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UNIVERSITY OF SOUTHAMPTON 

ABSTRACT 

FACULTY OF MEDICINE 

CHEMICAL PATHOLOGY AND HUMAN METABOLSIM 

MASTER OF PHILOSOPHY 

ZINC, COPPER AND SELENIUM STATUS IN HEALTH AND DISEASE, 
WITH EMPHASIS ON THE USE OF LEUCOCYTE ANALYSES 

by Lesley J. Hinks 

A techn ique f o r t h e i s o l a t i o n of l eucocy tes from 15ml of whole b lood , 
using a modif ied dextran s e d i m e n t a t i o n p r o c e d u r e , was d e v e l o p e d and 
e v a l u a t e d . The mean recovery of l eucocy tes was 62%, without d i f f e r e n -
t i a l whi te c e l l l o s s , and t h e r e was no contaminat ion from red c e l l s , 
p l a t e l e t s or plasma. Atomic absorp t ion spec t rophotomet r ic methods f o r 
t h e d e t e r m i n a t i o n of z i n c , c o p p e r and s e l e n i u m in t h e i s o l a t e d 
l e u c o c y t e s , and copper in e r y t h r o c y t e s and whole b lood , were e v o l v e d . 
Using t h e s e p r o c e d u r e s , and e s t a b l i s h e d t r a c e e l e m e n t m e t h o d o l o g y , 
r e f e r e n c e r a n g e s f o r z i n c , c o p p e r and s e l e n i u m in l e u c o c y t e s , 
e r y t h r o c y t e s and p lasma were o b t a i n e d in a s t u d y of h e a l t h y a d u l t 
s u b j e c t s unde r t h e age of 65 y e a r s . These d a t a p r o v i d e d a b a s e l i n e 
f o r t h e assessment of the body s t a t u s of z inc , copper and selenium in 
va r ious d i s e a s e s t a t e s in which d e f i c i e n c i e s of t h e s e t r a c e e lements 
might be p re sen t . 

A study of the z inc and copper s t a t u s of an e l d e r l y popula t ion was 
a l s o u n d e r t a k e n . Housebound e l d e r l y p e o p l e were found to have 
s i g n i f i c a n t l y reduced l e u c o c y t e z i n c and coppe r c o n c e n t r a t i o n s 
compared with a p p a r e n t l y h e a l t h y e l d e r l y s u b j e c t s . Five-day metabol ic 
b a l a n c e s t u d i e s f o r z i n c and c o p p e r were a l s o c a r r i e d o u t on t h e s e 
s u b j e c t s a t t h e same t i m e as t h e p r e s e n t s t u d y ( f o r r e f e r e n c e s s ee 
t e x t ) . N e g a t i v e z i n c and c o p p e r b a l a n c e s were o b s e r v e d in t h e 
housebound e l d e r l y p e o p l e , and t h e r e was a s i g n i f i c a n t c o r r e l a t i o n 
between z inc ba lance and l eucocy te zinc concen t r a t ion in t h i s s u b j e c t 
group. 

P a t i e n t s with Crohn's d i s e a s e , c o e l i a c d i s e a s e , and those r e c e i v i n g 
t o t a l p a r e n t e r a l n u t r i t i o n , a l c o h o l i c s u b j e c t s wi th and w i t h o u t 
e s t a b l i s h e d l i v e r d i s e a s e , and p a t i e n t s with eczema and p s o r i a s i s were 
i n v e s t i g a t e d f o r p o s s i b l e d e f i c i e n c i e s of z i nc , copper and selenium. 
In a l l of the p a t i e n t groups, s i g n i f i c a n t l y decreased c o n c e n t r a t i o n s 
of s e l e n i u m in l e u c o c y t e s and p lasma were o b s e r v e d , i n d i c a t i n g a 
lowered selenium s t a t u s in t h e s e s u b j e c t s . In a d d i t i o n , p a t i e n t s with 
a l c o h o l i c l i v e r d i s e a s e demonstrated s i g n i f i c a n t l y reduced l e v e l s of 
l eucocy te z inc . The importance of t he se f i n d i n g s i s d i scussed . 
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CHAPTER 1 

GENERAL INTRODUCTION AND THE OBJECTIVES OF THE PROJECT 

1.1 GENERAL INTRODUCTION 

In t h e p a s t few d e c a d e s c o n s i d e r a b l e p r o g r e s s has been made in 

the f i e l d of b i o l o g i c a l t r a c e element r e sea rch . Within t h i s time span 

t h e r e has been an inc reas ing r e a l i s a t i o n of the r o l e of t r a c e e lements 

in in te rmediary metabolism: as c o n s t i t u e n t s of metal loenzymes, o r as 

c o - f a c t o r s f o r enzymic r e a c t i o n s . When V a l l e e (1959) wrote h i s review 

of t h e b i o c h e m i s t r y , p h y s i o l o g y and p a t h o l o g y of z i n c in 1959, o n l y 

seven zinc metal loenzymes were known. At t h e present t ime, over 200 

zinc-dependent enzymes a re recognised ( V a l l e e and Falchuk, 1983). 

An element i s considered e s s e n t i a l when d e f i c i e n t i n t ake c o n s i s t -

e n t l y r e s u l t s in impairment of f u n c t i o n from optimal to sub o p t i m a l , 

and when supplementat ion of p h y s i o l o g i c a l l e v e l s of t h i s e lement , but 

not of o t h e r s , p reven t s or cures t h i s impairment (Mertz, 1972, 1981). 

Although the d e f i n i t i o n of a t r a c e amount i s a r b i t r a r y , t r a c e e lements 

are commonly regarded as e lements found in the human body in amounts 

t h a t c o n s t i t u t e l e s s than 0.01% of t o t a l - b o d y weight (Solomons, 1986). 

For a 70kg man, t h i s r e p r e s e n t s 7 g o r l e s s . Z i n c , c o p p e r and 

selenium are e s s e n t i a l t r a c e e lements and many phys io log i ca l f u n c t i o n s 

of z i n c and c o p p e r have been d e s c r i b e d in humans. I t i s o n l y in 

r e c e n t y e a r s t h a t t h e n u t r i t i o n a l i m p o r t a n c e of s e l e n i u m in man has 

been r e c o g n i s e d . 

Absorption of t r a c e e lements appears to t ake p l ace p r i n c i p a l l y in 

t h e s m a l l i n t e s t i n e , and depends upon t h e i r r e l e a s e f rom d i e t a r y 

complexes and subsequent p r e s e n t a t i o n to t h e i n t e s t i n a l mucosa in a 

form s u i t a b l e f o r u p t a k e . Many d i e t a r y f a c t o r s can a f f e c t t h e b i o -

a v a i l a b i l i t y of t r a c e e l emen t s , and i n c l u d e t h e i n t ake l e v e l of t h e 

e l e m e n t , t h e chemica l f o r m , p r o m o t e r s o r i n h i b i t o r s and m i n e r a l -

mineral i n t e r a c t i o n s . B i o a v a i l a b i l i t y r e f e r s to the propor t ion of the 

n u t r i e n t in food which i s absorbed and u t i l i s e d . 



R e c o g n i t i o n of t r a c e e l e m e n t d e f i c i e n c y s t a t e s in man, both 

n u t r i t i o n a l and accompanying some i n b o r n e r r o r s of m e t a b o l i s m , has 

r e s u l t e d in ex t ens ive knowledge of the c l i n i c a l and biochemical mani-

f e s t a t i o n s t h a t occur . Disorders of t r a c e element metabolism may be 

p r e s e n t in a broad spec t rum of c 1 i n i c a l s i t u a t i o n s . D e f i c i e n c y of 

z i n c , f o r e x a m p l e , may be a c o m p l i c a t i o n of many g a s t r o i n t e s t i n a l 

m a l a b s o r p t i v e s t a t e s (McClain, 1985). 

A b r i e f a c c o u n t of some o f t h e i m p o r t a n t a s p e c t s of t h e 

physiology of z inc , copper and selenium i s presented in the f o l l o w i n g 

c h a p t e r . The a e t i o l o g y and m a n i f e s t a t i o n s of z i n c , coppe r and 

selenium d e f i c i e n c y are a l s o d i scussed . 

Adequate ins t rumenta t ion i s c u r r e n t l y a v a i l a b l e f o r a n a l y s i s of 

most t r a c e e lements . At present however, the s t a t e of d iagnos i s f o r 

t r a c e element de f i c i ency i s u n s a t i s f a c t o r y , and no s i n g l e t e s t can be 

considered as i d e a l . The advantages and l i m i t a t i o n s of the l abo ra to ry 

i n v e s t i g a t i o n s most commonly used t o d e t e r m i n e z i n c , coppe r and 

selenium s t a t u s a re discussed in Chapter 3. P a r t i c u l a r r e f e rence i s 

made to t h e use of leucocyte zinc as an index of zinc s t a t u s . 

A high s tandard of a n a l y t i c a l performance i s e s s e n t i a l f o r the 

r e l i a b l e a n a l y s i s of t r a c e elements in body f l u i d s and t i s s u e s . Mertz 

(1985) p roposed t h a t s p e c i f i c i t y , a c c u r a c y and p r e c i s i o n of t h e 

m e t h o d s u s e d f o r m e d t h e f o u n d a t i o n f o r t r a c e e l e m e n t s t a t u s 

a s s e s s m e n t . E r r o r s may be i n t r o d u c e d d u r i n g t h e p r e p a r a t i o n of t h e 

sample p r i o r t o a n a l y s i s . An example of t h i s i s t h e t e c h n i c a l 

d i f f i c u l t i e s a s soc i a t ed with the sepa ra t ion of l eucocy tes from whole 

b lood , which have not been t o t a l l y r e s o l v e d . The present study has 

at tempted to s o l v e these problems. Whatever technique i s employed in 

t h e a s s e s s m e n t of t r a c e e l e m e n t s t a t u s , a l i m i t i n g f a c t o r i s t h e 

numerous sources of contaminat ion which can lead to e r roneous ly high 

v a l u e s . Contamination can occur during sample c o l l e c t i o n , process ing 

and a n a l y s i s . S t r ingen t p recau t ions must t h e r e f o r e be taken to ensure 

t h a t t h e r e i s no c o n t a m i n a t i o n of t h e a p p r o p r i a t e t r a c e e l e m e n t 

p resen t a t any of these s t ages . 

In summary, the r e l i a b i l i t y of t r a c e element r e s u l t s i s dependent 

on a n a l y t i c a l e x p e r t i s e in sample c o l l e c t i o n , p r e p a r a t i o n f o r 

a n a l y s i s , c o n t r o l of c o n t a m i n a t i o n , and on t h e use of modern 

in s t rumen t s . 



1.2 THE OBJECTIVES OF THE PROJECT 

The o v e r a l 1 aim of t h e p r o j e c t d e s c r i b e d in t h i s t h e s i s was to 

i n v e s t i g a t e t h e z i n c , c o p p e r and s e l e n i u m s t a t u s in p a t i e n t s wi th 

d i s o r d e r s in which d e f i c i e n c i e s of t h e s e t r a c e e l e m e n t s might be a 

c o m p l i c a t i o n , by t h e d e t e r m i n a t i o n of z i n c , c o p p e r and s e l e n i u m in 

l e u c o c y t e s , e r y t h r o c y t e s and plasma. 

