
adequate calories to the patients in Egypt and observed growth spurts,
sexual maturation and amelioration of the iron deficient anemia.
Halsted et al (66) in Iran also documented that the growth rate was
greatest in patients who received zinc supplementation.

Similar

clinical findings were reported in Turkey, Morroco and Portugal (70).
It was concluded that zinc, in addition to other nutrients, may be
a limiting factor for normal growth in these subjects.
Zinc Deficiency
Zinc deficiency symptoms in animals vary from species to
species and include dermatitis, emaciation, alopecia, occular
lesions, retarded growth, testicular atrophy, anorexia and sensory
disturbances (168).

Zinc deficiency in man produces similar symptoms

with iron deficiency anemia, hepatosplemogaly, retarded growth,
hypogonadism, open epiphysial plates and hyperpigmentation (65).
While extreme zinc deficiencies are not difficult to recognize,
marginally deficient subjects have proven to be much more difficult
to identify.

Hambidge (71) reported the first evidence of a marginal

deficiency while working with young children in Denver, Colorado.
He detected 3 percent of the children with poor appetite, height below

the 10th percentile and lowered taste acuity, all of which

improved clinically with zinc supplementation.

Henkin et al (81)

reported that a marginal zinc deficiency caused altered taste and
olfactory acuity.

Limited data on the zinc status of the elderly,

indicate that geriatric patients who have diminished taste and smell
acuity also have abnormally low serum zinc concentrations (113).
Greger (60) reported improvements in taste and olfactory acuity in a
population of 49 aged, institutionalized persons after a 95 day
zinc supplementation period.

Vir and Love (175) determined that the

plasma and hair concentrations of zinc decreased as the age of the
person increased.
Suboptimal zinc nutrition during pregnancy may have a teratogenic
effect on the human fetus (24, 92, 94). Jones et al (98) reported
that eight children born to mothers who were chronic alcoholics had
low birth weights, bone and joint abnormalities and microcephaly,
all symptoms similar to those seen in offspring of experimental
animals fed zinc deficient diets. Jameson (96) reported the effects
of zinc deficiency in human reproduction to be congenital defects in
infants born to mothers with low serum zinc concentrations during
the first trimester of pregnancy.

It has been estimated that

pregnant women must retain 750yg of zinc per day for normal development of fetal and maternal tissues (97).
Zinc deficiency has been associated with several physiological
abnormalities.
zincurea.

Liver disease produces hypozincemia and hyper-

Valle et al (173) suggested that zinc deficiencies in the

patient with alcoholic cirrhosis may be a conditioned deficiency
related to hyperzincurea.

Gadjbarnason (50) has suggested that zinc

deficiency seen in the alcoholic is the result of altered cellular
permeability caused by the alcohol, resulting in the release of
zinc by the cells.

Patients with gastrointestinal disease may

develop zinc deficiency as a result of impaired absorption.
disease is also a potential cause of a zinc deficiency.

Renal

In protein-

uria the loss of zinc-protein complexes across the glomerulus or
the impairment of tubular reabsorption may result in a serious
zinc deficiency (152, 181). The cause of zinc deficiencies observed
in burn patients may be explained by the loss of zinc containing
exudates from the burn site.

Zinc deficiency has been recognized

as a part of the clinical syndrome in sickle cell anemia (142).

Since

zinc is in a physiologically high concentration in the erythrocyte,
it is possible that the continuous hemolysis in sickle cell anemia
might lead to a zinc deficiency.
Acrodermatitis enteropathica has been described as a lethal,
autosomal, genetic disorder which develops during the early months
of life.

Dermatological manifestations have included pustular

dermatitis of the extremities and the oral and genital areas.
Retarded growth and reduction of plasma zinc levels accompany the
disorder (72, 114). Zinc deficiency associated with acrodermatitis
enteropathica is currently attributed to malabsorption, the cause
of which is still unknown (6). Zinc deficiency has been demonstrated to occur in patients on penicillamine therapy for Wilson's
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disease (11, 107, 117). The conditional deficiency was correctable
with zinc supplementation.

Zinc deficiency has been documented in

patients on total parenteral nutrition, due to the omission of trace
minerals from the feeding preparations (100).
Zinc Absorption and Intake
Approximately 20 to 30 percent of ingested dietary zinc is
absorbed (19). Many factors influence zinc nutrition by rendering
zinc unavailable for absorption (136).

The information of insoluble

zinc complexes with calcium and phytic acid in an alkaline gastrointestinal tract have been shown to decrease absorption of zinc in
experimental animals and humans (31, 125, 153). The food source of
zinc, in regard to protein, fiber, phytates and the amount of other
competing metals affects the amount of zinc absorbed (159).

Ex-

periments with rats conducted by Schwarz and Kirchgessner (163)
demonstrated that intake and absorption of zinc followed an inverse
relationship.

House et al (90) showed that addition of a dairy

source of protein increased the absorption of zinc from high phytate
bread.

Generally, zinc is more readily absorbed from animal sources

of protein than from plant sources (75).
The practice of eating clay, geophagia, has been suggested
as a cause of zinc malabsorption in certain populations (65). But
in an experiment conducted by Halsted et al (66) clay actually
proved to be a source of zinc for the deficient rat.

Feeding of

chelating agents such as EDTA caused both a decrease in zinc absorption and extraction of zinc from tissue stores (68). Rats

treated with aspirin prior to a dose of ^^Zn demonstrated a marked
reduction of zinc absorption (41).
The actual mechanism of absorption of zinc has not completely
been elucidated, but appears to encompass all aspects of active,
facultative and passive transport (69). A zinc binding ligand
was detected in the pancreatic secretions of rats, dogs and cows
(41).

Hurley et al (93) has reported a zinc binding ligand in human

breast milk not present in cows milk.

The structure of the ligand

appears to be similar to prostoglandin E2. Aspirin, a known prostoglandin synthesis inhibitor, decreased the absorption of zinc.
The active site of zinc absorption has not been documented
conclusively.
65

Burch and Hahn (17) reported the rapid appearance of

Zn in the blood after an oral administration of the labeled zinc,
indicating the stomach or duodenum as the location of absorption
sites.

Once zinc is absorbed, it is chelated to transferrin,

amino acids, and albumin (141).

It is then transported to the

liver where it is incorporated into zinc a^ macroglobulin, albumin,
and, to a lesser extent, chelated to the amino acids:

histidine,

glutamine, threonine, cysteine, or lysine (53, 141, 148).
RDA for Zinc
The U.S. Recommended Dietary Allowance (127) for zinc of
15 mg per day was established for adults in 1974.

Average zinc

content of the American adult diet has been estimated to be between
10 and 15 mg (177).

Zinc intake is usually adequate if the diet
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has sufficient amounts of high biological value, protein, such as
beef, liver, eggs, and seafood.
Biochemical Role of Zinc
The first zinc metalloprotein, erythrocyte carbonic anhydrase,
was discovered by Keilin and Mann in 1940 (101).

Fourteen years later

Vallee (171) demonstrated that carobxypetidase contains zinc.

Since

then the list of zinc containing metalloenzymes has increased to
more than 70 (172).
DNA and RNA synthesis are inhibited when zinc is lacking and
protein synthesis is reduced or altered in the zinc deficient rat
(154).

McClain et al (123) found changes in collagen synthesis in

the zinc deficient rat, with decreased (Me- H) thymidine incorporation into the skin DNA.

Prasad and Oberleas (148) noted similar

defects in the connective tissue of zinc deficient men.

Prasad et al

(143, 148) went on to show in both the rat and man a significant
decrease in the enzymes:

alcohol dehydrogenase, alkaline phos-

photase, carboxypeptidase, lactic dehydrogenase and ribonuclease,
when a zinc deficiency existed.

