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PREFACE

The following investigation was formulated from the
seemingly positive response to oral zinc supplementation that
the subjects demonstrated in my master's study. My master's
work examined the effects of oral zinc supplementation in
head and neck cancer patients during radiation therapy.
Cancer patients have low serum zinc levels. LOw serum zinc
levels are indicative of poor zinc nutriture, and a poor zinc
nutriture is associated with decreased taste acuity.
Decreased taste acuity augments poor appetite, and thus the
decrease in food consumption leads to compromise in the
nutritional status of these patients.

Radiation treatment that includes the oral cavity in
the field of radiation also causes decreased taste acuity.
Therefore, I evaluated the effects of oral zinc supplement-
ation on taste potential in this patient population.

I found that zinc supplementation did not preserve
taste during radiation treatments, but it appeared that the
patients who were supplemented with zinc recovered their
taste quicker post radiation therapy than those patients
given a placebo.

Because of the possible beneficial impact that zinc
supplementation could have on taste, I wanted to explore the

iii
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impact of zinc supplementation in another patient population
who commonly complain of taste alterations.

Chronic renal failure patients who utilize mainten~
ance hemodialysis were the patient population of choice.
1hese patients claim that the taste alterations they eXxperi-
ence audgments poor appetites, and thus the situation of
inadequate dietary support eXxists for most ot the hemo~
dialysis patients. In efforts to improve the enjoyment of
eating and the nutritional status of this chronically ill

patient population, the following study was conducted.
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ABSTRACT

The effects of 18 milligrams elemental zinc as zinc
sulfate were investigated in 24 hemodialysis patients during
a double blind study. The study was conducted at two
different dialysis centers in Utah. Each patient was
evaluated for a 12 week period.

The effects of zinc supplementation were evaluated
using the parameters of serum zinc, hair zinc, dialysate
zinc, and objective and subjective taste evaluation pro-
cedures. To possibly clearify the above determination in zinc
status, copper determinations were made of the same para-
meters. In addition, determinations of serum ferritin, trans-
ferrin and iron levels were made. A three day diet recordwas
used to document the dietary intakes of calories, protein,
and zinc as well as indicate the balance of food groups in
the diets.

Patients were evaluated biweekly throughout the study
period. There were a total of siX evaluations made on each
participant during the investigation. Complete data were
collected on six patients in the treatment group, and com-

plete data were collected on ten patients in the control

group.
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Even though the sample size was small, results were
very steady and values fell within narrow ranges for most
parameters examined. The mean baseline serum zinc value
(n=24) was 56 micrograms per deciliter. Patients, by this
value would be classified as zinc deficient. However, the
hair zinc levels were within the normal range, and no other
signs or symptoms of zinc deficiency were evident in any
patient.

There were no differences between pre and post dialy~
sis serum zinc levels, nor were there any consistent in-
Creases in zinc levels cleared from the plasma during dialy-
sis.

There were no increases seen in the serum zinc or
hair levels in response to zinc supplementation. Furthermore,
there was nov significant improvement in the taste acuities of
the treatment group patients compared to the controls. The
low serum levels maintained were probably due to the
redistribution of body zinc known to occur in uremia.

Most patients improved their taste test scores. This
displayed the learning phenomena that was inherrent in the
taste testing technique. Furthermore, hemodialysis patients
did demonstrate altered taste by their subjective reports,
and the failure of many subjects to identify all four

tastants {(sweet, sour, bitter, and salt) correctly.
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Daily dietary intakes of high bioglogical value pro-
tein and zinc by the patients were less than the amounts
recommended by the National Dietary Counsil and the
physicians. However, the daily intakes of protein (55 grams)
and zinc (7.9 milligrams) were not limited to the level where
deficiency signs or symptoms of either nutrient were seen.
Copper serum levels were all within the normal range.
The mean baseline level for all patients was 113 micrograms
per deciliter. Copper status appeared uneffected by uremia or
hemodialysis.
Body stores of iron, determined by serum ferritin
levels, ranged from possibly indicating iron deficiency to
iron overload. The body iron stores did not correlate with

patients' responses to the oral zinc supplementation.



INTRODUCTION

During the past ten years, thousands of people suf-
fering from renal diseases have turned to maintenance hemo-
dialysis as their life supporting modality. Dependence upon
an artificial kidney machine, psychologically and physiolog-
ically is not an easy adjustment to make. Many changes
regarding lifestyle must be made, and definite compromise of
one's quality of life is inevitable. Some compromise involv-—
ing the majority of hemodialysis patients is alteration in
their taste acuities and enjoyment of eating. When eating is
disliked because nothing tastes good, a dreat source of
social pleasure is destroyed. Futhermore, hemodialysis pa-
tients are severely restricted dietarily from a number of
common foods which contain high levels of sodium and potas-—
sium. These dietary restrictions in themselves can leave the
diet very unappetitizing. Many of the patients are at a loss
for adequate meal selection and planning. However, some in-
vestigators have hypothesized that the altered taste augments
a poor appetite and with time, the patient's nutritional
status could deteriorate to a pathological state (Atkin—Thor
et al., 1978; Mahajan et al., 1980),

Chronic renal failure patients will complain about an

assortment of altered taste conditions, to adversions to

1
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certain foods. One problem in deciphering the etiology in
taste alterations is that the physiology of taste is not well
understood (Schiffman, 1983). Also, the methods available to
quantitafe taste acuity are inadequate. For instance, the
most popular taste measurement is the 'Forced Choice Three
Stimulus Drop Technique'. This method accesses the ability
of the patients to sense sweet, sour, bitter and salt
tastants, and cannot even estimate the compleXx phenomena of
gustation.

The etiology of altered taste in the uremic popu-
lation is unknown. Uremics' taste alterations could stem from
several factors of which a poor zinc nutriture is one. Many
indicators of zinc status in hemodialysis patients have been
reported as being low. These studies will be reviewed in
detail later. Zinc metabolism has been reported as altered
in uremia (Mahajan et al., 1982). 2Zinc requirements are
thought to increase in uremic patients because many of the
signs and symptoms that end stage renal disease patients
acquire are similar to those of zinc deficiency. In ad-
dition, many investigators have reported beneficial results
from supplementing their hemodialysis patients with therapeu~
tic levels of zinc—such benefits as improving taste, sexual
dysfunction and appetite (Atkin-Thor et al., 1978; Mahajan et
al, 1979a; 1979b; 19804a; 1980b; 1982), However, there is a

possibility that chronic therapeutic zinc supplementation
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could induce zinc toxicity or create a deficit in copper
nutriture (Prasad et al., 1978a; walravens, 1979),

‘ The present study was designed to investigate the
effects of conservative zinc supplementation (18 milligrams
elemental zinc per day, as zinc sulfate) on taste improvement
and zinc nutriture in patients requiring maintenance hemo-
dialysis.

To aid in the assessment of zinc status, various
measurements of copper and iron parameters were investigated

in addition to those of zinc.



REVIEW OF LITERATURE

Zinc and Taste

Substantial evidence documents that hypogeusia (de-
creased taste acuity) as one characteristic of zinc deficien-
cy in humans. Below, are several situations where a deficit
in human zinc nutriture has been correlated to hypogeusia:
1) patients given penicillamine, a divalent cation chelator
that is used in the treatment of copper overload disease seem
to develope zinc deficiercv manifested by hypogeusia and low
serum zinc levels (Knudsen and Weismann, 1978; Catalanotto,
1978b). 2) studies of malnourished, disadvantaged children
show an association of decreased taste acuity, low serum zinc
levels and growth failure (Hambidge et al., 1972; Nutrition
Reviews, 1978). 3) a recent case history reporting low
serum zinc levels associated with hypogeusia was reversed by
zinc supplementation, and concomitantly, the serum zinc
levels returned to normal (Krueger and Krueger, 1980)., 4)
improvement in taste acuity by therapeutic zinc supplementa-
tion in chronic renal failure patients on hemodialysis has
been reported (Atkin-Thor et al., 1978; Mahajan et al.,
1979a, 1980b, 1982)., The taste statures in these patients
were documented subjectively (subjects' discriptions) and
quantitatively (evaluation with a taste test). Again, post

4
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zinc therapy, the serum zinc levels were significantly ele-
vated. However, in a recent article (Ryan-Crowe et al.,
1982), conservative zinc supplementation improved the dialy-
sis patients' taste acuities, but failed to raise the low
serum zinc levels detected in the group. The learning phe-
nomena inherrent in the taste testing procedure was not
discussed.

The above cases reflect possible impaired zinc nu-
tritures associated with hypogeusia, corrected by zinc sup-
plementation. However, zinc supplementation is not a univer-
sally efficacious treatment fpr all taste disorders (Henkin
et al., 1976; Nutrition Reviews, 1979).

A recent study (Wright et al.,1981) shows that male
humans fed zinc deficient diets manifest decreases in taste
acuity for sodium chloride (salt) solutions. No alterations
were observed for urea (bitter) solutions. The plasma zinc
levels did not drop significantly during zinc depletion, nor
were there any changes in the parotid salivary zinc levels.
The method used in the taste evaluation was a l7-point
intensity scale. This technique introduces substantial error
in the results due to the subjectivity inherrent in the
method. Futhermore, most investigators choose the 'Forced
Choice Three Stimulus Drop Technique' to evaluate taste acui-

ty (Henkin et al., 1971).



6

The integration of taste, saliva and zinc status
involved in gustatory sensation or pleasure is not well
understood. Low salivary zinc levels have been associated
with decreased taste acuity (Henkin et al., 1975). But no
correlations appear between salivary zinc and blood zinc
levels, nor can any combination of these parameters reflect
zinc status in man (Mathur, Wallenius and Abdulla, 1977;
Greger and Sickles, 1979). There is no available research
demonstrating that salivary zinc levels are elevated by zinc
supplementation nor is the role of saliva clear in the gusta-
tory process. A summary of the evolution of the taste-zinc
status relationship is available (Russell, Cox and Solomons,
1983).

Tests with experimental animal models indicate that
taste alterations occur with dietary zinc restriction. Rats
fed zinc deficient diets demonstrate a preterence for salt
water versus deionized water, and weight losses due to re-
duced food intakes (McConnel and Henkin, 1974; Catalanotto,
1978a,1978b). Rats crave physiological saline solutions and
in these articles, this phenomena was not addressed (American
Medical Association, 1983). In these studies salt water was
a poor parameter to use to evaluate taste alteration/taste
preference. Alterations in taste preferences are well docu-
mented in desalivated animals (Nanda and Catalanotto, 1981).

However, there is no established model explaining the
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etiology of taste changes, nor is the relationship clear
between taste bud physiology, oral epithelium integrity and
consumptory behavior,

Upon desalivating rats, there was an increased pref-
erence for normally avoided taste solutions (salt and bit-
ter), increased keratosis on the dorsal portion of the tongue
and the taste buds on.the circumvallate papillae appeared
shrunken and disorganized (Nanda and Catalanotto, 198l). 1In
addition to the above observations, there were no significant
differences in the body weights or the total fluid intakes
between the sham operated rats and the desalivated rats. It
seems that the regulation of body weight (food intake) and
the state of hydration (fluid intake) are controlled domin-
antly and ultimately by higher brain centers, even though
oral sensations probably influence these ingesting and im-
bibing processes to some degree,

Henkin's theory of gustation (Henkin, 1978) inte-
grates the role of zinc status in taste perception. Henkin
claims that a zinc dependent protein, gustin, is present in
the parotid saliva. Gustin is thought to have properties
similar to nerve growth factor (a molecule that stimulates
the regeneration of peripherial nerves). Therefore, gustin
is hypothesized to stimulate the differentiation of taste bud
pore cells to become taste bud cells. In zinc deficiency,

gustin would not be synthesized as readily, thus the rate of
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taste bud cell regeneration would be limited resulting in
decreased taste. The longevity of a taste bud cell is about
ten days (Schiffman, 1983)., This fact futher integrates
nicely into the theory because when zinc is inadequate in the
diet, taste loss occurs within weeks. Of course, much more
work is required to prove this theory. However, this hypo-

thesis does provide an encompassing process.

Zinc Nutriture and Measurement

The determination of the zinc nutriture in man cannot
be established short of a complete metabolic study with a
period of zinc restriction followed by a period with zinc
supplementation. The measurements of the zinc content 1) in
the red blood cells, 2) in the leukocytes, 3) in the serum or
plasma, 4) in the urine, 5) in the hair, 6) in certain zinc
metalloenzymes can reflect a deficit in zinc status, and 7)
in solid tissue., However, low levels can also océur secon-
darily to various physiological stressed states such as liver
failure, cancer, and infection (Solomons, 1979; Hartoma,
Sotaniemi and Maattanen, 1979; Roth and Kirchgessner, 1980).

Mild zinc deficiency induced in four adult human
males did show a decline in zinc nutriture as reflected by»
decreases in the plasma levels of zinc, alkaline phosphatase
activity, lactic dehydrogenase activity, red blood cell zinc

levels, leukocyte zinc levels, body weight and a decrease in
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the urinary excretion of zinc during the period of zinc
deprivation. These conditions reversed during the repletion
phase (Prasad et al., 1978b). In the same study, ribo-
nuclease activity and plasma ammonia levels increased during
dietary zinc restriction and returned to normal with dietary
zinc supplementation., In another study, zinc deficiency in
patients on total parental nutrition lead to significant
depressions in serum albumin, prealbumin and transferrin
levels (Bates and McClain, 1981). When zinc was added to the
formula of these zinc depleted patients, the serum protein
levels rose again. Subjects with acrodermatitis enteropath-
ica display the same phenomena and also respond to the zinc
supplementation (Bates and McClain, 1981).

There are circadian rhythms to serum zinc and copper
levels. . The rhythm depends on the eating pattern of the
individual, or if one is in a fasting state. In a fasting
state, copper levels showed no rhythm and zinc levels peaked
at 9:00am and 6:00pm (Gillard et al., 1979) The associated
peaks for zinc and copper were at 10:00am and 10:00pm and at
10:00am and 2:00pm respectively when three reqular meals are
consumed (Lifschitz and Henkin, 1971). Associated meal times
were not reported. Therefore, the time of day does influence
the serum zinc level as well as the regularity of the meal

frequency.
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The hourly coefficient of variation for serum zinc

and copper hourly over a seven hour fasting period was 8.3%
for zinc (range: 6.0-11%), and 15.1% for copper (range: 3.9-

16%) (Juswigg et al., 1982).

The effects of short term venous occlusion have been
reported., When the arm had been occluded to draw venous
blood, iron and =zinc levels were significantly raised
(Juswigg et al., 1982). There was no change in the copper
levels. 1In a clinical situation where the impact of supple-
mentation is being measured, it appears that the level of
increase that occurs with occulsion becomes insignificant.
Futhermore, most dialysis patients do not needed to be oc-
cluded to access the fistula for a blood sample.

The plasma will actively take up zinc and copper
against a concentration gradient in vitro (Bloomfield,
McPherson and George, 1969). However, the amount of these
trace minerals taken up by the blood during dialysis are
dependent on many variables such as pH, zinc status, plasma
protein concentration, liver function, the artificial kidney
and the gquality of the dialysate. Each patient must be
evaluated for the specific details of what is actually oc-
curing regarding the movements of these trace metals due to
dialysis. It is therefore important to check the serum
levels of zinc prior to and post dialysis, as well as the

dialysate to detect the change in the mineral concentrations.
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The administration of 220 milligrams of zinc sulfate
in a fasting state requires at least six hours before the
serum zinc level will return to the fasting value (Sullivan,
Jetton and Burch, 1979)., Peak levels occurred between two
and four hours post oral ingestion. 1In another study, oral
administration of radiolabeled zinc chloride 65 (50 micro-
curies) in a fasting state, resulted in peak plasma levels
three hours later (Aamodt et al., 1979). By 24 hours, 0.7%
of the oral dose remained in the plasma. Therefore, patients
should not take the supplement on the day of the evaluation
for the serum zinc level. Thus, by proper timing, a true
measurement of the serum level of zinc can be determined, and
all pharmacologic artifact of high serum zinc levels will be
eliminated,

Currently, the most clinically convenient measure-
ment of zinc status in man is the serum determination. By
considering the content of the last meal and when it was
consumed, the time of day the blood was drawn, the patient's
physiological state and taking precautions against any con-
tamination, repeated serum zinc levels can be reflective of
zinc nutriture. However, these analyses will not provide the
complete story due to the rapid shifts of ziné concentrations
between tissue pools within the body that occur with oral or
intravenous administration of =zinc. Metabolic studies per-

formed using radiolabeled zinc chloride 65 administered
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intravenously showed close to 100% retention after five days
post infusion (Aamodt et al., 1979). Plasma labeled zinc
activity dropped rapidly (less than four percent remaining in
the plasma one hour after infusion) and the liver activity
increased significantly. After 15 minutes, 50% of the dose
administered had been sequestered by the liver, This dis-
plays the rapid redistribution that does occur with zinc in
vivo.

Other considerations that must be made for measuring
serum zinc are: 1) plasma zinc levels are 16% higher than
serum zinc levels. 2) Heparin is used as an anti-coagulant
during dialysis. Heparin is often contaminated with zinc,
thus care must be taken when sampling these patients' blood
to eliminate this error, Also, post dialysis blood samples
must be taken in respect to clotting time to make sure that
the heparin level is diminished and similar. 3) There is
great variation in the fibrin content in human blood. Fibrin
contains zinc. Thus, by analyzing the serum, this variation
is minimized., Futhermore, hemodialysis patients exhibit a
‘ heparin rebound from its use during their dialyses. Towards
the end of the week, clots become much greater, thus possibly
effecting the serum zinc level. Therefore, blood samples
should be drawn with consistancy regarding the time of day

and the day of the week for repetitive sampling.
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Zinc and Taste jn Chronic Renal Failure

During the past ten years, tremendous interest has
arisen in the status of zinc and copper in uremic patients.
investigations regarding the toxicities as well as deficien-
cies of these minerals have been examined. The studies
reported since 1978 invo;ving zinc deficiency and altered
taste in chronic renal failure patients have been reviewed
critically (Nutrition Reviews, 1981). Discrepancies in the
results of these recent studies exist due to variations in
the parameters investigated, the experimental design, the
methodology used in collecting the data and the laboratory
analyses performed (O'Nion, Thor and Ogilvie, 1980). Thus,
the conclusion by the author stated that hard supportative
evidence for the primary role for zinc in the taste dys-
function that uremic patients experience is not available
(Nutrition Reviews, 1981). Futhermore, the author states
that at most, the studies possibly suggest a correlation
betweem serum or plasma zinc and taste acuity may occur in a
limited group of patients (Nutrition Reviews, 198l). Uremic
patients' taste perceptions are often futher complicated by
the high blood urea nitrogen levels that tend to induce a
constant altered taste in the mouth (phantogeusia). 1In ad-
dition, uremia can alter the function of peripherial nerves
thus, contributing to an altered taste perception. Much more

extensive research is required to establish the causal
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relationship between hypogeusia and the possible deficit or
alteration in the zinc nutriture in uremia.

Traditionally, medical attention has focused on the
.more life threatening physiological parameters in managing
the renal patients on hemodialysis, such as the stability of
the monthly serum chemistry analyses, the signs and symptoms
of uremia, fliud state and the often suffered intercurrent
diseases that commonly afflict these patients. During the
past five years, there has been increasing concern for the
quality of life for these patients. Such concerns as poor
appetite, sexual dysfunction, altered taste, and weight loss
are all disturbing psychologically and result from biochem-
ical and physiological abnormalities. Futhermore, the afor-
mentioned characteristics have been associated with zinc
deficiency (Bogden et al., 1980). A more complete list of
the signs and symptoms of zinc deficiency are hypogeusia,
poor appetite, body weight loss, sexual dysfunction, in-
hibition of sexual maturation, poor wound healing, poor adap-
tion to light and dark environmental changes, skin lesions,
low serum and hair levels of zinc, and altered enzyme
function for several zinc metalloenzymes (Prasad, 1979). All
these parameters of evaluating the signs and symptoms of zinc
deficiency have been documented in humans.

Zinc and copper in various tissues among other trace

elements have been reported (Smythe et al., 1982). This



15

study assessed tissue mineral levels of dutopsys from 120
uremic hemodialized patients, 29 uremic non-dialized patients
and 64 control subjects. The distribution of zinc and copper
in various tissues were significantly altered from the con-
trols. In the uremic patients, zinc levels were higher in
the bone, heart, liVer, lung and spleen, and zinc levels were
decreased in the muscle and kidneys. Regarding the copper
content in the renal patients, tissue levels were signifi-
cantly increased in the lung and decreased in the heart and
kidneys. The authors concluded that the redistributions of
the trace minerals were a consequence of uremia and not
specifically induced by dialysis. Autopsies of uremic rats
demonstrated that a tissue redistribution of zinc occurred
due to the renal failure (Condon and Freeman, 1970). Altera-
tions in zinc metabolism secondarily to uremia have been
reported and will be discussed later (Mahajan et al., 1982).
The determination of zinc status in chronic renal
failure patients on maintenance hemodialysis has been ex-
amined by several investigators. Higher post dialysis serum
zinc levels (without statistical significance) in comparison
to pre dialysis levels have been reported (Mansouri, Halstead
and Gombos, 1970; Mahler, Walsh and Haynie, 1971;
Mountokalakis et al., 1979; Burge et al., 1979; Tsukamoto,
Iwanami and Marumo, 1980). Others have reported elevations

in serum zinc levels post dialysis as compared to pre
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dialysis levels with statistical significance (Rose, Path
and Willden, 1972; Bogden et al., 1980; 1982). In these
cases, contamination from the artificial kidney system was
determined, and the source of the contamination was
attributed to the artificial kidneys used in the dialyses
(Bogden et al., 1980; 1982). Of question in the results
found by Bogden (Bogden et al., 1982) was the effect of the
heparin used as the anti-coagulant during dialysis on the
serum zinc determination. Often, the heparin is contaminated
with zinc, thus it may give a false higher reading of the
zinc level, as well as affecting the blood coagulation
process., These points will be discussed later. The
researchers did report the highest rise in the serum zinc
level was during the initial period of dialysis., They
referred to serum as the measurement of zinc in the blood
when actually it appears that they determined plasma zinc
levels, No reports of lower post dialysis serum zinc levels
compared to pre dialysis levels have been reported. The
possibility of zinc or copper loss during dialysis is not
great. Most of the zinc in the plasma is bound to albumin
and alpha-2-macroglobulin and is not removed by the dialysis
process. Copper is also bound to albumin and ceruloplasmin,
thus would not be dialyzed off easily. However, of question
is evaluating the measurement of the possible sequestration

of zinc by the body during hemodialysis because of the rapid
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redistribution of zinc (Aamodt et al., 1979).

Patients receiving hemodialysis showed higher plasma
zinc levels than those uremic patients non-dialized
(Mansouri, Halstead and Gombos, 1970; Condon and Freeman,
1970; Rose, Path and Willden, 1972; Bogden et al., 1980).
.Futhermore, no differences in plasma zinc levels have been
reported comparing uremics (dialized or non-dialized) re-
garding the plasma zinc levels as compared to controls
(Mahler, Walsh and Gombos, 1971; Mountokalakis et al., 1979;
Mahajan et al., 1979b).

Decreased plasma zinc levels in uremics versus con-
trols have been reported (Condon and Freeman, 1970; Mahler,
Walsh and Hayne, 1971; Mountokalakis et al., 1979; Mahajan et
al., 1979a; 1979b; Vreman et al, 1980). Another study showed
no differences between the controls and the non-dialized
uremics, but in the hemodialysis patients, plasma zinc levels
were significantly higher (Rose, Path and Willden, 1972).
This result was caused by the artificial kidneys used for
dialysis, and patients' capabilities to retain the zinc. It
should be noted that the majority of the studies without
contamination from the hemodialysis report low zinc profiles
in the uremic patients reflected by low serum or plasma zinc
levels.

Some explanation of these discrepencies relates to

the amount of dietary protein and the type of protein in-
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gested. Those patients without or with little dietary pro-
tein restriction demonstrate higher plasma zinc levels than
those patients with severe dietary protein restrictions
(Mansouri, Halsted and Gombos, 1970). Generally, one will
find among renal patients that they have developed strong
adversions to beef and voluntarily have reduced their meat
intakes., This stands to reason because the best sources of
zinc in the diet are red and organ meats and shell fish
(Haeflein and Rasmussen, 1977). In addition, the differences
in methodologies and lack of standardization wused in labora-
tory analyses intensify discrepencies between uremic studies
(O'Nion, Thor, and Ogilvie, 1980). Even venous occulsion used
to draw a blood sample can have an elevating effect on the
serum zinc level (Juswigg et al., 1982).

In an attempt to correct taste alterations, sexual
dysfunction, improve appetite and nutritional status in di-
alysis patients, the impact of zinc supplementation has been
investigated. 1In one study, patients on maintenance hemodi-
alysis were supplemented for a six week period with 220
milligrams of zinc sulfate orally three times per week post
dialysis. The results of the study demonstrated significant
improvements in the patients taste perceptions, increased
caloric and protein intakes and significantly elevated zinc
levels in the hair (Atkin-Thor et al., 1978). The serum or

plasma zinc levels were not reported. I suspect that the
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plasma zinc levels were not reported because the readings
were inconsistent with the desired results. Also, those
patients who had normal taste in the screening process, and
on maintenance hemodialysis were excluded from the study. 1In
another study, increased hair zinc levels were not detected
until six months after the initiation of daily therapeutic
zinc supplementation of 50 milligrams eiemental zinc as zinc
acetate. (Mahajan et al., 1982).