To ach ieve t h e above o b j e c t i v e i t was necessary to deve lop and 

e v a l u a t e a number of new a n a l y t i c a l procedures . These were: a method 

f o r the i s o l a t i o n of l eucocy te s from whole blood t h a t was p r a c t i c a b l e 

and gave e f f i c i e n t r ecovery of t h e l e u c o c y t e s w i t h o u t d i f f e r e n t i a l 

white c e l l l o s s , and t h a t was f r e e from contaminat ion from red c e l l s , 

p l a t e l e t s and plasma; and atomic absorp t ion spec t rophotomet r ic methods 

which made a v a i l a b l e accu ra t e ana lyses f o r z i nc , copper and selenium 

in t h e i s o l a t e d l e u c o c y t e s , and coppe r in e r y t h r o c y t e s and whole 

blood. 

I t was t h e n i n t e n d e d t o use t h e s e a n a l y t i c a l me thods , and a l s o 

e s t a b l i s h e d methodology, to determine c o n c e n t r a t i o n s of z inc , copper 

and selenium in l e u c o c y t e s , e r y t h r o c y t e s , plasma and whole blood in 

h e a l t h y human s u b j e c t s in o r d e r t o p r o v i d e c o n t r o l d a t a f o r use in 

subsequent c l i n i c a l i n v e s t i g a t i o n s . 

The development of t he se a n a l y t i c a l procedures and t h e c l i n i c a l 

s t u d i e s undertaken are descr ibed in s epa ra t e chap te r s of t h i s t h e s i s . 



CHAPTER 2 

THE PHYSIOLOGY AND PATHOLOGY OF ZINC. COPPER AND SELENIUM 

2.1 ABSORPTION, DISTRIBUTION AND EXCRETION OF ZINC, COPPER AND SELENIUM 

2.1.1 ZINC 

Absorption of zinc 

C o n f l i c t i n g data from animal s t u d i e s i n d i c a t e t h a t the main s i t e 

of a b s o r p t i o n of z i n c in t h e i n t e s t i n e i s e i t h e r t h e duodenum (Van 

Campen and M i t c h e l l , 1965) o r t h e more d i s t a l p a r t s of t h e s m a l l 

i n t e s t i n e ( S a h a g i a n e t a l , 1966; Kowarski e t a l , 1974) . A s t u d y on 

human s u b j e c t s with and without j e juno- i1eos tomy suggests the jejunum 

as t h e m a j o r s i t e of i n t e s t i n a l z i n c a b s o r p t i o n (Andersson e t a l , 

1976). 

Apparent inc reases in z inc absorp t ion have been observed during 

f a s t i n g (Quarterman and M o r r i s o n , 1981) and p regnancy and l a c t a t i o n 

(Da v i e s and W i l l iams, 1977) in r a t s , and in men fed l o w z i n c i n t a k e s 

(Wada e t a l , 1985) , i n d i c a t i n g t h a t t h e a b s o r p t i o n of z i n c may be 

h o m e o s t a t i c a l l y r e g u l a t e d . A l t h o u g h t h e ac tua l mechanisms of zinc 

u p t a k e by t h e e n t e r o c y t e a r e p o o r l y u n d e r s t o o d , e x p e r i m e n t s u s i n g 

m e t a b o l i c i n h i b i t o r s i n d i c a t e t h a t an a c t i v e t r a n s p o r t sys tem i s 

i n v o l v e d in the absorp t ion of z inc (Kowarski e t a l , 1974). Some z inc -

ami no acid l igand mixtures have been shown to s t i m u l a t e z inc absorp-

t i o n in a n i m a l s (Giroux and P r a k a s h , 1977, Wapnir and S t i e l , 1986) . 

Much i n t e r e s t has focussed on the l i gands p resen t in human milk as the 

b i o a v a i l a b i l i t y of z i n c i s g r e a t e r f rom human m i l k t h a n cow's mi 1 k 

(Johnson and Evans, 1978). A low mo lecu l a r weight z inc -b ind ing l igand 

f rom human m i l k has been i s o l a t e d and i d e n t i f i e d as c i t r a t e by 

Lonnerdal e t al (1980) and p i c o l i n i c acid by Evans and Johnson (1980). 

However, Rebel lo e t al (1982) de tec ted p i c o l i n i c acid in ext remely low 

c o n c e n t r a t i o n s in human m i l k , i n s u f f i c i e n t t o b ind a s i g n i f i c a n t 

p r o p o r t i o n of z i n c . A l t e r n a t i v e l y , i t has been proposed t h a t t h e 

b i o a v a i l a b i l i t y of z inc in milk may be r e l a t e d to the binding a f f i n i t y 

of t h e c o n s t i t u e n t p r o t e i n s which d i f f e r in human and cow's m i l k 

(Cous ins and Smi th , 1980) . B l akebo rough e t a l (1983) r e p o r t e d t h a t 

most of t h e z i n c in t h e s e two m i l k s was a s s o c i a t e d wi th p r o t e i n 



complexes of high m o l e c u l a r weight , a l though the i n d i v i d u a l p r o t e i n s 

making up t h e complexes d i f f e r e d , and s u g g e s t e d t h a t in human m i l k , 

l a c t o f e r r i n may be i n v o l v e d in the uptake of z inc . 

Various o the r d i e t a r y c o n s t i t u e n t s may e i t h e r enhance o r impair 

zinc absorp t ion , Phy ta te and i n d i g e s t i b l e f i b r e which a re p resen t in 

p l a n t f o o d s form i n s o l u b l e comp lexes w i t h z i n c in t h e i n t e s t i n a l 

lumen, and are g e n e r a l l y considered to be the primary f a c t o r s respons-

i b l e f o r t h e p o o r e r a b s o r b a b i l i t y of z i n c f rom p l a n t p r o t e i n s and 

c e r e a l p r o d u c t s t h a n f r o m f o o d s of animal o r i g i n ( R e i n h o l d e t a 1, 

1976; I s m a i l - B e i g i e t a 1 , 1977; Kies e t a l , 1979; So lomons , 1982; 

N a v e r t e t a l , 1985) . Animal e x p e r i m e n t s have shown t h a t c o p p e r and 

cadmium may r e d u c e t h e u p t a k e of (Evans e t a l , 1974) , and z i n c 

a b s o r p t i o n may a l s o be i m p a i r e d by t i n ( Johnson e t a l , 1981a) and 

c a l c i u m ( F o r b e s , 1960) . The i n h i b i t o r y e f f e c t of phosphorus on 

apparent z inc absorp t ion in men was reduced when the p ro te in content 

of t h e d i e t was i n c r e a s e d (Grege r and S n e d e k e r , 1980) , and t h e 

add i t ion of calc ium and phosphorus supplement to a mixed d i e t did not 

s i g n i f i c a n t l y a f f e c t t h e e x c r e t i o n o r a p p a r e n t r e t e n t i o n of z i n c in 

male s u b j e c t s (Snedeker e t a l , 1982). Adminis t ra t ion of f e r r o u s and 

zinc s u l p h a t e s to f a s t i n g human s u b j e c t s d e m o n s t r a t e d an i n h i b i t o r y 

e f f e c t of i ron on zinc absorp t ion as the i ronrz inc r a t i o was increased 

(Solomons and Jacob, 1981; Sandstrom et a l , 1985), a l though when t h i s 

supplement was given with a t e s t meal (Sandstrom e t a l , 1985) o r when 

haem c h l o r i d e was used as t h e i ron source and A t l a n t i c o y s t e r s as the 

zinc source (Solomons and Jacob, 1981), no such i n h i b i t o r y e f f e c t was 

observed. Some congeners in wine may enhance the absorp t ion of z inc 

(McDonald and Margen, 1980). 

A response of i n t e s t i n a l m e t a l l o t h i o n i e n to d i e t a r y zinc i n t ake 

in r a t s has been observed (Richards and Cousins, 1976; Menard e t a l , 

1981) , and a r e g u l a t o r y r o l e of t h e sma 11 i n t r a c e l l u l a r p r o t e i n in 

zinc absorp t ion has been proposed (Cousins, 1979; Menard e t a l , 1981). 

Zinc and c o p p e r have been r e p o r t e d t o compete f o r b i n d i n g s i t e s on 

m e t a l l o t h i o n i e n in the i n t e s t i n a l mucosal c e l l s (Hall e t a l , 1979). 

Although zinc induces the syn the s i s of m e t a l l o t h i o n i e n , copper binds 

more a v i d l y to the p r o t e i n and i t has been suggested t h a t once copper 

has d i s p l a c e d z i n c f rom m e t a l l o t h i o n i e n i t i s u n a v a i l a b l e f o r 

u t i l i s a t i o n (Ogiso e t a l , 1979). 



Distribution of zinc 

Animal s t u d i e s have shown t h a t a lbumin i s t h e p r o t e i n which i s 

i n v o l v e d in the removal of z inc from i n t e s t i n a l mucosal c e l l s and in 

t h e s u b s e q u e n t t r a n s p o r t of t h e e l e m e n t in t h e p o r t a l b l o o d t o t h e 

l i v e r (Smith e t a l , 1978). Approximately 15% of zinc in the plasma i s 

bound to (%2 rnacroglobul in and approximately 85% to albumin, and t h i s 

l a t t e r pool almost e n t i r e l y accounts f o r the v a r i a t i o n s in t o t a l z inc 

c o n c e n t r a t i o n s (Foote and De lves , 1984). Only a small percentage of 

the t o t a l plasma zinc pool i s bound to low m o l e c u l a r weight l i gands 

(Prasad and Ober leas , 1970). 

A 70kg man c o n t a i n s 20-35 mmol ( 1 . 4 - 2 . 3 g ) of z i n c (Widdowson e t 

a l , 1951). Of the t o t a l body zinc pool the h ighes t concen t r a t i ons a re 

found in the r e t i n a and p r o s t a t e gland (Hals ted e t a l , 1974). 

Excretion of zinc 

Zinc i s e x c r e t e d a l m o s t e n t i r e l y in t h e f a e c e s (Spence r e t a l , 

1965). Pe r fus ion s t u d i e s suggest t h a t b i l i a r y and panc rea t i c s ec re -

t i o n s c o n t r i b u t e s i g n i f i c a n t l y to t h e z i n c found in human f a e c e s 

( M a t s e s h e e t a l , 1980). D a i l y l o s s e s of z i n c by u r i n a r y e x c r e t i o n 

a c c o u n t f o r u s u a l l y l e s s t h a n 9.2 ymol (600ug) (Roman, 1969) and 

l o s s e s of z i n c t h rough t h e body s u r f a c e a r e a p p r o x i m a t e l y 7.7 umol 

(500pg) p e r day ( Jacob e t a l , 1979) . 

2.1.2 COPPER 

Absorption of copper 

A p o r t i o n of t h e d i e t a r y coppe r s u p p l y may be a b s o r b e d from t h e 

stomach as the ac id i c environment may promote copper s o l u b i l i t y and 

enhance i t s t r a n s p o r t across the g a s t r i c mucosa (Marceau e t a l , 1970). 

Animal experiments have demonstrated t h a t t he major s i t e f o r absorp-

t i o n of copper in the small i n t e s t i n e i s t he duodenum (Van Campen and 

M i t c h e l l , 1965; Marceau e t a l , 1970). 

