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ABSTRACT 

The objectives of th is study were to assess the effects of 

zinc supplementation on the zinc content of plasma, erythrocytes, 

and ha i r , and on serum copper and hematocrit values. Thirty-one 

female subjects (41-78 years of age) were randomly assigned to one 

of three levels of zinc supplementation: 0 (con t ro l ) , 15, and 50 mg 

of zinc as zinc acetate. The experimental phase of zinc supplementa

t ion was 2 months in length with a one month fol low-up. Diet 

h istor ies and health information were collected by personal in te r 

view pr ior to the study. Hair samples and plasma, serum and 

erythrocytes were wet-ashed and analyzed for zinc and/or copper 

content using atomic absorption spectrophotometry. 

Data indicated no s ign i f i can t correlat ion between zinc sup

plementation and zinc content of plasma, erythrocytes or ha i r . No 

s ign i f i can t differences were seen between zinc-supplemented groups 

and erythrocyte zinc, hair z inc, serum copper or hematrocrit leve ls . 

A s ign i f i can t increase (p<.05) was noted in plasma zinc at the 

eighth week of supplementation for the 50 mg group. A s ign i f i can t 

dif ference (p<.01) was noted in mean plasma zinc ( for the 50 mg 

group) over the supplemental period. 
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CHAPTER I 

INTRODUCTION 

A decline in the birth rate, as a result of medical, economic, 

and social changes during the past century has resulted in an in

crease in the segment of our population aged 40 and older (1). It 

has become increasingly obvious that a better understanding of 

nutrition, as it relates to health maintenance of our older popula

tion segment, is becoming essential for health care practitioners 

(2). Degenerative changes and increased incidence of ill health 

may be related to poor nutritional status (1). Trace mineral status 

may be poor if inadequate diets have been consumed over a period of 

years whether manifested by economic or psychological factors (3). 

A zinc deficiency may lead to a decreased taste acuity and appetite; 

loss of taste acuity and appetite may eventually lead to clinical 

malnutrition and initiate a self-perpetuating cycle in the middle-

aged or older individual (4). 

Limited data is available concerning zinc metabolism and normal 

zinc values in the older population. The objectives of this study 

were: 

1) To determine normal zinc concentrations found in plasma, 

erythrocytes, and hair of healthy middle-aged or older adult females. 



2) To evaluate the response of plasma, erythrocytes, and hair 

to a period of zinc supplementation. 

3) To evaluate the effect of zinc supplementation on serum 

copper and hematocrits. 



CHAPTER II 

REVIEW OF LITERATURE 

The requirements for minerals have been known for several 

decades but it has been difficult to accurately measure minute con

centrations until the onset of recent technological advances (4). 

Although trace element deficiencies such as iron and iodine have 

been known to exist in man for many years, the essentiality of zinc 

in human nutrition has only been recognized recently (4). This 

mineral has been found to be an integral component of several metal-

loenzymes including carbonic anhydrase alcohol dehydrogenase and 

DNA polymerase (5). Zinc is also required for carbohydrate, lipid, 

and protein metabolism (6, 7, 8, 9) and for nucleic acid synthesis 

and degradation (5, 10). 

In the past few years, basic knowledge about zinc deficiencies 

in humans has expanded (4). Primary zinc deficiency was first 

recognized by Prasad et̂  a]_. (11) in the early 1960's. Male Iranian 

adolescents exhibited clinical symptoms of growth retardation, hypo

gonadism, and decreased sexual maturation. Treatment with zinc 

supplementation, in addition to an adequate diet, was followed by a 

dramatic increase in longitudinal growth and sexual maturation (12). 

After zinc supplementation, Hambidge (6) showed improved taste, 

appetite, and growth in young children from Denver who had a previous 



history of poor growth and decreased taste acuity. In adults, a 

zinc deficiency may be more insidious and difficult to observe as 

growth has already occurred. The clinical parameters which are 

available for zinc deficiency assessment include loss of appetite 

and loss of the senses of taste and smell. Henkin (13) found in 

adult patients who exhibited hypogeusia, that the hypogeusia improved 

following zinc supplementation therapy. 

Zinc has also been connected with more rapid wound healing. 

Wound healing was accelerated by addition of zinc to the diet of 

patients with venous legs ulcers (14). In 1973, Flynn and co-workers 

(15) also showed an increased rate of wound healing after zinc sup

plementation in patients with low serum zinc caused by long-term 

treatment with corticosteroids. However, wound healing is apparently 

accelerated by addition of zinc to the diet only in cases where a 

zinc deficiency exists (15). 

Sandstead (16) reported that, in general, American diets contain 

10 to 15 mg of zinc daily, which is 66% to 100% of the Recommended 

Dietary Allowance. However, specific criteria for the diagnosis 

of zinc deficiency are not completely established and identifica

tion of marginal zinc deficiencies is difficult. 