These enzymes are involved in the

metabolism of proteins, carbohydrates, lipids, and nucleic acids (91).
Henkin and Bradley (82) have demonstrated that zinc plays a
role in several stages of the taste process. Taste acuity may be
defined in terms of detection and recognition thresholds of various
liquid phase stimule (80). The role of zinc in taste has been
described as preneural, or the events that occur in the taste
process before the actual depolarization of the nerve in the taste

n
bud which transmits information about taste to the brain.

The role

of zinc in the preneural events of taste in man includes the taste
bud support system, the characteristics of the taste bud receptors
and the mechanism of taste-receptor binding.

The physiological

support of the taste bud comes from the secretions of the salivary
glands.

Little is known of the role of these glands in taste

acuity, but some generalities have been proposed based upon clinical
and physiological observations (79). In saliva a taste bud stimulatory factor has been described which is necessary to maintain normal
taste bud anatomy and function (80). Zinc, as well as other metals,
has an important role in this factor. Taste buds do not contain
blood vessles or lymphatic channels and their cellular components
turn over rapidly (11). New cells migrate into the taste bud from
the surrounding tissue and differentiate into taste receptors within
the bud under salivary factors (87). Salivary proteins contain zinc
as a normal constituent.
Research indicates that gustin is the major zinc containing
protein of the parotid gland saliva and that this protein binds
specifically to the taste bud membrane (115).

Lum and Henkin (115)

hypothesized that gustin functions in the growth and nutrition of
taste buds.

Since there are numerous proteins in saliva, it is

possible other proteins may assist in the taste process and the
maintenance of the taste bud.
In 1971 Henkin et al (88) described a syndrome characteristized
by decrease taste acuity (hypogeusia) and decreased olfactory
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sensitivity (hyposmia) which were associated with abnormal taste
(dysgeusia) and abnormal smell (dysosmia).

Henkin showed that

treatment with zinc, nickel or copper resulted in clinical improvement of the patients taste and smell perception (83).
Zinc Distribution in the Human Body
The total body content of zinc has been estimated to be
approximately 2.2 g (116), with distribution throughout the entire
body and the greatest amounts located in the prostate gland of
males (179).

The amount found in human blood varies depending upon

the component analyzed.

Red blood cells contain approximately

12.4yg zinc per ml (51). Human serum contains two major zinc binding
proteins, albumin and a^ macroglobulin; the two fractions binding
66 and 33 percent, respectively (21). The remaining zinc complexes
with amino acids for a total of lyg zinc per ml of serum (51).
Foley et al (47) noted zinc concentrations of serum and plasma
were different.

A 16 percent increase in serum zinc concentration

was observed when compared to plasma, indicating that zinc is released from protein complexes destroyed by the clotting process (53).
Significant diurnal variations occur in serum, with a peak seen in
the early morning and trailing off in the late afternoon, (34, 53,
112).
Parameters for Assessing Zinc
Status in Man
The development of a simple diagnostic criteria for the assessment of zinc status in man is needed.

Controversy exists over the
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value of hair zinc levels as an indicator of zinc nutritional status.
A number of investigators have found that levels of zinc in the
hair of men respond to dietary zinc intake (52, 71, 102). However,
others have found no correlation between dietary and hair zinc levels
(61, 122). Biopsy of kidney, liver and bone has not proven to be a
practical method for assessing zinc status in large populations.
Plasma and serum zinc levels have indicated marginal deficiencies
(34, 67). Low plasma zinc values have been observed under various
stress conditions, diseases and in pregnancy (55, 68). In certain
chronic diseases, low zinc levels are common.

While the sig-

nificance of these low levels is unclear, they may be due to the
relationship of zinc in the various body compartments and/or to inadequate intake, decreased absorption or increased excretion.
Researchers are presently investigating the use of saliva as an
indicator of zinc status.

Henkin (85) suggested that the zinc

levels in saliva may be a superior method of assessing zinc nutrition
He demonstrated that depressed levels of zinc existed in the parotid
saliva of individuals with hypogeusia.

Preliminary data from other

laboratories on the usefulness of saliva are contradictory.

The

most reliable methodology involves the catherization of the parotid
duct.

Collection of whole mixed saliva produces contradictory

results (61). Thus, the assessment of a marginal zinc deficiency
lacks accuracy.
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Zinc and Drug Therapy
Factors commonly considered in assessing a patient's nutritional
needs are age, body composition, nutrient intake, presence of disease
or pathological states that may affect nutrient requirements, but
drug therapy is a factor that is frequently disregarded.

Many drugs

interact with nutrients by reducing absorption, altering utilization or increasing excretion (10, 22). Zinc status is known to be
adversely affected by the following drugs:

adrenal corticosteroids

(45, 46, 84), ethyl alcohol, chorthalidone (137), oral contraceptives
(15, 16, 160), dimercaprol, penicillamine (107, 110, 117), tetracyclines, thizmazoles, and thiazidediruetics (134, 178). It is
reasonable to assume that patients placed on long term therapy,
including the use of any of these medications, might eventually
develop a zinc deficiency.

Patients placed on the aforementioned

medications frequently complain of altered taste acuity and abnormal
olfactory functioning (dysosmia), which often leads to diminished
food intake.

No estimate has been made of the relative importance

of diet, disease or drugs in the etiology of zinc deficiency in
chronically ill individuals, but it is likely that all three
factors are involved.
Zinc Toxicity
In comparison with other transition elements, zinc is relatively nontoxic.

Many of the toxic effects of zinc reported by

early investigators may have been due to contamination from other
elements such as lead, cadmium or arsenic (76). Toxic levels of
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zinc do not accumulate in the body.

Vomiting, a protective mechanism,

occurs after ingestion of large quantities.

An oral dose of 2 g of

zinc sulfate (454 mg of elemental zinc) has been recommended as an
emetic (124).

In addition to severe vomiting, the symptoms of zinc

toxicity in man include dehydration, electrolyte imbalance, stomach
pain, nausea, lethargy, dizziness and muscle incoordination.

Death

is reported to have occurred after the ingestion of 15 g of zinc
sulfate (132).

Toxic symptoms such as pulmonary distress, chills

and fever have been reported in industrial inhalation of zinc fumes.
r

Zinc Therapy
Oral administration of zinc in doses of 15 to 30 mg has been
found to be sufficient for the therapeutic treatment of a primary
zinc deficiency state (173).

Zinc sulfate and zinc acetate both

have been used for therapeutic purposes.

Zinc acetate appears to be

the chemical form best tolerated, but zinc sulfate the most effective chemical form in terms of the percentage dose absorbed (144).
In those cases where high amounts of zinc have been administered,
such as for wound healing or sickle cell anemia, the amount of zinc
administered was 110 mg per day.

Copper deficiencies as a result

of excessive zinc intake have been reported (145).
Copper Metabolism
The nutritional role of copper was first discovered in 1928,
with the recognition of copper as a factor involved in the prevention of anemia in animals (74). It is now realized that copper is
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essential for hemopoiesis in man as well as animals (25). Ceruloplasmin, the copper containing protein in the blood, serves to
catalyze the oxidation of ferrous (Fe

) iron to the ferric (Fe"*"^)

form, a pivotal step in the transport and utilization of iron (38,
49, 155). Ceruloplasmin is probably the link between copper and iron
metabolism.

Osaki (131) suggested that ceruloplasmin promotes the

transfer of iron from storage cells to plasma transferrin.

Ragen

et al (150) confirmed this in vivo by demonstrating that plasma
iron concentrations increased after ceruloplasmin was administered
to copper deficient swine.

Topham and Frieden (169) isolated a

second copper containing enzyme, Ferroxidase II from the plasma,
which also oxidizes the ferric form of iron.
Cytochrome C oxidase is the copper containing enzyme in the
electron transport chain which is responsible for the terminal
transfer of oxygen to cytochrome C.