Many d i e t a r y f a c t o r s i n f l u e n c e t h e u p t a k e of c o p p e r by t h e 

g a s t r o i n t e s t i n a l t r a c t . Decreased copper r e t e n t i o n has r e s u l t e d from 

high l e v e l s of d i e t a r y f i b r e in f r u i t and v e g e t a b l e s (Kelsay e t a l , 

1979) and d i e t a r y p h y t a t e ( D a v i e s and N i g h t i n g a l e , 1975) . Animal 

s t u d i e s have d e m o n s t r a t e d t h a t i n t e s t i n a l a b s o r p t i o n of c o p p e r i s 

depressed by high l e v e l s of a scorb ic acid (Van Campen and Gross, 1968) 

and cadmium ( D a v i e s and C a m p b e l l , 1977) . High i n t a k e s of d i e t a r y 



pro te in have been repor ted to i nc rease the r e t e n t i o n of copper (Greger 

and Snedeker, 1980). 

Endogenous s e c r e t i o n s a l s o appear to i n f l u e n c e copper abso rp t i on . 

Hepatic and g a l l b l a d d e r b i l e both i n h i b i t e d copper absorp t ion in r a t s 

(Gol lan and D e l l e r , 1973; G o l l a n , 1975), and a s i m i l a r e f f e c t in r a t s 

has been noted with panc rea t i c p ro te in (Jamison e t a l , 1981). I t has 

been proposed t h a t endogenous binding components from these s e c r e t i o n s 

may a c t as r e g u l a t o r s of a b s o r p t i o n by i n f l u e n c i n g t h e amount o f 

copper a v a i l a b l e f o r uptake (Gol lan , 1975; Jamison e t a l , 1981). 

Distribution of copper 

Hepatic uptake s t u d i e s in r a t s have ind ica ted t h a t albumin i s t h e 

major binding l igand t h a t t r a n s p o r t s copper from the i n t e s t i n e to the 

l i v e r (Weiner and C o u s i n s , 1980) . I t has been shown t h a t h e p a t i c 

uptake of i n t r a v e n o u s l y i n j e c t e d copper i s rapid and e f f i c i e n t with an 

i n t i a l l i v e r u p t a k e of a p p r o x i m a t e l y 80% in humans (Osborn e t a l , 

1963) . At l e a s t 90% of t h e t o t a l p lasma c o p p e r i s t i g h t l y bound t o 

c a e r u l o p l a s m i n , the remainder being mainly l o o s e l y bound to albumin, 

and a s m a l l amount t o amino a c i d s ( E p s t e i n , 1983; L a u r i e , 1983) . 

A p p r o x i m a t e l y 1 .3-2 .4 mmol (80-150mg) of c o p p e r i s c o n t a i n e d in t h e 

body of a normal a d u l t with the h ighes t concen t ra t ion present in the 

l i v e r (Solomons, 1985). 

Excretion of copper 

The m a j o r e x c r e t o r y r o u t e of coppe r in man i s v i a t h e b i l e , and 

t h i s amounts t o abou t 32umol (2mg) of c o p p e r p e r day (van Berge 

Henegouwen e t a l , 1977) . In human b i l e , t h e m a j o r low m o l e c u l a r 

we igh t c o p p e r - b i n d i n g l i g a n d s have been i d e n t i f i e d as c o n j u g a t e d 

b i l i r u b i n , pep t ides and amino a c i d s , and i t has been proposed t h a t t h e 

p e p t i d e f r a c t i o n may p l a y a r o l e in e l i m i n a t i o n of coppe r f rom t h e 

body ( M a r t i n e t a l , 1986) . The u r i n a r y l o s s of c o p p e r i s a p p r o x -

imate ly 0.9vimol (60ug) per day (Klevay e t a l , 1980) and up to 5.4pmol 

(0.34mg) may be l o s t through the body s u r f a c e (Jacob e t a l , 1979). 

2.1.3 SELENIUM 

Absorption of selenium 

Studies in animals with ^^Se i n d i c a t e t h a t selenium i s absorbed 

throughout the small i n t e s t i n e and t h a t t h e r e appears to be no absorp-



t i o n from t h e stomach (Wright and B e l l , 1966) . S e l e n o m e t h i o n i n e 

appears to share a common a b s o r p t i v e mechanism with methionine in the 

sma l1 i n t e s t i n e (McConnel 1 and Cho, 1967; Ochoa -So lano and G i t l e r , 

1968) . I t has been p roposed t h a t a b s o r p t i o n of amino a c i d - b o u n d 

s e l e n i u m i s a c c e l e r a t e d by s p e c i f i c amino a c i d a c t i v e t r a n s p o r t 

mechanisms in the gut mucosa, whereas sodium s e l e n i t e i s absorbed by 

s imple d i f f u s i o n through the i n t e s t i n a l mucosa (Reasbeck e t a l , 1985). 

A f t e r o r a l a d m i n i s t r a t i o n of ^^Se t o humans in t h e form of s e l e n o -

m e t h i o n i n e o r s e l e n i t e , t h e p lasma ^^Se c o n c e n t r a t i o n r e a c h e d a 

maximum a t 3 - 4 h o u r s ( G r i f f i t h s e t a l , 1976) and 7 -12 hours (Thomson 

and S tewar t , 1974) r e s p e c t i v e l y . 

L i t t l e informat ion i s a v a i l a b l e on d i e t a r y f a c t o r s a f f e c t i n g the 

b i o a v a i l a b i l i t y of s e l e n i u m . High d i e t a r y c o p p e r i n t a k e m a r k e d l y 

i n h i b i t s t he p h y s i o l o g i c a l u t i l i s a t i o n of absorbed selenium in r a t s 

(Rahim e t a l , 1986) . In t h e same s t u d y , no a n t a g o n i s t i c e f f e c t of 

c a l c i u m , i r o n , molybdenum o r manganese on s e l e n i u m u t i l i s a t i o n was 

observed . An i n v e s t i g a t i o n in to the a v a i l a b i l i t y of selenium in some 

human foods demonstrated t h a t in r a t s with an i n i t i a l l y low selenium 

s t a t u s , selenium in cooked beef kidney, bo i l ed wheat and canned tuna 

was 97%, 83% and 57% a v a i l a b l e r e s p e c t i v e l y when compared to s e l e n i t e 

which was r e g a r d e d as be ing 100% a v a i l a b l e ( D o u g l a s s e t a l , 1981) . 

The reason f o r the low b i o a v a i l a b i l i t y of selenium from tuna i s not 

c l e a r . In a s t u d y of F i n n i s h men wi th a low s e l e n i u m s t a t u s , t h e 

b i o a v a i l a b i l i t y of selenium in t h e form of Se - r i ch wheat or Se- r ich 

y e a s t compared w e l l w i th t h a t of sodium s e l e n a t e ( L e v a n d e r e t a l , 

1983). Selenomethionine has been i d e n t i f i e d as t h e major selenium -

con ta in ing compound in both wheat (Olson e t a l , 1970) and selenium -

y e a s t (Korhola e t a l , 1986). In animal t i s s u e s , selenium i s p resen t 

as s e l e n o c y s t e i n e , s e l e n o m e t h i o n i n e and s e l e n o p e r s u l p h i d e s (Burk , 

1976). 

Distribution of selenium 

S e l e n i u m in p lasma i s m a i n l y p r o t e i n - b o u n d and i s p r o b a b l y 

a s s o c i a t e d with a2 and g - g l o b u l i n s (Dickson and Tomlinson, 1967) and 

a l s o with l i p o p r o t e i n s (Burk, 1974). New Zealand s u b j e c t s were e s t i -

mated t o c o n t a i n abou t 76 pmol (6mg) of s e l e n i u m ( S t e w a r t e t a l , 

1978), l e s s than h a l f of another e s t ima te of the whole body content of 

selenium of 165-253 ymol (13-20mg) of American s u b j e c t s (Schroeder e t 

a l , 1 9 7 0 ) . 



Excretion of selenium 

Urine i s t he p r i n c i p a l rou te of exc re t ion of se lenium, fo l l owed 

by f a e c e s , w i th t r i v i a l r e s p i r a t o r y and dermal l o s s e s (Thomson and 

S t e w a r t , 1974) . In humans, a p p r o x i m a t e l y 55% t o 67% of t h e t o t a l 

e x c r e t e d s e l e n i u m i s in t h e u r i n e ( S t e w a r t e t a 1 , 1978; L e v a n d e r e t 

a l , 1981; L e v a n d e r and M o r r i s , 1984). Expe r imen t s in r a t s have 

ind ica ted t h a t selenium homeostasis i s achieved by the r e g u l a t i o n of 

u r ina ry selenium exc re t i on (Burk e t a l , 1972). 

2.2 HUMAN REQUIREMENTS OF ZINC, COPPER AND SELENIUM 

Human requirements of zinc 

Est imates of z inc requirements using the f a c t o r s of z inc r e t e n -

t i o n , l o s s e s and a v a i l a b i l i t y have suggested t h a t i f the e f f i c i e n c y of 

z inc absorp t ion was 100%, an a d u l t would only r equ i r e 34 nmol (2.2mg) 

of z i n c p e r day , whereas i f t h e z i n c c o n t e n t of a v a i l a b l e z i n c was 

o n l y 10% o r 40%, t h i s r e q u i r e m e n t would be i n c r e a s e d to 337 pmol 

(22mg) o r 84 pmol (5.5mg) p e r day r e s p e c t i v e l y (World H e a l t h 

Organ i sa t ion , 1973). C l e a r l y , food s e l e c t i o n i s of extreme importance 

in supplying the d a i l y requirement f o r z inc . The c u r r e n t l y recommended 

d i e t a r y a l lowance f o r z inc in humans 11 years o ld and ove r i s 230 ymol 

(15mg) (National Research Counci l , 1980). 

Human requirements of copper 

The es t imated s a f e and adequate d i e t a r y d a i l y in take of copper in 

humans of 11 y e a r s o l d and o v e r i s 31-47 umol (2.0-3.0mg) ( N a t i o n a l 

Resea rch C o u n c i l , 1980) , a l t h o u g h t h i s may w e l l be in e x c e s s of 

requi rements . Surveys of a v a r i e t y of d i e t s in t h e United S t a t e s have 

ind ica ted t h a t in t akes s u b s t a n t i a l l y below 16 umol (Img) of copper per 

day a r e no t unusua l ( K l e v a y , 1975) . In a d d i t i o n t o t h i s , a New 

Zealand study of s e l f - s e l e c t e d d i e t s showed t h a t h a l f of them provided 

l e s s than 31 umol (2.0mg) of copper and 5% provided l e s s than 16 pmol 

(l.Omg) of copper per day (Guthr ie , 1973). Sandstead (1982) found t h e 

r e q u i r e m e n t f o r c o p p e r t o be h i g h e s t when d i e t a r y z i n c was h igh and 

p ro t e in was low. 