Various body tissues such as plasma, erythrocytes, saliva, 

and hair have been used to assess zinc nutritional status. The most 

widely used tissue for the assessment of zinc nutriture has been 

the determination of plasma zinc concentrations. Pari si and Vallee 

(17) showed that 30-40% of the plasma zinc is firmly bound to an 
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a-2-macroglobulin, while 60-70% is loosely bound to albumin. A linear 

relationship has been demonstrated between albumin concentration and 

zinc concentration in the blood (18). Research in France (18) 

provided evidence that the protein-binding capacity of the labile 

fraction of circulating zinc could possibly be a major determinant 

of the zinc concentration. These researchers noted a significant 

correlation between total albumin and albumin-bound zinc concentra

tions in normal and hospitalized patients. The albumin-bound also 

correlated with total serum zinc leading to the conclusion that 

total circulating zinc concentration reflects not only serum albumin 

concentration but also the affinity of albumin for zinc, Vallee in 

1956 (19) first illustrated this zinc/albumin relationship in cir

rhotic alcoholics who exhibited depressed serum zinc levels and 

hypoalbuminemia. Low zinc and albumin levels have also been noted 

in infant protein-energy malnutrition (20). 

The horraoneally mediated redistribution of zinc may also in

fluence the concentration in the body. Low molecular weight poly

peptide hormone (LEM) mediates the redistribution of circulating 

zinc via intrahepatic sequestration. During periods of infections 

and inflammatory stress this hormone has been associated with a 

fall in serum zinc levels (21). The use of therapeutic drugs can 

alter the normal absorption and distribution of zinc. The use of 

histidine and azauridine in the treatment of progressive systemic 

sclerosis has produced a significant decrease in serum zinc con

centrations and an increase in urinary zinc excretion (22). Steroids 



have been demonstrated to depress circulating zinc concentrations. 

In one study, (23) after only four days of treatment with corti-

costeriod therapy, serum zinc concentrations fell to 30 ug/ml. Oral 

contraceptives have been associated with depressed plasma zinc 

levels (24). Cases of lowered circulating zinc levels have been 

reported in individuals receiving total parenteral nutrition without 

trace mineral supplementation (25, 26, 27). 

Zinc in erythrocytes has not been measured by many investiga

tors; this is due most probably to the organic protein matrix 

which has made the analysis much more difficult than in other body 

tissues (28). However, reduced erythrocyte zinc levels have been 

reported in malnourished children (20), in sickle-cell anemia (29), 

and in severe cirrhosis of the liver (30). Because of the slow 

turnover of red blood cells, the zinc found in erythrocytes may be 

more indicative of long turn zinc nutriture (28). 

The occurrence of copper deficiencies (hypocupremia, leukopenia, 

and anemia) have been reported in adults treated with high dosages 

of zinc over prolonged periods of administration (31). Such a 

copper deficiency may in turn effect iron status as reflected by 

the development of hypochromic microcytic anemia. Copper reportedly 

enhances the mobilization of iron stores as well as the oxidation 

of ferrous iron to ferric iron which is then incorporated into the 

hemoglobin molecule in the bone marrow (12). 

Animal studies have shown that high levels of zinc can interfere 

with the absorption and metabolism of copper. Zinc will induce the 



synthesis of metal!othein; metallothein may regulate the amounts of 

zinc and copper absorbed by the body from the intestinal epithelial 

cells in a manner analogous to the regulation of iron absorption by 

ferritin (12, 31). 

Hair has been considered by many investigators to be a minor 

excretory deposition for trace elements (32, 33). Hair has been 

used for trace element analysis because the samples can be readily 

obtained, do not readily deteriorate and thus can be stored until 

analysis. Minerals, once incorporated into the hair, are no longer 

in equilibrium with minerals in the rest of the body. Thus, the 

concentrations of minerals found in hair have been reported to be a 

reflection of chronic trace mineral status (28). Hair analysis has 

become increasingly popular for the assessment of trace mineral 

nutritional status (34, 35). However, investigators such as Deeming 

and Weber (36) concluded that the hair zinc of rats did not reflect 

dietary intakes or tne state of total body zinc metabolism. Solomons 

(28) expressed the concern that a zinc deficiency itself may impair 

the growth of hair and recommended additional caution in the use of 

hair as an index of zinc nutriture. 

Hair is an easily accessable material but is abused by exterior 

factors, both physical and chemical (37). McKenzie reported that 

cold waving halved hair zinc levels, while conditioner and hair 

spray did not alter the zinc concentrations. McKenzie (38) also 

reported that increasing the distance of the hair from the scalp was 
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associated not only with an increase in copper concentrations but 

also an increase in zinc concentrations for most subjects. Other 

factors may also influence the zinc concentration of hair. Cor

relations have been found in the use of cardiovascular drugs and 

hair zinc levels below 70 ug/g in institutionalized women (39). 