Copper is also involved with

the various types of monoamine oxidases that are distributed throughout the body (35). Monoamine oxidases function in the oxidation
of the e amino groups of lysine residues in the peptide chain of
elastin, the major protein of the vascular tissue (40, 128, 170).
Bone defects and heart lesions have been observed in animals fed
copper deficient diets. Albinoism is a genetic disorder caused by
the absence of a copper containing enzyme that metabolizes the first
two steps in the synthesis of the pigment melanin.
Superoxidase dismutase, also known as hepatocuprein, hemocuprein, and erythrocuprein (name governed by location), functions

17
as an enzyme that protects cellular components from free redical
damage.

Fridovich and Handler (48) suggested that the oxidation of

xanthine by xanthine oxidase involves the Superoxide anion.

The

Superoxide radical will reduce cytochrome C, which indicates the
necessity for removal of the anion to prevent fixation of cytochrone
C in the reduced state.

Thus, superoxidase dismutase prevents the

accumulation of a potentially toxic radical. Other copper enzymes
demonstrated to be biologically important are laccase, ascorbic
acid oxidase, uridase, § aminolevulinic acid dehydrogenase, dopamine,
3 hydroxylase and galactose oxidase.
Copper binding protein (CuBP) is a copper specific protein
located in the cell cytosol.

The function of CuBP has not been

established, but it has been suggested that it acts as a detoxifying
mechanism for free copper ions in hepatic cells, and in the intestinal
cells, as a sequestering compound for excessive copper which may act
as one of the homeostatic controls of copper absorption (40).
Copper Deficiency
Copper is ubiquitous in nature, and in most areas of the world
mammals consume diets adequate in copper.

However, in certain regions

animals suffer from insufficient copper intake because the soil has
become depleted.

Copper deficiency has been recognized in a number

of clinical situations (26). In humans the factors related to the
development of a deficiency are insufficient intake, copper losses
via gastrointestinal disorders, or genetic errors in metabolism.
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A dietary deficiency of copper has been reported in malnourished infants fed milk based formulas (110).

The researcher

assumed that the infants became depleted of copper and other trace
minerals as the result of prolonged diarrhea, intermittent starvation and the consumption of diluted cows' milk.

Between 1964 and

1970 Cordano and Graham (30, 59) reported numerous cases of infants
in Peru developing copper deficiency due to the same type of dietary
regimen.

Extended use of total parenteral nutrition has also pro-

duced copper deficiency (100).

The patients displayed anemia,

neutropenia, and hypocupremia that responded to copper therapy.
Grupe et al (62) reported that patients with end stage renal disease
may develop copper depletion.

Pathological conditions associated with

hypoproteinemia including copper losses via the gastrointestinal
tract are seen in kwashiorkor, sprue, celiac disease, and cystic
fibrosis.
The Mechanism of Copper Absorption
and Excretion
Site of maximum absorption of copper varies with the species,
with absorption limited to the stomach and small intestines in most
mammals, includ4ng man, (32, 41). Gitlin et al (54) demonstrated
that copper absorption in mice is not the result of exclusive passive
diffusion.

Crampton et al (32) observed two separate mechanisms

of copper absorption in the mucosa of hampster intestines.
volved the active transport of copper-ami no acid complexes.

One inThe

copper-amino acid complex was rapidly moved into the cell, while the
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other mechanism appeared to be a mucosal ligand which was slower
and appeared to be homeostatic in nature (41). The low molecular
weight copper binding protein (CuBP), found in the hepatic and
intestinal mucosal cells, possibly functions in the detoxification
of free copper ions in the body (126).

Premakuman et al (149) ob-

served an increase in the incorporation of labeled lysine into
hepatic cells CuBP, following the ingestion of copper by rats. When
the rats were pretreated with protein synthesis inhibitors, the incorporation of labeled ami no-acids into the CuBP was inhibited.

This

data indicated that CuBP is produced for the purpose of sequestering
toxic levels of copper.

In the intestinal epethelial cell CuBP may

also sequester copper from dietary sources, for use when the diet
is lacking adequate copper or it may represent a mucosal block to
prevent the absorption of toxic quantities of copper.

The copper

that remains bound to the mucosal CuBP is eventually shed when the
epethelial cell is sloughed off into the lumen of the gastrointestinal
tract.
Minerals that have similar atomic structure (valence) and
chemical properties have been shown to compete with and substitute
for other minerals.

Cadmium, zinc, silver, and mercury have all been

shown to compete with and substitute for copper in various physiological systems (17, 174). Ascorbic acid has been demonstrated by
researchers to decrease the binding of copper to CuBP (62, 166).
The availability of copper has been shown to be affected by
other components of the diet, ingested at the same time as copper.
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Soy protein adversely affected copper utilization, probably due to
the presence of large quantities of phytic acid.

Animal protein

was more effective than vegetable protein in increasing weight gain
in swine fed high levels of dietary copper.

Several experiments have

demonstrated that dietary protein protects against accumulation of
toxic levels of copper in the body (73). The effects of dietary
proteins on copper absorption was probably the result of enhanced
formation of CuBP.
Sulfides are the most well known inhibitors of copper absorption.

In the rat and in man sulfide anion has been shown to

decrease the absorption of copper by the formation of cupric sulfide
salts, which are available forms of copper for the formation of
copper complexes required for transport across the intestinal
mucosa (14).
The biliary tract represents the major route for the excretion
of copper in man (18). Studies with experimental animals have
demonstrated that biliary copper is partially in an indiffusible
form (56), probably bound to a macromolecule complex.

This complex

has been shown to be poorly absorbed in animals (133) and may be a
significant factor in copper balance (57). Little copper is lost
through the skin and Henkin (77) estimated urinary copper to be
approximately 0.1 mg per day.
Copper Intake
The adult body contains 75 to 150 mg (26) of copper with the
greatest concentrations found in the brain, liver, heart, and kidney.
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Total serum copper is approximately 1.14yg per ml (26) and total
plasma copper is 1.09yg per ml (17). Copper content is highest at
birth, a steady decline occurs during the first year of life, but
copper tissue concentrations remain relatively constant throughout the adult life span.

Variations in serum copper levels have

been demonstrated to occur on a day to day basis, with values being
the lowest in the morning (112).

Diurnal fluctuations are slight

and inconsistent (183).
The RDA for Copper
The 1980 RDA (39) recommends that the adult consume 2 to 3
mg of copper per day.

Klevay et al (105, 106) found that hospital

diets and possibly diets in general are low in copper, with the
average intake between 1.3 and 2 mg per day.

Klevay also stated

that copper appears to be more deficient in the American diet than
zinc (104).

Schroeder (162) estimated that the average diet pro-

vides 2 mg of copper.

The richest sources of copper are nuts,

shellfish, organ meats, raisins and dry legumes.

Drinking waters

contain varying amounts of copper, depending on the type of plumbing
and the hardness of the water.
Copper Toxicity
Copper resembles many other heavy metals in its systemic
toxic effects: wide spread capillary damage, kidney and liver injury, and central nervous system excitation.

Hemolytic anemia

was also described in acute poisonings (58, 121). The soluble
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ionized salts of copper are much more toxic than the insoluble or
slightly disassociated compounds.

The most poisonous salts are the

chloride and subacetate (132).
Acute poisoning from ingestion of copper salts is rarely seen
if the metal is removed promptly by emesis.

Vomiting is usually

provoked by the local irritation and astringency of the copper ion
on the lining of the stomach.

Emesis begins within 5 to 10 minutes,

but if the stomach is full of food, it may be delayed for half an
hour or more.

If vomiting fails, gradual absorption of copper in

the bowel may occur and death ensues.

Even with vomiting induced,

there is a significant elevation of serum copper observed (42).
Copper Homeostasis in Disease
Presently two genetic syndromes are known to exist in man
which produce alterations in copper homeostasis.

Wilson's disease

leads to an accumulation of copper in the liver, brain, kidney, and
cornea, resulting in the classic Kayser-Fleisher ring (9). The
defect in Wilson's disease has not been completely explained, but it
involves loss of control of the homeostatic mechanism.

The patient

has elevated tissue concentrations of copper, but depressed serum
ceruloplasmin and impaired discharge of hepatic copper.