In a double-blind study, patients on maintenance
hemodialysis were supplemented with 50 milligrams elemental
zinc per day as zinc acetate for a six week period. The
statistical analyses of the data demonstrated a positive
correlation between taste improvement and elevations in serum
zinc levels (Mahajan et al., 1980). Since the serum zinc
levels were low initially, the correction of the zinc deficit
could have contributed to the improvement in taste status in
the group.

The most recent work by Mahajan (Mahajan et
al., 1982) reported positive results by supplementing hemo-
dialysis patients daily with 50 milligrams of zinc as zinc
acetate. Subnormal plasma zinc levels, decreased zinc hair
levels, decreased leukocyte levels and elevated ammonia
levels and ribonuclease activity were detected in uremic
patients indicating alterations in zinc metabolism indepen-

dent of hemodialysis. Futhermore, zinc supplementation im-
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proved all the abnormalities listed above, and in addition,
improved taste and sexual function (Mahajan et al., 1980a;
1980b; 1982). wraste testing and inquiries of sexual function
demonstrated significant improvement in those patients re-
ceiving zinc supplementation (Mahajan et al., 1982). Red
blood cell zinc was found to be high and thought a result
from a tissue shift phenomena due to uremia.

Significant decreases in taste thresholds (improved
taste perception) were documented in chronic renal failure
patients after dialysis as compared to pre dialysis values
(Burge et al., 1979). There were no differences seen with the
salt and the bitter tastants, but improvements were recorded
for the sweet and sour tastants, These changes could not be
correlated to a change in plasma zinc levels. The considera-
tion of a learning phenomena of the taste test inherrent in
the protocol was not addressed, but, could have accounted for
the results. The impact of dialysis on the lowering of blood
urea nitrogen levels and this influence on peripheral nerve
function was not discussed. Peripheral nerve function damage
is a gradual process due to uremia. A quick regeneration
phenomena is not expected during a single dialysis.

The results of an eight week double-blind, crossover
study where the dialysate provided 400 micrograms per deci-
liter elemental zinc as zinc chloride failed to improve the

subjective opinions of the patients regarding their sexual
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potency, taste perception, sense of smell or psychological
disposition (Zetin and Stone, 1980). No data was given on
the fréquency or duration of dialysis, nor the order of the
supplementation. The plasma zinc levels were not consistent
amoung patients post dialysis in response to the supplementa-
tion. With the rapid redistribution of zinc known to occur,
differences in the responses could be dependent on the pa-
tient's liver function or serum protein level. This point
was not considered. This level of supplementation is forty
times the maximum level set by the FDA-AAMI/ASAIO. The pa-
tient group only contained ten participants. Thus, statisti-

cally, it is difficult to draw conclusions.

Zinc Absorption

Zinc and copper are actively taken up by the blood in
vitro against a concentration-gradient (Bloomfield, McPherson
and George, 1969). Possibly, if in vivo, the serum zinc
levels are high enough, the serum proteins low enough, the
rapidity of the zinc sequestration is diminished to the
extent that detection of the zinc blood level changes are
impossible, Also, another consideration is that in vivo,
rapid redistribution of zinc occurs, thus detection of the
zinc taken up cannot be measured without labeled isotopes.
Serum protein levels may influence the zinc uptake from the

dialysate. Most dialysis patients have low serum protein
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levels, thus uptake could be insignificant for some patients.

¢ Hair L S

Elevations in zinc hair levels have been reported in
response to zinc supplementation (220 milligrams zinc sulfate
three times per week post dialysis) in hemodialysis patients
(Akin-Thor et al., 1978). This detection occured at six
weeks. Another group could only detect increased hair zinc
levels after six months daily zinc supplementation of 50
milligrams elemental zinc as zinc acetate in their hemodialy-
sis patients (Mahajan et al., 1982). Hair zinc levels have
been reported in dialysis patients as being significantly
lower than controls (Mahajan et al., 1979b; Mountokalakis et
al., 1979). However, hemodialysis may partially restore zinc
hair levels (Mountokalakis et al., 1979). In experimental
animals, zinc hair levels reflect the zinc status. Hair zinc
levels have been correlated positively to plasma zinc levels
in controls and hemodialysis patients (Mountokalakis et al.,
1979). Considering the rate of hair growth, and the numerous
factors that can alter the zinc content of the hair, hair
analysis can be used to reflect a change in the zinc nutri-
ture in a closely studied group. Sources of zinc contamina-
tion are shampoos, conditioners and cream rinses. Zinc can
be stripped from the hair by coloring the hair, permanents,

sun bleaching and swimming in chlorine pools.
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ron Status and the onjic Rena

The iron status of the chronic renal failure patient
is contingent on; 1) the patient's ability to synthesize red
blood cells, 2) the amount of iron lost with blood loss
during each dialysis, 3) the amount of blood lost from gas-
tfointestinal bleeding, 4) the amount of iron added to the
body by the type and amount of iron supplement prescribed, 5)
the amount of iron added by the number of blood transfusions
needed to maintain an adequate hematocrit, and 6) the general
nutritional status that the patient maintains. To assess the
iron status of a renal patient, it is necessary to evalute
the traditional blood iron parameters including serum fer-
ritin levels., To establish an absolute evaluation, bone
marrow or tissue testing (ie. liver biopsy) for stainable
iron is essential (Ali et al., 1980; Bell et al., 1980; Cook
and Skikne, 1982).

Iron status in healthy humans can be determined with
a high degree of accuracy by serum ferritin levels (almost to
the point when iron stores are depleted) (Cook and Skikne,
1982)., Serum ferritin levels reflect between eight and ten
milligrams of storage iron for every one microgram ferritin
detected per milliliter serum (Cook and Skikne, 1982; Reeves
and Haurani, 1980). However in the state of disease, the
relationship becomes altered (Reeves and Haurani, 1980). It

appears that in chronic renal failure patients on maintenance
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hemodialysis, there is a relationship between iron stores and
serum ferritin levels of about four milligrams of storage
iron present for every microgram of ferritin detected per
milliliter serum (Milman et al., 1980; Lynn and Shepperd,
1981), Futhermore, serum ferritin levels are high in this
group of patients compared to controls (Milman et al., 1980;
Shostka, 1981). That is, their serum ferritins are higher
than normals and their serum ferritin reflects less storage
iron in the bone marrow.

Good correlation does appear to exist between serum
ferritin levels and bone marrow iron stores in hemodialysis
patients (Lynn and Shepperd, 1981). This relationship is not
as constant in hemodialysis subjects as in healthy indi-
viduals (Shostka, 1981). One study determined that serum
ferritin levels should be maintained at least to 55 micro-
grams ferritin per milliliter éerum to prevent iron deficien-
cy anemia from occuring in hemodialysis patients (Lynn and
Shepperd, 1981). Another group established a normal range
for their patients' serum ferritin levels based on stainable
bone marrow iron as between 80 and 350 micrograms ferritin
per milliliter serum (Bell et al., 1980). Milman (Milman et
al., 1980) reported that chronic renal failure patients
without stainable iron present in the bone marrow had a mean
of 51 micrograms ferritin per milliliter of serum (range; 6-

136), hemodialysis patients with normal marrow iron levels
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had a mean 326 micrograms ferritin per milliliter of serum
(range: 112-1120) and patients with excess iron deposited in
the marrow had a mean 634 micrograms ferritin per milliliter
serum (fange: 480-960)., Therefore, a normal serum ferritin
level does not reflect accurately the iron stores present in
the marrow, |

Hemosiderosis in hemodialysis patients has been re-
ported. Massive iron deposits were found in the liver and
spleen, as well as in the adrenal glands, lymph nodes and the
lungs while iron stores in the bone marrow were extremely low
(Ali et al., 1980). Futhermore, the iron absorption in
hemodialysis patients has been shown to be unimpaired by
depressed erythropoietic activity, but inversely correlated
to serum ferritin levels (Bezwoda et al., 198l1). 1Iron re-
quires transferrin to be transported to the bone marrow. If
the transferrin is low or the iron is not bound to this
transport protein, i.e. due to hemolysis or intravenous ad-
ministration of iron, the liver and the spleen can sequester
the iron (Human, 1982).

There are so many nutritional and biochemical es-
sentials involved in red blood cell formation that more than
just iron supplementation often needs consideration in man-
aging the blood picture of the hemodialysis patient. For
example one group reported that they believed a component of

uremia interferes with the synthesis of heme (Wallner and
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Vautrin, 1980). Also, some patients respond well to iron and
androgen treatment - that is, improve the blood picture and
build up iron stores compared to iron supplementation alone

(Shostka, 1981).

There appears to be a relationship between the pro-
teins used in the absorption and the transport of zinc and
iron in the body. Clear knowledge of the conditions and the
extent of zinc and iron sharing transferrin from gut ab-
sorption and transport of these minerals in the human body is
not available., Competitive dialysis techniques have demon-
strated that zinc binds to albumin more firmly than to trans-
ferrih (Charlwood, 1979). However, it appears that zinc
requires transferrin for absorption from the rat gut and more
zinc is found bound to transferrin in the portal blood than
in the venous blood streams (Charlwood, 1979). Futhermore, it
appears that transferrin is the transport protein of zinc
from the gastrointestinal tract to the liver (Evans, 1976).
It is apparent that no special mechanism is required in order
for zinc to be transferred to the various albumins or glob-
ulins from transferrin (Charlwood, 1979).

The mechanism for iron absorption is more clear than
that for zinc. A summary of our present knowledge of zinc
absorption is avaliable (Solomons et al., 1983). When iron
and zinc are administered orally simultaneously, iron is

absorbed preferentially over zinc (Mateshe et al., 1980).
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Futhermore, ferrous sulfate competes more effectively than
ferric chloride with zinc for absorption (Solomons et al.,
1983). Most supplemental iron preparations available are
ferrous sulfate, and most hemodialysis patients are pre-

scribed a therapeutic iron supplement.



HYPOTHESIS
Given the facts that:
1). most hemodialysis patients have altered taste;
2). zinc metabolism is altered in kidney failure;

3). most hemodialysis patients have poor zinc

nutriture;

4). poor zinc nutriture has been related to

decreased taste acuity;
the following hypothesis was developed:

Hemodialysis patients are zinc deficient, thus

causing altered taste acuity, and with zinc supplementa-

tion, taste status and zinc nutriture will be improved.
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METHODS AND MATERIALS

Design _and Approach

This double~blind study was conducted in Utah. The
duration of the study for each patient's participation was 12
weeks, The study was conducted during the time of February,
1982 to July, 1982. Biweekly evaluations were conducted on
each patient. Each patient served as his/her own control,
The general format of each evaluation is available in the
Subjects Consent Forms (appendix K).

Adult patients (over 21 years old) on maintenance
hemodialysis at the Veterans Administration Hospital, Salt
Lake City, Utah and Ogden Limited Care, Ogden, Utah were
asked to participate in the study. Each patient was ap-
proached individually with a subject's consent form approved
by the University of Arizona and the University of Utah (
appendix K). The study was voluntary. There were three
stipulations essential for patient participation: 1) they had
to be hepatitus B surface antigen negative. 2) they had to be
currently abstaining from therapeutic levels of zinc supple-
mentation, and 3) they had to be mentally efficient. There
were 24 patients who participated in the study. There were
13 male and 11 female volunteers. The participants ages
ranged from 25 to 72 years old. Patients were given the

29
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package numbers in sequence as they were followed-up from the
initial introduction of the study. Thus, supplement distri-

bution was a random process.

T Su ment

Supplement packages were randomly prepared in blocks
of eight. Thus, every eight consecutive package numbers
included four placebo packages and four treatment packages.
The code was kept by the head laboratory technologist in
Tucson, Arizona until the conclusion of the study.

Supplements were made in number three white capsules.
The zinc supplement contained 80 milligrams of zinc sulfate
heptahydrate (ZnSOy.7H,0) and 155 milligrams of lactose.
This supplement provided 18 milligrams of elemental zinc per
day in addition to the patients' dietary intake of zinc. The
placebo contained 235 ﬁilligrams of lactose. Patients were
advised to take their supplement daily with a meal except on

the evaluation day.

T T T
} The taste test technique used was the 'Forced Choice
Three Stimulus Drop Technique' (Henkin et al., 1971). Three
drops were dripped on the tongue from disposable eye drop-
pers. Two of the drops were distilled deionized water and one
drop was a tastant. The patient was allowed to taste each

drip after it was dropped, Patients were coached to state
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when they could notice a difference between the drops (detec-
tion) and again when they could identify the taste of the
different drop (recognition). The order of the different
tastants varied randomly with each evaluation, and each tas-
tant was always applied from the least concentrated solution.
The drips were dropped on the midline of the dorsum of the
tongue. Each of the four basic tastes (sweet, sour, bitter
and salt) were used during each of the evaluations.l Taste
test tastant information is located in Table 12, Distilled
deionized water was used to make up the tastants. The blank
solution used was distilled deionized water from the same
source as that used to make up the tastant solutions. Urea
(Sigma Chemical Company) was used to make the bitter solu-
tions., Sucrose (Mallinckrodt Company) was used to make the
sweet solutions. Hydrochloric acid, 12 normal, (Ashland
Chemical Company) was used to make up the sour solutions.
Sodium chloride (Sigma Chemical Company) was used to make the
salt solutions. One liter of each concentration of each
tastant was prepared once and stored in a refrigerator. Each
test day freshly poured solutions were prepared in 30 dram
plastic vials. Solutions were brought to room temperature

before any taste test was conducted.
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Acid Washing

All acid washed ware was washed with soap, rinsed
with tap water, and rinsed three times with distilled water.
The ware was allowed to air dry before it was submerged in a
three normal nitric acid bath., The ware was allowed to soak
at least 14 hours before rinsing three times with distilled
deionized water. The ware was air dried. The distilled
deionized water set up used was a ion exchange column (recor-
der number 1506-25, Cole Palmer Instrument Company) hooked up
to the distilled water tap. The distilled deionized water was
held in polyethylene containers, The nitric acid used for the
acid bath is 15 normal acid (Ashland Chemical Company).
Distilled deionized water is used to make the dilution of the

bath.

T od c

Blood collections were made before dialysis. There
were no more than three days between any dialysis period.
The blood sample was taken on the same day of the week for
each patient, and the time of day the blood was drawn was
fairly constant. On the initial and final evaluation days,
blood was sampled prior to and after dialysis. Whole blood
was dripped from the catheter used for dialysis. Locations
of accesses varied from upper limb fistulas (majority), upper

limb buttons, subclavian catheters and femoral artery stick.
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Five to eight milliliters of blood were dripped from the
catheters of the upper limb fistulas into an acid washed 15
‘milliliter cqnical centrifuge tube. From the other accesses,
five milliliters pf blood were drawn into a 12 milliliter
polyethylene syringe.and then delivered into the centrifuge
tube. The blood was allowed to coagulate for 75 minutes
before spinning it down for 15 minutes at 2100 rpm using a
table top centrifuge. The serum samples were transferred to
acid washed cryotubes with pasteur pipettes and held frozen
until the analyses could be made for zinc and copper. The
cryotubes were screw top polyethylene containers (Vangard
International, Incorporated). The zinc and copper determin-
ations were made using the atomic absorption spectrophotom-
eter with a flame source. Serum samples were diluted one
part serum with three. parts distilled deionized water using
an automatic pipette. The samples were then delivered into
acid washed glass vails. The samples were aspirated directly

from the vials by the atomic absorption spectrophotometer,

The Atomic Absorption Spectrophotometer

Zinc and copper determinations were made by atomic
absorption spectrophotometry (AAS). The Hatachi 180-70 model
AAS was used. Samples were analyzed on the AAS using either
a flame source or a graphite furnance. Standard concentra-

tions of zinc and copper were also analyzed to obtain
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reference values, Standard concentrations used were 0.1, 0.2,
0.5, and 1.0 part per million (ppm) of zinc or copper. Con-
centrations were derived from 1000 ppm standard solutions
(Fischer Scientific, Incorporated) diluted with distilled
deionized water. Twelve normal hydrochloric acid (Ashland
Company) was also added to maintain a 0.12 normal solution.
The standard conditions used to run zinc and copper with the

AAS flame source are listed below.

CONDITIONS ZINC COPPER

lamp current (milliamps) 10 7.5
wavelength {nm) 213.8 324.8

slit (nm) 1.3 1.3
burner standard standard
burner height (mm) 7.5 7.5
oxidant (kg/cm.) air (1.6) air (1.6)
fuel (kg/cm.,) CaHa (0.2) CaHa (0.3)
analytical mode direct direct
measurement mode integ (5sec) integ (5sec)
equation type linear linear
zeeman mode single beam single beam
recorder output direct direct
scale expansion 1.0 1.0
repeat times 2 2

The graphite furnace was required to run the copper
levels in the hair. Determinations were made using pyroly-
tic tubes (Hatachi). The standards used to obtain reference
values were.in concentrations of 5.0, 10.0, 15.0, 20.0, and
25.0 parts per billion. The conditions for running the

samples on the graphite furnace are described below.



35

HEATING CONDITIONS:

Stage Temperature {centigrade) Time (sec.)
dry 120 | 30.0
ash 600 | 30.0
atom 2700 | 7.0
clean 2800 | 3.0

ANALYTICAL CONDITIONS:

lamp current (milliamps) | 7.5
wavelenath (nm) 324.8
slit width (nm) 1.3
cuvette pyrotube
carrier gas (ml/min) | 200

sample volume (ul) 10

For the principle of Atomic Absorption Spectrophotom-

etry see appendix O.

Hair Analyses
To measure another parameter of zinc status, hair
samples were collected to determine the mineral content.
Hair samples were obtained by clipping the newly grown hair
at the nape of the neck with stainless steel scissors. This
was performed at the initial and the final evaluations.
Samples were stored at room temperature in plastic 30 dram
vials until analyses could be made for copper and zinc. On
the final evaluation, the newly grown hair from the same area

that was clipped initially was taken.
The hair samples were washed in a 0.1% soap solution

(v/v) of laural sulfonated fatty acid (Sigma Chemical
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Company) and distilled deionized water in plastic vials.
Hair samples were shaken in the soap for three minutes and
allowed to rest at least ten minutes before shaken by hand
for one more minute. Hair samples were rinsed ten times with
distilled deionized water over a vacuum extractor setup.
Samples were then rinsed five times with ether (MCB
Manufacturing Chemists, Incorporated) under a vapor exhaust
hood, Hair samples were allowed to dry overnight on filter
paper covered by waxed paper., Hair samples were weighed out
to the nearest tenth of a milligram. Hair samples were
placed in a five milliliter cryotubes and digested in one
milliliter of 16 normal ultrex (nitric acid) for two hours in
a 100 degree centigrade water bath. The screw top caps were
left loose., One milliliter volumetric marks were made on the
cryotubes after the acid was delivered., After the digest,
the volume was brought up to one milliliter with distilled
deionized water., Four milliliters of distilled deionized
water were then delivered to each tube with an automatic
pipette. The zinc level in the hair was read with the AAS
flame and the copper levels were read with the AAS graphite

furnace.

The_Di
The dialysate was collected directly from the artifi-

cial kidney unit into acid washed cryotubes and held frozen
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until analyses could be made, The dialysate was read direct-
ly with the AAS flame source for copper and zinc. The daily-
sate was collected nine times per patient during the study
(three occassions, three samples each). The first three
samples were taken on the initial evalution. The next three
were on the middle evalution (week four), and the final thfee
were taken on the last evaluation (weeﬁ ten). The dialysate
was sampled before dialysis, during the first hour of
dialysis and during the second hour of dialysis. Baseline
samples were taken pre dialysis from dialysate vats orfrom
the machine before it passed through the artificial kidney.
Samples that were taken during the first and second hours of
dialysis were obtained from the tubing of the artificial
kidney unit after exposure to the patient's blood. Samples
were collected directly into the five milliliter cryotubes
when possible. Some samples were collected with a 12 cubic
centimeter syringe. When the syringe was used, the syringe
was washed three times with the dialysate before the sample
was delivered into the syringe, The intent of the first and
second hour collections was to measure the zinc and copper

clearance by the dializer.

The Parotid Saliv cti
A ten minute stimulated parotid saliva collection was

made, A five percent solution of citric acid (Sigma Chemical
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Company) was made up in distilled deionized water to stimu-
late the patient's salivation. Mimics of Carlson-Crittendon
cups were constructed to collect parotid saliva (appendix L).
The cups were acid washed using the procedure described
deécribed under acid washing. All tygon tubing was acid
washed by pumping three normal nitric acid through the tubing
(150 feet) with a parastalic pump for 12 hours, Distilled
deionized water was then pumped through the tubing for 24
hours. The tubing was dried by sucking the excess water out
with a vacuum extractor.

For the sample collection, the center of the cup was
placed over the opening of the parotid salivary duct
(Stenson's Duct) by squeezing the rubber bulb and placing the
cup into position, then releasing the bulb. The rubber bulb
rested in the patient's lap. This procedure was conducted
bilaterally. The collection tubes from the cups were placed
into an acid washed cryotube so the parotid saliva could be
pooled. Three drops of the citric acid solution were dropped
on the midline of the dorsum of the tongue every 30 seconds.
Patients could close their mouths gently (rest their jaws)
between drops. Also, saliva from the submental and the minor
salivary glands could be swallowed if needed. After ten
minutes the cups were released by removing the rubber bulb
from the tubing allowing the suction to be released. The

tubing was allowed to drain by gravity first into the
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cryotube, then the remaining saliva was driven out using air
from a rubber bulb. Saliva that would not drain from the
center df the cup was transferred with a pasteur pipette to

the cryotube.

Thr D Diet Record

A three daybdiet history was recorded by each patient
in the middle of the study. Record sheets were distributed
to each patient with instructions provided verbally as well
as written (appendix J). These records were inadequately
recorded, therefore a repeat record had to be done one year
later, Comparision of both records showed most patients did
not vary their diets drastically between the periods. Thus,
the second record could offer valid information regarding
dietary habits, Upon second collection of the records, the
foods and amounts were qualified by the patients using food
portion models distributed by the National Dairy Association.
These three day diet records were used to estimate the pro-
tein, calorie, and zinc coﬁtents of the daily diet. The
Bowes and Church Food Values handbook was used for the pro-
tein and calorie determinations (Church and Church, 1975).
The zinc content was approximated from several sources
(Haeflein and Rasmussen, 1977; Solomons, 1982; Underwood,
1977). The diet records were also used to gain an idea re-

garding the nutritional adequacy of the diets by
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investigating the balance of the diets. The guidelines used
for the daily intakes were four servings of breads and
cereals, four servings of fruit and vegetables (one high in
vitamin C, one leafy green), two vegetable proteins, two meat
servings, two servings of milk. The portion sizes are based

on the diabetics exchange lists (Lilly Reseach Laboratories,

1976) .

Additional Information Collected

Additional initial information and the data collected
biweekly is presented in appendix H. This data was used to
provide possible clues in the complex phenomena of taste,
appetite olfaction, and nutritional status.

Monthly serum chemistries (SMAC 12) were performed by
Saint Benedict's Hospital laboratory, Ogden Utah or by the
Veteren's Hospital Laboratory, Salt Lake City, Utah., Futher
iron analyses were made by laboratory personnel at Saint
Benedict's Hospital. Ferritins were determined with a ferri-
tin kit from Bio RAD (Quantimune Ferritin IRMA). Transfer-
rins were run using the Beckman TRF Immunochemistry Systems
(ICS) and the iron method used was the bathophenanthroline
(American Monitor). Principles of the iron assays are pre-

sented in appendix O.
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Statistical Analyses

Initial statistical analyses were performed using the
Northwestern University Statistical Package for Social Sci-
ences Versions 8.0 and 9.0 computer program. The initial
statistical analyses included scattergrams, and t-testing by
groups and pairs for a number of parameters. Futher analyses
performed by hand included two-sample t-tests, Chi Square
tests and Analysis of Variance. The statistical analyses
performed and the statistical approach used for the data are

described in appendix N,



RESULTS

Descriptions of the patient groups are presented in
tables one and two. The age range of the participants was 25
to 72 years, and the range of time that patients were on
dialysis was one month to 12 years. 7There were no signifi-
cant differences between groups regarding the ages or the
time that patients had been on dialysis (t-tests at .05
level)., Patients' monthly serum chemistries are compiled in
appendicies B and C. The raw data are available in appendix
M.

The baseline pre and post dialysis serum zinc and
copper levels are presented in tables three and four for
groups one and two. In addition, the serum zinc-copper
ratios (Zn/Cu) are provided. There were no significant dif-
ferences between the pre and post hemodialysis serum mineral
levels on the initial or final evaluations within groups (t-
tests at 0.05), nor were there any significant differences
between the baseline and final pre dialysis serum mineral
levels within gfoups or between groups (t-test at 0.05).
However, the population as a whole showed extremely low serum
zinc levels (table A in appendix M). Only two patients of the
24 tested at the baseline evaluation showed serum zinc levels
within normal range. The mean baseline pre dialysis

42
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Table 1. Descriptive Statistics of Group 1 (Treatment G;oup).

PATIENT SEX AGE TIME ON

NUMBER M

F (yrs) DIALYSIS

ORIGIN OF RENAL FAILURE

1 X 36 10 yrs. Kidney Infections
4 X 62 2 vrs, Diabetes
5 X 55 5 yrs, Diabetes
9 X 61 1l yr. PCKD* .
10 X 61 12 yrs. PCKD
12 X 66 3 mos. Hypertension
13 X 28 11 yrs. Lupus Erythematosus
16 X 25 4 mos. Diabetes
19 X 40 1 mo. Diabetes
21 X 70 3 mo. Diabetes
24 X 63 1l yr. Light Chain Nephropathy
n=11
Males: 5
Females: 6
Average Age: 51.5 years

Average Time

Standard deviation:

16.2

on Dialysis: 45.9 months
Standard deviation: 57.4

*PCKD = Poly

Cystic Kidney Disease
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Table 2. Descriptive Statistics of Group 2 (Control Group).