Age and sex also have been shown to influence hair zinc levels. 

Petering (34) found that the content of zinc in the hair of males 

increased from 105 ug/g at age two to 180 yg/g at age twelve and 

declined to 125 yg/g at age eighty. The average content of zinc in 

the hair of females was very similar to that in the hair of males 

of comparable age. Schroeder and Nason (33) found that the natural 

hair color of women had more zinc than did the natural hair color 

of men. 



CHAPTER i n 

METHODS AND PROCEDURES 

Description and Procurement 
of Subjects 

The sample population in th is study consisted of th i r ty-one 

healthy females aged 41 to 78 years. The subjects were obtained on a 

volunteer basis through radio public service announcements, in te r 

views, and univers i ty and c i t y newspaper a r t i c l e s . Prior to par

t i c i pa t i on in the study, a l l subjects were required to provide a 

physician's approval on the basis of a physical examination and/or 

medical h istory (Appendix A). Following an or ientat ion session 

(Appendix B) and an explanation of a l l procedures and possible 

r i sks , subjects signed an informed consent form (Appendix C). 

Experimental Design 

In a double-blind study, subjects were randomly assigned to one 

of three groups (0, 15, or 50 mg z inc) . Al l subjects were f ree-

l i v i n g , and did not a l te r the i r normal dietary pattern except to 

ingest a placebo or zinc supplement wi th the i r evening meal. Zinc 

was supplied in the form of zinc acetate as th is form has been report

edly bet ter to lerated (40). 

The data co l lec t ion schedule is shown in Table 1 . The zinc 

supplementation period was eight weeks, with a one month fol low-up 
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assessment. Initial zinc and copper status [baseline data) was 

determined by analysis of the zinc content of plasma, erythrocytes, 

and hair and the copper content of serum and hair. Thereafter blood 

was collected at biweekly intervals, and at the one month follow-up. 

Hair was collected at baseline and at the end of the supplementation 

period. A nutrition history (Appendix D) was also obtained from each 

subject to ascertain prior vitamin and/or mineral supplementation, 

appetite, typical food intake and other data which might have pre

vented including the subject in the study or affected the study re

sults. 

Sample Collection and Preparation 

At their convenience, subjects reported to the laboratory 

between the hours of 7:00 - 9:00 A.M. on sample collection days. 

All sample collection was done in the Food and Nutrition Tower of 

the Home Economics Building. A registered nurse was employed for 

all blood collections. Ten cc of venous blood (fasting 12 - 14 

hours) was drawn using a stainless steel needle and non-heparinized 

syringe. 

In duplicate aliquots, two drops of heparin were placed in 

acid-washed labeled centrifuge tubes. Five cc of freshly drawn 

whole blood was placed in each of the heparinized test tubes. 

Plasma was separated immediately following blood sample collection. 

A Beckman J-21 Centrifuge was precooled according to manual in

structions. Centrifuge tubes were balanced and spun at 2500 rpm 
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for 15 minutes. Plasma was removed using pasteur pi pets, placed in 

labeled acid-washed test tubes and refrigerated at 5° C until wet-

ashing analysis. 

The red blood cells were washed with ice-cold 5° C saline 

solution (9.0 g NACl/1), and centrifuged at 2000 rpm for 10 minutes. 

The buffy coat and saline solution were decanted and discarded using 

a pasteur pi pet. The washing procedure was repeated 3 times. After 

the final wash, the erythrocytes were poured into labeled acid-washed 

plastic vials and stored at 0° C until wet-ashed. For hematocrit 

determinations, a capillary tube was filled with heparinized whole 

blood. One end was sealed with clay. The capillary tube was then 

centrifuged according to manufacturer's specifications. Percent 

red blood cell volume was determined using a standard graphic reader. 

Hair samples (250 mg) were collected 2 cm from the scalp above 

the nape of neck with stainless steel scissors. After collection, 

hair samples were placed in an envelope, sealed and stored until 

analysis of mineral content. Prior to analysis, hair samples were 

washed by a modification of the method described by McKenzie (37). 

Hair samples were placed in 50 ml acid-washed flasks. Sixty ml of 

non ionic detergent solution (10 ml/1) was poured into each beaker. 

The beakers were then covered with parafilm and mechanically shaken 

for 30 minutes. The detergent solution was decanted and discarded. 

The samples were then rinsed (3 times for 10 minutes each) in 

deionized water. The water was decanted after each rinse. Forty ml 

of cold 5-8° C of EDTA (0.1 M ethylene diamine tetracetic acid. 
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disodium salt) was poured into each flask. The samples were again 

mechanically shaken for 30 minutes. After shaking, the EDTA solu

tion was decanted and discarded. The samples were then rinsed as 

above in deionized water (3 times for 10 minutes each) with the 

water being decanted after each rinse. The hair was then dried at 

60 C for 18 hours. During drying, the hair was stirred to break 

up clumps. After drying, the samples were stored in sterile poly

ethylene containers until wet-ashing was performed. 