Copper is

usually mobilized from the liver via the bile or by ceruloplasmin,
but in Wilson's disease both pathways are impaired.

The defect is

probably at the point prior to the excretion of copper in the bile
or in the incorporation of the metal ion in ceruloplasmin (40).

23
B e a m and Kunkel (9) have suggested that patients with Wilson's
disease may possess an abnormal protein with a high affinity for
copper.
The second inherited copper deficiency condition is Menke's
Kinky Hair Syndrome, an X-1inked recessive genetic trait, affecting
only males.

The basic defect is the intestinal absorption of copper.

Hypothermia is the chief clinical feature, with arterial toruosity
and variations in the lumen of the arteries (33). Low serum copper
and ceruloplasmin levels are found.

Parenteral administration of

copper may have therapeutic value to the patient.
Zinc-Copper Relationship
Chemically similar transition elements such as cadmium, silver,
and zinc produce alterations in copper metabolism, that result in
part from competitive intestinal absorption.

Researchers (26, 162)

have demonstrated that the other transition metals antagonize copper
metabolism in the hepatic cell.

'

The antagonistic effect of zinc on copper metabolism was
investigated in 1978 and the results indicated that the accumulation
of zinc in the liver of rats, was accompanied by a decrease in copper
concentration in the microsomal and soluble fraction of the cell
(138).

The idea that zinc displaces copper from the microsomal

fraction supports the hypothesis that other transition elements can
inhibit ceruloplasmin activity by preventing copper from inducing
the apoceruloplamin molecule or by being incorporated into ceruloplasmin in place of copper.

Evans (41) demonstrated that both
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cadmium and zinc compete with copper for sulfhydryl binding sites on
metalothionein in bovine liver.

Hypocupremia has occurred in adults

with sickle cell anemia who received zinc as an antisickling agent
for two years (41, 145). The study demonstrated that zinc supplements in amounts greater than the RDA may deplete the body of
its copper stores and lead to a copper deficiency.

It was recom-

mended by Prasad et al (138, 144) that patients receiving zinc
therapy for prolonged periods of time be monitored for serum copper
and ceruloplasmin levels.
Klevay (103) has presented a hypothesis concerning the increase in the ratio of zinc to copper ingested in the American diet
with the etiology of coronary heart disease in man.

He postulated

that the imbalance was due to changes that have occurred in the food
consumption patterns, the water supply, and alterations in the
physiological status of the American population.

His theory has

not been proven conclusively and is highly criticized by many
nutritionists and biochemists.
Taste Acuity
The sense of taste is a specific chemosensitivity of the oral
cavity to stimulation with chemical molecules or ions in solution
(139).

Taste is sensed by the taste buds, which are located in

the papillae on the tongue.

Young children have taste buds on the

hard palate and the pharynx as well as on the tongue.

The taste

buds are composed of modified epithelial cells, with the fungiform
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papillae on the dorsal surface towards the front of the tongue,
foliate papillae are on the sides and the circumvallate papillae
across the back of the tongue, arranged in a V shape, the central
portion of the tongue having no taste buds.

The filiform papillae,

on the front of the tongue contain no taste buds, but are sensitive
to touch (36).
Some of the papillae contain more taste buds than others.
A taste bud is composed of specialized epithelial cells grouped
together in a barrel shaped cluster, the superficial end of which
lies just below the surface level of the epithelium.

The upper end

of the cells communicate with the oral cavity through a small
taste pore, into which the receptor cells project a slender cellular
process containing microvilli.

Saliva containing chemical solutions

enter the pore in order to stimulate the receptor cells and arouse
nerve impulses (63). Two types of cells are present in the taste
bud, the taste sensory or gustatory cells and some 40 to 60 suppertive cells.

Nerve fibers intertwine and make contact with the

gustatory receptor cells. The ganglia of cranial nerves 7, 9 and
10 house the sensory cell bodies for taste.

From the posterior one

third of the tongue the taste fibers go directly over cranial nerve
9

(glossopharengeal) to the cell bodies in the ganglion and then to

the brain.

From the wery posterior end of the tongue and the epiglot-

tis the fibers go over cranial nerve 10 (vagus) directly to their
cell bodies in the ganglion and then pass to the brain.

From the

anterior two thirds of the tongue, fibers are temporarily carried
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by the lingual branch of the trigeminal nerve (cranial nerve 5) and
then transferred to cranial nerve 7 by means of the chorda tympani
nerve and cranial nerve 7 carries centrally.

There are approximately

9 to 19 thousand taste buds on the average adult tongue.

The cells

are in a dynamic state, with the majority of cells having a life
span of 7 to 10 days (11). As an adult ages, the number of taste
buds decrease and atrophy occurs.
Taste sensations which the human detects are sweet, sour,
bitter, and salty. The taste buds in the tongue are not equally
sensitive to all taste stimuli.

The tip of the tongue contains

taste buds sensitive to sweet and salty, and the sides are sensitive
to sour and the back to bitter (78). The concentration of a substance required to trigger the sensation of taste is much higher
than the concentration of a substance required to provoke the sensation of odor.

The four primary taste modalities are not sensed

with equal ease and time is a factor (83). Salt is sensed in less
than a second, while bitter may require a full second or more to
detect and, once recognized, the sensation tends to linger.

Con-

centration is a second factor and the amount needed to bring about
detection or recognition varies with the substance.

The concentra-

tion required for identification is known as the threshold (1).
Individuals differ in their sensitivity to the four taste modalities
and the threshold for each of the four primary tastes.
Temperature is also a factor in detection and recognition.
Taste sensations are less intense as the temperature is decreased
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or increased.

Both texture and consistency, or mouth feel, also

influence detection and recognition thresholds.
Taste Assessment
Taste anomalies are a disturbing problem for many individuals.
Defects in taste perception can affect the general health of the
person not only because of the effect on nutrient intake, but also
in a drop in morale, which accompanies the loss of an important
source of pleasure.
Accurate assessment of the taste function is essential to the
understanding of the cause of the dysfunction.

The measurement of

threshold refers to either the detection of the lowest concentration
at which a taste can be detected, or to the recognition of the
lowest concentration at which a specific taste can be recognized.
Threshold values usually refer to the concentration that is recognized
or detected 50 percent of the time. Bartoshuk (8) argued that some
of the techniques used in sensory evaluation fail to provide an
accurate picture of taste dysfunction.

Bartoshuk stated that the

study of thresholds only provides a limited view of the capacity of
our senses and suggested that more research is needed to provide an
accurate assessment of taste anomalies.

Presently, one of the most

appropriate and acceptable methods is the Triangle Test (95). This
test employs the use of three samples, (two identical, 1 different)
presented simultaneously.

The subject is asked to determine which

of the three samples is different.

He must give a positive answer

even though he may consider it a pure guess. Statistical analysis
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of means are used to determine if a significant difference exists.
Since there are three samples, the chance of a correct guess is
reduced to one third as compared to a paired sample tests' one half
correct guess chance.
Taste in Disease
A variety of diseased states are reported to affect taste
perception.

Children with cystic fibrosis consistently have a

greater taste acuity than normal children (37, 86, 182). Cancer
patients are frequently anorexic, a condition which may be caused
by altered taste thresholds.

Williams et al (180) studied lung

cancer patients who demonstrated significant alterations in taste
recognition of sour, but not bitter, sweet, or salty.

They also

had a greater sensitivity to the taste sensation of bitter than
normal subjects.
Henkin and Smith (89) reported dysosmia and dysguesia in
patients with acute viral hepatitis.

Taste acuity was studied in

thermal burn patients by Cohen et al (28) and 84 percent exhibited
hypoguesia, anorexia, and altered zinc metabolism.

Fallis et al

(43) suggested that patients with hypertension may not be able to
taste salt as well as normotensive individuals and this may be the
reason they eat more salt and develop hypertension.

Taste threshold

in cigarette smokers was detected to be altered for the flavor
bitter.