Human requirements of selenium 

P u b l i s h e d e s t i m a t e s of human d a i l y i n t a k e s of s e l e n i u m v a r y 

widely among d i f f e r e n t c o u n t r i e s . Dai ly selenium in t akes have been 

r e p o r t e d t o be 0 . 8 - 1 . 9 pmol ( 6 0 - 1 5 0 pg) i n t h e U n i t e d S t a t e s 



(Schroeder e t a l , 1970), 1.4-2.8 pmol {110-220yg) in Canada (Thompson 

e t a l , 1975) , 0 .08-0 .9 umol (6-70pg) in New Zea land (Robinson, 1976) 

and 0 .03-0 .45 pmol ( 2 . 3 - 3 5 .B u g ) in China (Luo e t a l , 1985). The 

average d a i l y selenium in take in Br i t a i n was est imated to be 0.8 umol 

(60yg) (Thorn e t a l , 1978b). As c h r o n i c s e l e n i u m t o x i c i t y has been 

demonstrated in animals a t r e l a t i v e l y low d i e t a ry in takes of selenium 

(World Health Organisa t ion , 1973), a maximal d a i l y in take of 2.5 pmol 

(200iig) of s e l e n i u m has been s u g g e s t e d in humans of 11 y e a r s o l d and 

over (National Research Counci l , 1980). 

Se len ium b a l a n c e s t u d i e s have i n d i c a t e d t h a t a d a i l y s e l e n i u m 

i n t a k e of abou t 0.9 ymol (70pg) and 0.3 pmol (20ug) was needed t o 

m a i n t a i n b a l a n c e in North American ma le s ( L e v a n d e r e t a l , 1981) and 

New Zea land women ( S t e w a r t e t a l , 1978) r e s p e c t i v e l y . New Zea land 

sub j ec t s appear to excre te selenium more spa r ing ly than North American 

s u b j e c t s , and i t has been s u g g e s t e d t h a t t h i s c o u l d be due to an 

a d a p t a t i o n t o t h e low i n t a k e s of s e l e n i u m (Robinson e t a l , 1985) . 

Although the s u b s t a n t i a l l y s m a l l e r selenium intake of the New Zealand 

r e s i d e n t s i s a s soc ia ted with low selenium concent ra t ions in blood, no 

d e t r i m e n t a l e f f e c t s t o h e a l t h have been r e p o r t e d ( G r i f f i t h s and 

Thomson 1974; Thomson and Robinson , 1980) . Low s e l e n i u m i n t a k e s of 

h e a l t h y men f r o m a low s e l e n i u m a r e a in China were s u f f i c i e n t t o 

maintain a p o s i t i v e selenium balance (Luo e t a l , 1985). 

2.3 FUNCTIONS OF ZINC, COPPER AND SELENIUM 

Functions of zinc 

Over 200 zinc-dependent enzymes have been i d e n t i f i e d and they are 

invo lved in a wide v a r i e t y of metabol ic processes inc luding nuc l e i c 

ac id , p r o t e i n , carbohydrate and l i p i d metabolism (Prasad, 1985). Zinc 

i s i nd i spensab l e to the enzymes which are c r i t i c a l to deoxyribonucleic 

a c i d , r i b o n u c l e i c ac id and p r o t e i n s y n t h e s i s and t h e i r d e g r a d a t i o n 

( V a l l e e and F a l c h u k , 1983) . Th i s e l e m e n t i s t h e r e f o r e r e l a t e d t o 

f u n c t i o n s such as growth and development, t i s s u e r epa i r a f t e r i n ju ry 

and regenera t ion of r a p i d l y p r o l i f e r a t i n g t i s s u e such as skin and h a i r 

( A r l e t t e , 1983). Despite ex t ens ive s tud ie s the re are s t i l l no c l e a r 

l i n k s between many of t h e m a n i f e s t a t i o n s of z i n c d e f i c i e n c y and t h e 

i n v o l v e m e n t of t h e e l e m e n t in enzyme sys t ems . S t u d i e s u s ing t h e 

o rgan i sm Euglena g r a c a l i s have i n d i c a t e d a r o l e f o r z i n c in t h e 
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r e g u l a t i o n of gene e x p r e s s i o n ( V a l l e e and F a l c h u k , 1983) a l t h o u g h 

the se f i n d i n g s have ye t to be confirmed in h igher spec i e s . 

I t has been p roposed t h a t z i n c p l a y s a c r i t i c a l r o l e in t h e 

s t r u c t u r e and f u n c t i o n of biomembranes ( B e t t g e r and O ' D e l l , 1981) . 

Z inc has been shown t o s t a b i l i s e r a t l i v e r l y s o s o m e s (Ludwig and 

Chvap i l , 1980). The e x t r a c e l l u l a r concen t r a t i on of zinc appears to 

i n f l u e n c e both the f u n c t i o n of t h e c i r c u l a t i n g e ry th rocy t e s (Bet tger 

e t a l , 1980) and the chemotaxic response of l eucocy te s (Weston e t a l , 

1977) . Zinc has a l s o been d e m o n s t r a t e d t o f a c i l i t a t e b i n d i n g of 

i n s u l i n to c e l l membrane r e c e p t o r s ( A r q u i l l a e t a l , 1978). 

The importance of zinc f o r t h e maintenance of v i s i o n , t a s t e and 

smell has been reviewed (Russe l l e t a l , 1983). At presen t the bases 

of t he se f u n c t i o n s are not f u l l y understood. 

Functions of copper 

Copper e x e r t s i t s b i o c h e m i c a l r o l e l a r g e l y as a component of 

metal 1oenzymes (Solomons, 1985). Some of the p o s s i b l e r e l a t i o n s h i p s 

between cuproenzymes and s p e c i f i c p a t h o l o g i c a l s i g n s h a v e been 

proposed. Development and maintenance of c a r d i o v a s c u l a r and s k e l e t a l 

i n t e g r i t y i s dependent on the b i o s y n t h e s i s of the c r o s s l i n k s in both 

c o l l a g e n and e l a s t i n which a re de r ived from l y s i n e , and lysy l ox idase 

i s requi red to c a t a l y s e the ox ida t i on of s p e c i f i c l y sy l and hydroxy-

l y s y l r e s idues (O 'Del l , 1976). The ox idase a c t i v i t y of cae ru lop la smin 

has been impl ica ted in t h e normal ox ida t i on of f e r r o u s iron to f e r r i c 

i r o n (Osaki e t a l , 1966) and i t has been p o s t u l a t e d t h a t a d e f e c t in 

t h i s a c t i v i t y may r e s u l t in an i n a b i l i t y to m o b i l i s e and t r a n s p o r t 

s t o r a g e i r o n , t h u s p r o d u c i n g t h e anaemia of coppe r d e f i c i e n c y 

(So lomons , 1985) . Most of t h e r e c o g n i s e d cuproenzymes c a t a l y s e 

r e a c t i o n s of phys io log i ca l s i g n i f i c a n c e . Cytochrome C oxidase i s of 

key importance in mitochondria l energy metabolism (O'Del l , 1976) and 

s u p e r o x i d e d i s m u t a s e p r o v i d e s i n t r a c e l l u l a r p r o t e c t i o n a g a i n s t 

o x i d a t i v e damage from f r e e r a d i c a l s (McCord and F r i d o v i c h , 1969). No 

s p e c i f i c pathology has been a t t r i b u t e d to t h e s e enzymes. Copper a l s o 

a p p e a r s t o p l a y a r o l e in c e n t r a l n e r v o u s sys tem s t r u c t u r e and 

f u n c t i o n in a n i m a l s ( E v e r s o n e t a l , 1968; D i p a o l o e t a l , 1974) 

a l though the biochemical b a s i s of t h i s f u n c t i o n i s not c l e a r . 
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Functions of selenium 

The biochemical func t ion of selenium as an e s s e n t i a l component of 

g l u t a t h i o n e peroxidase was not d i scovered u n t i l 1973 (Rotruck e t a l , 

1973). No o t h e r s p e c i f i c biochemical f u n c t i o n s of selenium have been 

repor ted s ince t h i s t ime. The form of selenium in the a c t i v e s i t e of 

g l u t a t h i o n e peroxidase appears to be s e l e n o c y s t e i n e (Forstrom e t a l , 

1978) and t h e enzyme has a wide d i s t r i b u t i o n in animal c e l l s and i s 

p resen t in mitochondria and in the cytosol (Burk, 1983). 

G l u t a t h i o n e peroxidase, a l o n g wi th o t h e r c e l l u l a r a n t i o x i d a n t 

defence mechanisms, he lps p ro t ec t the c e l l aga ins t damage t h a t may be 

caused by f r e e r a d i c a l s and hydroperoxides (Hoekstra, 1975). A f r e e 

r a d i c a l i s any s p e c i e s c o n t a i n i n g one o r more u n p a i r e d e l e c t r o n s 

(Dormandy, 1980). Exposure of c e l l membranes to oxygen f r e e r a d i c a l s 

s t i m u l a t e s t h e process of peroxida t ion of po lyunsa tu ra ted f a t t y ac ids 

(Tappel , 1973) . L ip id p e r o x i d a t i o n d i m i n i s h e s membrane f l u i d i t y , 

i n c r e a s e s n o n - s p e c i f i c p e r m e a b i l i t y to i ons and may i n a c t i v a t e 

membrane-bound enzymes ( H a l l i w e l l , 1987). I t i s now widely accepted 

t h a t v i tamin E, an important 1 i p i d - s o l u b l e a n t i o x i d a n t , r e a c t s r a p i d l y 

with peroxy r a d i c a l s formed during l i p i d peroxida t ion and as such can 

be c l a s s i f i e d as a c h a i n - b r e a k i n g a n t i o x i d a n t (Will son, 1987) . 

S e l e n i u m and v i t a m i n E f u n c t i o n t o g e t h e r in a complex sys tem t h a t 

p r o t e c t s c e l l s from the de t r imenta l e f f e c t s of oxygen f r e e r a d i c a l s 

(Gross, 1979; Diplock, 1984). 

I t i s of i n t e r e s t t h a t s e l e n i u m has a l s o r e c e i v e d much r e c e n t 

a t t e n t i o n as an a n t i c a r c i n o g e n i c agen t ( I p , 1986) . Animal s t u d i e s 

have shown t h a t supplementat ion of selenium above d i e t a r y requirement 

i n h i b i t s tumour development induced by a wide spectrum of carc inogens 

( I p , 1981; J a c o b s , 1983; El-Bayoumy, 1985; B i r t e t a l , 1986). The 

mechanism by which the element f u n c t i o n s as an an t ica rc inogen i s not 

c l e a r . 

2.4 AETIOLOGY OF ZINC. COPPER AND SELENIUM DEFICIENCY 

D e f i c i e n c i e s of t r a c e e l e m e n t s in humans a r e t h e r e s u l t of 

reduced i n t ake , decreased absorp t ion , increased excre t ion or increased 

requ i rements . 
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Reduced intake 

Dieta ry inadequacy r e l a t e d s p e c i f i c a l l y to geographical l o c a t i o n 

has been repor ted and, in humans, a r e s u l t i n g zinc d e f i c i e n c y has been 

observed in Iran (Eminians e t a l , 1967) and selenium d e f i c i e n c y in the 

Chinese province of Keshan (Keshan Disease Research Group, 1979b). A 

low n u t r i t i o n a l s t a t u s f o r s e l e n i u m has a l s o been r e p o r t e d in 

r e s i d e n t s of New Zeal and (Thomson e t a l , 1977; Rea e t a l , 1979) and 

Fin land (Westermarck e t a l , 1976). 

Long- te rm t o t a l p a r e n t e r a l n u t r i t i o n with i n f u s i o n f l u i d s t h a t 

have not been supplemented with t r a c e e lements have been a s s o c i a t e d 

with d e f i c i e n c y s t a t e s of zinc (P r inc ip i e t a l , 1979), copper (Fleming 

e t a l , 1976) and selenium (Kien and Ganther , 1983; Brown et a l , 1986). 