Analytical Methodology 

All blood fractions and hair samples were digested using a 

wet-ashing mixture consisting of sulfuric, nitric, and perchloric 

acids, as adopted from M. G. Crews (41). All samples were run in 

duplicate. Determinations of duplicate blanks containing the 

analytical grade acids and deionized water were also made. All 

glassware, storage containers, and utensils in contact with samples 

were washed in a 10% nitric acid solution and rinsed 4 times with 

deionized water to prevent zinc contamination (11). 

A Sybron Thermolyne Dri-bath was preheated to 105 C. Sample 

sizes varied according to the parameter being assessed. One-half 

to 1.0 ml of thawed washed erythrocytes were placed in labeled 

graduated concial tubes and the sample size was recorded. One ml 

of either plasma or serum was placed in labeled acid-washed test 

tubes. Fifty to 100 mg of the washed and dried hair was placed into 

labeled test tubes. Blanks were treated the same as samples. One-

half ml (volumetric pi pet) of double distilled concentrated H„SO. 
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(G. Frederick Smith) was added to each sample. Samples were then 

vortexed for 15 seconds, and heated 10 minutes in the dri-bath at 
_ 0 

105 C. After heating, samples were vortexed again and 1.0 ml 

(vol. pi pet) of concentrated HNO^ (Fisher Scientific) was then added 

to the test tubes. Samples were then vortexed for 10 more seconds 

and placed into the dri-bath for 10 minutes. After 10 minutes, 

samples were removed and vortexed (15 s e c ) . One ml (vol. pi pet) 

of double distilled concentrated HCLO. (G. Fredrick Smith) was added. 

Samples were vortexed and placed into the dri-bath for 1 hour. 

During the hour period, samples were vortexed at 30 minute intervals. 

Samples were then removed from the dri-bath and brought to volume. 

Digested hair samples were diluted with deionized water to a volume 

of 50 ml (vol. flasks). Digested plasma and erythrocyte samples 

were diluted with deionized water to a volume of 10 ml (vol. flasks), 

and digested serum samples were diluted with deionized water to a 

volume of 5 ml (vol. flasks). Samples were then aspirated into a 

Perkin-Elmer Atomic Absorption Spectrophotometer Model 373 and the 

zinc and/or copper concentration determined. Blanks were sub

tracted from samples and mineral concentrations were determined by 

comparison to standards. 

Statistical Treatment 

The Data Text System for computerized analysis was utilized 

to determine basic statistics (mean, standard deviation, range and 

variance) correlation coefficients, and repeated measure design. 
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Correlation coefficients were computed for plasma zinc, erythrocyte 

zinc, hair zinc, and serum copper. A repeated measured design was 

ut i l i zed crossing group with time to determine signif icant d i f 

ferences within groups over time and among groups over time. Using 

the Stat is t ical Package for the Social Sciences, a Duncan's Multiple 

Range Test was used at the p<0.05 level to determine signif icant 

differences between groups. 



CHAPTER IV 

RESULTS AND DISCUSSION 

Data were collected from 31 female subjects ranging in age from 

41 to 78 years. A descriptive analysis of sample population by age 

and weight according to zinc supplementation group is tabulated in 

Table 2. The subjects in each of the groups were similar in both 

weight and age. Eleven of the subjects reported taking some form of 

mineral supplement, five of which contained zinc, which they agreed 

to discontinue for the length of the study. Fourteen of the 31 sub

jects also reported using some type of treatment, other than shampoo, 

on their hair. None of the subjects appeared to be using any 

medication which might interfere with zinc or copper blood values. 

Overall, no significant correlation was found between the 

parameters of zinc and copper content in blood or hair. No sig

nificant differences as a result of zinc supplementation were seen 

among groups for the zinc content of erythrocytes or hair. A sig

nificant increase (p<.05) in plasma zinc, as seen in Figure 1, was 

noted at the eighth week for the group receiving 50 mg/day possibly 

indicative of a delayed response for the age group studied. A sig

nificant difference (p<.01) was noted in mean plasma zinc concentra

tions throughout the supplemental period for the 50 mg group. The 

plasma zinc values in this study agree with those of Lindeman and 

16 
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TABLE 2 

DESCRIPTION OF SAMPLE POPULATION 

Parameter 

Number in group 

Zinc Dosage (mg) 

Mean + sd Age (yrs) 

Group 1 
(0 mg) 
Zinc 

11 

0 

56.1 + 11.5 

Group 2 
(15 mg) 
Zinc 

9 

15 

54.8 + 8, .4 

Group 3 
(50 mg) 
Zinc 

11 

50 

54.3 + 8.9 

Mean + sd Weight (kg) 59.0 + 17.1 60.1 + 18.0 60.2 + 10.3 
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associates (42) who reported mean plasma zinc concentrations of 88 

ug/d.l among females aged 20 to 58 years of age. However, Vir (1), 

reported plasma zinc levels of 77.3 + 16.2 ug/dl in aged females; 

this is slightly lower than the mean plasma value of 81.7 ug/dl 

reported in this study. 