PATIENT SEX AGE TIME ON
NUMBER M F  (yrs) DIALYSIS ORIGIN OF RENAL FAILURE
2 X 58 3 mos. Hypertension
3 X 61 4 mos. Diabetes
6 X 58 7 yrs. Failure in OR#
7 X 72 5 yrs. Glomerulonephritis
8 X 60 8 mos. Tubular Necrosis
11 X 31 4 mos. Diabetes
14 X 70 1.5 yrs. Diabetes
15 X 64 2.5 yrs. PCKD*
17 X 62 5 mos. PCKD
18 X 30 4 mos. Kidney Infections
20 X 62 1 mo. Radiation Therapy
22 X 56 5 mos. Kidney Infections
23 X 58 8 mos. Interstitial Nephritis
n=13
Males: 8

Females: 5
Average Age: 57.1 years
Standard deviation: 12.7
Average Time on Dialysis: 17.1 months
Standard deviation: 23.2

#OR = Operating Room
*PCKD = Poly Cystic Kidney Disease
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Table 3., Baseline Group Means of Pre and Post Dialysis
Serum Zinc Levels (ug%), Serum Copper Levels (ug$)
and Zinc-Copper Ratios.

PRE POST PRE POST PRE POST

Zn 7Zn Cu Cu Zn/Cu Zn/Cu
GROUP 1 (TREATMENT)
n=11 _
AVERAGE 54 57 112 125 0.50 0.45
SD. 5.9 11.6 18.9 35.1 0.09 0.11
SE. 1.8 3.5 5.7 10.6 0.03 0.03
GRQUP 2 (CONTROL)
n =13
AVERAGE 58 61 114 116 0.51 0.54
SD. 10.0 12.5 8.7 13.0 0.11 0.12
SE. 2.8 3.5 2.4 3.6 0.03 0.03

GROUPS ] & 2 (ALL SUBJECTS)

n = 24

AVERAGE 56 59 113 120 0.51 0.50
SD. 8.4 12.0 14.0 25.4 0,10 0.12
SE. 1.7 2.4 2.9 5.2 0.02 0.02

Normal range of serum zinc is 65 - 120 ug%.

Normal range for serum copper is 80 - 120 ug%.

zZn/Cu should be close to one when zinc nutriture is adequate.
There were no differences found in the serum mineral levels
between the diabetics and non-diabetics, between participants
less than 40 years and those greater than forty years, or be-
tween males and females,
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Table 4. Group Means of Pre and Post Dialysis
Serum Zinc Levels (ug%), Serum Copper Levels (ug$)
and Zinc-Copper Ratios on the Final Evaluation
(week 10).

PRE POST PRE POST PRE POST
Zn Zn Cu Cu Zn/Cu Zn/Cu

"GROUP 1 (TREATMENT)
n==e

AVERAGE 57 61 114 115 0.52 0.55
SD. 8.8 6.1 24 .3 25.1 0.13 0.11
SE 3.7 2.5 9.8 10.3 0.06 0.04
GRQUP 2 (CONTROL)

n =10

AVERAGE 57 65 112 120 0.51 0.55
SD. 6.4 14.3 16.2 25.8 0.08 0.11
SE. 2.0 4.5 5.1 8.1 0.03 0.03
GROQUPS 1 & 2 (ALL SUBJECTS)

n =16

AVERAGE 54 63 112 119 0.51 0.55
SD. 14,6 11.8 18.8 24.8 0.10 0.10
SE. 3.7 3.0 4.7 3.0 0.03 0.03

The normal range of serum zinc is 65 - 120 ug%.
The normal range for serum copper is 80 - 120 ug%.
With adequate zinc nutriture, the Zn/Cu should be close to

one,
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level for the entire group was 56ug%. The normal range for
serum zinc levels is 65 to 120ug% (Krupp and Chatton,1978).
On the other hand, serum copper levels were within normal
range (tables three and four). The mean baseline level for
the entire group was 113ug%. The normal range is 80 to
120ug$% (Krupb and Chatton,1978). Every patient had a serum
copper level within normal range on the baseline evaluation
(table A in appendix M),

The Zn/Cu's were very low due to the low serum zinc
levels., The ratio should be close to one, but in fact, the
mean baseline level was 0.50 for group one and 0.5; for group
two (table A in appendix M).

The average variations in the pre dialysis biweekly
.serum zinc evaluations for groups one and two are presented
in table five. The serum zinc levels were very consistent in
both groups. The average variation within individuals was
11% with a range of 6% to 18% during the study. The varia-
tion of the entire group's baseline serum zinc levels was
14%, Patients uniformally demonstrated low serum zinc levels
throughout the study (tables C and D in appendix M). Des-
criptions of the biweekly trends of the serum zinc levels
for groups one and two are shown in tables six and seven.
There were no equations found that could adequately describe
the trends within either groups' varitions in serum zinc

levels,



Table 5. Group Biweekly Averages of the Pre Dialysis

Serum Zinc Levels (ug%).
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BASELINE WEEK WEEK WEEK WEEK FINAL
LEVEL 2 4 6 8 WEEK
GROUP_1 ‘
n 11 9 9 8 6 6
AVERAGE 54 59 59 57 58 57
SD. 5.9 8.0 12.4 7.1 8.5 8.8
SE. 1.8 2.7 4.1 2.5 3.5 3.7
ROUP
n 13 13 13 10 11 10
AVERAGE 58 56 59 56 58 57
SD. 10.0 12.8 9.9 8.0 14.0 6.4
SE. 2.8 3.6 2.8 2.5 4.3 2.0

The normal range of serum zinc is 65 - 120 ug%.

There were no differences found between groups at any week

(t-test of orthagonal polynomial values).



Table 6. Analysis of Variance Table Describing the
Biweekly Pre Dialysis Serum Zinc Level Trends
for Group 1 through the Study Period.*

SOURCE daf SS MS F
evaluations 5 (4,516)
linear 1 40.37 40.39 0.0391
quadratic 1 3,875 3,875 3.75
cubic 1 550.1 550.1 . 0.533
quartic 1 49,31 49.31 0.0478
quintic 1 1.589 1.589 0.00153
- residual 30 30,963 1,032
total 35 35,479

* Only patients with complete data were included in

the analyses (n

= 6).

rhere was no adequate description a uniform trend found.
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Table 7. Analysis of Variance Table Describing the
Biweekly Pre Dialysis Serum Zinc Level Trends
for Group 2 through the Study Period.*

SOURCE df SS MS F
evaluations 5 (1,954)

linear 1 320.1 320.1 0.0640

quadratic 1 75.17 75.17 0.0150

cubic 1 1,356 1,356 0.270

quartic 1 85.72 85.72 0.0170

quintic 1 36.82 36.82 0.00730
residual 48 240,710 5,010

total 53 245,780 .

* Only patients with complete data were included in
the analyses (n = 10).
There was no adequate description of a uniform trend.
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The pre dialysis variations in serum copper levels
for groups one and two are presented in table eight. The
variations in the serum copéer levels were greater than those
for zinc (tables E and F in appendix M). Descriptions of the
possible trends in the serum copper levels are shown for
group one in table nine and for group two in table ten.
There were no adequate equations found to describe the trends
in the serum copper for group two, but a cubic equation was
found statistically significant at the 0.05 level in group
one. At the 0.01 level where the test should be conducted
to control type 1 error, the significance was lost. When
testing the averages of the biweekly serum copper levels
between groups, there were no differences found (t-test at
0.01), but at the 0.05 level a difference was found at week
two (table 8). The group one average serum copper level was
greater than group two's average.

The variation in Zn/Cu ratio data are given in tables
G and H of appendix M. These values are simple dividends of
the serum zinc value and the serum copper value. The low
ratios were maintained within both groups with no changes
demonstrated within or between groups demonstrated at any
point during the study. The range of Zn/Cu was 0.30 to 0.81.
No patient at any time during the study demonstrated a Zn/Cu

close to one.
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Table 8., Group Biweekly Averages of the Pre Dialysis Serum
Copper Levels (ug%).

BASELINE WEEK WEEK WEEK WEEK FINAL
LEVEL 2 4 6 8 WEEK
GROUP_]
n 11 10 9 8 6 6
AVERAGE 112 125% 130 122 109 114
SD.- 18.9 19.9 32.3 29.8 23.6 24.0
SE. 5.7 6.2 10.8 10.6 9.8 9.8
GROUP 2
- n 13 13 13 10 11 10
AVERAGE 114 114 115 112 110 112
SD. 8.7 16.5 16 .4 11.9 11.7 16.2
SE. 2.4 4.6 4.6 3.7 3.5 5.1

The normal range of serum copper is 80 - 120 ugs.
* significant at 0.05 level (t-test of orthagonal polynomial
values).
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Table 9. Analysis of Variance Table Describing the Biweekly
Pre Dialysis Serum Copper Level Trends for Group 1
through the Study Period.*¥*

SOURCE df SS MS F
evaluations 5 (128,993)
linear 1 588.7 588,7 0.0235
quadratic 1 14,760 14,760 0.5904
cubic 1 12,892 12,892 5.156%
quartic 1 100,597 100,597 4,020
quintic 1 155.4 155.4 0.00620
residual 30 750,038 25,001
total . 35 811,153

** Only patients with complete data were included in
the analyses (n = 6).
* significant at the 0.05 level
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Table 10. Analysis of Variance Table Describing the Biweekly
Pre Dialysis Serum Copper Level Trends for Group 2
through the Study Period.*

SOURCE af SS MS F
evaluations 5 (56,572)
linear 1 551.0 551.0 0.0430
quadratic 1 49,952 49,952 1.298
cubic l 1,217 1,217 0.0300
quartic 1 4,629 4,629 0.120
quintic 1l 223.0 223.0 0.00533
residual 48 1,846,382 38,466
total 53 1,893,153

* Only patients with complete data were included in
the analyses (n = 9).
No adequate description of a uniform trend was found,
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Two sample t-tests of the baseline pre dialysis serum
zinc and serum copper levéls of the diabetics versus the non-
diabetics were not different at the 0.05 level. When testing
for differences between patients 40 years and older versus
those younger than 40 years, and male versus female regarding
the serum zinc and copper levels (baseline, pre dialysis
levels), again all were found to be non-significant when t-
tested at the 0.05 level.

Data on hair levels of zinc and copper for both
groups are given in table eleven, There were no differences
demonstrated between or within groups (t~test at 0.05). The
change in hair mineral levels (initial to final) between
groups were not different (Mann-Whitney ranked test at 0.05)
for either mineral level in the hair. The zinc hair level
variability was tremendous within groups (table I in ap-
pendix M). The baseline range for the entire group was 67 to
230 ppm. However, most patients' levels fell into the range
of 130 to 180 ppm. The normal range for zinc hair levels is
95 to 255 ppm (Underwood, 1977). Hair levels of copper fell
within a narrow range of two to ten ppm with most levels
falling within the range of five to six ppm. There were no
correlations between serum zinc and hair zinc levels at the
baseline testing (r=0.020) or on the final evaluation

(r=0,061) for all patients.
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Table 11. The Comparison of Average Zinc and Copper Hair
Levels (ppm) for Group 1 and Group 2 at the
Baseline and Final (week 10) Evaluations.

BASELINE
ZINC

EINAL
COPPER

GROUP_1 (TREATMENT)

20.5
9.3

OHHWWL
e * o
SO

n 10
AVERAGE 158
SD., 35.3
SE. 11.0
GRQUP 2
n 13
AVERAGE 161
SD, 39.0
SE. 10.8

43.6
13.2

11
3.6
1.8
0.5

The normal range of zinc in the hair is 95 - 255 ppm.
The normal range of hair copper levels is not well

established for humans.

No differences were found between groups, within groups or
between the baseline and post treatment hair levels of

zinc or copper.
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Parotid saliva collections were not possible to make.
Several attempts were made to collect the specimens, but most
of the patients were unable to produce any parotid salivary
flow within the ten minutes of stimulation administered.

The taste data are presented in tables 12 through 19.
Table 12 contains tastant information used for the taste
evaluation process.

''he average biweekly taste data are present in tables
13 and 14, Both groups demonstrated taste test improvement.
This similar improvement shown by each group reflects the
learning phenomena that occured during the chronic testing
period of the study. By evaluating the variation within
patients within groups, a definition could be established
providing confidence for defining a true taste improvement
~and a term for group taste normality (table 15).

Baseline subjective reports revealed that 37% of the
patients felt they had normal taste acuity, while 63% defin-
itely experienced altered taste status. By evaluating the
the patients' taste status objectively with the taste test,
21% of the patients demonstrated normal taste acuity (table
15) while 79% displayed altered taste.

On the final evaluation, 35% of the patients reported
subjective taste improvement during the study. Thirteen
percent of these patients were supplemented with =zinc.

Futhermore, 59% of the patients showed taste improvement by
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Table 12. Tastant Information of the Taste Test.

THRES- MOLAR DATA
SUB- HOLD CONCEN~ INTERVAL
TASTE STANCE SYMBOL TRATION INTERVAL NUMBER*
Sweet Sucrose 1 0.015 tc<=0,015 1
-2 0.03 0.015<tc<=0.03 2
3 0.06 0.03<tck=0.06 3
4 0.10 0.06<tc<=0.10 4
-5 0.15 0.10<tc<=0.15 5
ND/NR* 0.15<tc 6
M#
Sour Hydro- 1 0.0005 tc<0.0005 1
chloric 2 0.003 0.0005<tck=0.00 2
acid 3 0.006 0.003<tc<=0.006 3
4 0.015 0.006<tc<=0.015 4
5 0.03 0.015<tc<=0,03 5
6 0.06 0.03<tc<=0.06 6
ND/NR 0.06<tc 7
M
Bitter Urea 1l 0.09 tc<0.09 1
2 0.15 0.09<tc<=0.15 2
3 0.30 0.15<tc<=0.30 3
4 0.50 0.30<tc<=0.50 4
5 0.80 0.50<tc<=0.80 5
6 1.0 0.80<tc<=1.0 6
ND/NR 1.0<tc 7
M
Salt Sodium 1 0.06 tc<0.06 1
Chloride 2 0.075 0.06<tc<=0.075 2
3 0.09 0.075<tc<=0.09 3
4 0.14 0.09<tc<=0.14 4
5 0.22 0.14<tck=0.22 5
6 0.35 0.22<tc<=0.35 6
ND/NR 0.35<tc 7
M

* ND = No detection of the tastant, thus highest data
analysis number was used.
NR = No recogniticn of the tastant, thus the highest
data analysis number was used.

# M = Misrecognition. (The maxium midpoint concentration) -
(the threshold molar concentration/2) was used in the
cdata analyses.
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Table 13. Descriptive Statistics of the Taste Test Results
for Group 1.
WEEK WEEK WEEK WEEK WEEK

BASELINE 2 4 6 8 10
SWEET
MEDIAN 3/3 3/3 3/3 3/3 2/2 2/2
MODE (D/R) 3/3.5 2/3 2/2.5 3/3 2/2 2/2
NO D/R* 1 0 0 0 G 0
MISREC.® 0 0 0 0 0 0
n 11 10 9 9 6 6
MEAN D/R 3/4 3/3 3/3 3/3 2/2 2/2
SD. 1.3/1.2 .52/.32 .97/.97 .87/.83 .63/.41 .41/.41
SE. .39/.36 .16/1.0 .32/.32 .29/.28 .26/.17 .17/.17
SOUR
MEDIAN 3/4 2/4 2/2 2/3 2/2 2/3
MODE (D/R) 2/" 2/2 2/2 2/2 1.5/2 3/3
NO D/R 1 0 0 0 0 0
MISREC. 5 2 2 2 1 1
n 11 8 9 9 6 6
MEAN D/R 4/5 3/4 3/3 3/3 3/3 2/2
SD. 2.0/1.9 1.7/1.6 1.7/1.9 1.6/1.4 1.6/1.4 .82/.90
SE. .60/.57 .57/.53 .57/.63 .53/.47 .65/.57 .33/.37
BITTER
MEDIAN 4/4 3/4 3/3 2/2 2/2 3/3
MODE (D/R) 3/4 3/3.5 m/m™ ™2 m/m 3/3
NO D/R 3 1l 1l 0 1 0
MISREC. 0 0 0 0 0 0
n 11 9 9 9 6 6
MEAN D/R 4/5 4/4 4/4 3/3 3/3 3/3
SD. 1.8/1.5 1.6/1.5 1.9/1.8 1.4/1.3 2.2/2.2 1.5/1.4
SE. .54/.45 .53/.50 .63/.60 .47/.43 .90/.90 .61/.57
SALT
MEDIAN 3/3 1/3 1/2 1/3 1/1 1/2
MODE (D/R) 2 1/1 1/1 /" 1/1 1/1.5
NO D/R 2 0 0 0 0 0
MISREC. 0 0 0 0 0 0
n 11 9 9 9 6 6
MEAN D/R 3/4 2/3 2/2 2/2 2/2 2/2
SD. 1.7/2.0 1.4/1.9 2.0/2.0 .73/1.3 .84/1.0 .98/1.2
SE. .51/.60 .47/.63 .67/.67 .24/.43 .34/.41 .40/.49

™ No true mode demonstrated.
* No detection, or no recognition of tastant made.
©® Misrec. = misrecognition
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Table 14. Descriptive Statistics of Tastants for Group 2.
WEEK WEEK WEEK WEEK WEEK
BASELINE 2 4 6 8 10
SWEET .
MEDIAN 3/3 3/3 2/3 2/3 2/2 2/2
MODE (D/R) 4/4 3/3 2/4 2/2 2/2 2/2
NO D/R* 1 0 0 0 0 0
MISREC,® 0 0 0 0 0 0
n 13 13 12 11 11 11
MEAN D/R 3/4 3/3 2/3 2/3 2/3 2/2
SD. 1.4/1.5 1.2/1.5 1.3/1.4 .80/1.3 .70/1.3 .70/.50
SE. .39/.42 .33/.42 .38/.40 .25/.41 .22/.41 .21/.15
SQUR
MEDIAN 4/6 4/5 3/4 3/3 3/3 2/3
MODE (D/R) 6/7 4/5 2/4.5 2/2 3/3 3/3
NO D/R 5 2 0 0 0 0
MISREC. 2 4 1 3 2 3
n 13 13 12 11 11 11
MEAN D/R 5/6 4/5 3/4 3/3 3/3 3/3
SD, 1.6/1.4 1.1/1.1 1.1/1.1 1.0/1.1 .95/1.0 .93/.92
SE. .44/.39 .31/.31 .32/.32 .30/.32 .30/.32 .28/.28
BITTER
MEDIAN 3/6 3/4 3/3 3/3 2/2 3/3
MODE (D/R) /6.5 3/4 3/3 3/3 /2 3/3
NO D/R 4 0 0 0 0 0
MISREC. 1 0 0 0 0 0
n 13 13 12 11 11 11
MEAN D/R 4/5 3/4 3/4 3/3 2/3 3/3
SD. 2.0/1.9 1.2/1.1 1.5/1.4 .98/1.0 .79/.70 .93/1.0
SE. .55/.53 .33/.31 .43/.40 .30/.30 .25/.22 .28/.30
SALT
MEDIAN 2/4 1/2 1/2 1/1 1/1 1/1
MODE (D/R) 1/3 1/2 1/1.5 1/1 1/1 1/1
NO D/R 1 0 0 0 0 0
MISREC. 1 0 0 0 0 0
n 13 13 12 11 10 11
MEAN D/R 3/4 2/3 2/2 2/ 2 1/2 1/2
SD, 2.0/1.6 1.7/1.8 .87/1.2 .93/1.3 .52/.95 .40/.93
SE. .55/.44 ,47/.50 .25/.38 .28/.39 .16/.30 .12/.28

™ No true mode demonstrated.
* No detection, or recognition of tastant made.
misrecognition

© misrec,
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Table 15. The Taste Report.

BASELINE SUBJECTIVE TASTE REPORT BY ALL PATIENTS:

37% REPORTED NORMAL TASTE.
63% REPORTED ALTERED TASTE.

BASELINE TASTE TEST RESULTS: (l)'

21 % DEMONSTRATED NORMAL TASTE.
79 % DEMONSTRATED ALTERED TASTE.

FINAL TASTE RESULTS: (2)
35% REPORTED SUBJECTIVE IMPROVEMENT DURING
THE STUDY (13% SUPPLEMENTED WITH ZINC).
59% DEMONSTRATED IMPROVEMENT BY THE TASTE
TEST (4.3% SUPPLEMENTED WITH ZINC).

(1) A normal taste test is defined as recognizing sweet,
sour, bitter and salt tastants correctly and demonstrating
thresholds of detection and recognition at or below the mean
baseline levels for the entire group.

(2) An improved taste test is defined as recognizing the
sweet, sour, bitter and salt tastants correctly and detecting
or recognizing two or more tastants two or more thresholds
below the baseline values.
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the taste test, but only four percent of these patients were
supplemented with zinc.

There were no consistent differences between groups
one and two detected for either detection or familarity.
Table 16 shows the results of 48 Chi Square tests performed
on the taste data. No differences were found for sweet or
sour tastants. However, the biweekly analyses of the bitter
tastant data demonstrated a significant difference between
groups at the 0,025 level for the familarity threshold at
week six. More patients in group one could state a taste at
lower thresholds than those in group two. Regarding the sour
tagte data, there were significant differences determined for
the detection of sour at the baseline testing (0.025) and at
week two (0,05) for familarity. In both cases, patients in
group one could detect sour at lower thresholds than those in
group two.

The results of the testing of the end average taste
thresholds (weeks 6, 8, 10) are in table 17. The only dif-
ference found was for the detection of the sour tastant at
the 0.005 level, More patients in group two could state a
taste at lower thresholds than those in group one.

The testing for the changes in taste (baseline and
the average of weeks 6, 8, 10) are present in table 18.
There were no significant differences detected between the

grqups for any of the tastants. The similar improvement in
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Table 16. The Results of Chi Square Tests on the Biweekly
Taste Data between Group 1 and Group 2 during
the Study.+

WEEK WEEK WEEK WEEK WEEK
TASTANT BASELINE 2 4 6 8 10

Sweet
Detection
Group 1
Group 2
Familarity
Group 1
Group 2

3
NN

w
N

o W o

w
w NN
W o
NS ) N
NN

Sour
Detection
Group 1
Group 2
Familarity
Group 1
Group 2
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> e
%
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[ ] wN
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Bitter
Detection
Group 1 3 3 3 3 3 3
Group 2 4 3 2 3

Familarity
Group 1
Group 2

Salt
Detection
Group 1
Group 2
Familarity
Group 1
Group 2

U
=3
w
ww
w

g WN
= N

RN

[

=

—

2 2 1 2
4 1 1 1

w w

+The geometric means of the tastant data are shown in the
table., For details of the 48 Chi square tests, see ap-
pendix O. This table shows any differences that may exist
between the groups for any aspect of the taste testing,
time and the zinc treatment.

* significant at .05

¢ significant at .025



Table 17. The Results of the Chi Square Tests of the End
Average Tastant Data Values (Weeks Six, Eight
and Ten) between Group 1 and Group 2

SWEET SOUR BITTER SALT
Detection
Group 1 2 2% 3 1
Group 2 2 3 3 1
Familarity
Group 1 2 2 3 2
Group 2 3 4 3 1

+ The geometric means are shown in the table.

* significant at .005

For details of the statistical tests, see appendix O.
This data shows the differences in taste acuity developed
between the groups due to the zinc treatment.
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Table 18. The Results of the Chi Square Tests for the
Change in the Tastant Values (baseline value
versus the geometric mean of weeks six, eight
and ten) between Group 1 and Group 2.%*

SWEET SOUR BITTER SALT
B/EA+ B/EA B/EA B/EA
Detection
Group 1 3/2 3/2 3/3 2/1
Group 2 4/2 5/3 4/3 3/1
Familarity
Group 1 3/2 4/2 4/3 4/2
Group 2 4/3 6/4 5/3 4/1

* No significant differences were detected.
+ B/EA = geometric mean of the baseline value/geometric

mean of the weeks 6, 8, 10.
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the taste test scores demonstrated the learning phenomena
inherrent in the taste testing technique.

Table 19 presents the changes in the taste testing
that the patients demonstrated during the study for both
groups. More patients in group two (the control group)
improved on the taste test than those patients in group one
(the treatment group).

The sweet taste was the most identifiable for all
patients. This was evident by the absence of misrecognition
by all patients, Even though the biweekly detection and
recognition (D/R) threshold means were similar between the
groups, the variability was less in group one.

Misrecognition of the sour taste was the most common.
There were similar decreases in the means and standard devi-
ations within both groups. Patients clearly learned to rec-
ognize the sour taste with the testing.

The bitter taste was the most undetected of all the
tastants. There were again similar decreases in the mean
biweekly D/R thresholds between groups but, again the vari-
ability within the patients in group one was less than in

group two.
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Table 19. The Results of Chi Square Tests of the Tastant
Threshold Changes (baseline to the end average of
weeks 6, 8, and 10) between Group 1 and Group 2.