No statistical correlations were demonstrated between

smoking and taste acuity for sweet, sour or salty (99).
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These investigators also reported that the relationship between smoking and taste threshold was greater i n older subjects than
i n college-age subjects.
A l t e r a t i o n s in taste acuity have been reported by patients
receiving radiotherapy to the head and neck as well as by patients
receiving medications such as amphetamines, c l o f i b r a t e , i n s u l i n ,
a n t i t h y r o i d agents, and d-penicillamine (10, 107, 117, 137).

Henkin

et al (84) studied patients with adrenal c o r t i c a l insufficiency who
exhibited increased taste s e n s i t i v i t y to s a l t .

After treatment with

s t e r o i d s , taste acuity returned to normal values.
Trace Minerals and Taste Acuity
The f i r s t l i n k between trace metals and gustatory function
was made by Henkin et al (83) while working with patients treated
with d-penicillamine.

I t was determined that various thio-drugs

depleted trace metals such as zinc, copper and nickel and caused
diminished taste perception (82).

Animals placed on zinc d e f i c i e n t

diets displayed decreased serum zinc l e v e l s , decreased urinary zinc
excretion and increased intakes of solutions containing compounds
d i s l i k e d by the experimental animals.

Loss of preference between

p l a i n water and water containing d i s l i k e d tastants was interpreted
as a loss of taste a c u i t y .
Zinc depletion in humans caused by d-penicillamine or adm i n i s t r a t i o n of h i s t i d i n e , l i v e r damage, nephrotic syndrome and
renal i n s u f f i c i e n c y seem to be associated with hypogeusia.

This
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was substantiated by the fact that zinc supplementation can return
taste acuity to normal levels (83).
It has been established that not all cases of hypogeusia are
related to zinc depletion.

Depletion of zinc can lead to decreased

taste acuity but decreased taste acuity is not necessarily associated
with zinc depletion.
Copper and Zinc in Hemodialysis
Renal transplantation and dialysis are in wide use for the
treatment of chronic renal failure or end stage renal disease.

By

1984, more than 55,000 patients in the United States will be on
dialysis (64) and less than 2,000 per year will receive transplants.
Medical costs for these patients will be over 3 billion dollars in
1984.

Dialysis is the only therapy besides transplantation for the

survival of the person with end stage renal disease.
tlost dialysis patients experience numerous metabolic abnormalities as a result of the treatment (161).

Among these disorders are

the bone diseases such as osteitis, osteomalacia, osteosclerosis,
metastisis and calcification of soft tissues (135, 164). In addition hypocalcemia, hyperphosphatemia, electrolyte imbalance,
abnormal plasma protein levels, elevated BUN, and normocytic anemia
are frequently reported.

Researchers reported growth failure in

children undergoing dialysis (44, 140).
It is estimated that 75 to 95 percent of dialysis patients
tested complain about the taste of food and are hypogeusic (4, 184).
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Hypogeusia leads to anorexia and insufficient intakes of high
biological value proteins and calories.
The disinterest in food by the dialysis patient compounds
attempts to insure the patients' compliance with the diet prescription.

Diet therapy is an essential aspect of the management of renal

failure (158).

Wasting syndrome in the uremic patient is character-

ized by adipose tissue loss, abnormal plasma protein levels and
decreased body weight and muscle mass (176).

Causative factors

indicate catabolic effects of intercurrent illnesses, endocrine
disorders, uremic toxins, blood loss from chronic sampling, and
impaired functioning of the kidney (108, 152). However, poor dietary
intake of essential nutrients is also a major cause of wasting
syndrome.

During dialysis free amino acids, proteins and bound

amino acids are lost, with approximately 6 to lOg of free amino
acids being lost in a single 6 hour dialysis treatment (157).
Normoglycemic patients lose 20 to 50 g of glucose per dialysis.

This

loss can easily be replaced by the diet, but, glucose loss does
enhance malnutrition when nutrient intake is marginal.

The goal of

diet therapy is to minimize uremic toxicity or other metabolic disorders associated with renal failure while maintaining adequate
nutrition (109).
Dietary recommendations include protein intake designed so
that the primary source is of a high biological value, i.e. eggs,
meat, fish.

They can be used more efficiently than lower quality

protein, an important factor when protein intake is minimal.

Red
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meats, a good source of zinc, copper and other trace minerals, are
usually not well liked by most dialysis patients (4, 184).
Potassium restrictions for the dialysis patient precludes the use of
nuts and dried fruits, foods considered to be good sources of
copper.

Also legumes are minimized in the diet due to their

potassium content and low biological value protein.
Plasma zinc levels are frequently decreased in patients with
chronic uremia and in subjects undergoing hemodialysis (119) although some researchers have reported normal values.

Mahler et al

(118) found slightly elevated red blood cell zinc in uremic patients
not.on dialysis and normal values for dialyzed patients.

However,

others found the zinc content of red blood cells, hair and muscle
tissue to be normal in both uremic and dialyzed patients (156).
Condon and Freeman (29) reported zinc content is also normal in the
heart, liver, and testes of hemodialysis patients, but the zinc
level was decreased in their kidneys.

In the rat made uremic by

uretheral ligation, plasma zinc concentration fell, red blood cell,
heart, liver and muscle tissue levels remained the same.

This

suggests that decreased plasma zinc in renal failure may not be
due to a nutritional deficiency but is probably due to a redistribution of body zinc pools.
It is postulated that abnormal plasma levels of zinc and
other trace minerals normally bound to plasma protein may be caused
by alterations in the concentration or binding characteristics of
these proteins.

33
Serum copper may be low in the nephrotic syndrome but is
usually reported to be normal or elevated in chronic uremic patients
(5, 119). Muscle copper is normal in uremia and elevated in hemodialysis patients.
also normal.

Copper in red blood cells and whole blood is

Dialysate containing low concentrations of copper

may lead to an increase in blood copper levels because of the high
affinity of copper to plasma proteins.
Work done in England by Rose et al (156) showed that a large
rise in plasma zinc occurred when the blood passed through a dialysis
coil that contained a zinc plaster.

Blomfield et al (13) demon-

strated that plasma actively takes up both copper and zinc from the
dialysis fluid.

In investigating the source of the minerals it

was found that copper came from the copper plumbing and zinc was
in the zinc oxide plaster of the dialysis coil.

Matter et al (121)

reported acute copper intoxication in patients undergoing hemodialysis using a dialysis system with copper tubing.

The deionized

water which became acidic caused copper levels to increase and
caused a marked elevation in serum copper. The patients developed
a fatal syndrome with hemolysis, acidosis, hypoglycemia, vomiting,
diarrhea, and headache (121).
To the authors knowledge only two investigators have conducted experiments with zinc and hypogeusia in hemodialysis.

Burge

et al (20) reported that taste acuity improved in patients following
dialysis, but serum zinc concentrations remained the same at .77
yg/ml.

They concluded that the low levels of zinc in the serum may
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be a factor in the development of the hypogeusia but it could not
explain the improvements in taste acuity seen postdialysis.
The only intervention programs conducted with zinc therapy in
dialysis patients were by Atkin-Thor et al (4). In the first experiment, twenty dialysis patients ranging in age from 20 to 70
years were selected to participate.

Subjects were given 440 mg of

zinc sulfate post dialysis 3 times per week, for 6 weeks.

Hair

zinc concentrations were measured and taste acuity tests were
conducted before and after supplementation, but serum zinc was not
assayed.

Results indicated improved taste acuity and increased hair

zinc concentration after the intervention.

The researchers noted

the patients' inability to tolerate the therapeutic doses of zinc.
In a subsequent study the same procedures were followed except 220 mg
of zinc sulfate were given daily for 4 months (130).

The results

also showed improved taste acuity, increased hair zinc concentrations,
as well as improved serum and red blood cell zinc levels.

CHAPTER III
EXPERIMENTAL PROCEDURE
Experimental Design
This study was designed to test the hypothesis that trace
mineral (copper and zinc) depletion as a result of hemodialysis
affects taste sensory perception and that zinc supplementation would
reverse, in particular, the loss of taste acuity and appetite in end
stage renal disease patients.