In t ravenous n u t r i t i o n a l s o l u t i o n s are repor ted to conta in inadequate 

amounts of s e l e n i u m in p a r t i c u l a r (van R i j e t a l , 1979) . The t r a c e 

element content of s y n t h e t i c d i e t s used to t r e a t c h i l d r e n with inborn 

e r r o r s of metabol ism may a l s o be i n a d e q u a t e ( A l e x a n d e r e t a l , 1974; 

Thorn e t a l , 1978a). Pre- term i n f a n t s fed with unsupplemented human 

b r e a s t m i l k have been r e p o r t e d t o be a t r i s k of z i n c and c o p p e r 

d e f i c i e n c y (Dauncey e t a l , 1977). Vegetar ians may a l s o be a t r i s k of 

a low d i e t a r y i n t a k e of z i n c (Bodzy e t a 1 , 1977; F r e e l a n d - G r a v e s e t 

a l , 1980). 

Malabsorption 

Metabol ic d i so rde r s a f f e c t i n g i n t e s t i n a l absorp t ion can r e s u l t in 

s p e c i f i c t r a c e e l e m e n t d e f i c i e n c i e s . Menkes' syndrome was f i r s t 

d e s c r i b e d in 1962 (Menkes e t a l , 1962) a l t h o u g h t h e r e l a t i o n s h i p t o 

c o p p e r d e f i c i e n c y was not i d e n t i f i e d u n t i 1 a decade 1 a t e r (Danks e t 

a l , 1972). Paren te ra l copper therapy f a i l s to br ing about a c l i n i c a l 

improvement (Garnica e t a l , 1974) and a bas i c d e f e c t in some component 

of the i n t r a c e l l u l a r copper t r a n s p o r t system has been proposed (Danks, 

1985). Acrodermat i t i s en t e ropa th i ca i s regarded as a s p e c i f i c inborn 

e r r o r of z inc absorpt ion and impaired i n t e s t i n a l absorp t ion of ®^Zn in 

t h e s e p a t i e n t s has been demonstrated (Lombeck e t a l , 1975). Treatment 

with l a r g e doses of o ra l zinc has proved s u c c e s s f u l (Moynahan, 1974) 

and d i o d o q u i n a p p e a r s t o improve z i n c a b s o r p t i o n in t h e s e p a t i e n t s 

(Del ves e t a l , 1975). 

Chi ldren with var ious ma 1 a b s o r p t i v e s t a t e s have been shown to be 

a t r i s k of d e f i c i e n c y of c o p p e r and z i n c (CI a y t o n , 1980) , and s e v e r e 

c o p p e r d e f i c i e n c y has been r e p o r t e d in i n f a n t s wi th c h r o n i c o r 
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r e c u r r e n t d ia r rhoea (Graham and Cordano, 1976). Malabsorpt ion of z inc 

has been demonstrated in p a t i e n t s with exocr ine panc rea t i c i n s u f f i c -

i e n c y (Agge t t e t a 1 , 1979) and a lowered s e l e n i u m s t a t u s has been 

demonstrated in c h i l d r e n and young a d u l t s with c y s t i c f i b r o s i s (Neve 

e t a l , 1983; Stead e t a l , 1985; Dworkin e t a l , 1987). 

Increased body losses 

E x c e s s i v e l o s s e s of z i n c and c o p p e r from t h e g a s t r o i n t e s t i n a l 

t r a c t may occur in f l u i d s l o s t through f i s t u l o u s d i scharge (Wo 1 man e t 

a l , 1979; Shike e t a l , 1981). Increased l o s s e s of zinc in u r ine have 

been repor ted in cases of a l c o h o l i c c i r r h o s i s (Al lan e t a l , 1975) and 

in h y p e r c a t a b o l i c s t a t e s (Fe l l e t a l , 1973), and high u r ina ry ou tpu t s 

of z i n c and c o p p e r have been d e m o n s t r a t e d in c h i l d r e n f o l l o w i n g 

t h e r m a l i n j u r y ( C a r r and W i l k i n s o n , 1975). S i g n i f i c a n t l y increased 

l o s s e s of z inc and copper v ia e x f o l i a t i o n in p a t i e n t s with p s o r i a s i s 

may occur (Molin and Wester, 1973). Deple t ion of copper and zinc has 

been repor ted in p a t i e n t s r e c e i v i n g p e n i c i l l a m i n e therapy (Klingberg 

e t a l , 1976; Cutolo e t a l , 1982) and u r ina ry zinc l o s s e s of c l i n i c a l 

s i g n i f i c a n c e may encountered in p a t i e n t s on d i u r e t i c s (Wester, 1980). 

Increased requirements 

I n c r e a s e d r e q u i r e m e n t s f o r z i n c a r e o b s e r v e d d u r i n g g rowth , 

p regnancy and l a c t a t i o n ( N a t i o n a l Resea rch C o u n c i l , 1980) . I t i s 

n o t e w o r t h y however t h a t a r e c e n t s t u d y of normal h e a l t h y p r i m i -

g r a v i d a e , who subsequent ly d e l i v e r e d normal bab ies , had a mean d a i l y 

d i e t a r y z i n c i n t a k e of o n l y 139 pmol (9.1mg) a t 30 weeks g e s t a t i o n 

( T u t t l e e t a l , 1985) Increased u t i l i s a t i o n of selenium in pregnancy 

has been repor ted (Swanson e t a l , 1983). 

2-5 MANIFESTATION OF ZINC. COPPER AND SELENIUM DEFICIENCY 

Manifestations of zinc deficiency 

The c l i n i c a l m a n i f e s t a t i o n s exh ib i t ed in zinc d e f i c i e n c y depend 

upon the s e v e r i t y and length of the imposed d e f i c i e n c y and a re shown 

in Table 2.1. In a d d i t i o n , a high inc idence of congeni ta l abnormal-

i t i e s in the pregnancies of women wi th a c r o d e r m a t i t i s e n t e r o p a t h i c a 

has been r e p o r t e d (Hambidge e t a l , 1975) and some s t u d i e s have 

a s soc i a t ed f o e t a l growth r e t a r d a t i o n with low maternal plasma or serum 

z i n c c o n c e n t r a t i o n s ( Jameson , 1976; Crosby e t a l , 1977) . Impa i red 
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TABLE 2.1 

CLINICAL EFFECTS OF ZINC DEFICIENCY* 

Severe/Acute 

Cessat ion of growth 

Anorexia 

C h a r a c t e r i s t i c skin l e s ion 

Hair l o s s - a lopec ia 

Diarrhoea - abdominal pain 

Behavioural changes - depress ion 

Immune suppress ion - i n f e c t i o n s 

Hypoproteinaemia 

Marginal/Chronic 

Appet i t e loss 

Hypogonadism - dwarfism 

T e s t i c u l a r func t ion - sexual matura t ion 

sperm production - f e r t i l i t y 

l o s s of sexual 1ibido 

Skin changes - dry sca ly appearance 

Hair growth reduced, body h a i r p a t t e r n abnormal 

Wound hea l ing 

Phagocytic f u n c t i o n - neu t rophi l chemotaxis 

P l a t e l e t aggregat ion 

Dark adap ta t ion 

Sense of t a s t e and smell impaired 

* From: F e l l , 1984. 
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immunocompetence a s s o c i a t e d w i th s e v e r e z i n c d e f i c i e n c y has been 

demonstrated by delayed cutaneous h y p e r s e n s i t i v t y (Golden e t a l , 1978; 

Pekarek e t a l , 1979), and impairment of l eucocy te chemotaxis (Weston 

et al, 1977). 

The biochemical m a n i f e s t a t i o n s observed dur ing experimental z inc 

d e f i c i e n c y in h e a l t h y human s u b j e c t s (Prasad e t a l , 1978) are l i s t e d 

in Table 2 . I I . All changes were r eve r sed when the zinc s t a t u s of the 

s u b j e c t s was re turned to normal. Other zinc d e p l e t i o n s t u d i e s have 

repor ted reduced serum c o n c e n t r a t i o n s of t e s t o s t e r o n e (Abbasi e t a l , 

1980) and d e c r e a s e d a c t i v i t y of serum and 1 e u c o c y t e a l k a l i n e phos -

phatase (Baer and King, 1984). 

Manifestations of copper deficiency 

In most c l i n i c a l s i t u a t i o n s , d e f i c i e n c y of c o p p e r i s p r o b a b l y 

a l s o a s s o c i a t e d wi th d e f i c i e n c y of o t h e r n u t r i e n t s and i n f o r m a t i o n 

regarding t h e m a n i f e s t a t i o n s t h a t occur as a r e s u l t of copper d e f i c -

i e n c y a l o n e i s l i m i t e d . Much of t h i s i n f o r m a t i o n has been o b t a i n e d 

from a s e r i e s of case r e p o r t s i l l u s t r a t i n g a d i e t a r y copper d e f i c i e n c y 

in m a l n o u r i s h e d i n f a n t s d u r i n g r e h a b i l i t a t i o n on m i l k - b a s e d , low 

c o p p e r d i e t s (Cordano e t a l , 1964, 1966; Hoi tzman e t a l , 1970) . The 

c l i n i c a l e f f e c t s of c o p p e r d e f i c i e n c y a r e l i s t e d in T a b l e 2 . I I I . 

A l t h o u g h t h e m a n i f e s t a t i o n s of anaemia and n e u t r o p e n i a a r e not 

s p e c i f i c f o r copper d e f i c i e n c y , they a re most commonly assoc ia ted with 

d e f i c i e n c y of t h i s t r a c e element in p a t i e n t s r e c e i v i n g t o t a l pa ren t -

e r a l n u t r i t i o n (Dunlap e t a l , 1974; Z i d a r e t a l , 1977) . Anaemia has 

n o t b e e n r e p o r t e d i n Menkes ' d i s e a s e (Danks, 1985). S k e l e t a l 

d e m i n e r a l i s a t i o n o c c u r s o n l y in growing bone and i s r e s t r i c t e d t o 

j u v e n i l e copper d e f i c i e n c y (Bennani-Smires e t a l , 1980). The e a r l i e s t 

d e t e c t a b l e biochemical m a n i f e s t a t i o n s of copper d e f i c i e n c y a re a f a l l 

in the concen t r a t i ons of serum copper and cae ru lop la smin (Hoitzman e t 

a l , 1970) . 