DETECTION FAMILARITY*

TASTANT GROUP IMPR. SAME WORSEN IMPR, SAME WORSEN
Sweet

1 3# 2 1 5 1 0

2 9 1 0 9 0 1
Sour

1 2¢ 3 1 5 1 0

2 10 0 0 9 1l 0
Bitter

1 3 2 1 4 2 0

2 4 2 1 8 1 1
Salt

1 4 2 0 5 0 1

2 6 4 0 10° 0 0
Percentages

1 50 37.5 12.5 79 17 4

2 80 17.5 2.5 90 5 5

* The familarity term is used for the purpose of redefining
terms for more accurate treatment of the recognition
data.

significant at 0.05

significant at 0.025

9 2
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Patients demonstrated greatest sensitivity to the
salt taste. The mean D/R threshqlds and variation was
similar between the two gioups.

The iron analyses were performed six months after the
completion of the zinc supplementation phase. Serum ferritin
levels were at overload values in those patients who received
frequent blood transfusions or on high levels of iron supple-
mentation for years. The average serum ferrition level was
701 nanograms per milliliter with a standard deviation of
815. No patient could be classed as having iron deficiency
anemia based on the serum ferritin levels. The results are
presented in table 20 and along with the serum monthly chem-
istries in appendices B and C. Transferrin levels were all
in the low range if not below it. The average serum trans-
ferrin level was 218 milligrams per deciliter with a standard
deviation of 35.1. Five out of the fifteen patients evaluated
had levels below the lower limit. Serum iron levels were all
within normal range. The average was 72.2 with a standard
deviation of 26.8. There was no relation of the iron status
of the patients to the lack of response to the zinc supple-
mentation (no elevation in serum zinc levels).

There were no correlations between weight changes and
serum zinc level changes (pre to post dialysis) on the base-
line (r=0.163) or on the final evaluation (r=0.232) for all

patients (tables 21 and 22). There were no correlations
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Table 20, Iron Supplementation and Transfusion Records
during 1982 and Iron Status in January, -1983.
PATIENT IRON NUMBER OF FERRITIN TRANS-
NUMBER SUPPLEMENT TRANSFUSIONS (ng/ml) FERRIN
IN 1982 (mg$)
1 Iberet Folic 1/d4 for 3 wks 0 170 236
2 Iberet Folic 1/d for 1 yr 6 2500 195
3 None 12 640 231
6 None 0 48 222
8 Hexavitamin - no iron 0 430 285
10 Hexavitamin + 55mg 0 680 176
iron/d as FeSO4
13 55mg iron/d as FeSO4 4 140 225
+ 1lmg folic acid 10 yrs
15 Iberet Folic 1/3 for 3 yrs 11 2300 175
17 Iberet Folic 1/d for 2 yrs 0 320 245
18 Iberet Folic 1/d for 6 mos 1 80 206
19 Iberet Folic 1/d for 1 yr 7 135 185
20 Mulitvitamin + minerals 8 950 173
(66mg iron/d)
21 Iberet Folic 1/d for 1 yr 1 155 219
23 Iberet Folic 1/d for 2 yrs 1 44 272
24 Iberet Folic 1/d for 3 yrs 1 700 210
AVERAGE 701 218
SD. 815 35.1
Normal Ranges: serum ferritin (males: 5-575, females: 6-325)

serum transferrin (200~-400).
Composition of Iberet Folic is in appendix G.



Table 21. The Pre to Post Dialysis Change in Body
Weight (lbs.), Serum Zinc Levels (ug%),
and Serum Copper Levels (ug%) for Group 1.

Pat. Baseline Final Evaluation
No, Wt, Zn Cu Wt. Zn Cu

1 -6 +1 +37 -6 +7 + 14

4 -6 -12 -1 e e °

5 0 +1 -5 © e e

9 -1 +12 +11 °© e ©
10 -1 +5 +16 -2 -1 -1
12 -7 -3 -7 e ° ¢
13 -4 +21 +28 -1 -7 + 20
16 -3 +4 -59 °© ° °
19 -4 +4 -10 -5 +21 -~ 46
21 -4 -3 +13 -3 0 +7
24 -2 -2 +27 -1 +4 +7
AVG., =3.5 2.5 4.5 -3.0 4.0 0.17
SD. 2.3 8.6 26.2 2.1 9.6 23.7
SE. 0.69 2.6 7.9 8.6 2.4 2.5

° missing data
No correlation were found between weight change and serum
mineral level changes due tc dialysis.



Table 22. The Pre to Post Dialysis Change in Body
Weight (1bs.), Serum Zinc Levels (ug$),
and Serum Copper Levels (ug%) for Group 2.
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Pat. Baseline Final Evaluation
No. wt. Zn Cu Wt. Zn Cu

2 -3 +1 +10 -5 +2 +3

3 -3 0 +11 -4 -4 +10

6 -2 -7 -23 -3 +2 +16

7 -5.5 +26 +27 -5 +4 -18

8 -.5 +15 +4 -3 +5 -3
11 -6 +2 +11 e ° N
14 -2 0 +1 ° ° °
15 +2 -10 -8 -4 -7 -5
17 -2 +3 -2 -3 +20 +32
18 0 -1 +3 -5 +8 -7
20 -3 +19 +3 -1 (-4) (+14)
22 0 +11 +2 -1 +26 -2
23 -6 -14 -12 -2 +27 +36
AVG., -2.4 3.5 3.9 -3.3 8.3 6.2
SD. 2.4 11.5 11.7 1.5 11.9 17.4
SE. 0.67 3.2 3.3 0.45 3.7 5.5

() Serum level change not included in the analyses due
topatient supplementation of 220 mg. zinc sulfate
daily for oneweek.

° missing data

No correlations were found between body weight change and

serum mineral level changes.
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between pre dialysis serum zinc levels and time (the biweekly
evaluations) for group one (r=0.121) or for group two
(r=0.0242). There were no correlations between the zinc-
copper ratio and time for group one‘(r=0.l62) or for group
two (r=0.,00182).

The mineral levels detected in the dialysate prior to
and after dializing the blood were well within the maximum
limits set by the FDA and AAMI/ASAIO. The average of the
mineral levels in the samples collected measured between 20
and 30 ppb most of the time. The range for zinc levels in
the dialysate was 0 to 50 ppb and for copper, 0 to 59 ppb.
Examination of the dialysate during dialysis revealed that
there was no marked contamination from the artificial Kkidneys
ﬁsed in dialysis. Analyses of the dialysate zinc or copper
levels and transmembrane pressure, weight change or mineral
shifts could not be performed due to the technique that was
used to collect the dialysate. Comparison of the pre
dialysis dialysate zinc and copper levels were made between
the Veterans Administration and Ogden Limited Care. The VA's
water was first softened, run through a deionized and then
put through a reverse osmosis process. In Ogden, the water
was softened and then put through reverse osmosis. Results
are presented in tables 23 and 24. There was a significant
difference between the two locations found on the final week

for zinc at the 0.01 level, Ogden's zinc level was‘higher.



Table 23. The Mean Pre Dialysis Dialysate Zinc Levels
(ppb) at the Veterans Administration Hospital
(vA) and at Ogden Limited Care (OLC) Dialysis

73

Centers,
BASELINE WEEK 4 WEEK 10
VA OLC VA OLC VA OLC
AVG. 17 .6 22.3 19.9 18.2 15.25 28.6
SD. 6.35 7.11 8.85 12.7 5.19 9,36
SE. 2.83 1.55 3.95 2.93 2.60 2.50
n 5 19 5 18 4 13
difference 4.7 1.7 13.3*

* significant at .01
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Table 24. The Mean Pre Dialysis Dialysate Copper Levels
(ppb) at the Veterans Administration Hospital
(vA) and at Ogden Limited Care (OLC) Dialysis

Centers.,
BASELINE WEEK 4 WEEK 10

VA OLC VA OLC VA OLC
AVG, 13.8 20.9 21.8 24.3 17.25 24.0
SD. 5.9 7.17 5.72 7.77 10.24 9.94
SE. 2.64 1.60 2.56 1.83 5.12 2.76
n 5 19 5 18 4 13
difference 7.09% 2.5 6.75

* significant at .05
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Also, there was a significant difference found at the base-
line test for copper at the 0.05 level. Again, the mean for

the Ogden copper level was higher,

Dietary inquiries and records revealed that an adver-
sion to red meats was a common statement among patients and
the ingestion of shellfish was a rare practice. Examination
and calculation of the three day diet histories revealed that
the patients average daily intakes are 55 grams protein,
1,313 calories, and 7.9 milligrams zinc. High biological
value protein was not consumed in quantities that were pre~

scribed. The summary of the diet data is presented in table

25.
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Table 25. The Approximation of the Daily Dietary Intakes of
Protein, Calories, Zinc and the Balance of Daily
Dietary Intakes of Patients Based on a Three Day

Diet History.

PROTEIN (grs) Calories Zinc (mgs)
ALL PATIENTS (n = 13)
TOTAL 55.07 1,331 7.9
S.D. 19.05 503.4 4.0
S.E. 3.05 90.51 0.54
Dietary Balance: Average Amount

Consumed Daily

Breads and Cereals (4) 4.5
Fruits and Vegetables (4) 2.5
Vegetable Protein (2) 0.1
Meats (2) 2.0
Milk (2) 1.6

() prescribed daily number of servings needed to meet

nutritional requirements.
Serving based on Diabetic Exchange List portions (Lilly

Research Labs, 1976)



DISCUSSION

The Po tio

The hemodialysis population that comprised the study
group came from two different dialysis centers (five were
from the VvA). Patients from the two locations did not differ
in any aspects investigated. Complete data were collected on
six patients in group one, and complete data were collected
on ten patients in group two. One patient dropped out of the
study and the others were lost due to fatal complications of
their diseases., The numbers that were included in the final
statistical analyses were small, thus definitely limiting
statistical interpretation of the results. All the patients
available in the area for participation in the study were
approached. The sex and age distributions between the groups
were well distributed, and the compliance of the population
was very good judging from the patients' answers to ques-
tions,

Many subjects appeared to be underdialized that par-
ticipated in the study and some were being dialized question-
ably. This was evident from the high and low serum blood
urea nitrogen (BUN) levels and the high and low creatinine
levels seen in the monthly chemistries (appendices B and C).
Even though many patients appeared underdialized, all

77
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patients seemed stable regarding their renal problems.

Each subject in the study served as their own con-
trol. Therefore, individual and group variation in the par-
ameters investigated could be ascertained from the data as
well as the impact of conservative zinc supplementation on

taste,

T Serum Zipc L

The low serum zinc values (less than 60ug%) could
indicate low zinc profiles in these patients. Since the mean
serum zinc levels for both groups were below the normal range
(65 - 120ug%), however, serum zinc levels are not always
indicative of tissue zinc levels (Solomons, 1979). The low
serum zinc levels are in agreement with other researchers
(Condon and Freeman, 1970; Mahler, Walsh and Haynie, 1971;
Mahajan et al., 1979b; Mountokalakis et al., 1979 Tsukamoto,
Iwanami and Marumo, 1980; Vreman et al., 1980; Ryan-Crowe et
al., 1982). The stability of biweekly serum zinc levels of
hemodialysis patients has not been reported. In this study,
the serum zinc level was found to be very stable within each
patient regardless of zinc supplementation (tables C and D in
appendix M),

The stability of the serum zinc levels and the fail-
ure to elevate the serum zinc values in the patients in group

one suggests that the level of oral zinc administered (18
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milligrams elemental zinc per day) in addition to the pa-
tients routine dietary zinc intake of about 8 milligrams per
day appears inadequate to alter zinc metabolism, and return
serum zinc levels to normal. However, if in fact -the hemo-
dialysis population was zinc deficient, zinc absorption
should be enhanced (Solomons et al., 1983). One should have
seen an increase in the serum zinc levels in group one within
the duration of the study.

The authors reporting positive results with zinc
supplementation (improved taste tests correlated to increased
serum zinc levels) have used therapeutic levels of zinc,
about 50 milligrams of elemental zinc per dose (Atkin-Thor et
al., 1978; Mahajan et al., 1979a, 1980b, 1982). However, it
appears that some of the above authors did not consider the
pharmacological response seen in the serum from oral zinc
supplementétion, nor was there consideration or adequate con-
trol of the taste test learning phenomena that was inherrent
in the taste testing procedure. (This phenomena will be
discussed later). The results that the above authors re-
ported could be sham results due to the design and the meth-
odology used in the studies. The patients in this study did
refrain from taking their supplements on the day of evalua-
tions and were regularly tested for their taste acuities of

sweet, sour, bitter and salt tastants.
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There were no significant differences between pre and
post serum zinc levels in any group on the initial or final
evaluations (tables three and four). This finding is in
agreement with most authors who have reported pre and post
dialysis serum zinc levels without contamination (Mahler,
Walsh and Haynie, 1971; Burge et al., 1979; Mountokalakis et
al., 1979). However, when there is a source of contamination
from the water or the dialysate, significant increases in the
plasma zinc levels have been reported post dialysis (Rose,
Path and Willden, 1972; Bogden et al., 1980, 1982; Tsukamoto,
Iwanami and Marumo, 1980). Even though the plasma will
actively take up zinc and copper in vitro against a concen-
tration gradient, significant plasma plasma uptake of zinc or
copper from the dialysate was not detected in this in vivo
study.

4 Great care was taken in order to minimize; 1) contam-
ination, 2) hemolysis and 3) pharmacological artifacts from
oral zinc supplementation. Also, clotting time for the blood
was constant for each blood sample analyzed., All standards
used in determining the serum mineral levels produced linear
curves and the samples were all bracketed by points of the
standards' determinations.

Two values within ten percent of a reading (the
integration of a five second aspiration) was the procedure of

choice. These values were averaged and the mean was used in
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the analyses. However, when the sample volume was limiting,
three direct readings within ten per cent were averaged and
used in the analyses. Since the concentrations range of the
serum mineral levels were in a narrow predictable range, the
samples were read to give a direct concentration readout.

There could be three possibi;ities for the lack of
response to the levels of zinc supplementation administered
in this study. One could be that the therapeutic levels of
iron supplementation that most patients used, successfully
competed with the zinc for absorption. The second could be
that there was a body redistribution of zinc known to occur
in uremia (Mahajan et al,1976b; Smythe et al, 1982), thus,
the zinc that may have been absorbed was not measurable
through the serum or the hair. And, the third possibility
could be that the urea was hydrolized by gastrointestinal
flora producing ammonia (a mucosal irritant), therefore,

normal absorption mechanisms are altered in this patient

population,

The Zinc-Copper Ratios

The serum zinc-copper ratios were very steady
throughout the study. The values were extremely low suggest-
ing poor zinc profiles in these patients. The claim is that
the ratio should be close to one if zinc nutriture is ade-

guate. However, it should be noted that the zinc-copper
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ratio as a tool to evaluate zinc or copper status is not an
applicable parameter for all patient populations (Solomons,
1979).

It has been reported that plasma zinc levels decrease
with age while plasma copper levels increase in hemodialysis
patients (Vreman et al.,, 1980). In this study, there appeared
to be no influence of age on serum zinc or copper levels.
However, the changes in the mineral levels that occur due to
age is not great enough to account for the low zinc-copper
ratios detected in all ages of the patients in this study.
The usefulness of the zinc-copper ratios in this population
is probably a poor indicator of zinc status due to the body

redistribution of zinc.

The rum r L-v

Copper status has been a concern for hemodialysis
patients because copper toxicity can cause hemolytic anemia
(Bloomfield, McPherson and George, 1969). Copper contamina-
tion has resulted from cupraphane membranes used in the
artificial kidney system or the levels of copper found in the
dialysate (Bloomfield, McPherson and George, 1969; Tsukamo-
to, Iwanani and Marumo, 1980).

The serum copper levles of all the patients in this
study fell within the normal range (80 - 120ug%). There were

no changes in the serum copper levels due to dialysis, there
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appears to be no change in the copper nutriture due to uremia
or hemodialysis. These findings are in agreement with the
pre and post dialysis plasma copper levels that have been
reported (Mahler, Walsh and Haynie, 1971; Bustamante et al.,
1978; Bogden et al., 1980, 1982).

Plasma copper levels have been reported in hemodialy-
sis patients as being non statistically different from con-
trols (Vreman et al., 1980). The serum copper levels found
in the Vreman study are similar to those levels reported in

this study.

T Hai i Lev

Zinc hair levels fell in the normal range for most
patients in this study. Group one patients did not show in-
creases in their hair levels of zinc in response to the 18
milligrams of elemental zinc per day for the twelve week
period. Baseline zinc hair levels were fairly consistent
with final zinc hair levels within patients in both groups.
By the hair analyses, only one patient showed a low zinc
profile, and his serum zinc level was one that fell within
the normal range. This patient swims regularly, so we may be
seeing the result of zinc striping by chronic exposure to
chlorine.

Low zinc hair levels have been reported in hemo-

dialysis patients as compared- to controls (Atkin-Thor et al.,
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1978; Mahajan et al.,1979b). Confoundingly elevated hair
zinc levels have been reported in hemodialysis versus con~
trols also (Vreman et al., 1980). Elevations in zinc hair
levels secondarily to therapeutic oral =zinc supplementétion
have been reported in hemodialysis patients (Atkin-Thor et
al., 1978; Mahajan et al, 1982). However, these results
differ from each other. 1In the first study, increases in the
zinc hair levels were detected in six weeks of supplementing
patients with 220 milligrams of zinc sulfate three days per
week post dialysis (Atkin-Thor et al., 1978). In the second
study, it took six months of 50 milligrams elemental zinc
supplementation per day before increases in hair zinc levels
were detected (Mahajan et al., 1982). A point to note is that
these authors have'found statistically significantly lower
hair zinc levels in chronic renal failure patients versus
controls, but they fail to accept that the hair zinc levels
found in uremics are well within the normal range for a human
population. When hair zinc levels drop below 90 ppm, this
level is indicative of zinc deficiency (normal range 95-255
ppm). Futhermore, there are more environmental factors that
strip zinc out of the hair than add it. Therefore, the hair
levels found in this population, reflect adequate zinc nutri-

ture.
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Hair zinc determinations in this study could be made
using the flame source on the atomic absorption spectrophoto-
meter, The ultrex which was used to digest the hair samples
raised the zinc matrix by 200 parts per billion, thus the

samples could be read using the flame source,

he Hair Co r v

Copper hair levels fell in a narrow range, and the
lévels were not altered in any patient by the study. Copper
hair levels in hemodialysis patients have not been reported.
There is a lack of standardization in the hair copper levels
found in human populations, therefore, interpretation of
copper hair levels in the human population is not clear. The
hair copper levels determined in this study seemed at the
lower limits as compared to other reported hair copper values
from around the world. Since there were no changes in the
hair levels during the study, it appeared that the copper
status of patients was uneffected by hemodialysis or the
level of zinc supplementation used in the study.

Because of the low levels of copper found in the
hair, the graphite furnace on the atomic absorption spectro-
photometer was employed to make the determinations. The re-
producibility of the sample readings were satisfactory. The
average of three sample values within ten percent were used

for the analyses.
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Th arotid Sali
The parotid saliva collections were impossible to
make due to medication (Catapress) prescribed to most of the
patients to control blood pressure. Catapress is a parasym-
pathetic nervous system inhibitor that unfortunately in-
terupts parotid salivary flow. Thus, parotid salivation was

greatly compromised in many patients.

T s T i

The patients did not complain of decreased taste
which is a symptom of zinc deficiency. Patients complained
about altered taste (dysgeusia and phantogeusia) which is
related to the state of uremia. The uremia-taste relation-
ship will be discussed later. The taste acuities in the
hemodialysis population studied were altered in the majority
of the patients. This was evident from complaints of their
taste alterations and the inability of most patients to
recognize the sweet, sour, bitter and salt tastes correctly.
Several other researchers have found similar findings. (At-
kin-Thor et al., 1978; Burge et al.,1979; Mahajan et al.,
1979a; Vreman et al., 1980). However, the alterations in the
taste acuities reported are confounding when the individual
tastants, sweet, sour, bitter and salt are considered. Taste
thresholds for sweet, bitter and salt have been reported as

higher (decreased taste acuity) in hemodialysis patients
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versus controls (Mahajan et al., 1979%9a). By supplementing the
hemodialysis patients with zinc (50 milligrams elemental zinc
per day), the patients' taste thresholds lowered to control
subjects' values (Mahajan et al., 197%9a). No change was de-
tected in the sour threshold in response to the zinc supple-
mentation even though taste thresholds were higher (decreased
acuity) in hemodialysis patieﬁts as compared to controls
(Mahajan et al., 1979a);

Significantly higher thresholds have been demon-
strated in hemodialysis patients versus controls for sweet
and sour, whereas there were no differences detected for the
bitter and salt tastes between the two groups (Burge et al.,
1979). After hemodialysis, the patients were taste tested
again, and they showed significant improvement in all
tastants (Burge et al., 1979). However, the sweet and sour
recognition levels were still significantly higher in the
hemodialysis patients at the post dialysis testing than in
the onced performed controls' values. The bitter taste values
were less than the controls' initially, while the salt recog-
nition values for the hemodialysis patients remained slightly
higher than the controls' values (Burge et al., 1979). There
was no consideration of the learning phenomena of the pre to
post dialysis taste testings. The method and the circum-
stances used to collect the taste data were considered in the

formulation of tastant concentration intervals that were made
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so that the taste data could be analyzed more accurately.

Vreman (Vreman et al., 1980) reported significant
influences of sex and age on taste acuity in hemodialysis
patients and controls. Vreman also reported that taste acu-
ity was decreased in chronic renal failure. The bitter taste
is affected most foliowed by sour, sweet and the salt. These
observations are sihilar to the findings in this study. These
observations will be discussed later (tables 13 and 14).

When significant differences were detected between
the two groups in this study, they existed in a sparse random
incidence. These statistically significant differences re-
sulted from the probability of type 1 error, and the small
sample size where man's natural flucuations in the sense of
taste can show falsely (tables 16, 17 and 18).

The detection and familarity terms were used so that
the data could be more adequately described. Many patients
detected and recognized some tastes at the least concentrated
solutions used, while others could never detect or recognize
the most concentrated solutions. Therefore, interval numbers
were constructed to describe the ranges of concentrations
that more accurately reflected the meaning of the taste data
(table 12).

The end average of weeks six, eight and ten were used
to evaluate the treatment effects to attain a more accurate

measurement, This average was used to control the variation
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demonstrated in the taste test results (tables 17 and 18).
The majority of the patients improved in the taste test
regardless of the treatment group (table 19). This displays
the learning phenomena that was inherrent in the taste test
procedure. The zinc supplementation had no effect on im-
proving taste., Articles that have reported taste improve-
ments in relation to zinc supplementation should have ex-
amined the placebo effect and the learning phenomena that
accompanies the taste test.

Improvement in taste has been reported in response to
15 milligrams zinc supplementation three times per week post
dialysis (Ryan-Crowe et al., 1982). These results are in
disagreement with the findings of this study. The discrep-
ency may lie in the technique used to analyze the taste
differences., They used Duncan's Multiple Range test to
analyze the data. The frequency of the taste testing or the
number of times that the taste was tested was unclear. How-
ever, the concentrations used to evaluate the four basic
tastes in the Ryan-Crowe study were similar to the concentra-
tions that were used in this study. However, in the Ryan-
Crowe study, only five concentrations of eéch tastant were
made. The data obtained from this study allowed a handle on
the variation of the values obtained by chronically taste
testing patients, thus, confidence in defining an improvement

in taste was possible (table 15). No patient with complete
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data was able to detect and recognize any taste at the same
threshold during the study.

In the Ryan-Crowe study, the learning phenomena of
the taste testing procedure could have influénced the results
as well as the frequency of the taste testing; In agreement
with the Ryan-Crowe study, is the fact that the serum zinc
levels are not raised on conservative levels of zinc supple-
mentation. Unfortunately, hair zinc levels were not reported
in the above study.

In this study, bitter was the most undetected tastant.
This is probably due to the apparent underdialized state of
the majority of the patients in the study (tables 13 and 14).
The high BUN levels maintained by the patients probably rose
the thfesholds for the bitter tastant, urea, Futhermore,
since many of the patients in the study had diabetes, and
used saccharin as their sweetener, several patients described
sweet for bitter tastant. This result could stem from the
fact that saccharin in high concentrations tastes bitter.

The misrecognition of the sour taste may be related
to the general peripheral nerve damage that uremia causes.,
Much of the sour taste is complimented by the mouth feel of
tartness. High BUN levels will decrease the function of
perpherial nerves, therefore not only are the taste bud
nerves disrupted so are the other nerve (special sense)

receptors in the mouth., Futhermore, urea is hydrolyzed to
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release ammonia in the mouth. The ammonia may react free
hydrogen ion readily, thus causing a greater alteration in
sour taste perception.

The salt concentrations used in the study were
strong, but the average detecti&n recognition thresholds
produced by the patients are in agreement with the £findings
of others (Burge et al., 1979; Ryan-Crowe et al., 1982).
Futhermore, there is a theory that salt is an acquired taste,
That is, the more that is ingested the more that is needed to
achieve a pleasurable degree of saltiness in food. Since
these patients are on chronically salt restricted diets, this
could explain their sensitive salt acuities. Burge (Burge et
al., 1979) found no differences between hemodialysis patients

and controls regarding salt recognition thresholds.

The Di t

There was no measurable zinc or copper leaching or
contamination detected between the patients and the arti-
ficial kidney units. The levels of zinc and copper present
in the dialysate were very low at all samplings. The sta-
bility in both the serum mineral levels pre and post dialysis
as well as the failure to see any increases in the zinc or
copper levels in the dialysate suggest that there is no
disruption in the patients' mineral status due to hemo-

dialysis. To follow mineral levels in the dialysate
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accurately, and in order to correlate the changes of these
mineral levels to transmembrane pressure or pre-post dialysis
weight changes, all the dialysate leaving the értificial
kidney system must be collected in intervals that match the
changes in machine settings.