Each patient served as his own con-

trol. The subjects were chronic hemodialysis patients at the South
Plains Dialysis Center in Lubbock, Texas.

Subjects, male and female,

ranged in age from 16 to 77 years and length of time on dialysis
ranged from 3 months to 6 years. The patients were dialyzed with
Coral is Dow Hollow Fiber and/or Travenol HD Capillary Film artificial
kidneys.

The diabetic patients are run on a 200 mg percent dextrose

bath.
Subjects were recruited on a volunteer basis from the patient
population of the dialysis center.

Medical records and/or histories

of the patients were examined by the dialysis center's staff
physicians before the project was initiated, to evaluate the subjects' health status and ability to participate in the intervention
phase of the project.
The study consisted of three experimental periods, during
which composite monthly serum samples were analyzed for zinc and
35
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copper and taste acuity tests were conducted.

The first period con-

sisted of a 6 month, baseline evaluation to determine the normal
values for the experimental parameters.

The next two periods were

the intervention phase of the experiment.

The intervention phase of

the project was a single blind cross over design of two 8 week
periods.

The patients were randomly assigned to one of two groups

at the initiation of the intervention phase.

During the second

period, patients in Group I received the zinc supplement (66 mg zinc
sulface, 15 mg elemental zinc) and Group II received the placebo
(corn starch filled gelatin capsules).

At the end of the second

period the patients were switched, and Group I received the placebo
and Group II the supplement.

Taste acuity tests were conducted at

the end of each period and composite monthly serum samples were
analyzed for zinc and copper.

Each patient furnished the following

information via a verbal questionnaire:

tobacco habits, presence

of dental prosthesis and a rating of their appetite (poor to excellent) since beginning dialysis therapy.

Medical records were used

to determine the age of the patient, length of time on dialysis,
medications and health problems.

No attempt was made to record the

patient's food intake throughout the project.

The dialysis center's

dietitian recommended that no change be made in therapeutic dietary
regime because of prior experiences with the patients' reliability
in regard to diet histories or food recalls.
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Taste Acuity
Taste acuity determination of the four taste modalities were
tested using sucrose for sweet, citric acid for sour, sodium chloride
for salty and urea and quinine sulfate for bitter.

The patients

were asked not to drink, eat or smoke for at least 30 minutes prior
to the taste test.

To administer the test, drops of solution in

sequences of three were placed on the center of the patients'
tongue using a disposable pipet.

Two of the drops were deionized

water and one was the solution containing the tastant.

The sequence
r

of drops was varied with increasing concentrations of the tastants,
until the patient could indicate correctly which drop 1, 2, or 3
was different and whether it was sweet, sour, salty or bitter.

Five

concentrations of each tastant were used per test (see Appendix B
for taste test solution concentrations). The patients were graded
on detection and recognition thresholds.

Because all of the patients

had difficulty during the initial sensory tests, detecting bitterness associated with urea, solutions of quinine sulfate were included in an attempt to determine whether the elevated blood urea
nitrogen (BUN) seen in the dialysis patient was the reason for the
difficulty in detecting and recognizing the bitter stimulus.
Blood Collection
Blood samples were obtained from the dialysis center on a
weekly basis.

Blood was routinely drawn from the patients by a

staff nurse at the center prior to dialysis.

Five ccs of blood
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were drawn by means of a vaccutainer , centrifuged, and assayed by
the medical technologist on a weekly basis for potassium, creatanine,
blood urea nitrogen and on a monthly basis for calcium, phosphorus,
albumin, liver and electrolyte profile.

Approximately 1 cc of the

serum was used for trace mineral analysis.
Analytical Methods
One to 4 ml composite serum samples (depending on the quantity
of serum received from the center) were transferred to acid washed
16 X 125 mm screw top test tubes.

To the serum, 0.5 ml sulfuric,

1 ml nitric and 1 ml perchloric acid were added and allowed to
_

o

digest for 1 hour at 110 c in a Thermolyne dry bath.

The samples

were cooled and transferred to a volumetric flask and made to a final
volume of 10 ml.
Standards for analysis of copper and zinc were diluted from
3
stock, certified 1000 ppm standard solutions.
Acid washed class
A pi pets and volumeric flasks were used in all sampling and transfer
operations.

Pi pets used in standard solution making were first

filled with the standard and allowed to drain.

Pi pets that showed

any droplet formation on the inside of the bore were rejected for
use in the making of standard solutions.

\accutainer, Becton-Dickenson Corporation, Rutherford, N.J.
07070.
^Personal communication:

Michael G. Crews, April 1978.

\opper and Zinc Standards, 1000 pph, Harleco Division American
Hospital Supply Corporation, Gibbston, N.J. 08027.
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Copper and zinc were anlayzed on a Perkin Elmer model 373
atomic absorption spectrophotometer (2, 165). The fuel was acetylene
and the oxidant air.

For copper analysis a hollow cathode intersitron

copper lamp was used as the light source with analysis carried out
at a wavelength of 324.8 nm and a slit width of 0.7 nm.^

Zinc was

analyzed with a hollow cathod intensitron zinc lamp as a light
source.

Samples were run at a wavelength of 213.9 and a slit width
5
of 0.7 nm.
Zinc Supplementation

.r

Zinc sulfate was administered to the patients at the conclusion
of each dialysis treatment.

Due to suspected poor medication com-

pliance records of the patients, zinc supplements were given only
three times per week postidalysis by the investigator, to ensure the
supplement was actually ingested.

The zinc supplement was Orazinc

tablets containing 66 mg zinc sulfate, delivering 15 mg of elemental
.
6
zinc.
Statistical Testing
Data generated from the study were analyzed with the SAS 79
(7) procedure for analysis of variance and regression correlation
to observed possible interactions among measured parameters.

The

^Perkin Elmer Atomic Absorption Spectrophotomer, Model 373,
Perkin Elmer Corporation, Norwalk, CN 06856.
^Ibid.
Mericon Industries, Peoria ILL. 61602.
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experiment was a fixed-effects model utilizing one variable.

Analysis

of variance was used to test the effect of the zinc supplementation
on serum zinc and copper concentration and the detection and recognition thresholds for the four basic taste modalities.

CHAPTER IV
RESULTS AND DISCUSSION
Patient Population Profile
For the purpose of establishing baseline values for serum zinc
and copper in a patient population on hemodialysis, samples were
collected and analyzed over a 10 month period of time. The entire
population of 55 patients at the South Plains Dialysis Center in
Lubbock, Texas were included in the assessment phase of this project.
A subset of patients hereafter termed the intervention group, consisted of those patients who volunteered to participate in the taste
acuity and intervention phases of the experiment.

Serum zinc, copper

and BUN were analyzed for all patients (Table 1 ) , but taste acuity
and da^ta during supplementation were assayed for only the 37 patients
in the intervention group.
The mean age of the complete patient population was 50.3 years
S.D. + 16.8 and the median was 53 years. The mean age of the intervention group was 50.1 years S.D. + 17.6 and the median age was 50.1
years.

The age range was from 16 to 77 years for both the popula-

tions.

The intervention group consisted of 19 Caucasians, 4 blacks

and 14 Mexican-American individuals.

The mean time on dialysis

therapy was 9 months or less for the entire population.

Mean BUN

was 67.7 mg/dl S.D. + 16.4 for the entire population and 69.0 mg/dl
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S.D. + 17.0 for the intervention group.

Patients' age, racial

makeup, time on dialysis and BUN were not significantly different
from the general population means of the dialysis center.
Serum Zinc and Copper
Mean serum zinc concentration for the entire population was
.80yg/ml S.D. + .34, for the intervention group the mean serum zinc
was .78yg/ml S.D. + .27. Mean copper level was .80yg/ml S.D. + .42
for the entire population and .81yg/ml S.D. + .26 for the intervention group.