It is not certain at present whether a low level of plasma 

zinc is necessarily indicative of a zinc deficiency in humans (28). 

Rather, a low plasma zinc may reflect a shift of zinc from the plasma 

to other body pools. Decreased zinc levels may also be associated 

with age and albumin levels. Plasma zinc levels vary directly with 

serum albumin concentrations and the decrease in plasma zinc levels 

may merely be a reflection of the change in serum protein concentra

tions (42). Weismann (43) using a geriatric population of males and 

females (mean age 82 years), found a significant correlation be

tween plasma zinc and plasma albumin levels after supplementation 

with zinc sulfate over a 4 week period. Weismann (43) suggested that 

plasma albumin tend to fall to subnormal concentrations with age 

which may explain why plasma zinc values may be low in the elderly 

but not indicate a state of zinc deficiency. 

The zinc content of erythrocytes is shown in Table 3. 

Erythrocyte zinc levels ranged from 9.6 + 1.7 ug/ml to 13.2 + 1.3 

ug/ml. No significant differences were observed in the zinc content 

of erythrocytes over the period of zinc supplementation. Reported 

literature values for zinc content vary from 10 to 14 ug/ml in normal 

erythrocytes (8). Lindeman, (42) found mean erythrocyte zinc 
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TABLE 3 

ERYTHROCYTE ZINC (ug/ml) (x + sd) 

Group 1 Group 2 Group 3 
(0 mg) (15 mg) (50 mg) 

Week Zinc Zinc Zinc 

Baseline 10.9 + 2.1 12.0 + 3.3 12.0 + 2.9 

2 11.9+1.7 11.3 + 2.2 13.2 + 1.3 

4 9.6 + 1.2 10.6 + 1.1 10.7 + 1.5 

6 10.4 + 1.6 12.3 + 2.5 11.2 + 2.9 

8 10.8 +1.3 11.4+1.0 11.5 + 2.3 

2 - 8 10.7 +1.2 11.4+1.2 11.3 + 1.0 
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concentrations as high as 15.8 ug/ml. Variations and lack of 

standardization of techniques are undoubtedly responsible for the 

widely differing results. Erythrocyte zinc however does not appear 

to reflect immediate changes in zinc status. Inasmuch as erythrocytes 

do not turn over rapidly, their zinc content may not be expected to 

reflect acute changes taking place in the body as a result of altered 

zinc nutriture (8). The assessment of zinc status in man, using 

leukocytes or platelet zinc determinations may prove to be useful 

due to the high zinc content of these cells (5, 8). 

Serum copper levels are presented in Table 4. As shown from 

this table serum copper values ranged from 0.87 + 0.2 ug/ml to 1.3 

+0.3 ug/ml. Zinc supplementation, even to the 50 mg dosage level, 

did not have any apparent effect on serum copper concentrations. 

Decreased copper levels have been reported in protein-energy mal

nutrition (44), and malabsorption syndromes (45). Cartwright (46) 

found mean plasma copper of nephrotics to be 0.6 + 0.2 ug/ml, as 

compared with 1.2 ug/ml in normal subjects. In most species, whole 

blood and plasma copper levels are similar in males and females, 

but plasma copper has been reported to be slightly higher in human 

females (1.14.0 + 4.67 ug/100 ml) than in males (1.05.5 + 3.67 ug/ 

100 ml) (47). 

The serum copper levels reported in this study are in agree

ment with Cartwright who reported values of 1.14 + 0.17 ug/ml (46). 

Hematocrit levels were also evaluated. Mean hematocrits (+ sd) for 

the experimental period were 37.3 + 2.1, 36.3 + 3.3, and 39.5 + 3.1 
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TABLE 4 

SERUM COPPER (ug/ml) (x + sd) 

Group 1 Group 2 Group 3 
(0 mg) (15 mg) (50 mg) 

Week Zinc Zinc Zinc 

Baseline 1.30+0.3 1.20+0.2 1.22+0.3 

2 1.10 + 0.2 0.98 + 0.2 0.94 + 0.2 

4 1.07 + 0.3 0.97 + 0.2 0.87 + 0.2 

6 1.25 + 0.4 1.18 + 0.3 1.07 + 0.2 

8 1.23 + 0.3 1.20 + 0.2 1.15 + 0.2 

2 - 8 1.13 + 0.2 1.08 + 0.1 1.02 + 0.2 
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with ranges of 34-40, 32-39, 35-42 for the 0, 15, and 50 mg zinc 

supplemented groups, respectively. No significant differences were 

noted. 