The pre dialysis differences in the dialysate zinc
and copper levels were statistically significantly different,
but clinically, the meaning of this difference is of small
concern, since all levels of the minerals detected in the
dialysate were well below the maximum levels allowed in the
dialysate (appendix E). Fﬁthermore, since there were no
significant changes in the serum mineral levels, again, clin-
ical meaning is 1lacking from the statistical findings.
Fuﬁhermore, the dialysate analyses have a very small sample
size for the Veterans Administration and this could have

influenced the statistical outcome.

Th on a
Because most patients in the study were therapeutic-
ally supplemented with iron, independent of the number of
transfusions that they receive, sex, age or physiological
state, it was hypothesized that possibly iron metabolism was
interfefing with the zinc response. 1Iron could compete suc-
cessfully with zinc for absorption and transport, or the high

tissue ferritin levels could block the zinc from passing from
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the mucosal cells to the blood stream, Ferritin levels were
measured in the serum to gain an idea of the amount of iron
that was stored in the body. Serum transferrin levels were
determined to evaluate the adequacy of this carrier protein,
and the serum levels of iron were determined to identify the
degree of hemolysis that may be present in the patients. If
the serum iron was high, there should have been increased
transferrin saturation with iron, therefore, zinc binding to
transferrin for transport to the liver would be greatly de-
creased., Since the serum iron levels were normal, and the
transferrin levels were low, this certainly could decrease
both zinc transport to the liver and iron transport to the
bone marrow as well as the absorption of these minerals.
Iron absorption has been shown to be related to the ferritin
level (Bregman and Gefland, 198l1l). But, the homeostatic
regulation of zinc absorption or the mechanism of zinc ab-
sorption is not well delineated (Solomons, 1982; Solomons et
al., 1983). Since the hemolysis was not extensive in any of
the patients, one can feel confident that contributions of
zinc from red cells was not significant., The ferritin levels
could not lend any light on the lack of response to the zinc
supplementation. 1Iron overload levels were only detected in
a few patients who were transfused frequently or were male

and had been on therapuetic levels of iron supplementation

for years.
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If patients took their zinc supplement with their
iron supplement, the iron could have competed successfully
with the zinc for absorption (Matseshe et al., 1980). To
understand this complex relationship between zinc and iron in
the hemodialysis population, labled isotopes in a controled

dietary enviroment is required.

The Di

The diets of the patients were not well balanced due
to the lack of education offered to them at the dialysis
centers. Patients are given a list of foods to avoid and
foods to limit without thoroughly understanding the relation-
ship of diet to their health state. The patients diets were
deficient in milk products and. vegetable proteins. These are
food groups that the patients are told to avoid due to the
high potassium levels present in these foods, Most vegetable
proteins sources are high in potassium and are not of high
biological value. Patients should consume at least three
servings from the meat group daily to meet their protein
needs. Dairy products, in spite of their high potassium
contents, should be consumed in adequate levels to obtain
enough dietary calcium. Futhermore, most dairy products
provide a good source of high biological protein. Hemo-

dialysis patients protein needs are increased because of the
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plasma protein lost during dialysis. It was not surprising
that the protein intakes were less than the amount prescribed
(60 - 80 grams of high biologocial value protein per day)
because of the adversion to meat that the majority of
patients claim.

Caloric intakes appeared adequate because most of the
patients did maintain their weight during the study. There
was an emphasis on "good nutrition" and "eat well" made to
the patients, but these statements were not qualified well.
Although these ideas were prevelant, the addition of empty
calories to the diet was common.

The zinc content of the diets was grossly underesti-
mated due to the poor literature sources available containing
the zinc content in food. However, judging from the meal
contents, readily available zinc for absorption was not in
adequate quanities to meet the Recommended Daily Allowances.
Again, the Recommended Daily Allowances have a margin of
safety included in the amounts published. Since patients did
not show signs or symptoms of zinc deficiency or protein
malnutrition, the levels of these nutrients ingested by the
patients seemed adequate.

Patients were routinely prescribed a nutritional
supplement (table 20 and appendix G). Most of the sup-
plements were grossly incomplete regarding the daily human

nutrient needs. Therefore, to assure the patients'
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nutrutional needs are met adequately and consistently, a well

balanced diet is extremely important.



CONCLUSION

The serum zinc levels measured in this population
suggested that the patients were zinc deficient. Because the
patients had normal hair zinc levels, and did not demonstrate
any other signs or symptoms of zinc deficiency (other than
low serum zinc levels), the serum zinc level was not an
adequate indicator of zinc status in these uremic patients.
Since hair zinc levels were within the normal range, and most
of environmental influences on the hair zinc level strip out
the zinc, these patients could not be described as zinc
deficient,

The taste acuities were altered in the majority of
the patients. This was clear from the subjective taste
reports as well as the failure for most patients to recognize
all four tastants (sweet, sour, bitter and salt) correctly.

Patients taste complaints most likely stemmed from
uremia and the dietary restrictions that were imposed upon
them, The development of peripheral neuropathy that occurs
secondarily to uremia, and the presence of increased amounts
of ammonia in the saliva due to the hydrolysis of urea causes
taste alterations, The taste complaints were not of hypo-
geusia (associated with zinc deficiency), but of dysgeusia
(distortion of normal taste) which is not created or

97
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corrected by manipulation of dietary zinc.

.A learning phenomena of the Forced Choice Three Stim-
ulus Drop Technique (objective taste test) was clearly demon-
strated. Most patients improved their taste test scores
regardless of the treatment group. There were also no con-
sistent differences between the two groups regarding the
taste test scores during the study.

There was no response shown to the zinc supplementa-
tion (18 milligrams elemental zinc per day for 12 weeks)
evaluated by serum and hair zinc levels, and improvement in
taste acuities.

Zinc status appeared unaltered by hemodialysis due to
the absence of change in the serum zinc levels (pre dialysis
to post dialysis), and failure to detect any consistent
increases in the zinc levels cleared from the plasma to the
dialysate during dialysis. The low serum zinc levels were
most likely maintained due to the redistribution of body zinc
known to occur due to uremia.

Dietary intakes of high biological value protein and
zinc were limiting in reference to the Recommended Daily
Allowances. However, these seemingly limiting nutrients were
not severe enough to induce signs and symptoms of zinc de-
ficiency or protein malnutrition,

There were no alterations found in the copper status

of the hemodialysis patients. This was seen by the normal
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ranges of the serum copper values maintained, and the lack of
change in serum copper levels due to dialysis. The hair
copper levels did not change during the study. The
nutritional meaning of the hair copper levels was not
possible to deterﬁine. There is not enough information on
hair copper levels ih the human population to make a judge-
ment on the data.

The iron status could not be correlated to the lack
~ of response to the zinc supplementation. Iron overload was
detected in a few patients who received frequent blood trans-
fusions, thus high ferritin levels could not account for
blocking zinc absorption, However, transferrin levels were
low in all patients. This could severely limit the transport

of zinc to the liver, and iron to the bone marrow.



APPENDIX A

THE KEY OF SERUM CHEMISTRY ABREVIATIONS

CONSTITUENT ABREVIATION UNITS NORMAL
RANGE
Total Protein TP gr % 6-8
Albumin ALB gr % 3.5-5.5
Alkaline Phosphatase ALK. P, u/l 30-85
Lactic Acid Dehydrogenase LDH u/l 90-200
Serum Glutamic
Oxaloacetic Transaminase SGOT u/l 6-25
Glucose GLU mg % 65-110
Blood Urea NItrogen BUN mg % 8-25
Creatinine CREAT mg % 0.7-1.5
Uric Acid URIC H+ mg % 3-8(M)
1.5-6.0(F)
Bicarbonate HCO3- meg/l 24-28
Total Bilirubin T. BILI. mg % 0.2-1.2
Iron Fe ug $ 60-135(M)
80-160(F)
Sodium , Na meq/1l 136-145
Potassium K meg/l 3.5-5.0
Chloride Cl meg/1l 96-106
Calcium Ca mg % 8.5-10.5
Phosphorus P mg % 3.5-4.5
Zinc Zn ug % 65-145
Copper Cu ug % 70-133
Transferrin TXFER mg % 200-400
Ferritin FER. ng/ml 5-575(M)
6-325(F)

100



APPENDIX B

THE SERUM CHEMISTRIES FOR GROUP 1 (THE TREATMENT GROUP)

PATIENT NO.

DATE
YEAR

TP

ALB

ALK. PO.
LDH

SGOT

GLU

BUN
CREAT
URIC H+
HCO3-~

T. BILI.

Fe
Na
K
Cl
Ca
P

DATE
YEAR
Zn

Cu

Fe
TXFER
FER

1
2/17
1982

6.7

3.9

481
233
33

103
89
15.7

8.6
19.2
0.3

104

139
5.7

104
7.2
4.0

1
3/22
1982

6.7

4.1

392
211
43

128

122
15.6
9.6

0.3

81

141
5.3

105
7.9
3.4

3/22

1982

51
100

1
4/24
1982

6.7

3.8

449
207
23

113

106
17.8
10.1
16.9
0.3

61

138
4.3

102
7.2
3.8
4/17
1982

64
96

17.0
9.4
16.2
0.3

98

137
4.9

100
7.0
4.4

5/31
1982

86

140
5.1
104

7.1

4.2

1
1/14
1982

7.2

4.3

248
203
25

87
71

7.2
15.4
1.1

142
4.9

103
7.8
5.6

1/10

1983

78
106

236
170

101



SERUM CHEMISTRIES FOR GROUP 1
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PATIENT NO.
DATE

YEAR

TP

ALB

ALK. PO,
LDH

SGOT

GLU

BUN
CREAT
URIC H+
HCO3-

T. BILI.

Fe
Na

K
Cl
Ca
P

DATE
YEAR
Zn

Cu

Fe
TXFER
FER

4
2/16
1982

6.2

3.3

382
290
28

173
144
12.6

0.3
60
139

5.4
101

9.3

4
3/22
1982

6.1

340
297
32

183
170
11.6

0.2

86

142
5.5

100
9.2
8.9

3/22

1982

50
105

4
4.24
1982

6.1

3.4

624
303
33

202
159
12.2

0.1

128
139
6.0

9.4
8.5

4/19

1982

47
115

2/19
1982

3.6
153
215

104

107
13.8
6.0
14.1
0.2

134
4.5

101
8'9
4.3

4/24
1982

3.6
139
222

117

141
17.5
7.9

0.2

129
4.3

98
9.1
2.2

3/22
1982

105




SERUM CHEMISTRIES FOR GROUP 1
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PATIENT NO.
DATE

YEAR

TP

ALB

ALK. PO.
LDH

SGOT

GLU

BUN
CREAT
URIC H+
HCO3 -

T. BILI,

Fe
Na

K

Cl

P
DATE
YEAR
Zn
Cu
Fe

TXFER
FER

9
3/15
1982

6.6

4.3

109
171
24

93

82
9.3
7.4

17
0.3

140
5.2

106
5.8

3/25
1982
60
99

9
4/1
1982

5.9

3.6
99

180
22

79

93
7.8
5.9

19
0.2

137
6.2

108
3.1

4/22

1982

66
116

9
5/7
1982

6.3

3.8

149
162
18

94
97
10.1
6.2
21
0.2

138
5.9

99
4.5

5/10
1982
87

12
2/17
1982

6.3

3.2

148

181
95
10.4

7.5

0.1

135
4.2

105
8.9

12
3/22
1982

6.1

3.6
94

199

190

115
11.3
8.2

0.2
137

5.7
100

9.4

3/26
1982

111

12
4/24
1982

6.3

3.5

109
178

187

122
11.4
8.0

0.2
133
4.9
11.0
4/23
1982

45
191




SERUM CHEMISTRIES FOR GROUP 1
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PATIENT NO.
DATE

YEAR

TP

ALB

ALK. PO.
LDH

SGOT

GLU

BUN
CREAT
URIC H+
HCO3-

T. BILI.

Fe
Na
K
Cl
Ca
P

DATE
"YEAR

Zn

Cu

Fe

TXFER

FER

10
3/4
1982

6.1

4.0
89

195
15

99
72
12.7
8.9
20.0
0.4

136
5.3

99
9.9
3.7

3/25
1982

85

10
4/2
1982

5.8

3.9

192
17

88

13.2
7.9
16.0
0.4

134
6.2

96
10.6
4.7

4/8
1982

104

10
5/6
1982

6.2

4.0

185
14

73

12.1
8.2
21.0
0.5

137
5.3

99
10.6
4.6

5/6
1982

115

10
6/30
1982

6.2

4.1
84

201
17

103
73
12.3

8.0
24
0.5

135
5.6

99
10.5
4.0

10
12/29
1982

6.4

3.9

100

136
5.9

100
11.0
5.2

10
1983

1/13
1983
69
93
64
176
680




SERUM CHEMISTRIES FOR GROUP 1
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PATIENT NO,
DATE

YEAR

TP

ALB

ALK. PO.
LDH

SGOT

GLU

BUN
CREAT
URIC H+
HCO3~-

T. BILI,

Fe
Na
K
Cl
Ca
P

DATE
YEAR
Zn

Cu

Fe
TXFER
FER

13
2/17
1982

7.8

4.0

125
232
69

98

125
17.0
9.0
15.6
0.2

166

135
5.5

101
10.4
5.3

13
3/22
1982
- 7.3

4.0

108

202
64

106

105
17.7
9.2

0‘2

237
135
6.1

10.7
2.2

3/26
1982
59

109

13
4/24
1982

7.6

4.1

100
216
31

99

120
16.8
8.1
15.0
0.2

205

132
5.8

100
9.9
2.8

4/14
1982

104

13
5/26
1982

7.5

4.0

104
211
56

99

150
18.0
9.4

0.3

273

133
6.3

99
9.7
4.2

5/21
1982

112

13
6/28
1982

7.6

4.7

103
152
55

92

13.3
7.8
13.8
0.7

134
5.2

102
9.4
2.8

6/4
1982

97

13
1/12
1983

8.3

4.6

191
20

80
14.0
5.2

11.6
0.9

141




SERUM CHEMISTRIES FOR GROUP 1

PATIENT NO.

DATE

TP

ALB

ALK. PO.
LDH
SGOT

GLU

BUN
CREAT
URIC H+
HCO3-

T. BILI,

Fe
Na
K
Cl
Ca
P

DATE
YEAR
Zn

Cu

Fe
TXFER
FER

16
2/15
5.6
3.1
170
226
12

720
74

6.4

16
3/22
5.4
3.1
124
241
19

17

83
7.2
6.5

0.2

85

142
4.8

113
8.2
6.7

3/29

1982

46
150

16

4/24

5.6

3.1
136
252
1

195

110
10.4
6.0

0.1

64

131
5.0

102
8.5
7.3

4/12

1982

56
142

16
5/28
5.2
3.1
120
278
21

453
114

6.2
0.1

86

132
5.5

103
8.1
5.8

5/10
1982

156

106



SERUM CHEMISTRIES FOR GROUP 1-

PATIENT NO.

DATE
YEAR

TP

ALB

ALK. PO.
LDH

SGOT

GLU

BUN
CREAT
URIC H+
HCO3-

T. BILI,

Fe
Na
K
Cl
Ca
P

DATE
YEAR
Zn

Cu

Fe
TXFER
FER

19
3/22
1982

5.0

2.7
92

320
36

68
94

19
4/19
1982

5.5

2.9

4/14
1982

162

19
5/26
1982

5.9

2.8
94

301
35

89

207
13.9
7.3

0.2

135
6.2

104
8.1
5.4

5/26
1982

153

19
6/28
1982

6.2

3.5
103

210
27

180

122
13.3
5.5
0.5

135
6.7

8.0
5.6

6/9
1982

134

19
1/12
1983

7.3

4.4

209
13

179

105
15.0
5.4
14.9
1.0

139
7.0

99
9.6
5.6

1/14
1983
85
71

185
1350

107



SERUM CHEMISTRIES FOR GROUP 1
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PATIENT NO.

DATE

YEAR

TP

ALB

ALK. PO.
LDH.

- SGOT

GLU

BUN
CREAT
URIC H+
HCO3-

T. BILI.

Fe
Na
K
Cl
Ca
P

DATE
YEAR
Zn

Cu

Fe
TXFER
FER

21
3/22
1982

5.8
3.4
51

170
11

169

119
11.4
9.3
18.5
0.2

63

144
5.4

108
8.3
7.3

4/2

1982

49
121

21
4/24
1982

5.8

3.3

21
5/26
1982

5.5

3.2
40

123

7

194

82
9.1
7.4

19
0.1

62

138
5.7

107
8.0
4.9

5/26
1982
46
94

140
5.5

109
8.0
6.4

6/9

1982

61
114
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SERUM CHEMISTRIES FOR GROUP 1

PATIENT NO. 24 24 24 24 24 24
DATE 2/16 3/22 4/19 5/28 6/28 1/14
YEAR 1982 1982 1982 1982 1982 1983
TP 8.8 8.3 8.6 8.8 9.3 9.2
ALB 3.6 3.8 3.8 3.7 4.5 3.2
ALK. PO. 182 189 183 168 250 335
LDH 142 131 117 107 300 138
SGOT 6 16 6 6 21 37
GLU 103 117 131 200 122 160
BUN 53 66 70 113 79 75
CREAT 5.3 4.4 5.2 8.9 6.6 4.7
URIC H+ 8.6 8.9 7.3 10.4 8.7 10.5
HCO3~- 14.9 15.4 13.0 9.5
T. BILI. 0.1 0.1 0.1 0.2 0.6 0.5
Fe 57 76 91 76

Na 131 138 135 131 132 134

K 4.5 4.7 4.1 3.8 4.2 5.3
Ccl 106 111 110 103 108 111
Ca 8.6 8.8 9.1 8.5 8.3 8.6
P 4.5 4.3 4.5 6.6 4,3 5.5
DATE 4/2 4/16 5/29 6/11 1/10
YEAR 1982 1982 1982 1982 1983
Zn 62 59 70 66. 73
Cu 130 = 148 111 150 105
Fe 127
TXFER 210

FER 700




APPENDIX C

THE SERUM CHEMISTRIES FOR GROUP 2 (CONTROL GROUP)

PATIENT NO. -

DATE
YEAR

TP

. ALB

ALK. PO.
LDH
SGOT

GLU

BUN
CREAT
URIC H+
HCO3-

T. BILI.

Fe
Na
K
Cl
Ca
P

DATE
YEAR
Zn

Cu

Fe
TXFER
FER

2
2/19
1982

7.1

3.2
79

230
10

2
3/24
1982

5.9

3.4

202
27

155
121.

7.0
0.2

60

138
4.3

101
10.9
4,6

3/22
1982

123

2
4/19
1982

6.5

3.5

lo4

163

140
16.5
8.4
17.4
0.2

52

138
5.0

102
10.8
7.4

4/19

1982

58
120

2
5/26
1982

5.8

3.4

116
180
13

120

104
15.2
7.5

18
0.2

88

138
5.3

102
10.1
5.4

5/17

1982

51
110

2
6/28
1982

6.7

4.5

137
144
11

119

123
16.7
7.9

139
6.0

105
10.1
7.7

6/4

1982

48
104

2
1/19
1983

7.0

3.9

492
263
14

105

136
15.8
9.6
15.7
0.9

135
6.2

92
6.8
3.3

1/14
1983

78
195
2500

110
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SERUM CHEMISTRIES FOR GROUP 2

PATIENT NO. 3 3 3 3 3 3
DATE 2/18 3/22 4/19 5/26 6/28 1/12
YEAR 1982 1982 1982 1982 1982 1983
TP 5.2 5.7 5.9 5.6 6.4 6.1
ALB 3.5 3.4 3.3 3.4 4.3 4.0
ALK. PO. 121 111 114 112 117 103
LDH 143 196 214 219 129 221
SGOT 16 21 24 27 19 16
GLU 187 167 157 188 188 156
BUN 94 117 99 110 102 93
CREAT 10.8 13.4 13.4 16.0 15.2 13.7
URIC H+ 5.8 7.2 6.5 8.6 6.4 6.1
HCO3~ 13.2 20.2 19.0 16.8
T. BILI. 0.3 0.2 0.2 0.3 1.0 0.7
Fe 132 75 76 89

Na 134 143 138 142 135 142

K 4.7 4.9 5.1 5.0 5.6 5.2
cl 102 109 107 107 107 106
Ca 6.7 8.6 8.8 8.5 8.7 7.8
P ) 4.2 4.8 4.1 6.1 6.4 5.4
DATE 3/22 4/19 5/17 5/31 1/10
YEAR 1982 1982 1982 1982 1983
Zn 57 52 59 61 51
Cu 109 114 90 96 86
Fe 68
TXFER 231

FER 640




SERUM CHEMISTRIES FOR GROUP 2
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PATIENT NO,
DATE

YEAR

TP

ALB

ALK. PO.
LDH

SGOT

GLU

BUN
CREAT
URIC H+
HCO3-

T. BILI.

Fe
Na
K
Cl
Ca
P

DATE
YEAR
Zn

Cu

Fe
TXFER
FER

6
3/3

1982

6.4

3.8
191
130
19

133
65
16.6

8.4

0.3

133
5.2

92
9.8
5.7
3/24
1982

76
117

6
3/31
1982

6.8

4.1

179

147
25

103
71
16.3

7.9
20
0.3

138
4.9

97
10.0
5.8

4/7
1982
63
92

6
5/6
1982

6.5

3.9

165
135
27

109
94
17.5

9.0
17
0.2

134
5.7

95
9.8
6.4

5/6
1982
71
95

6
6/30
1982

6.6

3.6

105
182
22

114
93
16.9

9.2
16
0.3

138
5.6

97
7.0
4.3

6/2

1982

66
102

46

6
12/29
1982

6.1

3.7
76

133
24

126
60
16.7

6.6
23
0.2

140
4.9

100
10.9
4.3

12/1
1982

1/26
1983
6.2
3.7
70
137

95

68

16.3
5.6

0.4

141
4.7

101
8.6
5.2

1/14
1983
62

100
65
222
48




SERUM CHEMISTRIES FOR GROUP 2

PATIENT NO.
DATE

YEAR

TP

ALB

ALK, PO.
LDH

SGOT

GLU

BUN
CREAT
URIC H+
HCO3-

T. BILI.

Fe
Na
K
Cl
Ca
P

DATE
YEAR
Zn

Cu

Fe
TXFER
FER

7
3/3
1982

6.2

3.9
183
229

5

139
75
14.3

6.8

0.5

140
4.8

9.5
6.0

4/7

1982

70
123

7 .
4/19
1982

135
4.5

4/22

1982

65
143

7
5/5
1982

6.1

3.8

189
189
15

148
96
13.3

7.9

0.2

134
5.0

93
9.5
6.4

5/19

1982

71
124

1982

6/2

1982

62
119

113
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PATIENT NO.
DATE

YEAR

TP

ALB

ALK. PO,
LDH

SGOT

GLU

BUN
CREAT
URIC H+
HCO3 -

T. BILI.

Fe
Na
K
Cl
Ca
P

DATE
YEAR
Zn

Cu

Fe
TXFER
FER

8
3/3
1982

6.8

3.9
75

172
15

100

60
6.0
8.0

0.3

135
4.7

9.8
5.0

3/24

1982

44
119

8
4/2
1982

6.6

3.6

150
15

92

55
6.2
7.7

23
0.1

8
5/6 -
1982

6.2

3.4

173
11

86

6.0

7.0
23

0.2

135
4.9

98
8.9
5.2

5/7

1982

53
109

8
6/3
1982

6.5

3.7
70

171
13

78

71
6.9
8.0

22
0.2

135

4.7
97

9.1

5.5

6/2
1982

106

8
12/30
1982

6.7

4.0
92

167

9

85

50
6.0
5.7

21
0.2

137
5.7

103
9.8
4.8

1/27
1983
6.5
3.8

151
12

89

49
6.0
6.7

0.2

133
105
4.5

1/13
1983
75
125
64
285
430
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PAT. NO.
DATE
YEAR

TP

ALB

ALK. PO.
LDH

SGOT

GLU

BUN
CREAT
URIC H+
HCO3-

T, BILI,

Fe
Na
K

Cl

11
2/17
1982

5.6

3.1
84

249
14

221

149
11.7
6.9

0.2

74

131
4.1

102
8.8
6.8

11
3/22
1982

5.8

3.5
99

276
15

84

149
12.0
7.5

0.2

52

135
5.1

98
10.1
6.6

3/26

1982

75
105

11
4/24
1982

5.6

3.3

104
281
16

408

147
12.5
7.2

0.2

92

122
6.9

90
10.0
6.0

4/23

1982

76
108

14
2/19
1982

6.4
3.4
88

205

14

248
115

o ~N
o o
U o

.
o

137
4.8

108
8.5
4.5

3/26

1982

60
107

14
3/22
1982

6.1

3.5

139
219
16

528
129

14
4/19
1982

6.3

3.0

263

216

145
7.2
7.2

0.1

77
133
6.0
108
8.1
8.2

4/28
©1982

67
118
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PATIENT NO.
DATE

YEAR

TP

ALB

ALK. PO.
LDH

SGOT

GLU

BUN
CREAT
URIC H+
HCO3-
T.BILI.