Manifestations of selenium deficiency 

Very few c l i n i c a l a b n o r m a l i t i e s have been repor ted in con junc t ion 

with biochemical s igns of selenium d e f i c i e n c y . A low selenium s t a t u s 

has been l i n k e d t o Keshan d i s e a s e , which i s a c a rd iomyopa thy t h a t 

a f f e c t s mainly young c h i l d r e n in a d i s t r i c t in China (Keshan Disease 

Research Group, 1979b). This d i s e a s e i s c h a r a c t e r i s e d by low blood 

and h a i r s e l e n i u m l e v e l s , d e c r e a s e d a c t i v i t y of b l o o d g l u t a t h i o n e 
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TABLE 2.II 

BIOCHEMICAL M A N I F E S T A T I O N S OF ZINC DEFICIENCY DURING EXPERIMENTAL 

ZINC D E P L E T I O N IN H U M A N SUBJECTS* 

Decreased 

Plasma z inc c o n c e n t r a t i o n 

Erythrocyte zinc concen t r a t i on 

Leucocyte zinc concen t r a t i on 

Urinary zinc c o n c e n t r a t i o n 

Plasma a l k a l i n e phosphatase a c t i v i t y 

Plasma l a c t a t e dehydrogenase a c t i v i t y 

Increased 

Plasma r ibonuc lease a c t i v i t y 

Plasma ammonia concen t r a t i on 

Adapted from: Prasad e t a l , 1978. 
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TABLE 2.Ill 

CLINICAL M A N I F E S T A T I O N S OF COPPER DEFICIENCY IN H U M A N S * 

Microcy t i c , hypochromic anaemia 

Neutropeni a 

Skeletal d e m i n e r a l i s a t i o n 

A r t e r i a l aneurisms 

Hypotonia 

Hypothermia 

P i l i Tor t i (kinky h a i r ) , and ce r eb ra l and c e r e b e l l a r degenera t ion 

seen e x c l u s i v e l y in the inborn e r r o r of copper metabolism (Menkes' 

syndrome) and not in acquired copper d e f i c i e n c y to d a t e . 

From: Solomons, 1985. 
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peroxidase and decreased u r ina ry exc re t ion of selenium a f t e r a loading 

dose (Keshan Disease Research Group, 1979b). This f a t a l cardiomyopathy 

can be p reven ted by s e l e n i t e supplementat ion (Keshan Disease Research 

Group, 1979a). Although selenium d e f i c i e n c y i s a c o n t r i b u t i n g f a c t o r 

t o Keshan d i s e a s e , a m u l t i f a c t o r i a l a e t i o l o g y i s 1 i k e l y ( L e v a n d e r , 

1982). 

Two p a t i e n t s on t o t a l p a r e n t e r a l n u t r i t i o n who demonstrated very 

low l e v e l s of p l a sma s e l e n i u m (van R i j e t a l , 1979) and v e r y low 

l e v e l s of p l a sma and red c e l l s e l e n i u m as w e l l as e x t r e m e l y low 

a c t i v i t i e s of g l u t a t h i o n e peroxidase in piasma, red eel 1 s , white eel 1s 

and p l a t e l e t s (Brown e t a l , 1986) , a l s o c o m p l a i n e d of m u s c u l a r 

d i s c o m f o r t . In bo th c a s e s t h e b i o c h e m i c a l and c l i n i c a l symptoms 

disappeared a f t e r i n t r avenous supplementat ion with selenium. 

Comment: 

D e f i c i e n c y s t a t e s of z i n c , c o p p e r and s e l e n i u m which o c c u r in 

many d i f f e r e n t c l i n i c a l s i t u a t i o n s have been i n c r e a s i n g l y recognised. 

The c l i n i c a l m a n i f e s t a t i o n s of d e f i c i e n c y s t a t e s of copper and zinc 

a re wel l documented a l though in many ins t ances they a re n o n - s p e c i f i c . 

Very few c l i n i c a l a b n o r m a l i t i e s have been repor ted in a s s o c i a t i o n with 

biochemical s igns of selenium d e f i c i e n c y , and the p o s s i b l e long-term 

c l i n i c a l consequences of a reduced selenium s t a t u s are a t p resen t not 

unders tood . 
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CHAPTER 3 

ASSESSMENT OF BODY STAtUS OF ZINC, COPPER AND SELENIUM 

The most s a t i s f a c t o r y p r o c e d u r e s f o r a s s e s s i n g t r a c e e l e m e n t 

s t a t u s remain c o n t r o v e r s i a l . Much i n t e r e s t has c e n t r e d on t h e 

i n v e s t i g a t i o n of m a r g i n a l d e f i c i e n c y s t a t e s of z i n c , c o p p e r and 

selenium. 

3.1 LABORATORY INVESTIGATION OF DEFICIENCIES OF ZINC, COPPER AND 

SELENIUM 

Many biochemical and f u n c t i o n a l procedures have been used e i t h e r 

c l i n i c a l l y o r experimental ly in an at tempt to diagnose d e f i c i e n c i e s of 

z inc , copper and selenium. Although i s o t o p i c l a b e l l i n g techniques and 

b a l a n c e s t u d i e s have p r o v i d e d v a l u a b l e d a t a , t h e s e p r o c e d u r e s a r e 

confined to spec ia l research u n i t s . At p r e s e n t , no s i n g l e t e s t may be 

considered as ideal f o r any e lement . 

3.1.1 LABORATORY INVESTIGATION OF ZINC DEFICIENCY 

The use and l i m i t a t i o n s of the concen t ra t ion of z inc in skin and 

f i n g e r n a i l , and t a s t e a c u i t y , as i n d i c e s of z i n c s t a t u s have been 

r e v i e w e d by Solomons (1979) . None of t h e s e p r o c e d u r e s has g a i n e d 

widespread acceptance. The use of l eucocy te zinc in the assessment of 

z inc s t a t u s i s d iscussed in the f o l l o w i n g sec t i on of t h i s c h a p t e r . 

Plasma and serum zinc 

There i s no s i g n i f i c a n t d i f f e r e n c e between v a l u e s f o r plasma and 

serum zinc (Wei- j ie e t a l , 1986). S tudies i n v o l v i n g experimental z inc 

d e f i c i e n c y in hea l thy s u b j e c t s have shown a decrease in plasma zinc 

v a l u e s wi th in 4-6 weeks, and t he se c o r r e l a t e d wel l with the s e v e r i t y 

of the d i e t a r y r e s t r i c t i o n (Prasad e t a l , 1978; Baer and King, 1984). 

A rapid f a l l in plasma z inc l e v e l s has been demonstrated in a group of 

6 p a t i e n t s wi th a c r o d e r m a t i t i s e n t e r o p a t h i c a whose zinc supplement-

a t ion was t empora r i l y stopped ( A n t t i l a e t a l , 1984). However, in the 

context of d i s ea se or even a l t e r e d normal physiology as in pregnancy, 

problems in i n t e r p r e t a t i o n of m a r g i n a l l y lowered l e v e l s of plasma z inc 
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a r i s e . Animal s t u d i e s have demonstrated t h a t a low molecu la r weight 

p o l y p e p t i d e hormone, ' l e u c o c y t e endogenous m e d i a t o r ' (LEM), r e l e a s e d 

from the g r a n u l o c y t e s , mediates the r e d i s t r i b u t i o n of z inc by means of 

s e q u e s t r a t i o n by t h e l i v e r (Pekarek e t a l , 1972; Kampschmidt e t a l , 

1973) . In man LEM has been a s s o c i a t e d wi th a f a l l in p lasma z i n c in 

bo th i n f e c t i o u s (Wannemacher e t a l , 1972, 1975) and i n f l a m m a t o r y 

cond i t i ons (Solomons e t a l , 1978). Adminstrat ion of c o r t i c o s t e r o i d s 

causes a decrease in plasma z inc concen t r a t i ons ( Yunice e t a l , 1981). 

Some s t u d i e s have shown a d e c r e a s e in p lasma z i n c l e v e l s in women 

t ak ing o r a l c o n t r a c e p t i v e s (Hals ted e t a l , 1968; Prasad e t a l , 1975) 

w h i l s t o t h e r s have r e p o r t e d no change (Crews e t a l , 1980; V i r and 

Love, 1981). I t i s p o s s i b l e t h a t t he decrease in oestrogen content of 

t h e newer c o n t r a c e p t i ve p i l l s may be p a r t l y r e s p o n s i b l e f o r t h e s e 

c o n f l i c t i n g o b s e r v a t i o n s . Endogenous gonada l hormones d u r i n g 

pregnancy have been repor ted to depress c i r c u l a t i n g concen t ra t ions of 

z i n c ( H a l s t e d e t a l , 1968) . P la sma z i n c c o n c e n t r a t i o n s a r e a l s o 

a f f e c t e d by changes in a l b u m i n c o n c e n t r a t i o n s (Kahn e t a l , 1965; 

Walker e t a l , 1973) , and i t has been s u g g e s t e d t h a t t h e a f f i n i t y of 

a l bumin f o r z i n c i s d e c r e a s e d in p regnancy and h e p a t i c c i r r h o s i s 

( G i r o u x e t a l , 1 9 7 6 , 1977). 

Erythrocyte zinc 

S e v e r a l s t u d i e s h a v e r e p o r t e d no change in e r y t h r o c y t e z i n c 

c o n c e n t r a t i o n s in p a t i e n t s with obvious zinc d e f i c i e n c y . Klingberg e t 

a l (1976) d i d not f i n d r educed e r y t h r o c y t e z i n c l e v e l s in a p a t i e n t 

w i th W i l s o n ' s d e s e a s e r e c e i v i n g p e n i c i l l a m i n e t h e r a p y and showing 

c l a s s i c a l s i g n s o f z i n c d e f i c i e n c y w h i c h r e s p o n d e d t o z i n c 

supplements . No s i g n i f i c a n t change was observed in e ry th rocy t e zinc 

c o n c e n t r a t i o n s in s u b j e c t s who became zinc dep le t ed a f t e r 4-6 weeks on 

an e x p e r i m e n t a l d i e t (Baer and King, 1984) o r in p a t i e n t s who 

developed z inc d e f i c i e n c y wi th in 4 weeks of r e c e i v i n g t o t a l p a r e n t e r a l 

n u t r i t i o n s o l u t i o n s not c o n t a i n i n g z i n c (Takagi e t a l , 1986) . In 

c o n t r a s t t o t h e s e r e p o r t s howeve r , an e x p e r i m e n t a l z i n c d e p l e t i o n 

s t u d y d e m o n s t r a t e d a d e c r e a s e in e r y t h r o c y t e z i n c l e v e l s , a l t h o u g h 

o n l y in 2 of t h e 4 s u b j e c t s who were on t h e more s e v e r e z i n c 

r e s t r i c t e d d i e t , and on ly a f t e r 12 weeks (Prasad e t a l , 1978). 
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Urinary zinc 

A reduced u r i n a r y z i n c c o n c e n t r a t i o n has been p roposed as an 

i n d i c a t i o n of zinc d e f i c i e n c y and experimental z i n c - d e p l e t i o n s t u d i e s 

have d e m o n s t r a t e d d e c r e a s e s of about 50% in u r i n a r y z i n c l e v e l s 

( P r a s a d e t a l , 1978; Baer and King , 1984) . E x c e s s i v e u r i n a r y l o s s e s 

of z inc have been repor ted to occur in s t a r v a t i o n ( E l i a e t a l , 1984) 

or trauma (Fe l l e t a l , 1973), and these o b s e r v a t i o n s l i m i t t he u s e f u l -

ness of t h i s measurement. 

Salivary zinc 

Whi 1 s t t h e z i n c c o n t e n t of mixed s a l i va i s no t a s a t i s f a c t o r y 

index of zinc s t a t u s (Greger and S i c k l e s , 1979; Free!and-Graves e t a l , 

1981) , a d e c r e a s e d c o n c e n t r a t i o n of z i n c was no ted in s a l i v a r y 

s ed imen t in s u b j e c t s who had been f e d a low z i n c d i e t f o r 22 d a y s , 

a l t h o u g h d a i l y f l u c t u a t i o n s were not determined (Free land-Graves e t 

a l , 1981) . C o l l e c t i o n of s a l i v a r y s a m p l e s however i s s u b j e c t t o 

contamination with o the r o r a l sources of zinc (Mathur e t a l , 1977) and 

the u s e f u l n e s s of t h i s measurement i s d o u b t f u l . 