The mean zinc and copper concentrations (+ sd) of hair are 

listed in Tables 5 and 6. As shown from these tables, mean zinc 

values ranged from 133.0 + 23.1 ug/g to 174.0 + 42.4 ug/g; copper 

values ranged from 12.4 + 9.0 ug/g to 15.3 + 6.7 ug/g. After zinc 

supplementation, no significant differences were observed in hair 

zinc or copper concentrations. Greger, (48) did find a significant 

increase of zinc hair concentrations after a 95 day supplemental 

period using 15 mg zinc in 49 institutionalized men and women. If 

supplementation in this study had been prolonged, perhaps a sig

nificant difference would have been noted. The hair zinc and copper 

levels in this study also are in agreement with those reported by 

Vir (1). Schroeder and Nason (33) reported hair zinc levels of 172.0 

+9.0 ug/g in healthy adult females. 

No significant correlations were observed between hair zinc 

concentrations or plasma zinc concentrations. This is in agreement 

with work by McBean (49) who failed to observe a correlation between 

hair zinc and plasma zinc levels. However, Klevay (50) did report 

a significant correlation between hair zinc and serum zinc in 

Panamanian children. As with red blood cells, hair levels may 

reflect long term zinc and copper nutriture {8). 
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TABLE 5 

HAIR ZINC CONTENT (ug/g) (x + sd) 

Group Baseline Week 8 

1 (0 mg Zinc) 136.3 + 40.6 131.9 + 20.0 

2 (15 mg Zinc) 133.0 + 29.1 130.4 + 39.8 

3 (50 mg Zinc) 152.5 + 42.8 174.0 + 42.4 
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TABLE 6 

HAIR COPPER CONTENT (ug/g) (x + sd) 

Group Baseline Week 8 

1 (0 mg Zinc) 14.4 + 4.0 12.0 + 2.4 

2 (15 mg Zinc) 12.4 + 9.0 15.3 + 6.7 

3 (50 mg Zinc) 12.4 + 6.9 13.1 + 4.7 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

The objectives of this research were: 1) to determine normal 

zinc concentrations of plasma, erythrocytes, and hair of healthy 

middle-aged and older females; 2) to evaluate the response of 

plasma, erythrocytes, and hair to zinc supplementation; 3) to 

evaluate the effect of zinc supplementation on serum copper and 

hematocri ts. 

Thirty-one females subjects (41-78 years of age) were randomly 

assigned to one of three levels of zinc supplementation: 0 (control), 

15, and 50 mg/day of zinc as zinc acetate. All subjects were free-

living and did not alter their normal dietary pattern except to ingest 

a placebo or zinc supplement with their evening meal. The experi

mental phase (supplementation) was 2 months in length with a one month 

follow-up. Blood was collected for baseline date, biweekly and at a 

one month follow-up. Hair was collected at baseline and at the end 

of the supplementation period. 

Other baseline data included obtaining a nutrition history 

of each subject, prior vitamin and/or mineral supplementation, 

and other data which might have affected the results of the study. 

Zinc and copper concentrations were determined using a Perkin Elmer 

Atomic Absorption Spectrophotometer Model 373. The Data Text System 
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for computerized analysis was used to determine basis statistics, 

(mean, standard deviation, range and variance) and Duncan's Multiple 

Range Test was utilized to determine significant differences between 

groups. 

Overall, no significant correlation was found between the blood 

and hair parameters. No significant differences were seen among 

groups for erythrocyte zinc, hair zinc, serum copper or hematocrits. 

A significant difference (p<.05) was noted for plasma zinc at the 

eighth week in the 50 mg zinc-supplemented group. A significant 

difference (p<.01) was also noted in mean plasma zinc during the 

supplemental period for the 50 mg group. 

In conclusion, the zinc supplementation used in this study 

may not have been high enough or administered long enough to effect 

any significant changes in body tissue parameters. On the other hand 

the homeostatic control for zinc absorption may be a plausible 

explanation for the limited effects shown with zinc supplementation. 

Thus the question still remains if there is a single tissue parameter 

which can be considered to be a "best" indicator of zinc nutritional 

status in humans. Additional research should continue the search 

for a more reliable and sensitive method of assessing zinc status, 

in order to determine the occurrence of marginal zinc deficiencies, 

and, in general, to determine the requirements for zinc and the 

factors that affect that requirement. 
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MEDICAL APPROVAL FORM 

is interested in par t i c ipa t ing 

in a zinc n u t r i t i o n research study being conducted by Jane Geders, 

Ph.D,, Department of Food and Nu t r i t i on , Texas Tech Universi ty. The 

spec i f ic aims of th is project are: (1) to test the effects of zinc 

supplementation on biochemical, c l i n i c a l , and dietary indices of zinc 

n u t r i t u r e ; and (2) to evaluate the ef fect of zinc supplementation on 

copper nu t r i t i ona l s tatus. For the 3 week study period beginning 

July 1, 1S79, the part ic ipants w i l l be required to : 

(1) give blood samples every 2 weeks and at a 1 month fol low-up 
(2) give sal iva samples ayery week and at a 1 month fol low-up 
(3) give 2 hair samples 
(4) record food eaten for 3 days each week 
(5) par t i c ipa te in two taste test ing sessions. 