Fe
Na
K
Cl
Ca
P

DATE
YEAR
Zn

Cu

Fe
TXFER
FER

15
3/5
1982

6.5

4,2
82
210
9

127
1

o o~
. e o
18] W

232
135
6.9

10.9
4,6

15
3/22
1982

6.1

4.1
86

191
19

163

141
15.6
5.9

0.3

204

139
6.4

102
10.5
6.7

3/26

1982

63
106

15
4/19
1982

6.1

3.9

101
194
10

167

142
16.5
6.4
20.1
0.4

198

132
5.8

96
9.8
4.5

4/23

1982

64
147

15
5/26
1982

6.1

3.0
80

216

8

164

103
12.4
4.8
21.0
0.4

205

134
6.3

100
10.1
3.6

5/21
1982
51
97

15
7/14
1982

5.4

3.0

127
225
12

118

126
12.5
6.7

0.4

137

136
6.6

101
9.9
4.0

6/4

1982

55
123

15
1/12
1983

6.1

4.0
80

202
17

173
95
13.2
7.1
16.4
0.8
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SERUM CHEMISTRIES FOR GROUP 2

PATIENT NO, 17 17 17 17 17 17
DATE 2/16 3/22 4/24 5/26 6/28 1/12
YEAR 1982 1982 1982 1982 1982 1983
TP 6.2 6.0 6.2 6.2 6.5 6.3
ALB 3.7 3.9 3.6 3.6 4.6 3.6
ALK. PO. 57 58 53 44 46 46
LDH 139 151 136 151 118 184
SGOT 6 23 7 13 14 13
GLU 126 120 135 107 99 120
BUN 98 89 119 130 114 136
CREAT 11.2 10.5 12.3 12.5 13.4
URIC H+ 8.7 7.3 8.9 9.1 8.1 7.8
HCO3~- ) 9.6
T. BILI. 0.2 0.2 0.2 0.2 1.0 1.2
Fe 43 34 33

Na 137 143 134 139 140 137

K 4.7 4.6 4.8 5.2 4.9 4.5
Cl 104 109 102 105 108 95
Ca 8.7 - 8.9 8.9 9.2 8.7 9.0
P 6.4 5.1 7.4 7.1 7.9 10.
DATE 3/29 4/26 5/26 6/9 1/10
YEAR 1282 1982 1982 1982 1983
Zn 59 4 40 55 47
Cu 123 127 116 114 216
Fe 25
TXFER 245

FER 320




SERUM CHEMISTRIES FOR GROUP 2

PATIENT NO.
DATE

YEAR

TP

ALB

ALK. PO.
LDH

SGOT

GLU

BUN
CREAT
URIC H+
HCO3 -

T. BILI,

Fe
Na
K
Cl
Ca
P

DATE
YEAR
Zn

Cu

Fe
TXFER
FER

18
3/22
1982

6.0
- 3.8

132

104

18
4/21
1982

7.0

4.2

166
158
6

140
84

18
6/11
1982

6.4

3.9

175
155

3.2

6/7
1982
50
90

18
1/19
1983

7.3

4.5

183
155
16

105

[« G RN N o o]
e e o o

O\ = W

139
4.0

104
9.7
4.7

1/10
1983
64
80
57
206
80
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SERUM CHEMISTRIES FOR GROUP 2

PATIENT NO.
DATE

YEAR

TP

ALB

ALK. PO.
LDH

SGOT

GLU

BUN
CREAT
URIC H+
HCO3~

T. BILI,

Fe
Na
K
Cl
Ca
P

DATE
YEAR
Zn

Cu

Fe
TXFER
FER

20
3/22
1982

5.5

3.4

186
208
27

130

6.5
6.1

.2

114
132
3.1
99
9.5
1.4
4/2
1982

52
107

20
4/24
1982

5.7

3.3

178
203

99

7.3
5.3

0.2

157

126
4.0

99
8.2
2.8

4/30
1982

107

20

6/28

1982
6.4
4.2

178
156
12

97

55
7.2
4.5

0.6

132
4.8

103
9.3
2.9

6/11

1982
(67)
(103)

20
1/14
1983

5.8

3.4

157
182
17

97

66
7.2
7.8

0.7

119



SERUM CHEMISTRIES FOR GROUP 2

PATIENT NO.

DATE
YEAR

TP

ALB

ALK. PO.
LDH

SGOT

GLU

BUN
CREAT
URIC B+
HCO3-

T. BILI.

Fe
Na
K
Cl
Ca
P

DATE
YEAR
Zn

Cu

Fe
TXFER
FER

22
3/22
1982

4.4

2.9
63

162

82

48
4.5
5.2

49
122
3.5

7.8
3.5

4/2

1982

49
113

22
4/19
1982

5.0

22
5/26
1982

5.5

3.9
63

156
11

100

o ~wm
. e o
[ ad > N

138
4.2

104
9.3
4.8

5/26
1982
59
115

22
6/28
1982

6.4

4.5

107

94

59
4.5
6.6

141
5.0

107
9.5
4.2

6/9
1982

116

120
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SERUM CHEMISTRIES FOR GROUP 2
PATIENT NO. 23 23 23 23 23
DATE 3/22 4/21 6/28 1/17
YEAR 1982 1982 1982 1982 1983
TP 6.7 6.3 6.8 6.1
ALB 4,2 4.0 4.4 3.8
ALK, PO. 66 73 73 49
LDH 170 162 135 236
SGOT 33 12 5 12
GLU 138 106 175 120
BUN 107 108 98 120
CREAT 12.0 13.3 11.8 13.9
URIC H+ 6.0 5.3 5.3 5.8
HCO3~- 11.2
T. BILI, 0.1 0.7 0.7 0.9
Fe 41 49
Na 143 138 142 143
K 4.4 4,9 5.1 5.3
Ccl 110 108 112 110
Ca 9.8 9,2 9.0 9.4
P 5.5 7.0 4,4 9.6
DATE 4/2 4/26 5/24 6/7 1/10
YEAR 1982 1982 1982 1982 1983
Zn 58 " 58 76 59 58
Cu 117 115 112 147 88
Fe 52
TXFER 272
FER 44




APPENDIX D

DIALYSATE COMPOSITION

CONSTITUENT RANGE IN THE DIALYSATE NORMAL SERUM RANGE

Na 130-140 meqg/1 135-145 meqg/1
Cl 101-104 meg/1 101 meq/1

K 0.0-3.0 meg/1 3.5-5.5 meq/1
Ca 4-8 mg% 8.5-10.5 mg®
Mg 1.5 meq/1 1.5-2.5 meqg/1
HCO3- or

Acetate 35-37 meq/1 25-27 meq/1
Dextrose 0-200 mg$% 80-100 mg%
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APPENDIX E

THE MAXIMUM ALLOWABLE LEVELS OF SUBSTANCES
PRESENT IN THE DIALYSATE

COMPOUND LEVEL (mg/L)
Sulfates 100

Na 70

K 8

Mg 4

Ca 2
Nitrates 2

Cl 0.5

Fl 0.2
Chloroamines 0.1
Cu, Ba, 2Zn 0.1

Se . 0.097
Ch 0.014
Al 0.01
Ccd 0.001
As, Pb, Au 0.0005
Hg 0.0002

These levels were set by the F.D.A.,
A,A.M.I./A.S.A.I.0.
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APPENDIX F

NORMAL RANGES FOR SERUM CHEMISTRIES

Ca

P

Fe

Na

K

Cl

GLU

BUN
CREAT
URIC H+
TP

ALB

T. BILI.
LDH

ALK. PO.
SGOT
TXFER
FER (females)
FER (males)
Zn

Cu

8.5-10.5 mg%
2-4,5 mg%
40-200 ug%
135-150 meg/1
3.5-5.5 meq/1
95-111 meq.l
70-115 mg%
10-26 mg%
0.7-1.5 mg%
3.9-9 mg%
6.0-8.5 gr%
3.6-5.4 gr%
0.1-1.2 mg%
60-225 u/l
30-115 u/1
0-45 u/1
200-400 mg%
6-325 ng/ml
5-575 ng/ml
65-120 ug/dl
70-130 ug/dl
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APPENDIX G

IBERET FOLIC-500 COMPOSITION

Ferrous Sulfate

Vitamin C

Niacinamide

Calcium Pantothenate
Thiamin Mononitrate
Riboflavin

Pyridoxine Hydrochloride
Folic Acid
Cyanocobalamin

mg
mg
mg
mg
mg
mg
mg
ug
ug

125



APPENDIX H

ADDITIONAL INFORMATION RECORDED

INITIAL INFORMATION

age
sex

race

orgin of chronic renal failure

smoking habit

alcohol use

skin condition

hair condition

ability to adapt to light and dark environment changes
intercurrent diseases

length of time on dialysis

medications

code number for the study

BIWEEKLY INFORMATION

body weight (before and after dialysis)

appetite

dietary questioning

dietary supplementation

medications

moisture in the mouth (subjective)

taste status (subjective and objective)

smell status (subjective)

patient's sense of well being (mood)

compliance toward taking the study supplement correctly
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APPENDIX I

CALCULATIONS FOR THE ZINC SUPPLEMENT¥*

number of

element molecular weight molecules total weight
zinc 65.37 1 65.37
sulfur 32.06 1 32.06
oxygen 15.99 11 175.89
hydrogen 1.01 14 14,14

287 .46

percent elemental zinc = 65.37/287.46 = 0.2274

amount elemental zinc per capsule (80 milligrams zinc
sulfate heptahydrate x 0.2274) = 18.192 milligrams.

* The supplement jackets were size number three white
capsules. The zinc supplement filler amounted to about
155 milligrams of lactose. The placebo contained about
235milligrams lactose.
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APPDENDIX J

DATA COLLECTION SHEETS
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DATA SHEET
NAME: SMOKING HABIT:
CODE: ALCOHOL USE:
AGE: . SKIN CONDITION:
SEX: HAIR CONDITION:

RACE: TIME ON DIALYSIS:

ABILITY TO ADAPT TO LIGHT AND DARK:

INTER-CURRENT DISEASE MEDICATIONS




DATE

MOISTURE IN
THE MOUTH

SMELL
STATUS

APPETITE

TASTE

PATIENT'S
WELL BEING

130



DATE

SOUR
D/R

SWEET
D/R

BITTER
D/R

SALT
D/R

SALIVATION
mls./min,

131



DATE

WEICHT
BEFORE
DIALYSI1S

WEIGHT
AFTER
DIALYSIS

MACHINFE
NUMBER

COMPLIANCE

CHANGE IN
MEDICATIONS
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DATE

SERUM
ZINC

SERUM
COPPER

SALIVARY
ZINC

HAIR
ZINC

HAIR
COPPER

133



Date

Creat.

BUN

134

Glu.

Na

K

Cl

co

Ca

P

Uric Acid

Cholest.

Tot. Prot.

Albumin

Tot. Bilir.

Alk. Phos.

LDH

SGOT

CPK

Het.

Hb.

C.B.C.

Serum Fe

Ferritin
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DIET HISTORY

A 3-day diet history will help us evaluate what you are eating, and

can_allow us to provide you with feedback.

Please take extra care in

recording what you eat because your health and well-being is directly re-
lated to what you eat, and how much.

DIRECTIONS:

Select 3 consecutive days of the week to complete your food diary.
Record all food intake - meals and snacks, also beverages and ice chips.
Use measuring cups and spoons to help you record precise amounts of

each food eaten.
4. Describe the food and/or method of preparation.

(For example:

2% milk,

fried egg, whole wheat toast, or sandwich made with chicken, mayonnaise,

lettuce, and white bread.)
5. Record in your food diary as soon after eating as possible.

EXAMPLE

DATE:

TIME: Food Intake Amount

12AM-12Noon Poached €Egg 1
White Toast 1 slice
Margarine 1 tsp.
Cream of Wheat 3/4 C.
Whole Milk 1 C.

12 Noon - 5 P.M. Tuna sandwich
White Bread 2 slices
Salt free tuna § C.
Mayonnaise 2 Tb.
Lettuce 1 leaf
Peach 1 half
TAB 12 o0z.

5P - 12 AM Lean Sirloin Steak 3 oz.
Baked Potatoe 1 small
1 Margarine 2 tsp.
Sour Cream 118
Green beans i1 C.

Qatmeal cookies

Apple

2-3" diameter

1 large
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NAME :

DATE:

TIME FOOD EATEN AMOUNT

12 PM - 12 Noon

12 Noon - 5 PM

S PM - 12 PM



RAVE DATE BEGAN DIALYSIS
TASTE PERCEPTION TIME ON DIALYSIS SEX
CopE ORIGIN OF RENAL FRILURE
VARIABLES wK_| wK_3 WK S wK 7 WK 9 WK 1l
ERUM LEVI
BEFORE _DIALYSIS- _ ZINC
COPPER
AFTER DIALYSIS- ZINC
COPPER
HAIR_LEVEL _ (PPM)
ZING,
COPPER
TASTE - O/R _ (M)
SWEET
SOUR
BITTER
SALT

wEIGHT (185}

POST PRIOR_ DIALYSIS

BEFORE DIALYSIS

AFTER _DIALYSIS

DIALYSATE {pP8)

. 2INC - BEFQRE/IS1HR/2n4
COPPER- BEFORE/| st HR/2nd

8¢T
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TASTE RESULTS

NAME:
CODE:
SUPPLEMENT: .
DATA
DATE SWEET SOUR BITTER SALT

NUTRITIONAL {MPRESSION

TASTE IMPRESSION



APPENDIX K

SUBJECT'S CONSENT FORMS
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THE UNIVERSITY OF ARIZONA
TUCSON, ARIZONA 85724

HUMAN SUBJECTS COMMITTEE TELEPHONE. 626471) OR 6261573
ARIZONA HEALTH SCIENCES CENTER 2303

. 19 November 1981

Joan E. Silverman, M.S.

Nutrition and Food Sciences Department
Home Economics, Room 312A

MAIN CAMPUS

Dear Ms. Silverman:

We are in receipt of your project, “The Effects of Oral Zinc Sup-
plementation in Chronic Renal Failure Patients Requiring Hemodialysis',
vhich was submitted to the Human Subjects Committee for review. The pro-
cedures to be followed pose no more than minimal risk to the subjects
involved. Regulations published by the U.S. Department of Health and
Human Services (45 CFR Part 46.110) authorize approval of this type pro-
ject through the expedited review procedures, so that full Committee
approval 1is not required. A brief summary is submitted to the Committee
for their information and comment, if any, after administrative approval
1s granted. Your project is approved effective 19 November 1981, with
the condition that you forward a letter this office assuring- that your
wvork in Utah will be supervised by a physician licensed to practice in
that state.

Approval is granted with the understanding that no changes will be
made in either the procedures followed or in the consent form to be used
(copies of which we have on file) without the knowledge and approval of
the Human Subjects Committee and the Departmental Review Committee. Any
physical or psychological harm to any subject must also be reported to
each committee.

A university policy requires that all signed subject consent forms
be kept in a permanent file in an area designated for that purpose by the
Department Head or comparable authority. This will assure their accessi-
bility in the event that university officials require the information and
the principal investigator is unavailable for some reason.

Sincerely yours,

Pile hoeved
Milan Novak, M.D., Ph.D.
M/jm Chairman

cc: B. L. Reid, Ph.D.
Departmental Review Committee
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SUBJECT'S CONSENT

You are being asked to voluntarily participate in s

study entitled "The Effects of Oral Zinc Supplementation
in Chronic Renal Failure Patients Requiring Hemodialysis"
that is being conducted under the supervision of Charles
W, Weber, Ph.D., Professor ef Nutrition and Food Sciences
at The University of Arizona and Joan E. Silverman, H.5..

ose

The purpose of this study is to evaluate the zinc status
of chronic renal failure patients who require hemodialysis
and to determine if zinc supplementation can improve the
taste acuity in this population.

Objectives
The objectives of this study are to determine if:
1) a zinc deficiency is causing taste alterations.

2) by correcting the zinc deficit, is there an
improvenent in the taste status.

3) an improvement in nutritional status follows
an increase in appetite due to improved taste

acuity.
Location
The evaluations will be conducted at:
Utah Dialysis Lab, Inc. Central Valley Kidney Center
633 East South Temple or 1459 East 3900 South
Salt Lalke City, Salt Lake City,
Uteh 64102 Utan
Procedure

1 understand that participation in this study will

require six biweekly evaluations during a twelve week
period. The first evaluation will occur prior to

any supplementation. The five evaluations to follow,

will be made while I am being supplemented daily with one of
the capsules given to me by Joan Silverman.

142



143

I understand that the biweekly evaluations will require:

1)

2)

3)

L)

5)

6)

A five milliliter (ml), about one teaspoon of venous
(needle in the vein) blcod sample., However, on

the first and final evaluations (week one and twelve),
two five ml samples will be taken, one before

dislysis and the other after dialysis. The serum
levels of zinc and copper will be determined as

well as the total amount of protein. The total

amount of blood to be drawn for the duration of

the study 1s about three tablespoons.

A ten minute stimulated saliva collection will
be made. This will enteil a set of very small
cups placed over the duct of the salivary glands
located in the cheel:ts. Every thirty seconds a
slightly acid solution (citic acid which is the
same acid in lemon juice) will be painted on the
tongue., fhe zinc levels will be determined and
the protein content in the saliva.

On the first and on the final evaluations a hair
sample will be talten. This will enteil shaving

a small area on the lower neck which should not
alter appearance significantly. The zinc and
copper levels in the hair will be mnalyzed. This
should take only about five minutes.

A taste test will be performed each evaluation.

The taste testing should take about twenty minutes.
The detection and recognition of four tastants,
sweet, sour, bitter and salt will be identified.

This will be achieved by dropping three drips on

the tongue, two will be water and one will be the
tastant. I will state when I can detect some-

thing other than water and when I recognize the
taste. This will be done for each of the four tastes.

My subjective taste status will be described. I
will mention any changes that I may experience in
my taste status. This will take no more than five
minutes.

Dne white capsule rust be talien by me every day.
I will be given an envelope with the capsules in
it at the first evaluation. I will not take any
supplement on the day of the evaluations.

I understand that every day I must ingest a pill (as

a capsule) with a meal. The doctors, staff or myselfwill
not Jmow if I am taking a zinc supplement or a sugar
pill (lactose or milk sugar).
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Risks

I understand that there are no major risks involved
in participation in this study, however possibly I
may experience some stomach upset if I talie the pills
on an empty stomach.

Benefits

I understand that oral zinc supplementation may improve
my taste, appetite, sexual interest and activity,

wound healing and help my eyes to adjust to the dark
and the light.

Costs

I understand that there will be no cost to me nor
conpensation offered to me for participation in this
study.

I know that I have the freedom to ask questions at any
time during the study and the right to withdraw from
the study at any point without any alteration in the
level of health care I will recieve. At any time, a
copy of this consent form is available to me upon re-
qQuest.

I imow that my idenity will not be revealed to any
other individuals than Joan E. Silverman, Charles V.,
Weber, Betty Bergman, David Lei, and Eric H. Prosnitz.
Any erxposure of the samples or the data will be labled
with ny number. It is possible that the data will be
used in publicetion and again, the number will be used
to distinguish the data.

I understand that the risk of physical injury is min-
inal cdue to participation in this study. However,
should any physical injury occur, I know that financial
compensation for wages or time lost is not available.
Also, no hospitalization costs will be provided for
complications that mey be induced due to participation
in the study. I understand that Joan Silverman will
provide nmore information regarding the project at any
time upon my request.

Subject's Signature Witness' Signature

Date Physician's Signature
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PROPOSAL

Zinc Sulfate Supplementation in Chronic Renal Failure
Patients Requiring Hemodialysis

Hypothesis: .
2inc (Zn) supplementetion can improve taste status
in chronic renal failure patients (CRF) requiring hemo-

dialysis.,

Problem:

The CRF patient group suffers from taste dysfunction.
This alteration in taste is thought to contribute to their
poor appetite and thus poor nutritional status., 2Zn nay
benefit these patients because many of the symptoms that
they display are similar to those characteristics of Zn
deficiency-poor taste, poor appetite and lecan mass weight
loss.

Parameters of Investigation:

The Zn nutriture of the participants in the study
will be estmblished by evaluating the levels of Zn in the
serum, hair and the saliva. An objective taste evalua-
tion will be made in order to complement the above meas-
urements of Zn status. In addition, weight, appetite
and subjective taste status will be recorded. These para-
meters will be monitored throughout the study pericd so,
the impact of Zn supplementation compared to a placebo
can be determined.

The results of this clinical investigation will be
elabored by futher research with an experimental animal
nodel. Futhermore, esach person participating in this study
will recieve a summary of the results as well as thier
perscnal data generated during this investigation.

Methodology
Design: double-blind study,
Number of Patients: 20 minimum, 40 maxium,

Fifty per cent of the patients will be supplemented
with zinc sulfate (2nSO, ) and fifty percent will be given
a placebo for the durntkon of the study. Patients will
serve as their own controls.

Duration: twelve weeks,

Frequency of Evaluations: biweelrly, preferably the same
day of the week and necessarily the same time of day.

Total Number of Evaluations: six.
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Population: CRF patients who require hemodialysis. All
paritcipants must have been dialyzing for more than a

three month period, are clinically and biochenically stable,
must be hepatitus antigen B negative and currently abstain-
ing from any Zn supplementation.

Patient Approach: Patients will be approached with a
subjects consent form which explains the specifics of
the study. - In addition Joan Silverman will go over the
procedures used in collecting the data as well as the
general protocol of the investigation. If the patients
are interested in participating, they will be asked to
sign the subjects consent form. It is a completely vol-
untary study.

Location: Utah Dialysis Lab, Inc.
633 East South Temple
Salt Lalte City,
Utah 84102

Central Valley Kidney Center
1459 East 3900 South

Salt Lake City,

Utah

Supplements: zinc sulfate heptahydrate will be used in
the erxperimental group. The capsules are white number 3
in size. The Zn supplements will contain 80 milligram=s (ng)
ZnSO, ¢75.0 and about 155 mg of lactose (milk sugar?.

The glacébo contains about 235 mg of lactose.

Patients will be asked to take one capsule per day,
in the morning with a meal. On the day of evaluation,
petients will refrain from teking the supplement until
after the evaluation. No toxicity symptoms should arise
from this level of supplementation. An 80 ng capsule
provides 18 mg of elemental Zn. The Recommended Daily
Allowvance is 15 mg elemental Zn.per

Evaluations:

A) Taste 20 minutes
Taste evaluations will be made by the "forced choice three
stimulus drop tecnnique" (FC3SDT). This is a quantative
taste test where a dection over recognition (D/R) value
is obtsined. The D/K value is a reflection of the can-
centration of the four tastants - sweet, sour, titter and
salt.

Sweet tastant is made of sucrose (table sugar) in water.

Souy solution is sodium chloride (table salt) in water.

The various concentrations used for these tastants
in millimolar (m}) terms are 6, 12, 30, 60, 150, 300,
soo, 800, 1,000, 3,000 and saturation.

Bitter tastant is made by adding urea to water. The
concentrations used for the bitter test are 60, 90, 120,
150, 300, 500, 80O, 1,000, 2,000, and 5,000 mM. )

Sour tasting solution is derived from hydrochloric
acid and water. The concentrations used in tne test are
0.5, 0.6, 3, 6, 15, 30, 60, 90, 150, 300, and 500 mk.
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Distilled water will be used as the blanks.

Three drops total for each concentration will be
dropped on the tongue near the midline of the tongue
on the middle third.o Two drops are distilled water and
the third is the tastant - not necessarily in this order.
Each drop is felt orally by the patient, that is with
the entire oral cavity. The patient must be able to
distinguish the difference between the droes, "detection"”
and then, be sble to identify the tastant "recognition®
The concentrations where the pstients can correctly dis-
criminate the tastants constitutes the D/R value. The
test will be administered by clinical droppers.

B) Subjective taste evaluation 3 minutes

Phitients will be asked about their taste status and
to describe their taste character. The characters are:
1) hypogeusia - generalized loss in taste acuity.
2) dysgeusia -~ distortion of normal taste perception.
3) cacogeusia - abhorrent, obnoxious taste produced by
introduction and/or mastication of food in the oral cavity.
L) phantogeusia - intermittent or persistent sweet,
sour, bitter, salt or metallic taste in the mouth independ-
ent of external stimli,
©) heterogeusia - inappropriate taste quality of consist-
ent nature associated with the presence or mastication
of certain foods or drink - unsual, not foul.

C) Saliva collection 13 minutes
A quantative saliva collection will be made utilizing
Carlson-Crittendon parotid cups. 8timulated whol parotid
saliva will be ccllected from the right and left glands,
For a duration of ten nminutes, a five percent soclution of
citric acid (the acid found in lemon juice) will be paint-
ed on the tongue every 30 seconds. The salivary flow
rate will be determined {milliliters per minutrg. Total
parotid salivary Zn leve.s and protein content will be
determined.

D) Blood analyses 2 minutes
Serum Zn, serum copper (Cu) and the protien content will
be measured. The quanity of sample needed for these deter-
minations is five milliliters (ml). On the first evalua-
tion a five ml sample is needed before dimlysis and after
dialysis. The sane sampling is required of the final
blood evalustion. Tne four evaluations during the mid-
dle of the study will a five ml sample prior to dialysis.
This amounts to 40 ml of blood total during & twelve week
period (about 3 tablespoons of bilood.

E) Heir analysis L minutes
The newly grown haie on the nap of the neck will be shaved
off. This sampling is not noticable in the apperance of
the individual. A subsequent hair sample will be taken
on the final evaluation.
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F) Initial information
age
sex
race
orgin of CRF
smoking habit
alcohol use
akin condition
hair condition
ability to adapt to light and dark
inter current disease
lenght of time on dialysis
medications
code number for the study

G) Weekly information
welight
appetite
diet (handle of Zn content in the diet)
dietary supplementation
drugs
moisture in the mouth (subjective)
taste status
patient's well being (mood)
the machine used in dialysis
smell status (subjective)
complience taking the supplement for the study

H) General research questions:
Can Zn supplementation raise the 2n levels found in the
serun, saliva and hair.

the . sali
31887 AEEiReton, ofaPasLy;BeTay and saliva Zn levels

s there a conconinant improvement in the patient's taste
status both objectively and subjectively?