Hair zinc 

Low h a i r z i n c c o n c e n t r a t i o n s have been r e p o r t e d in u n t r e a t e d 

p a t i e n t s wi th a c r o d e r m a t i t i s e n t e r o p a t h i c a (Amador e t a l , 1975) . 

However, problems with h a i r zinc as an i n d i c a t o r of z inc s t a t u s e x i s t 

( B r a d f i e l d and Hambidge, 1980) and i t has been demonstrated t h a t h a i r 

z inc concen t ra t ions were r e l a t e d to age and body s i z e in c h i l d r e n with 

a c r o d e r m a t i t i s en t e ropa th i ca ( A n t t i l a et a l , 1984). A major problem 

with h a i r a n a l y s i s i s t he many sources of contaminat ion with exogenous 

z i n c (Hambidge, 1982) . Ha i r z i n c d e t e r m i n a t i o n s a p p e a r t o be of no 

v a l u e in t h e d i a g n o s i s of s e v e r e z i n c d e f i c i e n c y and do not h a v e an 

e s t a b l i s h e d r o l e in the d e t e c t i o n of marginal z inc d e f i c i e n c y (Tay lo r , 

1986). 

Zinc metalloenzymes 

Low plasma a l k a l i n e phosphatase a c t i v i t y , which was observed in a 

c h i l d wi th a c r o d e r m a t i t i s e n t e r o p a t h i c a , r e t u r n e d t o normal a f t e r 

s imul taneous admin i s t r a t i on of zinc s u l p h a t e and amphoter ic in and was 

a s s o c i a t e d wi th c l i n i c a l improvement and an i n c r e a s e d p l a sma z i n c 

c o n c e n t r a t i o n (Agge t t e t a l , 1981) . A d e c r e a s e in serum a l k a l i n e 

phosphatase a c t i v i t y of approximate ly 11% was noted in s u b j e c t s a f t e r 
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consuming a low i n t a k e of z i n c f o r 28 d a y s , and t h e a c t i v i t y of t h i s 

enzyme increased a f t e r o n l y 9 days f o l l o w i n g an increased in take of 

z i n c (Herman e t a l , 1984) . In t h e same s t u d y , t o t a l serum a l k a l i n e 

p h o s p h a t a s e a c t i v i t y was s e p a r a t e d i n t o two d i s t i n c t i soenzyme 

f r a c t i o n s r e p r e s e n t i n g t h e i n t e s t i n a l and t h e l i v e r i soenzymes 

a l though a por t ion of t h i s l a t t e r f r a c t i o n a l s o appeared to be of bone 

o r i g i n . D e s p i t e t h e s i g n i f i c a n t drop in t o t a l enzyme a c t i v i t y , 

n e i t h e r i soenzyme was s e l e c t i v e l y a f f e c t e d and t h e r e l a t i v e 

percentages of the t o t a l a c t i v i t y remained unchanged. Notable changes 

in t h e a c t i v i t y of p l a sma r i b o n u c l e a s e have been o b s e r v e d d u r i n g 

experimental z inc d e p l e t i o n (Prasad e t a l , 1978), and i t s measurement 

has been used as an index of z i n c s t a t u s in p a t i e n t s wi th c h r o n i c 

renal f a i l u r e (Mahajan e t a l , 1979). The measurement of t h e s e plasma 

enzymes may be h e l p f u l in demonstrat ing uncomplicated zinc d e f i c i e n c y , 

p a r t i c u l a r l y i f t h e i r a c t i v i t y i s f u r t h e r observed f o r a shor t period 

of t ime a f t e r z inc supplementa t ion . 

Zinc tolerance test 

A f t e r i nges t i on of 765 pmol (50mg) of zinc as the s u l p h a t e , peak 

c o n c e n t r a t i o n s of z i n c in t h e p lasma o c c u r a t 2 hours in normal 

f a s t i n g s u b j e c t s ( S u l l i v a n e t al , 1979a) . A r e d u c t i o n in t h e z i n c 

response curve has been repor ted in p a t i e n t s with c o e l i a c d i s ea se o r 

d e r m a t i t i s h e r p e t i f o r m i s ( C r o f t o n e t a l , 1983b) and p a n c r e a t i c 

i n s u f f i c i e n c y (Boosa l i s e t a l , 1983). The main d i sadvantage of t h i s 

t e s t i s t h e nausea e x p e r i e n c e by f a s t i n g s u b j e c t s d u r i n g t h e f i r s t 

hour of t h e s t u d y , and a t t e m p t s t o overcome t h i s drawback by 

a d m i n s t r a t i o n of a l i g h t meal have f a i l e d t o d e m o n s t r a t e a s a t i s -

f a c t o r y i nc rea se in plasma z inc l e v e l s (Bunker e t a l , 1986). However, 

i t has been p roposed t h a t i f t h e t e s t meal i s s t a n d a r d i s e d , t h e z i n c 

t o l e r a n c e t e s t may be used as an index of z i n c a b s o r p t i o n when 

s tudying groups of s u b j e c t s , a l though not i nd iv idua l p a t i e n t s (Valberg 

e t a l , 1985a) . F i c k e l e t a l (1986) d e m o n s t r a t e d an enhanced p lasma 

zinc response to a z inc load in h e a l t h y human s u b j e c t s a f t e r both zinc 

d e p l e t i o n and supplementa t ion and suggested t h a t t h i s t e s t was not a 

r e l i a b l e i n d i c a t o r of z inc s t a t u s . 
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3.1.2 LABORATORY INVESTIGATION OF COPPER DEFICIENCY 

D e f i c i e n c y of c o p p e r in human s u b j e c t s has been o b s e r v e d much 

l e s s f r e q u e n t l y t h a n t h a t of z i n c , and c o n s e q u e n t l y l a b o r a t o r y 

i n v e s t i g a t i o n s of copper d e f i c i e n c y have been l e s s widely r epo r t ed . 

Plasma and serum copper 

P a t i e n t s r e c e i v i n g t o t a l p a r e n t e r a l n u t r i t i o n w i t h o u t coppe r 

supplementa t ion demonstrated a rapid decrease in serum copper concen-

t r a t i o n s (Fleming e t a l , 1976). Copper d e f i c i e n c y in Menkes' syndrome 

i s a l s o c h a r a c t e r i s e d by decreased plasma copper l e v e l s (Will iams e t 

a l , 1977) . Both t h e s e s t u d i e s a l s o r e p o r t e d d e c r e a s e d l e v e l s of 

c a e r u l o p l a s m i n in plasma or serum. 

Changes in serum copper l e v e l s have been repor ted as a r e s u l t of 

a d m i n s t r a t i o n of s y n t h e t i c g l u c o c o r t i c o i d s ( L i f s c h i t z and Henkin , 

1971) . LEM c a u s e s an i n c r e a s e of h e p a t i c s y n t h e s i s and r e l e a s e of 

c a e r u l o p l a s m i n (Pekarek e t a l , 1974). 

A l t h o u g h p lasma c o p p e r a p p e a r s t o be a s e n s i t i v e index of t h e 

n u t r i t i o n a l s t a t u s of t h i s e lement , i t s measurement may be u n r e l i a b l e 

in d i s e a s e s t a t e s . 

Erythrocyte copper 

There a r e few s t u d i e s of e r y t h r o c y t e c o p p e r in n u t r i t i o n a l 

d e f i c i e n c y o r d i s e a s e s t a t e s . W i l l i a m s e t a l (1977) r e p o r t e d 

e r y t h r o c y t e copper l e v e l s wi thin the normal range in a p a t i e n t with 

Menkes' syndrome. Reduced c o n c e n t r a t i o n s of e r y t h r o c y t e coppe r were 

observed in female p a t i e n t s with rheumatoid a r t h r i t i s (Scudder e t a l , 

1976) a l though the c l i n i c a l s i g n i f i c a n c e of t h i s f i nd ing i s not c l e a r . 

Hair copper 

Hair a n a l y s i s has proved u n r e l i a b l e in t h e assessment of copper 

s t a t u s due to copper con tamina t ion from e x p o s u r e t o t h e e n v i r o n m e n t 

(Hambidge, 1973) . D e s p i t e c a r e f u l s a m p l i n g , h a i r coppe r l e v e l s in 

c h i l d r e n with s eve re copper d e f i c i e n c y were no d i f f e r e n t from those of 

con t ro l s u b j e c t s ( B r a d f i e l d e t a l , 1980). 

Urinary copper 

Few s t u d i e s of u r i n a r y c o p p e r in a s s o c i a t i o n wi th c o p p e r -

d e f i c i e n t s t a t e s have been repor ted . An i n f a n t with Menkes' syndrome 
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d e m o n s t r a t e d a t w e n t y - f o u r hour u r i n a r y copper exc re t ion wi th in the 

normal range (Will iams e t a l , 1977). Urinary exc re t i on of copper was 

p e r s i s t e n t l y e l e v a t e d in some p a t i e n t s w i th m a j o r b u r n s and s c a l d s 

(Carr and Wilkinson, 1975). 

Copper enzymes 

A d e c r e a s e in t h e p lasma o r serum f e r r o x i d a s e a c t i v i t y ( t h e 

oxidase a c t i v i t y of cae ru lop lasmin) i s u se fu l in d e t e c t i n g n u t r i t i o n a l 

c o p p e r d e f i c i e n c y and r e s p o n s e s of t h i s me ta l loenzyme have been 

d i s c u s s e d in t h e p r e c e d i n g s e c t i o n on p lasma and serum c o p p e r . 

Decreased e ry th rocy te superoxide dismutase a c t i v i t y has been repor ted 

in Menkes' syndrome (Wil l iams e t a l , 1977) and in i n f a n t s r ecover ing 

from m a l n u t r i t i o n (Uauy e t a l , 1985) , and t h i s enzyme has been 

r e p o r t e d t o be a more s e n s i t i ve index of m a r g i n a l coppe r d e f i c i e n c y 

than serum f e r r o x i d a s e a c t i v i t y (F ischer e t a l , 1984). Copper enzymes 

however have not been widely used in the assessment of copper s t a t u s . 

3.1.3 LABORATORY INVESTIGATION OF SELENIUM DEFICIENCY 

Human s t u d i e s i n v o l v i n g both s e l e n i u m r e p l e t i o n and d e p l e t i o n 

have proved extremely use fu l in demonstrat ing the s e n s i t i v i t y of the 

commonly used parameters of selenium s t a t u s . Observa t ions from these 

s t u d i e s are t h e r e f o r e inc luded in the f o l l o w i n g d i s cus s ion . 