The data indicates that dialysis patients do exhibit

abnormally low serum concentrations of the trace minerals zinc and
copper.

Normal medical procedures at the dialysis center made con-

trol of the time of day blood samples were collected impossible.
Therefore, it was not possible to observe if diurnal variations in
trace mineral concentrations in the serum occurred.
The intervention group's serum zinc and copper concentrations
were analyzed for all three experimental periods (Period I-Baseline,
Period Il-Supplementation, Period Ill-Placebo). The mean concentrations of zinc and copper in the serum were not significantly different at the 0.05 percent level between the experimental periods
(Table 2) or any experimental period and the baseline period.

The

Duncan's Multiple Range test did not show a significant difference
among the means at the 0.05 percent level for any of the experimental
periods.

The data support the research of Golden et al (55),

Greger et al (61) and Halsted et al (68), that serum may not be the
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TABLE 2
SERUM ZINC AND COPPER CONCENTRATIONS FOR
THE INTERVENTION GROUP

Experimental Periods
*a

*h

*r

:^

II ^

III ^

Zinc (Mean yg/ml + S.D.)

.79+.15

.79+.26

.67+.27

Copper (Mean yg/ml + S.D.)

.80+.17

.77+.28

.69+.29

Groups were not s i g n i f i c a n t l y d i f f e r e n t (p<0.05)
^Baseline assessment-(Mean Value over 6 months time)
'^Zinc supplementation-15 mg elemental zinc, 3 times per week
(Mean Value over 8 weeks time)
^Placebo (Mean Value over 8 weeks time)
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appropriate tissue parameter to use in assessing a marginal zinc
deficiency.

Since the serum zinc concentration did not show a sig-

nificant increase when a 15 mg supplement of zinc was administered,
but significant differences were shown to arise in taste acuity as a
function of supplementation, this would appear to further indicate
the limitations of serum as a measure of nutritional or changes in
nutritional status.
Disease and Serum Zinc and Copper
Abnormally low serum zinc levels have been observed inralcoholic
cirrhosis, liver disease, tuberculosis, infections and stress (68).
It may be stated that the dialysis patient is under physiological
stress due to the nature of the therapy and this stress state might
explain the non-responsiveness of the serum level to supplementation.
The patient population was divided into two groups; diabetic (n=4)
and nondiabetic (n=33).

No statistically significant difference was

observed for any of the parameters measured among the two groups.
The data suggest that the disease state of diabetes may have no
affect on the zinc or copper status of the hemodialysis patient.
This observation was somewhat questionable as the diabetic patients
were normally dialyzed with a Travenal HD Capillary Film dialyzer
(cuprophane, a copper containing film) that may contribute to the
overall mineral status of the diabetic patient.
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Time on Dialysis and Serum
Zinc and Copper
The medical records of each patient were examined to determine
the length of time each patient had been undergoing hemodialysis.
Patient's time on dialysis was coded as to whether they were on
dialysis 3 months or less, 6 months or less, 9 months or less or more
than 9 months.

No significant difference existed among the mean

serum zinc or copper concentrations when compared to time on dialysis,
The Spearman correlation coefficient was significant at the 0.05
percent level for time on dialysis verses the serum zinc concentration, (Table 3 ) . Therefore, a relationship appears to exist, but a
cause-effect relationship cannot be concluded.
Medication and Serum Zinc
Medical records of each patient were screened for routine
medication patterns.

The interaction of medications Deca-Durabolim

and Rocaltrol on the dialysis patients' serum zinc concentration
were tested and no significant difference between the mean serum
zinc concentration and the medications taken by the patient were
found.

It was concluded that these medications were probably not a

significant factor in the development of a marginal zinc deficiency
in this population of dialysis patients.
Taste Acuity
A significant difference for the taste acuity data was found
between the experimental periods (Table 4 ) . Duncan's Multiple Range
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TABLE 3
STATISTIC CORRELATION OF EXPERIMENTAL PARAMETERS
(TOTAL PATIENT POPULATION)
*

Correlated Variable

r Value

Time on Dialysis/Zinc

r=0.14016
p<1.001

Zinc/Copper

r=0.27803
p<0.0001

Copper/Age

r=0.16618
p<0.0002

BUN/Age

r=-0.30110
p<0.0001

BUN/Sex

r=-0.22523
p<0.0001

BUN/Time on Dialysis

r=0.17382
p<0.0001

BUN/Tobacco

r=0.11222
p<0.0008

Race/Tobacco

r=0.29622
p<0.0001

BUN/Denture

r=-.29339
p<0.0001

Race/Age

r=-.026417
p<0.0001

Race/Tobacco

r=0.29622
p<0.0001

Race/Denture

r=0.14905
p<0.0002

Race/Disease

r=-0.21142
p<0.0001
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TABLE 3—Continued

Correlated Variable

r

Tobacco/Age

r=0.14164
p<0.0005

Tobacco/Copper

r=0.11486
p<0.009

Time on Dialysis/Tobacco

r=-0.17553
p<0.0001

Time on Dialysis/Denture

r=-.18502
p<0.0001

Time on Dialysis/Disease

r=0.20040
p<0.0001

Denture/Age

r=0.58408
p<0.0001

Denture/Disease

r=-0.25466
p<0.0001

Spearman Correlation Coefficient

Value
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test indicating that zinc supplementation lowered the detection and
recognition thresholds of all of the taste modalities, except for the
recognition of citric acid.

Data indicates that the zinc supplementa-

tion did have a significant effect on the ability to detect and
recognize the four taste modalities, even though the serum zinc concentrations were not significantly affected.

This data also in-

dicates that the detection/recognition thresholds may be a more
reliable tool for assessing a marginal zinc deficiency than commonly analyzed tissue parameters.
Statistical correlations showed a relationship between the
patients' ability to detect and recognize each taste modality (Table
5).

The data showed that the hemodialysis patient has difficulty

detecting and recognizing the taste of bitter substances, whether
urea or quinine sulfate was used as the tastant.

Correlations also

existed between the recognition of quinine and age, recognition of
citric acid, sodium chloride and the use of tobacco.

These correla-

tions do not indicate any cause-effect relationships, but may be of
interest to the taste acuity researcher.

Table 5 lists the para-

meters that correlated at the 0.01 percent level.
Patients with diabetes mellitus were significantly different
in their ability to detect sucrose from the nondiabetic patients
(F test p<0.05).

This is the only taste modality the diabetic

patients had difficulty detecting and this could possible indicate
the existence of a problem for the diabetic in tasting sweet foods.
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TABLE 5
CORRELATIONS OF TASTE ACUITY WITH
EXPERIMENTAL PARAMETERS

Correlated Variable

r

Recognition Quinine/Age

r=-0.34901
p<0.0002

Recongition Sucrose/Sex

r=-0.28040
p<0.003

Recognition NaCL/Tobacco

r=0.29342
p<0.002,

Recognition C i t r i c Acid/Tobacco

r=0.2505
p<0.0080

Detection Sucrose/Recognition Sucrose

r=0.72056
p<0.0001

Detection Urea/Recognition Urea

r=0.64549
p<0.0001

Detection NaCL/Recognition NaCL

r=0.64929
p<0.0001

Detection Quinine/Recognition Quinine

r=0.075083
p<0.0001

Detection Citric/Recognition C i t r i c

r=0.51353
p<0.001

Detection NaCL/Detection C i t r i c Acid

r=0.46210
p<0.0001

Detection NaCL/Recognition C i t r i c Acid

r=0.30715
p<0.001

Detection Urea/Detection C i t r i c Acid

r=.31133
p<0.001

Recognition NaCL/Recognition C i t r i c Acid

r=.36156
p<.0001

Value
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TABLE 5—Continued

Correlated Variable

r

Detection Urea/Detection Quinine

r=0.38004
p<0.0001

Detection Urea/Recognition Quinine

r=0.33138
p<0.0004

Recognition Quinine/Recognition Urea

r=0.29064
p<0.002

Recognition Urea/Detection Quinine

r=0.2904
p<0.002

Detection C i t r i c Acid/Recognition Urea

r=0.31133
p<0.0009

Recognition C i t r i c Acid/Detection NaCL

r=0.30715
p<0.001

Recognition NaCL/Recognition C i t r i c Acid

r=0.36156
p<0.0001

Spearman Correlation Coefficient

Value
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Statistical Correlations
Statistical correlations between two parameters do not always
indicate a cause-effect relationship.