How may Zn levels in the serum change with dialysis?
Does the Zn level in the dielysate change during dialysis?

I) Evalustion of the dialysate:
The dialysate will be sampled before each dialysis and
after. A 10 ml sample will be taken . This may reflect
comtanination or a leaching of the patient's blood levels
of Zn.
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Subject's Consent and Information About the Study
“Zinc Sulfate Supplementation in Chronic Renal Failure
"Patients Requiring Hemodialysis”

You are being asked to voluntarily participate in a study entitled, "Zinc Sulfate
Supplementation in Chronic Renal Failure Patients Requiring Hemodialysis” that is
being conducted under the supervision of James Stinson, M.D., Barry Koerpel, M.D.
and Joan Silverman, M.S.,

Purpose

The purpose of the study is to evaluate the zinc status of the chronic renal failure
patients who require hemodialysis, and to determine 1f zinc supplementation can
improve the taste acuity in this patient population.

Objectives
The objectives of this study are to determine if:

1) a zinc deficiency is causing taste alteration.
2; is there an improvement in taste status by correcting the zinc deficit.
3) an improvement in nutritional status follows the enhanced taste acuity. .

Location

The evaluations will be conducted at: VA Medical Center or Ogden Limited Care
Salt Lake City, Dialysis Center
Utah Ogden, Utah

Procedure

I understand that participation in this study will require six biweekly evaluations
during a twelve week period. The first evaluation will occur prior to any supple-
mentation. The five evaluations to follow will be made while 1 am being supple-
mented daily (one capsule per day) with the capsules provided to me by Joan Silverman.

1 understand that the biweekly evaluations will require:

1) A five milliliter (about one teaspoon) of venous {needle in the vein) blood
sample. However, on the first evaluation and the final one (week one and week-
twelve), two five milliliter samples will be taken, one before dialysis and the
other after dialysis is completed. The total amount of blood drawn for the
duration of the study is about three tablespoons .

2) A ten minute stimulated saliva collection. This will entail a set of very small
cups placed over the salivary ducts located inside the cheeks. Every thirty
seconds a slightly acidic solution (citric acid, the acid in lemon juice) will
be painted on the tongue. This stimulates salivation.

3) A taste evaluation. The taste testing should take about twenty minutes. The
detection and recognition of four tastants (sweet, sour, bitter and salt) will
be identified. This will be achieved by dropping three drips on the tongue,
two will be water and the other will be a tastant. [ will state when I can
detect something other than water and when I can recognize the taste.

4) My opinion of my subjective taste status. I will describe any changes that 1
may experience in my taste status. This will take no more than five minutes.

Subject's Signature Witness' Signature

Date Physician's Signature
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5) On the first and the final evaluations, a hair sample will be taken. This will
involve snipping some hair off a small area on the lower neck which should not
alter appearance significantly. This should only take about five minutes.

6) One white capsule must be taken by me every day. I will be given an envelope
with the capsules in it at the first evaluation. However, I realize that 1
will not take a capsule on the day of my evaluation until after | have been
dialized. The doctors, the staff nor myself will know if I am taking a zinc
supplement or a sugar pill (lactose of milk sugar).

Risks .

T under that there are no major risks involved in my participation in the study
however, possibly | may experience some stomach upset if '] take the zinc on an
empty stomach.

Benefits

T understand that oral zinc supplementation may improve my taste, appetite,
sexual interest and activity, wound healing and help my eyes to adjust to
changes in going from lightness to darkness and vice versa.

Costs
T understand that there will be no costs to me nor compensation offered to me
for participation in this study.

Futhermore, I know that 1 have the freedom to ask questions at any time during the
study, and the right to withdraw from the study at any point without any alteration
in the level of health care that I will receive. At any time, a copy of this consent
form is available to me upon request. I understand that Joan Silverman will provide
more information regarding the project at any time upon my request.

1 know that my idenity will not be revealed to any other individuals than Dr. Stinson,
Dr. Koerpel and Joan Silverman. Any exposure to the samples or the data will be labled
with my study number. It is possible that the data will be used in publication, again
the study number will be used to distinguish the data.

1 understand that the risk of physical injury is minimal due to participation in the
study. However, should any physical injury occur, 1 know that financial compensation
for wages or time lost is not available. Also, no hospitalization costs will be
provided for complications that may be induced due to participation in this study.

Subject’s dignature Witness' Signature

Uate ' Physician’s Signature
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Medical Center Salt Lake City UT 84148

Veaterans
Administration

March 9, 1982

in Reply Reter To
.Joan Silverman, M.S.
James Stinson, M.S. {11H)

Dear Joan:

Your research project _Zinc sulfate supp]ementat1on in chronic renal
patients requiring hemodialysis.

received approval of the Human Studies Committee on 2/23/82

and was approved to be cgygygﬁed at the VA by the Research and

Development Committee

At the time you begin using subjects, a signed VA-10-1086 AND "Subject
Information Sheet" must be obtained from each individual you use.

It is important that the forms be properly completed and dated in the
spaces provided.

If you are using VA patients the original copy of the signed consent
material MUST be filed in the patients' VA medical folder. You may
‘plYace this material in the medical record yourself or send it to the
Hedxca] Records Room for filing. You should retain copies of the
completed fonas for your own research project file.

If you are using subjects other than VA patients you should file the
original copies of the informed consent material in the VAMC file
rooi. There has been a special file established for this purpose
entitled, INFORMED COWSENT MATERIAL - HON-VA PATIENT SUBJECTS. This
action has been taken on recommendation of the Joint Commission for
Accreditation of Hospitals (JCAH) who insist that this material must
be filed with the institution rather than with individual
investigators. A copy of this information should be retained in your
owvn rescarch project file.

A report listing names of subjects and identifying information must
be filed with this office quarterly. Forms for the next four quarters
are attached. If entries are made as consent forms are obtained and
filed, the papervork should not be too onerous. Additional forms will
be provided as nceded. .

In addition, we are required to report on adverse reactions as per the
attached circular. This information will also be collected on a
quarterly basis.

At L.

AUDREM DEISS, H.D. (151 - VA)
Associate Chief of Steff for
Research and Developuent
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DESIGN OF THE PAROTID
SALIVA COLLECTION CUPS
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DIRECTIONS FOR CONSTRUCTION OF
THE SALIVA COLLECTION CUPS

A one inch in diameter teflon rod was sliced into
5/16 inch slices.

A center cavity was lathed into the disk 9/16 inch in
diameter, and 1/4 inch deep.

Two holes were drilled through the walls of the cup,
so that a 16 guage needle could be pressed fitted into
position,

The 16 guage, 1 1/2 inch stainless steel needles were
filed into 1/2 inch segments. The tips and the locks of the

needles were discarded.

$#C.M.S. = Curtin Matheson Scientific
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Table A, Baseline Serum Zinc, Copper (ug%) and Zinc-Copper
Ratio Pre and Post Dialysis.
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PATIENT PRE DIALYSIS POST DIALYSIS
NUMBER Zn Cu Zn/Cu Zn Cu Zn/Cu
GROUP 1 )
1 51 100 0.51 52 137 0.39
4 50 105 0.48 38 104 0.37
5 54 100 0.54 55 95 0.58
9 60 99 0.61 72 210 0.34
10 49 85 0.58 54 101 0.53
12 63 111 0.57 60 104 0.58
.13 59 109 0.54 80 137 0.58
16 46 156 0.30 50 97 0.52
19 51 112 0.46 55 102 0.34
21 49 121 0.41 46 134 0.34
24 62 130 0.48 60 157 0.38
AVERAGE 54 112 0.50 57 125 0.45
SD. 5.9 18.9 0.09 11.6 35.1 0.11
SE. 1.8 5.7 0.03 3.5 10.6 0.03
GROUP 2
2 47 123 0.38 48 133 0.36
3 57 109 0.52 57 120 0.56
6 76 117 0.65 69 94 0.73
7 61 105 0.63 87 132 0.66
8 44 119 0.37 59 123 0.48
11 75 105 0.71 77 116 0.66
14 60 107 0.56 60 108 0.56
15 63 106 0.59 53 98 0.54
17 59 123 0.48 62 121 0.51
18 47 113 0.42 46 116 0.39
20 52 107 0.49 71 110 0.65
22 49 133 0.37 60 135 0.44
23 58 117 0.49 44 105 0.42
AVERAGE 58 114 0.51 61 116 0.54
SD., 10.0 8.7 0.11 12.5 13.0 0.12
SE. 2.8 2.4 0.03 3.5 3.6 0.03
GROUPS 1 and 2
AVERAGE 56 113 0.51 59 120 0.50
SD. 8.4 14.0 0.10 12.0 25.4 0.12
SE. 1.7 2.9 0.02 2.4 5.2 0.02
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Table B, Serum Zinc, Copper {(ug%) and Zinc-Copper Ratio
Pre and Post Dialysis on Final Evaluation.

PATIENT PRE DIALYSIS POST DIALYSIS
NUMBER 7n Cu Zn/Cu Zn Cu Zn/Cu
GROUP 1
1 56 86 0.65 63 100 0.63
10 53 100 0.53 52 99 0.53
13 64 97 0.66 57 127 0.45
19 42 134 0.31 63 88 0.72
21 61 114 0.54 61 121 0.50
24 66 150 0.44 70 157 0.45
AVERAGE 57 114 0.52 61 115 0.55
SDh, 8.8 24.3 0.13 6.1 25.1 0.11
SE. 3.7 9.8 0.06 2.5 10.3 0.04
GROUP 2
2 48 104 0.46 50 107 0.47
3 61 96 0.64 57 109 0.52
6 66 102 0.65 68 118 0.58
7 62 119 0.48 66 101 0.65
8 48 106 0.45 53 103 0.51
15 55 123 0.45 48 128 0.38
17 55 114 0.48 75 146 0.51
18 50 90 0.56 58 97 0.60
20 (67) (107) (0.65) (63) (121) (0.52)
22 62 116 0.53 88 114 0.77
23 - 59 147 6c.40 - 86 181 0.48
AVERAGE 57 112 0.51 65 120 0.55
SD. 6.4 16.2 0.08 14.3 25.8 0.11
SE. 2.0 5.1 0.03 4.5 8.1 0.03
GROUPS 1 and 2
AVERAGE 54 112 0.51 63 119 0.55
SD. 14,6 18.8 0.10 11.8 24.8 0.10
SE. 3.7 4.7 0.03 3.0 6.2 0.03

() Serum levels not included in the analyses due to patient
supplementation of 220 mg zinc sulfate per day for one
week.

The normal range of zinc in the serum is 65 ug% - 120 ug%.

The normal range of copper in the serum is 80 ug% - 120 ug%.



Table C. Biweekly Variation of Pre Dialysis Serum Zinc

Levels (ug%) for Group 1.
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PAT BASELINE WEEK WEEK  WEEK WEEK  WEEK
NO  LEVEL 2 4 6 8 10 AVG. SD. SE.
1 51 53 64 67 60 56 59 6.3 2.6
4 50 55 47 51 © ° 51 3.1 1.7
5 54 © © (] © (-]
9 60 65 66 © (87)* © 64 3.2 1.8
10 49 58 53 57 54 53 54 3.2 1.3
12 63 ° 45 © © © 54 12.7 9.1
13 59 71 71 58 64 64 65 5.6 2.3
16 46 56 e 48 o © 50 5.3 3.1
19 51 69 48 51 54 42 53 9.0 3.8
21 49 46 53 59 46 61 52 6.5 2.7
24 62 59 81 67 70 66 68 7.7 3.2
AVG 54 59 59 57 58 57
SD. 5.9 8.0 12.4 7.1 8.5 8.8
SE. 1.8 2.7 4.1 2.5 3.5 3.7

* Femoral atery was used as access. Hemolysis was recorded,
thus statistic was not included in the analyses.

° missing data

Normal range for serum zinc is 65 ug% - 120 ug%.
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Table D. Biweekly Variation of Pre Dialysis Serum Zinc
Levels (ug%) for Group 2.

PAT BASELINE WEEK WEEK WEEK WEEK WEEK

NO LEVEL 2 4 6 8 10 AVG. SD. SE.
2 47 41 58 48 51 48 49 5.6 2.3
3 57 54 52 53 59 61 56 3.6 1.5
6 76 63 71 71 77 66 71 5.5 2.3
7 61 70 65 (89)* 71 62 66 4.5 2.0
8 44 44 53 53 38 48 47 5.9 2.5
11 75 87 76 © °© © 79 6.7 3.9
14 60 54 67 © © ©
15 63 54 64 51 60 55 58 5.3 2.2
17 59 48 45 55 40 55 50 7.2 3.0
18 47 42 53 53 63 50 51 7.0 2.9
20 52 63 42 53 40 (67)# 50 9.3 4.2
22 49 56 59 71 59 62 59 7.2 3.0
23 58 47 58 56 76 59 59 7.7 3.2

AVG 58 56 59 56 58 57

SD. 10.0 12.8 9.9 8.0 14.0 6.4

SE. 2.8 3.6 2.8 2.5 4.3 2.0

* Serum level not included in analyses due to patient heprin
ization prior to specimen collection. .

# Serum level not included in analyses due to patient supple-
mentation of 220 mg. zinc sulfate per day for one week.

°® missing data

The normal range for serum zinc is 65 ug% - 120 ug%.



Table E, Biweekly Variation of Pre Dialysis Serum Copper

Levels (ug%)

for Group 1.
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PAT BASE- WEEK WEEK WEEK WEEK WEEK

NO LINE 2 4 6 8 10 AVG. SD. SE.

1 100 118 96 90 88 86 96 11.8 4.9

4 105 126 115 107 °© © 113 9.5 4.8

5 105 © (4] © © [

9 99 117 116 ° °© e 111 10.1 5.9
10 85 104 107 115 96 100 101 l10.2 4.3
12 111 102 191 ° © ° 134 49 29
13 109 109 104 95 112 97 104 7.0 2.9
16 150 142 ° 156 ° © 149 7.0 4.1

- 19 112 162 159 171 153 134 149 21.7 9.0
21 121 119 121 105 94 114 112 10.8 4.5
24 130 148 160 140 111 150 140 17.3 7.2
AVG, 112 125 130 122 109 114
SD. 18.9 19.9 32.3 29.8 23.6 24.0
SE. 5.7 6.2 10.8 10.6 9.8 9.8

The normal range for serum copper is 80 ug% - 120 ug%.

° missing data
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Table F. Biweekly Variation of Pre Dialysis Serum Copper
Levels (ug%) for Group 2.

PAT BASE- WEEK WEEK WEEK WEEK WEEK

NO LINE 2 4 6 8 10 AVG, SD. SE.
2 123 118 120 90 110 104 111 12.4 5.2
3 109 113 114 113 90 96 106 10.3 4.3
6 117 92 97 95 94 102 100 9.2 3.8
7 105 123 143 112% 124 119 123 13.6 6.2
8 119 113 96 109 113 106 109 7.9 3.3

11 105 107 108 ° © © 107 1.5 0.9

14 107 141 118 °© ° ° 122 17.3 10.2

15 106 104 147 117 97 123 116 18.0 7.5

17 123 125 127 127 116 114 122 5.7 2.4

18 113 116 103 112 126 90 110 12.3 5.1

20 107 76 107 117 113 (103)%# 104 16.2 7.4

22 113 114 98 127 115 116 114 9.3 3.9

23 117 108 115 114 112 147 119 14.0 5.8

AVG. 114 111 115 112 110 112
SD. 8.7 16.5 16.4 11.9 11.7 16.2
SE. 2.4 4.6 4.6 3.7 3.5 5.1

* Serum level not included in analyses due to patient heprin-
ization prior to specimen collection.

# Serum level not included in analyses due to patient supple-
mentation of 220 mg. zinc sulfate per day for one week.

The normal range for serum copper is 80 - 120 ug$.

°© missing data



Table G.

Biweekly Variation of

Pre Dialysis Serum
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" Zinc-Copper Ratio for Group 1.
PATIENT BASE~ WEEK WEEK WEEK WEEK WEEK
NUMBER LINE 2 4 6 8 10 AVG, SD. SE.
1 0.51 0.45 0.67 0.74 0.68 0.65 0.62 0.11 0.05
4 0.48 0.44 0.41 0.48 °© © 0.45 0.03 0.02
5 0'51 -O © © © (-]
9 0.61 0.56 0.57 ° ¢ ¢ 0.58 0.03 0.02
10 0.58 0.56 0.50 0.50 0.56 0.53 0.54 0.03 0.01
12 0.57 ° 0.24 © © © 0.40 0.23 0.16
13 0.54 0.65 0.68 0.60 0.57 0.66 0.62 0.06 0.02
16 0.31 0.39 0.31 °© © e 0.34 0.05 0.03
19 0.46 0.43 0.30 0.30 0.35 0.31 0.36 0.07 0.03
21 0.41 0.39 0.43 0.56 0.49 0.54 0.47 0.07 0.03
24 0.48 0.40 0.51 0.48 0.63 0.44 0.49 0.08 0.03
AVG. 0.50 0.47 0.46 0.52 0.55 0.52
SD. 0.09 0.09 0.15 0.13 0.12 0.13
SE. 0.03 0.03 0.05 0.05 0.05 0.06

With adequate zinc

to one.

® missing data

nutriture,

the ratio should be close
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Table H. Biweekly Variation of Pre Dialysis Serum
Zinc-Copper Ratio for Group 2.

PAT BASE- WEEK WEEK WEEK WEEK WEEK
NO LINE 2 4 6 8 10 AVG. sD. SE.

0.38 0.35 0.48 0.54 0.46 0.46 0.45 0.07 0.03
0.52 0.48 0.46 0.47 0.66 0.64 0.54 0.09 0.04
0.65 0.68 0.73 0.75 0.82 0.65 0.71 0.07 0.03
0.63 0.56 0.45 (0.79)* 0.57 0.48 0.54 0.07 0.03

0.37 0.39 0.53 0.49 0.34 0.45 0.43 0.07 0.03
11 0.71 0.81 0.70 ° °© © 0.74 0.06 0.04
14 0.56 0.38 0.57 ° ° °© 0.50 0.12 0.06
15 0.59 0.52 0.44 0.44 0.60 0.45 0.51 0.07 0.03
17 0.48 0.38 0.35 0.43 0.34 0.48 0.41 0.06 0.03
- 18 0.42 0.36 0.51 0.47 0.50 0.56 0.47 0.07 0.03
20 0.49 0.83 0.39 0.45 0.35 (0.65)# 0.50 0.19 0.09
22 0.37 0.49 0.60 0.56 0.51 0.53 0.51 0.08 0.03
23 0.49 0.43 0.50 0.50 0.67 0.40 0.50 0.09 0.04

O NI WK

AVG. 0.51 0.51 0.52 0.51 0.53 0.51
SD. 0.11 0.17 0.11 0.09 0.15 0.08
SE. 0.03 0.05 0.03 0.03 0.05 0.03

* Ratio not included in the analyses due to patient heprin-
ization prior to specimen collection.

# Ratio not included in the analyses due to patient supple-
mentation of 220 mg. zinc sulfate per day for one week.

° missing data

With adequate zinc nutriture, the ratio should be close to

one. °
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Table I.> Comparison of 1Initial and Final Hair
Levels of Zinc and Copper (PPM) for
Group 1 and Group 2.

PATIENT BASELINE FINAL
NUMBER Zn Cu Zn Cu
Group 1
1 147 3.0 139 2.0
4 212 5.0 e e
5 105 3.0 © °©
9 122 2.0 © e
10 185 2.0 172 2.0
12 160 5.0 © ¢
13 210 5.0 189 4.0
16 136 2.0 © e
19 155 4.0 145 5.0
21 150 3.0 154 2.0
AVERAGE 158 3.4 160 3.0
SD, 35.3 1.3 20,5 1.4
SE. 11.0 0.4 2.3 0.6
Group 2
2 178 10.0 178 4.0
3 175 5.0 124 3.0
6 67 5.0 71 3.0
7 151 6.0 139 3.0
8 133 5.0 82 5.0
11 179 © © °
14 230 6.0 © °
15 140 6.0 127 4.0
17 170 2.0 154 1.0
18 150 3.0 155 8.0
20 180 4,0 127 3.0
22 136 3.0 143 2.0
23 198 6.0 232 4.0
AVERAGE 161 5.1 139 3.6
SD. 39.0 2.1 43.6 1.8
SE. 10.8 0.6 13.2 0.5

Normal range of zinc in the hair is 95 - 255ppm.
The normal range for copper is not well
established for man.

° missing data



165

Table J. The Test Tastants.

TASTE

D/R*
SUBSTANCE NUMBER MOLAR CONCENTRATION

Sweet

0.015

0.03

0.06

0.10

0.15

No Detection,
No Recognition
Misrecognition

Sucrose

= AU W

Sour

0.0005

0.003

0.006

0.015

0.03

0.06

No Detection,
No Recognition
Misrecognition

Hydrochloric Acid

2 Ndous W -

Bitter

0.09

0.15

0.03

0.50

0.80

1.0

No Detection,
No Recognition
Misrecognition

Urea

= N U W N -

Salt

0.06

0.075

0.09

0.14

0.22

0.35

No Detection,
No Recognition
M Misrecognition

Sodium Chloride

SO s W

* D/R =

detection/recognition threshold
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Table K. Biweekly Sweet Taste Detection/Recognition
Threshold (D/R) Data. *

PAT BASE- WEEK WEEK WEEK WEEK WEEK

NO LINE 2 4 6 8 10 AVG. SD.
GROUP 1

1 3/5 2/3 2/2 3/3 1/2 2/2 2/3 .75/1.2
4 4/5 3/3 3/3 3/3 ° © 3/4 ,50/1.0
5 6/6 [ © © © ©

9 4/5 3/3 3/3 4/4 e ° 4/4 .58/.96
10 3/4 3/3 3/3 3/3 2/2 3/3 3/3 .41/.60
12 3/3 3/3 5/5 © ° ° 4/4 1.2/1.2
13 2/3 2/2 2/2 2/3 2/2 2/2 2/2 0.0/.52
16 3/3 3/3 ° 3/3 ° ° 3/3 0.0/0.0
19 3/3 2/3 2/2 1/1 2/2 2/2 2/2 .63/.75
21 1/2 2/3 2/2 2/2 2/2 2/2 2/2 .41/.41
24 4/4 3/3 3/3 3/3 3/3 2/2 3/3 .63/.63
AVG 3/4 3/3 3/3 3/3 2/2 2/2

sb .3/1.2 .52/.32 .97/.97 .87/.83 .63/.41 .41/.41
SE .39/.36 .16/.10 .32/.32 .29/.28 ,.26/.17 .17/.17

GROUP 2

2 6/6 5/6 6/6 3/5 3/4 3/3 4/5 1.5/1.3
3 3/5 3/4 2/4 2/4 3/5 2/3 3/4 .55/.75
6 2/2 4/6 3/3 2/2 °© 1/2 2/3 1.1/1.7
7 4/4 3/3 2/2 3/3 2/3 1/2 3/3 1.0/.75

8 4/6 3/4 2/4 2/3 2/2 2/3 3/4 .84/1.4
11 3/5 3/4 ° ° ° ° 3/5 0.0/.71
14 1/4 1/2 1/1 © ° °© 1/2 0.0/1.5
15 4/5 3/3 2/3 4/5 1/1 2/2 3/3 1.2/1.6
17 4/4 1/2 3/4 1/1 1/2 2/2 2/3 1.3/1.2
18 3/3 3/3 2/2 2/3 2/3 2/2 2/3 .52/.52
20 3/3 2/2 3/3 2/2 2/2 2/2 2/2 .52/.52
22 1/1 1/1 1/1 2/2 1/1 1/2 1/1 .41/.52
23 4/4 3/3 2/4 2/2 2/2 3/3 3/3 .82/.89
AVG 3/4 3/3 2/3 2/3 2/3 2/2

sD 1.4/1.5 1.2/1.5 1.3/1.4 .80/1.3 .70/1.3 .70/.50
SE .39/.42 .33/.42 .38/.40 .25/.41 .22/.41 .21/.15

* See the tastant key in Table J.
° missing data
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Table L. Biweekly Sour Taste Detection/Recognition (D/R)