Add i t i ona l l y , par t ic ipants w i l l be assigned randomly to groups which 
w i l l receive zinc acetate supplementation from 0 mg to 50 mg da i l y . 

The fo l lowing potent ial r isks w i l l be explained to each sub
j e c t . The rout ine procedure of venipuncture w i l l be used in ob
ta in ing the blood samples. Venipuncture may be accompanied by minor 
discomfort at the s i te of needle entry, and needle entry may resu l t 
in s l i g h t b ru is ing . The chance of physical in jury is remote. Ex
cessive zinc intake as a resu l t of supplementation at the riigher 
dosages may resu l t in gast ro- in test ina l manifestations of nausea 
and/or diarrhea. This should be minimized by the ingestion of the 
zinc supplement with the evening meal. Furthermore, since absop^*-
t ion and transport of zinc in physiological processes is slow, 
especial ly during the f i r s t four weeks or oral therapy, overt 
symptoms of hyperzincemia and hypocupremia generally nave not ap
peared ea r l i e r than six to eight weeks. 

Please explain any a c t i v i t y l im i ta t ions that th is prospective 
par t ic ipant has . 



Please explain any dietary l imitat ions she has 

Does she have a past medical history of anemia? 
I f yes, please explain 
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YES NO. 

On the basis of a physical examination and/or medical history 
of this patient, do you feel that this patient is physically able to 
participate in this research program? ŶES N̂O 

M.D, DATE PHONE 

Any questions that you may have about this research study may 
be directed to Jane Geders, Ph.D., Debi Buchanan, or Jennifer King, 
Department of Food and Nutrition, Texas Tech University, Phone 
742-3041. 



36 

Texas Tech University 
Department of Food anci Nutrition 

College of Home Economics 

ZINC NUTRITION RESEARCH STUDY ORIENTATION 

Welcome to the Zinc Nutrition Research Study. We appreciate 

your interest and participation. For the 8 week study period be

ginning June 28, 1979, you will be requested to: 

(1) give blood samples every 2 weeks and at a one month follow-
up (6 times total) 

(2) give saliva samples eyery week and at a one month follow-up 
(9 times total) 

(3) give 2 hair samples (one at the beginning and one at the 
end of the study) 

(4) record food eaten for 3 days each week (24 days total 
for the 8 week period) 

(5) participate in 2 taste testing sessions (one at the 
beginning and one at the end of the study) 

(6) take a zinc supplement every day. 

Each of these activities will be further explained below. 

(1) BLOOD SAMPLES will be taken the first thing in the 
morning. You should be fasting: that means do not eat 
after midnight the night before you are to give blood. 
Blood will be taken by a Registered Nurse every two weeks. 
Breakfast will be provided after sample collection. 

(2) SALIVA SAMPLES need to be collected first thing in the 
morning at the same time each week. The night before the 
collection, brush teeth thoroughly with toothpaste; floss 
according to the procedure which will be explained to you 
at orientation; and then rinse thoroughly 3 times with 
deionized water which we will supply. On the morning of 
the sample collection before eating or drinking anything, 
rinse mouth thoroughly 3 times with deionized water. 
Collect saliva in plastic bags provided. 

(3) A small sample of HAIR will be taken during the hair 
collection. No special procedures will be required of 
the participants prior to the collection. 
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(4) RECORDING OF FOOD INTAKE will be explained during the 
first orientation session. 

(5) TASTE TESTING procedures will be explained prior to par
ticipation, 

(6) Each week you will be given a supply of the zinc sup
plement to take every day with your evening meal. 

PARKING ON CAMPUS 

All aspects of the study including sample collection will be 
done in the Food Science Tower on Texas Tech Campus. You may 
enter the Campus at University Avenue and 15th Street, Pro
ceed to the area designated on the enclosed map by the brown 
circle for the Visitors' parking lot. After 7:00 a.m. there 
will be an attendant in the booth adjacent to the parking lot 
to provide assistance. Tech Bookstore is indicated by the 
green line on the map. Take the elevator to Room 503 (5th 
Floor) in the Food Science Tower. Signs will be posted for 
further assistance. 

The first orientation and sample collection will be on Thurs
day, June 28, 1979 and Friday, June 29, 1979. You have a 
choice of coming either at 6:15 a.m. or 7:15 a.m. on both 
days. Approximately 1 hour and 15 minutes will be needed for 
each of these days. NO OTHER PART OF THE STUDY WILL REQUIRE 
THIS MUCH OF YOUR TIME! 
Note: On Thursday, June 28, 1979, it is not necessary to be 
in a fasting state as blood and saliva samples will be col
lected the following day. 