An example of a trivial cor-

relation would be age and dentures having a strong correlation,
indicating that as the age of the patient increased, the presence of
dentures also increases.

Other data for the entire population that

had significant correlations are given in Table 3. Table 6 lists
the parameters that correlated for the intervention group.
Blood Urea Nitrogen (BUN), Meat Prices and
Serum Zinc and Copper
It has been postulated that BUN is an indicator of the meat
consumption of the dialysis patient.

This hypothesis was examined

to determine the relationship of BUN and meat consumption.

It was

postulated that when meat prices rise, BUN would decrease, due to
the fact that most of the dialysis patients have limited incomes
to spend on food.
determined.

Monthly mean BUN values for each patient were

The first 3 months a new patient is on dialysis is a

period of adjustment, therefore, the initial 3 months BUN values
were excluded from the calculations.

The mean BUN for all patients

were determined for each month in 1979. The retail price of beef,
pork, and chicken were obtained from the USDA's "Livestock and Meat
Situation" (3) and "Poultry and Egg Situation" (27) publications.
Prices were indexed for the months of February through September.
A Spearman correlation coefficient was calculated for BUN,
meat prices and serum zinc and copper concentrations, but no sig-
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TABLE 6
STATISTICAL CORRELATION OF EXPERIMENTAL PARAMETERS
(INTERVENTION GROUP)

Correlated Variable

r

Age/Denture

r=0.55907
p<0.0001

Age/Appetite

r=00.27790
p<0.0006

Age/Zinc

r=-0.27632
p<0.0007

Sex/Zinc

r=0.21706
p<0.008

Race/Tobacco

r=-0.25828
p<0.002

Race/Disease

r=-0.23101
p<0.005

Time on Dialysis/Denture

r=-0.22471
p<0.006

Tobacco/Denture

r=0.34286
p<0.0001

Appetite/Denture

r=-0.45149
p<0.0001

Copper/Age

r=0.21534
p<0.009

Zinc/Copper

r=0.28577
p<0.0005

Copper/Creatnine

r=-0.24011
p<0.004

Copper/Albumin

y^=_0.44399
p<0.0001

Value
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TABLE 6--Continued

Correlated Variable

r Value

BUN/Age

r=-0.32662
p<0.0001

BUN/Dentures

r=-0.30210
p<0.0002

BUN/Disease

r=0.27696
p<0.0007

BUN/Appetite

r=0.26676
p<0.001

BUN/Experimental Period

r=0.31300
p<0.0001

Creatnine/Age

r=-0.33983
p<0.0001

Creatnine/Denture

r=-0.22092
p<0.007

BUN/Creatnine

r=0.57840
p<0.0001

Creatnine/Time on Dialysis

r=0.26842
p<0.001

'spearman Correlation Coefficient
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nificant correlations were found to exist.

This indicated that the

BUN of the dialysis patients does not apparently relate to meat
prices.

Nor were serum zinc and copper concentrations related to

meat prices.

This might have explained the depressed serum trace

mineral levels, since meat protein is considered to be a good source
of zinc and copper, and when incomes are limited, meat is usually
the first item to be eliminated from the food budget.

CHAPTER V
SUMMARY
Fifty-five patients at the South Plains Dialysis Center in
Lubbock, Texas were monitored for serum zinc and copper concentrations for 10 months in 1979.

Mean serum zinc levels were .80yg/ml

S.D. + .34 and mean copper concentrations were .80yg/ml S.D. + .42,
indicating the hemodialysis patient is probably marginally deficient in zinc and copper when compared to normal serum zinc and
copper values.
Thirty-seven of the patients volunteered to participate in the
intervention phase of the experiment and data indicated that 85
percent of the patients had difficulty detecting and recognizing
the four basic taste modalities (sweet, sour, salty and bitter).
Difficulty in the ability to taste (hypogeusia) has been demonstrated to be a symptom of a marginal zinc deficiency.
The patients were randomly assigned to one of the two experimental groups at the beginning of the intervention phase of the
experiment.

Group I received a zinc supplement (15 mg elemental zinc)

post dialysis 3 times per week for 8 weeks.

Group II received a

placebo under the same regime as Group I for 8 weeks. At the end of
the second experimental period the groups were reversed and Group I
received the placebo and Group II received the zinc supplement.
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The patients served as their own controls for the experiment.

Serum

zinc and copper levels were determined for each period and taste
acuity tests were conducted at the end of each period.
Serum zinc and copper concentrations were not significantly
different for any of the experimental periods, indicating that serum
may not be the appropriate tissue parameter for the assessment of
marginal zinc and copper deficiencies.
Taste acuity data indicated that a significant difference
did exist for the experimental periods.

Decreases in detection and

recognition thresholds were exhibited by the patients for all four
tastants while the patients were receiving the zinc supplement.
Spearman correlation coefficients were significant for numerous
parameters measured during the experiment.

No cause-effect con-

clusions were drawn from these relationships.
On the basis of this experiment it is recommended that dialysis
patients supplement their diets with 15 mg of elemental zinc per day
because larger doses might compromise an already depressed copper
status.

It is further recommended that zinc levels be monitored

using taste acuity tests conducted at least semi-annually for patients
who receive the zinc supplement, to assess the value of the supplementation.

Copper supplementation is not recommended due to the possible

toxic side effects of the mineral and the need for frequent monitoring of serum levels.
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Recommendations for Further Study
This experiment was designed to assess the zinc and copper
status of a population of hemodialysis patients and to correct the
hypogeusia with a minimal dose of elemental zinc.

No attempts were

made to control the dietary intake of the trace minerals, nor were
normal medical procedures at the dialysis center interrupted for
the research.

For further study it is recommended that more con-

trols be placed on the patients, for example, by dialyzing all
patients against the same type of dialysis membrane, for the same
length of time for the duration of the experiment.

Conducting the

experiment in a metabolic ward in a hospital would permit a better
estimation of the dietary intake of the trace minerals.

In addition,

excretory products could be collected and assayed for trace minerals,
and radioactive labeled tracers could be used to establish the absorption, excretion and utilization of zinc and copper by the dialysis
patient.
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APPENDIX A
REAGENTS USED IN TRACE MINERAL ANALYSIS

1.

Nitric acid, "Baker Analyzed", reagent grade.

2.

Perchloric acid, 70 percent, G. Fredric Smith, double vaccum
distilled in Vycor.

3.

Sulfuric Acid, 98 percent, Fisher Reagent grade, ACS.

4.

Deionized water, redistilled water passed through a Barnstead
mixed bed deionized column.
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APPENDIX B
TASTE TEST SOLUTIONS
Sucrose
1
2
3
4
5
6

=
=
=
=
=
=

3
6
12
36
60
No

mMl
mMl
mMl
mMl
mMl
detection or recognition

Urea
1
2
3
4
5
6

= 10 mMl
= 30 mMl
= 60 mMl
=100 mMl
=170.mMl
= No detection or recognition

Quinine Sulfate
1
2
3
4
5
6

=
=
=
=
=
=

.004 mMl
.007 mMl
.014 mMl
.028 mMl
.042 mMl
No detection or recognition

NaCl
1
2
3
4
5
6

= 5
= 10
= 20
= 60
=100
= No

mMl
mMl
mMl
mMl
mMl
detection or recognition
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Citric Acid
1
2
3
4
5
6

= .1 mMl
= .5 mMl
= 1.0 mMl
=3
mMl
= 9
mMl
= No detection or recognition