Threshold Data. *

PAT BASE- WEEK WEEK WEEK WEEK WEEK

NO LINE 2 4 6 8 10 AVG. SD.
GROUP 1

1 3/M 2/M 2/2 2/2 2/M 2/M 2/2 .41/0

4 4/M 2/M 4/M 4/5 ° e 4/™ 1.0/™

5 7/7 © [ © © ©

9 2/M ° 4/M 4/M ° e 2/" 1.2/™
10 2/5 2/4 2/4 2/3 1/2 3/3 2/4 .63/1.0
12 5/M 6/6 6/6 ° © ° 6/6 .58/0.0
13 2/3 1/2 2/2 2/4 1/2 2/2 2/3 .52/.84
16 6/M 2/4 ° 6/M ° ° 5/™ 2,3/"
19 2/4 1/2 1/1 2/2 2/2 1/1 2/2 .55/1.1
21 2/2 2/2 2/2 2/2 4/4 3/3 3/3 .84/.84
24 6/6 5/5 5/5 5/5 5/5 3/3 5/5 .98/.98
AVG 4/5 3/4 3/3 3/3 3/3 2/2

sp 2.0/1.9 1.7/1.6 1.7/1.9 1.6/1.4 1.6/1.4 .82/.90

SE .60/.57 .57/.53 .57/.63 .53/.47 .65/.57 .33/.37

GROUP 2

2 /7 4/7 5/5 3/3 3/3 1/3 4/5 2.0/2.0
3 3/M 3/M 4/5 3/M 2/M 2/M 3/™ .75/™

6 5/7 6/7 2/2 a/M 3/3 4/5 1.6/2.6
7 6/7 4/4 3/3 2/2 2/2 3/4 3/4 1.5/1.9

8 6/6 5/5 5/5 5/5 4/5 4/5 5/5 .75/.41
11 3/M 3/4 ° J © e 3/™ 0.0/
14 2/5 4/M 2/4 e © e 3/5 1.2/.71
15 5/7 4/5 3/5 3/3 3/4 3/4 4/5 .84/1.4
17 6/6 4/M 4/4 2/4 3/3 3/3 4/4 1.4/1.2
18 4/4 4/5 3/4 4/4 3/3 2/2 3/4 .82/1.0
20 4/3 3/5 4/4 2/2 4/4 2/3 3/4 .98/1.0
22 3/5 2/M 2/2 2/2 1/2 /M 2/3 .75/1.5
23 6/7 5/6 2/M 4/M 2/M 3/M 4/7 1.6/.71
AVG 5/6 4/5 3/4 3/3 3/3 3/3

sb 1.6/1.41.1/1.1 1.1/1.,1 1.0/1.1 .95/1.0 .93/.92
SE .44/.39 .31/.31 .32/.32 .30/.33 .30/.32 .28/.28

* See tastant key in Table J.
™ Statistic not calculable.
° missing data
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"Table M. Biweekly Bitter Taste Detection/Recognition (D/R)

Threshold Data. *

PAT BASE- WEEK WEEK WEEK WEEK WEEK
NO LINE 2 4 6 8 10 AVG, SD.
GROUP 1

1 7/7 3/4 4/4 4/4 2/2 3/4 4/4 1.7/1.6
4 4/6 4/6 3/4 3/5 ° © 4/5 .58/.96
5 /7 © © ° ° ©

9 4/4 ° 4/6 4/4 ° ° 4/5 0.0/1.2
10 3/4 3/4 1/2 1/2 1/1 1/1 2/3 1.0/2.2
12 6/7 7/ 7/7 © °© e 7/7 .58/0.0
13 3/4 3/3 2/3 1/2 1/1 1/1 2/2 .98/.58
16 3/4 3/3 © 3/3 ° © 3/3 0.0/.58
19 3/4 2/4 3/3 2/2 3/3 3/3 3/3  .52/.75
21 2/3 3/3 2/2 2/2 3/3 3/3 3/3 .55/.52
24 6/6 6/6 6/6 5/5 7/7 5/5 6/6 .75/.75
AVG 4/5 4/4 4/4 3/3 3/3 3/3

sp 1.8/1.5 1.6/1.5 1.9/1.8 1.4/1.3 2.2/2.2 1.5/1.4

SE .54/.45 .53/.50 .63/.60 .47/.43 .90/.90 .61/.57

GROUP 2

2 1/7 5/6 5/7 4/4 2/2 4/4 5/5 1.6/2.0
3 3/5 3/3 4/4 2/2 3/3 3/3 3/3 .63/1.0
6 5/6 3/4 4/5 2/2 3/3 3/4 1.1/1.6
7 7/7 5/6 3/3 5/5 2/2 3/3 4/4 1.8/2.0
8 5/6 4/4 5/6 4/5 2/4 3/4 4/5 1.2/.98
11 2/6 1/6 © ¢ ° d 2/6 .70/0.0
14 3/M 2/4 3/3 °© © e 3/4 .58/.70
15 4/6 3/4 2/3 3/3 1/2 1/1 2/3 1.2/1.7
17 2/2 2/3 3/4 4/4 2/2 3/3 3/3 .82/.89
18 3/3 3/3 3/3 3/3 3/3 1/1 3/3 .82/.82
20 6/7 4/4 3/3 3/3 3/3 2/2 4/4 1.4/1.8
22 2/2 2/3 1/2 3/3 1/2 2/2 2/2 .75/.52
23 7/7 a/4 4/4 2/3 3/3 3/3 4/4 1.7/1.5
AVG 4/5 3/4 3/4 3/3 2/3 3/3
sp 2.0/1.9 1.2/1.11.5/1.4 .98/1.0 .79/.70 .93/1.0

SE .55/.53 .33/.31 .43/.40 .30/.30 .25/.22 .28/.30

* See tastant key in Table J.
° missing data
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Table N, Biweekly Salt Taste Detection/Recognition (D/R)
Threshold Data. *

PAT BASE- WEEK WEEK WEEK WEEK WEEK

NO. LINE 2 4 6 8 10 AVG, 5.D.
GROUP 1

1 2/3 2/3 2/2 1/2 1/1 3/3 2/2 .75/.82

4 2/4 1/5 1/3 2/5 © ° 2/4 .56/.96

5 7/7 [~] © © -] ©

9 2/2 © 1/1 2/2 © ° 2/2 .58/.58
10 4/7 1/1 2/2 1/1 2/3 1/2 2/3 1.2/2.3
12 a4/4 3/4 7/7 © ° ° 5/5 2.1/1.7
13 1/2 1/1 1/1 1/1 1/1 1/1 1/1 0.0/.41
16 3/3 1/1 ° 1/1 © ° 2/2 1.2/1.2
19 1/1 1/1 1/1 1/3 1/1 1/1 1/1 0.0/.82
21 3/3 2/3 1/1 2/3 1/1 2/2 2/3 .75/.98
24 4/6 5/6 4/4 3/3 3/3 3/4 4/4 .82/1.4
AVG 3/4 2/3 2/2 2/2 2/2 2/2

sp 1.7/2.0 1.4/1.9 2.0/2.0 .73/1.3 .84/1.0 .98/1.2
SE .51/.60 .47/.63 .67/.67 .24/.43 .34/.41 .40/.49

GROUP 2

2 7/7 4/6 3/3 4/5 2/4 /1 2/4 1.7/2.2
3 1/3 1/2 1/1 1/1 1/1 1/1 1/2 0.0/.84

6 4/5 5/6 3/5 1/2 ° 1/2 3/4 1.8/1.9
7 4/5 1/2 2/2 1/3 1/1 1/1 2/2 1.2/1.5

8 5/6 .4/4 3/3 /1 - 2/2 2/4 3/3 1.5/1.8
11 4/M 5/5 ° ° © ° 5/™ J70/™
14 2/3 1/2 1/2 ° °© ° 1/2 .58/.58
15 1/4 1/4 2/3 1/1 1/1 1/1 1/2 .41/1.5
17 3/4 1/1 1/1 2/2 1/1 2/2 2/2 .82/1.2
18 2/2 1/1 1/2 1/1 1/1 1/1 1/1 .41/.52
20 1/2 1/1 1/1 1/1 2/2 1/1 1/1 .41/.52
22 1/3 1/4 1/1 1/1 1/2 1/1 1/2 0.0/1.3
23 6/6 1/2 2/2 2/2 2/2 1/1 2/3 1.9/1.8
AVG 3/4 2/3 2/2 2/2 1/2 1/2

sp 2.0/1.6 1.7/1.8 .87/1.2 .93/1.3 .52/.95 .40/.93
SE .55/.44 .47/.50 .25/.38 .28/.39 .16/.30 .12/.28

* See tastant key in Table J.
™ Statistic not calcuable.
° missing data
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Table O. Zinc Levels in the Dialysate (PPB).

PATIENT BASELINE WEEK 4 WEEK 10
PRE 1 hr 2 hr PRE 1 hr 2 hr PRE 1 hr 2 hr
GROUP 1

1 11 20 15 19 35 15 21 4 11

4 28 32 2 12 28 © °© ° e

5 28 17 15 ° ° ¢ © ° ©

9 10 11 36 20 39 20 ° ° °
10 20 16 8 8 23 ' 12 0 14

12 30 16 31 25 16 31 ° ° °
13 26 7 26 2 10 23 29 23 33

16 25 8 6 15 25 42 ° ° °
19 24 29 35 4 31 29 39 32 31
21 21 29 9 28 40 20 33 27 33
24 12 20 7 50 38 37 47 45 35
AVG, 21 19 17 18 29 27 30 22 26
SD. 7.3 8.5 12.5 14.0 10.1 9.3 12.5 17.1 10.7
SE. 2.0 2.4 3.5 4,4 3.2 2.9 5.2 7.1 4.5

GROUP 2

2 11 42 33 19 38 46 35 38 25

3 11 38 32 19 39 25 0 35 17

6 27 10 26 36 16 31 23 17 12

7 15 16 11 26 27 ° 13 3 10

8 16 30 25 21 10 25 13 0 23

11 32 34 28 20 17 20 ° ° ©

14 30 19 30 20 14 19 ° °© °©
15 26 26 23 2 30 7 26 39 39
17 25 20 32 29 17 35 16 21 24
18 24 18 10 7 27 7 22 34 10
20 25 28 24 38 25 39 20 24 22
22 22 9 24 13 22 4 35 22 30
23 13 5 20 5 6 2 20 26 28
AVG. 21 22 24 20 20 22 20 24 22
SD. 7.2 10,7 7.3 11.0 10.1 14.5 10.1 13.1 9.0
SE. 2.0 3.0 2.0 3.1 2.8 4,1 3.1 4.0 2.7

Maximum allowable levels of zinc and copper in the dialysate

is 100 ppb.
°missing data
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Table P, Copper Levels in the Dialysate (ppb).
PATIENT BASELINE WEEK 4 WEEK 10
NUMBER PRE 1 HR 2 HR PRE 1 HR 2 HR PRE 1 HR 2 HR
GROUP 1
1 23 3 27 19 42 27 15 4 26
4 19 26 24 20 e © ° ° ©
5 20 25 29 ° °© © ° ° e
9 20 53 30 32 43 54 °© ° ¢
10 8 32 35 20 46 ° 20 0 33
12 20 10 21 10 27 © e © °
13 2 36 31 32 27 5 2 23 28
16 30 30 20 35 50 22 ° © ©
19 23 43 32 28 3 3 16 ° 30
21 26 25 30 30 32 33 32 34 25
24 24 49 35 32 39 29 11 54 20
AVG, 20 30 29 26 32 25 16 24 27
SD. 8.0 15.1 5.1 8.1 14.8 17.4 9.9 22.3 4.5
SE. 2.2 4.3 1.4 2.4 4.6 5.4 4.1 10.1 1.9
GROUP 2
2 23 56 29 19 59 39 32 2 23
3 23 3 28 19 24 30 29 43 25
6 16 23 20 19 20 20 6 4 23
7 18 24 22 19 27 © 13 3 23
8 7 9 8 19 26 21 30 27 23
11 20 37 21 10 30 32 ° ° °©
14 20 40 22 27 39 3 ° ° ©
15 2 24 23 32 24 33 25 25 40
17 25 27 23 28 47 31 27 31 25
18 25 15 23 23 20 34 28 23 25
20 23 25 32 15 29 28 36 23 3
22 26 36 28 27 36 23 31 43 31
23 23 36 26 32 28 28 28 33 45
AVG. 19 27 23 22 31 27 27 25 26
SD. 7.2 14,0 5.9 6.6 11, 9.3 7.6 13.1 11.2
SE. 2.0 3.9 1.6 1.8 3. 2.7 2.3 4.0 3.4

Maximum allowable level of zinc and copper in the dialysate

is 100ppb.
° missing data
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The Statistics Performed

Below are the tests carried out on the computer using

the SPSS program,
level.

t-test (pair)
Serum Zn:

serum Cu:
hair Zn:

hair Cu:
dialysate 2Zn:

t-test (group)
serum ZZn:

All tests were performed at the 0.05

pre
pre
pre
pre

VS
VS
vs
VS

post
post
post
post

baseline vs
baseline vs
baseline vs
groups
week 4 vs final, pre dialysis, all
groups
baseline vs final, pre dialysis, all
groups
Same tests as above were performed.
baseline vs final, group 1

baseline vs final, group 2

Same tests as above were performed.
pre dialysis vs 1lst hour, group 1,

1st
pre
pre
lst

pre

baseline

dialysis, group l-baseline
dialysis, group 2-baseline
dialysis, group l-final
dialysis, group 2-final
final, group 1

final, group 2

week 4, pre dialysis, all

hour vs 2nd hour, group 1,

baseline

dialysis vs 2nd hour, group 1,

baseline
dialysis vs 1lst hour, group 2,
baseline

hour vs 2nd hour, group 2,
baseline

dialysis vs 2nd hour, group 2,

baseline

Same tests were performed for week 4
and final.

pre vs post dialysis, all groups, baseline
pre vs post dialysis, all groups, final
group 1 vs group 2, pre dialysis, baseline
group 1 vs group 2, post dialysis,

baseline

group 1 vs group 2, pre dialysis, final
group 1 vs group 2, post dialysis, final



serum Cu: Same tests as above
hair Zn: group 1 vs group 2,
group 1 vs group 2,

hair Cu: Same tests as above
dialysate Zn: group 1 vs group 2,

dialysate Cu:

scattergrams

baseline
group 1 vs group 2,
group 1 vs group 2,
Same tests as above
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were performed.
baseline

final

were performed.
pre dialysis,

1st hour, baseline
2nd hour, baseline
were pertormed

for week 4 and final.

Same tests as above

were performed.

pre dialysis serum
baseline
pre dialysis serum
change in serum Zn
change pre to post
change in serum Zn
change pre to post
pre dialysis serum
pre dialysis serum

Zn-Cu ratio vs time,

Zn vs hair 2Zn, all groups,

Zn vs hair Zn, all groups, final
pre to post dialysis vs weight
dialysis, all groups, baseline
pre to post dialysis vs weight
dialysis, all groups, final

Zn vs time, group 1

Zn vs time, group 2

group 1

Zn-Cu ratio vs time, group 2

Futher statistical analyses were performed by hand.

These tests included:

two sample t-test
serum 2Zn:

diabetic vs non diabetic,
<40 years vs >=40 years,
baseline

male vs female,
group 1 vs group
group 1 vs group
value
group 1 vs
group 1 vs
value
group 1 vs
value
group 1 vs
group 1 vs
group 1 vs
group 1 vs
group 1 vs
group 1 vs

group
group

group

group
group
group
group
group
group

baseline
baseline

linear value
quadratic

average
average

cubic value
quartic

average
average

average quintic

baseline
week 2
week 4
week 6
week 8
final



serum Cu:
hair Zn:

hair Cu:

age:
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group 1 vs group 2, change pre to post
dialysis, baseline

group 1 vs dgroup 2, change pre to post
dialysis, final

group 1 vs group 2, change baseline to
pre dialysis, final

Same tests as above were performed.

group 1 vs group 2, change baseline to
final

group 1 vs group 2, change baseline to
final

group 1 vs group 2

" time of dialysis: group 1 vs group 2

Mann-Whitney test
hair Zn:
hair Cu:

Chi square test
sweet:

sour:
bitter:
salt:

change baseline to final
change baseline to final

group 1 vs group 2, detection, baseline
group 1 vs group 2, familarity, baseline
group 1 vs group 2, detection, week 2
group 1 vs group 2, familarity, week 2
group 1 vs group 2, detection, week 4
group 1 vs group 2, familarity, week 4
group 1 vs group 2, detection, week 6
group 1 vs group 2, familarity, week 6
group 1 vs group 2, detection, week 8
group 1 vs group 2, familarity, week 8
group 1 vs group 2, detection, final
-group 1 vs group 2, familarity, final
group 1 vs group 2, detection; average

weeks 6, 8, final

group 1 vs group 2, familarity, average
weeks 6, 8, final

group 1 vs group 2, detection, change
baseline to average weeks 6, 8, final

group 1 vs group 2, familarity, change
baseline to average weeks 6, 8, final

Same tests as above were performed.

Same tests as above were performed.

Same tests as above were performed.

analysis of variance

serum 7n:

serum Cu:

group 1, orthagonal polynomial values
group 2, orthagonal polynomial values
Same analyses as above were performed.
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SERUM MINERAL TREND DATA

For the "before-after" data, two-sample t-test and
Mann-Whitney ranked tests were used. To keep the experimen-
tal error down (Type Two error), tests were evaluated at

alpha = 0.01.

For the time dependent data, the following was per-
formed.

COEFFICIENTS OF ORTHAGONAL . POLYNOMIALS
Cc-1 Cc-2 Cc-3 C-4 C-5 C-6

LINEAR -5 -3 -1 1 3 5
QUADRATIC 5 -1 -4 -4 -1 5
CUBIC -5 7 4 -4 -7 5
QUARTIC 1 -3 2 2 -3 1
QUINTIC -1 5 -10 10 -5 1

Let Y-ijk = the response of the jth patient within
the ith group at the kth point in time.

Let C-1, C-2, C-3, C~-4, C-5, C-6 (the biweekly serum
mineral values) be the six values associated with one of the
orthagonal polynomial coefficients.

For each patient, compute 2ij = (C-1 x Y1jl) +
(C-2x Yij2) + (C-3 x Yij3)+ (C-4 x Yijd)+ (C-5 x YijsH)+
(C-6 x Yije6).

Sum the Zij's for each group.
Then, use a two-sample t-test to determine if the two

groups share a commom trend. Evaluate the tests at the alpha
= 0.01 to keep experimental error controled.
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Conduct the analysis of variance,

Fill in the table.

SOURCE df SS MS F

evaluations
linear
quadratic
cubic
quartic
quintic

residual

. total

Keppel, 1982:ppl30.

THE TASTE DATA

The idea that three actual catagories are present
when considering the taste data. They are:

1) the detection threshold is that concentration at
which a person is able to tell that something is
there,

2) the familarity threshold is that concentration at
which a taste is familiar enough for a person to
guess at the taste.

3) the identification threshold is that concen-
tration that the tastant can be positively ident-
ified.

In the study the distinction between 2) and 3) was
not made with the way the data was collected, therefore 2)
and 3) were combined for data analysis and termed "famil-
arity". Misrecognitions (M) were included in the "famil-
arity" catagory.

Detection and familarity analyses were made by con-
ducting 48 Chi Square tests. The catagorization was made on
a grid of detection and familarity for each week, for each
tastant, for each group.
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Example: Sweet Taste at the Baseline Evaluation.

FAMILARITY
GROUP 1
1 2 3 4 5 6
1 D1-1
D
E 2 D1-2
T
E 3 D1-3
C
T 4 Dl1-~4
I
0 5 D1-5
N
6 D1-6
Fl-1 F1-2 Fl1-3 Fl-4 F1-5 Fl1l-6
FAMILARITY
GROUP 2
1l 2 3 4 5 6
1 D2-1
D
E 2 D2-2
T
E 3 D2-3
C
T 4 D2-4
I
0] 5 D2~5
N
6 D2~6

F2-1 F2-2 ~ F2-3 F2-4 F2-5 F2-6
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Test boxes were filled in with the numbers from the
above grids. A Chi Square test was performed.

DETECTION*

GROUP 1 D1-1 Dl1-2 b1-3 D1-4 D1-5 D1-6

GROUP 2 D2-1 D2-2 D2-3 D2-4 D2-5 D2-6

FAMILARITY#

1 2 3 4 5 6

GROUP 1 F1-1 F1-2 Fi-3 Fl-4 F1-5 Fl1-6

GROUP 2 F2-1 F2-2 F2-3 F2-4 F2-5 F2-6

* example: Dl1-1 = the number of patients in group 1 who
detected sweet at the lowest concentration.

" # example: F2-1 = the number of patients in group 2 who were
familar enough with the taste to make a qguess at identifica-
tion of the sweet taste at the lowest concentration.



M1l
M2
M3
M4
M5
M6

M7

SWEET

U W N

0.015
0.03
0.06
0.10
0.15

BITTER

NoyUn s Wi

0.09
0.015
0.03
0.50
0.80
1.0

AVERAGING THE TASTE DATA
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The geometric means were determined for the data.
The midpoint concentration value for each interval was deter-
mined,

MIDPOINT CONCENTRATIONS OF THE TASTANTS

SWEET
0.0110
0.0210
0.0420
0.0770
0.122
0.200

SOUR
0.000309
0.00122
0.00424
0.00949
0.0212
0.0424
0.0968

BITTER
0.0707
0.116
0.212
0.387
0.633
0.894
1.27

SALT
0.0458
0.0671
0.0822
0.112
0.175
0.277
0.310

The the Kth root of the product of k midpoints was
determined. The data interval number was classified by the
following interval concentration definitions listed below.

RC
RC
RC
RC
RC
RC

ANANANANAN

RC
RC

RC
RC
RC
RC

NANAANAANAN

= 0.015

0.03
0.06
0.10

= 0.09

0.015
0.03
0.50
0.80

- 1.0

OUR

0.0005
0.003
0.006
0.015
0.03
0.06

NoaubswNoHN

ALT

0.06
0.075
0.09
0.14
0.22
0.35

NoubswrH 0

ANNNAN

ANANANNNAN

RC <= 0.0005
RC «= 0.003
RC <= 0.006
RC &= 0.015
RC «= 0.03
RC <= 0.06
RC |

RC «= 0.06
RC &= 0.075
RC <= 0.09
RC <= 0.14
RC <= 0.22
RC &= 0.35
RC |



18l

To evaluate the effect of zinc supplementation on
taste acuity, group comparisons were made of the end average
of weeks 6, 8, and 10. The following grids were constructed.

Example: Sweet Detection Threshold.

FAMILARITY
GROUP 1
1 2 3 4 5 6

1 D1-1
D

E 2 D1-2
T

E 3 D1-3
C

T 4 D1-4
I

0 5 D1-5
N

6 D1-6

F1-1 Fl-2 F1-3 Fl-4 Fl-5 Fl1-6
FAMILARITY
GROUP 2
1 2 3 4 5 6

1 D2-1
D

E 2 D2-2
T

E 3 D2-3
C

T 4 D2-4
I

0 5 D2-5
N

6 D2-6

F2-1 F2-2 F2-3 F2-4 F2-5 F2-6
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The following test boxes were constructed anda Chi
Square test was performed.

DETECTION
1 2 3 4 5 6
GROUP 1 D1-1 Dl1-2 D1-3 D1-4 D1-5 D1-6
GROUP 2 D2-1 D2-2 [ D2-3 D2-4 D2-5 D2-6
FAMILARITY
1 2 3 4 5 6
GROUP 1 Fi-1 Fl1-2 | F1-3 Fl-4 F1-5 Fl-6
GROUP 2 F2-1 F2-2 F2-3 F2-4 F2-5 F2-6

To test the taste change that occurred during the
study, the baseline interval values and the average of the
intervals of weeks 6, 8 and the final week were used. The

data were sumarized on the following grid.
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Example: The Change in the Sweet Detection Threshold.

END AVERAGE

1 2 3 4 5 6

1
B
A 2
S &
E 3 T ——g
L
I 4
N
E 5

6

A
C
GROUP 1
END AVERAGE
1 2 3 4 5 6

1
B
A 2
s £~
E 3 T ———3
L
I 4
N
E 5 ﬁ

6

A

GROUP 2
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The following box was filled in from the numbers from
the grid. The test statistic for these tables was Chi Square

with 1 degree of freedom:

T (B - C)(B~-2C)/(B + C)

1

And the statistic,

P A/(A + B + C)

indicates the change in time., When P is small, few patients

did not change with time. When P is large, most patients
demonstrated a taste score change with time.

DETECTION*

A B C

GROUP 1

GROUP 2

A = the number od patients with no change in taste acuity.
B = the number of patients whose taste acuity worsened.

C = the number of patients who improved their taste.
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The Principale of Atomic
Absorption Spectrophotometry

1) Heat energy (flame or furnace) excites the outer
most binding electrons of the mineral that is being analyzed

in the sample plasma.

2) A specific cathode ray tube is used to beam
excited molecules of the specific mineral being analyzed
across the sample plasma under analysis (the sample and

heat).

3) The cathode ray's beam is modulated and passed
through the sample plasma.

( 4) The sample plasma absorbs some of the cathode
ray beam as it passes through.

5) The resulting beam passes through a monocrometer
(filter) which is adjusted to a specific wavelength for each
mineral being analyzed.

6) The atomic absorption spectrophotometer mea-
sures the filtered beam intensity with a photomultiplier. The
amount of the beam absorbed by the sample plasma is deter-
mined by the difference of the intensity values between
modulated states., The amount of the beam absorbed is used to
calculate the amount of the material under analysis which is
in the sample plasma.

The Zeemam Effect

1) A magnetic field and a rotating polarizer are used
to eliminate background noise of the atomic absortion
spectrophotometer for sensitive measurement of samples. (The
magnetic field is 10 kilogauss).

2) The beam of the cathode ray tube is split by a
rotating polarizer. The beam of light then is either paral-
lel to the magnetic field or perpendicular to the magnetic
field. The light parallel to the magnetic field is absorbed,
whereas, the light perpendicular to the magnetic field is not
absorbed. Thus, (light parallel) - light perpendicular)
gives the true reading.
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The Ferritin Assay Principal:

) 1) Competitive binding with a tracer (125-1) was
used.

2) The labelled ferritin is percipatated out.

3) The percipatate was counted with a gamma counter,

The Iron Assay Principal:

1) All ferric iron was disassociated from the
transferrin.

2) The ferric iron was reduced to ferrous iron. The
ferrous iron was bound to the chromogen, magnesium
bathophenothroline.

3) Samples were read on a spectrophotometer.

The Transferrin Principal:
1) An enzyme was used to cleave the transferrin.
2) An antigen was added to the cleaved transferrin.

3) Samples were read with a florometer.
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