If you have any questions, please call: 

Dr. Jane M. Geders, Debi Buchanan, or Jennifer King 
at 742-3041, 744-1208, or 747-9136. 

T H A N K Y O U ! 
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CONSENT FORM 

I hereby give my consent for my participation in the project entitled: 

Effects of Zinc Supplementation on Zinc and Copper Nutriture 

in Man 

I understand that the person responsible for this project is: 

Dr. J. Geders . 

She has explained that these studies are part of a project that has 

the following objectives: 1. To test the effects of zinc supplementa

tion on biochemical, clinical, and dietary indices of zinc nutriture. 

2. To evaluate the effect of zinc supplementation on copper nutri

tional status. 

She or her authorized representative has (1) explained the procedure 
to be followed and identified those which are experimental; (2) 
described the attendant discomforts and risks; (3) described the 
benefits to be expected; and (4) described appropriate alternative 
procedures. The risks have been explained to me as follows: 

The routine procedure of venipuncture will be used in obtaining 

the blood samples. Venipuncture may be accompanied by minor dis

comfort at the sight of needle entry and needle entry may result in 

slight bruising. The chance of physical injury is remote. Excessive 

zinc intake as a result of supplementation at the higher dosages may 

result in gastro-intestinal manifestations of nausea and/or diarrhea. 

This should be minimized by the ingestion of the zinc supplement with 

the evening meal. Furthermore, since absorption and transport of zinc 

in physiological processes is slow, especially during the ^irst four 
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weeks of oral therapy, overt symptoms of hyperzincemia generally have 

not appeared earlier than six to eight weeks. 

Dr. J. Geders has agreed to answer any inquiries I may have concern
ing the procedures and has informed me that I may contact the Texas 
Tech University Institutional Review Board for the Protection of 
Human Subjects by writing them in care of the Office of Research 
Services, Texas Tech University, Lubbock, Texas 79409, or by calling 
742-3884. 

If this research project causes any physical injury to you, treat
ment is not necessarily available at Texas Tech University or the 
Student Health Center, or any program of insurance applicable to the 
institution and its personnel. Financial compensation for any such 
injury must be provided through your own insurance program. Further 
information about these matters may be obtained from Dr. J. Knox 
Jones, Jr., Vice President for Research and Graduate Studies, tele
phone 742-2152, Room 118 Administration Building, Texas Tech Univer
sity, Lubbock, Texas 79409. 

I understand that I may not derive therapeutic treatment from par
ticipation in this study. I understand that I may discontinue this 
study at any time I choose. 

Signature of Subject: Date: 

Signature of Parent/Guardian or Authorized Representative (if required) 

Date: 

Signature of Project Director or his authorized representative: 

Date: 
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Zinc Nutrition Research Subject Code No 
Texas Tech University 
Dept, of Food & Nutrition Date 

NUTRITION HISTORY 

1- Age 2. Height 3. Weiaht 

Recent weight changes Time Period 

Factors contributing to weight changes 

4. List: Medication Dosages Freguency 

A. 0 W EOD 
B, D W EOD 
C D W EOD 

(Specify Other) 

5. Where are meals eaten? Home ^Restaurant ^Other 

TSpecify) 

6. Food Intolerances 

7. Do you have any problems with: 

Chewing Ŷes N̂o 
Swallowing Yes Ho 

8. How do you consider your appetite? 
A. Excellent, always hearty 
B. Very good, ready to eat at meals 
C. Good, usually hungry at meal time 
0. Fair, seldom hungry at meal time 
E. Poor, almost never hungry 

9. Have you had a change of appetite in the past three months? 

A. Yes, for the better 
B. Yes, for the worse 
C. No, no noticed change 

10. Dental Status: ^Natural Teeth Dentures Ĝum Food 
If Dentures, Partial place Full lower Full uppers 

Full set 
11. Name of toothpaste or denture cleaner used 
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No 12. Do you take a vitamin supplement? Yes 
If yes, brand namê  ZoTage 

frequency^ . 

13. Have you been taking a mineral supplement? Yes No. 
If yes, brand name dosage 

frequency how long . 
Will you be willing to discontinue its use for the duration of 
this study? 

Ŷes N̂o 

14. Tobacco Use Ŷes N̂o 
If yes, A. Type 

(1) cigarettes (2) cigars (3) pipe (4) snuff 
(5) specify other 

B. Amount per day (specify) 
C. Duration of use 

(1) 1 to 2 years (2) 2 to 5 years (3) 6 to 10 years 
(4) 15 to 25 years (5) 25 years or more 

15. Shampoo most frequently used 

16. Use of any other type of treatment on hair (dye, bleach, con
ditioner) 
Name of treatment 

17. Occupation Retired 

18. Highest grade completed: 1-5 6-9 10-12 College Postgrad 