Plasma and serum selenium 

The c o n c e n t r a t i o n of s e l e n i u m in p lasma o r serum i s t h e most 

commonly used p a r a m e t e r of s e l e n i u m s t a t u s in man. A s i g n i f i c a n t 

decrease in plasma selenium concen t r a t ions was observed in p a t i e n t s 

r e c e i v i n g t o t a l pa r en t e r a l n u t r i t i o n without selenium supplementa t ion 

(van R i j e t a l , 1979) . C o n v e r s e l y , s u p p l e m e n t a t i o n of s e l e n i u m 

d e f i c i e n t s u b j e c t s with selenium i s accompanied by a r i s e in plasma or 

serum selenium concen t r a t ions u s u a l l y a f t e r s e v e r a l weeks (Fe l l e t a l , 

1980; Kien and Ganther, 1983), a l though the r e tu rn to normal l e v e l s i s 

d e p e n d e n t upon t h e e x t e n t of d e p l e t i o n and t h e chemica l form of t h e 

s e l e n i u m compounds g i v e n (van R i j e t a l , 1981) . These s t u d i e s 

i n d i c a t e t h a t t h e measurement of p lasma s e l e n i u m i s a r e l i a b l e 

i n d i c a t o r of body selenium d e f i c i e n c y due to a low d i e t a r y in take of 

t h i s e lement , and t h a t i t a l s o r e f l e c t s the changing selenium s t a t u s 

when selenium supplementat ion i s g iven . 

25 



Decreased serum o r p lasma s e l e n i u m c o n c e n t r a t i o n s have been 

repor ted in pregnant s u b j e c t s (Behne and Wo Iters, 1979; Perona e t a l , 

1979) . A l c o h o l consumpt ion and c i g a r e t t e smoking have a l s o been 

a s s o c i a t e d wi th d e c r e a s e d p lasma s e l e n i u m l e v e l s in h e a l t h y m a l e 

s u b j e c t s , and a s i g n i f i c a n t inc rease in plasma selenium concen t r a t ion 

wi th t h e use of o r a l c o n t r a c e p t i ves has been r e p o r t e d (L loyd e t a l , 

1983) . C o n v e r s e l y , a s t u d y of New Z e a l a n d r e s i d e n t s found no 

s i g n i f i c a n t d i f f e r e n c e s in plasma selenium l e v e l s in a s s o c i a t i o n with 

c i g a r e t t e smoking or the use of o ra l c o n t r a c e p t i v e s (Robinson e t a l , 

1983). 

Erythrocyte selenium 

Unlike plasma l e v e l s , e ry th rocy te selenium c o n c e n t r a t i o n s are not 

i n f l u e n c e d by pregnancy or o r a l c o n t r a c e p t i v e use (Behne and Wol te r s , 

1979; Capel e t a l , 1981; Lloyd e t a l , 1983). 

Dec rea sed c o n c e n t r a t i o n s of e r y t h r o c y t e s e l e n i u m have been 

o b s e r v e d in p a t i e n t s r e c e i v i n g l o n g - t e r m p a r e n t e r a l a l i m e n t a t i o n 

(Johnson e t a l , 1981b; Lane e t a l , 1981). However, s e v e r a l selenium 

d e p l e t i o n s t u d i e s have i n d i c a t e d t h a t e r y t h r o c y t e selenium concen-

t r a t i o n i s a l e s s s e n s i t i v e p a r a m e t e r t han p lasma s e l e n i u m c o n c e n -

t r a t i o n to shor t - t e rm changes in selenium s t a t u s (van R i j e t a l , 1979; 

J a n g h o r b a n i e t a l , 1984) . Th i s may p r o b a b l y be e x p l a i n e d by t h e 

r e l a t i v e l y l ong l i f e t i m e of red b lood c e l l s in t h e c i r c u l a t i o n . 

Supplementat ion of s u b j e c t s with low selenium s t a t u s with selenium in 

t h e form of S e - r i c h y e a s t o r wheat d e m o n s t r a t e d i n c r e a s e s in 

e r y t h r o c y t e selenium l e v e l s of 58-100% above the b a s e l i n e v a l u e s a f t e r 

9-12 weeks of the trials (Levander al, 1983; Thomson et al, 1985). 

Erythrocyte selenium l e v e l s appear to be a r e l i a b l e i n d i c a t o r of 

selenium s t a t u s a l though they are l e s s s e n s i t i v e than plasma selenium 

l e v e l s to shor t - t e rm f l u c t u a t i o n s . 

Urinary selenium 

S e l e n i u m c o n c e n t r a t i o n s in human u r i n e in h e a l t h and d i s e a s e 

s t a t e s , and t h e i r medical i m p l i c a t i o n s have been reviewed (Robberecht 

and D e e l s t r a , 1984). Although experimental d e p l e t i o n of selenium in 

humans r e s u l t s in a s i g n i f i c a n t decrease of the concen t r a t i on of t h i s 

e l e m e n t in u r i n e ( J a n g h o r b a n i e t a l , 1984) , t h i s p a r a m e t e r has not 

been widely used f o r the d iagnos i s of selenium d e f i c i e n c y . 
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Hair selenium 

L i t t l e i s known about the c l i n i c a l s i g n i f i c a n c e of h a i r selenium 

l e v e l s . A s i g n i f i c a n t i n c r e a s e in h a i r s e l e n i u m c o n c e n t r a t i o n s in 

normal people was observed during inges t ion of a selenium supplement 

f o r 6 weeks , a l t h o u g h whole b l o o d s e l e n i u m l e v e l s d id not change 

(Ga l l aghe r e t a l , 1984). The use of s e l en ium- r i ch shampoos add to the 

problem of contaminat ion from exogenous sources (Davies , 1982). 

A recen t review on the u s e f u l n e s s of e lementa l a n a l y s i s of h a i r 

c o n c l u d e d t h a t t h e t r a c e e l e m e n t c o n t e n t of h a i r i s not a r e l i a b l e 

measurement and fu r the rmore , in many ins t ances i t p rov ides da ta t h a t 

i s mis lead ing (Taylor , 1986). 

Platelet selenium 

Selenium concen t ra t ion in p l a t e l e t s has been repor ted to exceed 

t h a t of most o the r t i s s u e s inc lud ing e r y t h r o c y t e s , muscle and l i v e r 

(Kasperek e t a l , 1979) . Decreased l e v e l s of s e l e n i u m in p l a t e l e t s 

from d i e t e t i c a l l y t r e a t e d c h i l d r e n with low selenium in take have been 

observed (Kasperek e t a l , 1982). Fur ther i n v e s t i g a t i o n of the use of 

p l a t e l e t s as an index of body selenium s t a t u s i s warranted . 

Glutathione peroxidase 

The a c t i v i t y of g l u t a t h i o n e p e r o x i d a s e i s r e g a r d e d as a good 

f u n c t i o n a l index of body s e l e n i u m d e f i c i e n c y . S t u d i e s of t h e 

r e l a t i o n s h i p between s e l e n i u m l e v e l s and g l u t a t h i o n e p e r o x i d a s e 

a c t i v i t y in e r y t h r o c y t e s o r whole blood have shown i t to be l i n e a r a t 

low l e v e l s of e r y t h r o c y t e o r whole b l o o d s e l e n i u m , bu t a t h i g h e r 

l e v e l s i t r e a c h e s a p l a t e a u of enzyme a c t i v i t y i n d i c a t i n g t h a t t h e 

requirement f o r selenium by g l u t a t h i o n e peroxidase i s met (Thomson e t 

a l , 1977; Rea e t a l , 1979) . P a t i e n t s r e c e i v i n g i n t r a v e n o u s h y p e r -

a l i m e n t a t i o n demonstrated decreased e r y t h r o c y t e g l u t a t h i o n e peroxidase 

a c t i v i t y ( Johnson e t a l , 1981b; Cohen e t a l , 1985) . However, t h e 

a c t i v i t y of t h i s enzyme in e ry th rocy te s i s not a s e n s i t i v e i n d i c a t o r 

of sho r t - t e rm changes in selenium s t a t u s (Cohen e t a l , 1985). 

Sub jec t s with a low selenium s t a t u s supplemented with selenium in 

t h e form of sodium s e l e n a t e o r S e - r i c h y e a s t d e m o n s t r a t e d a r a p i d 

inc rease of g l u t a t h i o n e peroxidase a c t i v i t y in p l a t e l e t s (Levander e t 

a l , 1983; Menzel e t a l , 1983). Selenium supplementa t ion s t u d i e s with 

S e - r i c h y e a s t and sodium s e l e n a t e have d e m o n s t r a t e d an i n c r e a s e as 
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e a r l y as 2 days in g l u t a t h i o n e peroxidase a c t i v i t y of plasma ( S t e i n e r 

et a l , 1 9 8 2 ) . 

I n c r e a s e d a c t i v i t y of t h i s enzyme in e r y t h r o c y t e s has been 

repor ted in a s soc i a t i on with t h e use of o ra l c o n t r a c e p t i v e s (Capel e t 

a l , 1981) and d e c r e a s e d p iasma g l u t a t h i o n e p e r o x i d a s e a c t i v i t y has 

been demonstrated in pregnancy (Behne and Wo Iters, 1979). 

3.2 LEUCOCYTE ZINC IN THE ASSESSMENT OF ZINC STATUS 

S i n c e t h e p i o n e e r i n g work of V a l l e e and Gibson (1948) much 

i n t e r e s t has been focused on the p o s s i b l e use of l eucocy te z inc as an 

i n d e x o f body s t a t u s . S i n c e l e u c o c y t e s c o n t a i n a n u c l e u s , 

mitochondria and a l l o the r o r g a n e l l e s , t h e i r z inc concen t r a t i on may 

r e f l e c t body zinc con ten t . 

3.2.1 RELATIONSHIP BETWEEN LEUCOCYTE AND MUSCLE ZINC 

As s k e l e t a l muscle con ta ins a l a r g e propor t ion of body z inc , t h e 

r e l a t i o n s h i p between t h e c o n c e n t r a t i o n of z i n c in l e u c o c y t e s and 

m u s c l e has been i n v e s t i g a t e d . Meadows e t a l (1981) r e p o r t e d an 

e x c e l l e n t c o r r e l a t i o n between the zinc concen t r a t ion in l eucocy tes and 

r ec tus muscle in pregnant s u b j e c t s undergoing c a e s a r i a n s e c t i o n . No 

r e l a t i o n s h i p was observed between the concen t r a t ion of z inc in plasma 

and muscle or plasma and l eucocy te s . S i g n i f i c a n t c o r r e l a t i o n s between 

t h e z i n c c o n c e n t r a t i o n in l e u c o c y t e s and m u s c l e f rom t h e abdomina l 

wal l have a l s o been repor ted in both con t ro l p a t i e n t s and those with 

d i s ea se undergoing e l e c t i v e surgery (Jones e t a l , 1981). In t h e same 

s tudy, t h e r e was no s i g n i f i c a n t r e l a t i o n s h i p between the c o n c e n t r a t i o n 

of zinc in leucocytes and l i v e r or muscle and l i v e r . Leucocyte z inc 

c o n c e n t r a t i o n s t h e r e f o r e appea red t o r e f l e c t t h e e x t r a h e p a t i c 

nuc lea ted t i s s u e zinc concen t ra t ion in the p a t i e n t s i n v e s t i g a t e d . 

3.2.2 ZINC-DEPLETION STUDIES 

S t u d i e s of s e v e r e z i n c d e f i c i e n c y in r a t s have r e p o r t e d 

s i g n i f i c a n t reduct ions in the concen t ra t ion of z inc in bone (Jackson 

e t a l , 1982; Milne e t a l , 1985a), t e s t i c u l a r t i s s u e and l i v e r (Jackson 

e t a l , 1982) but no decrease in the zinc concen t r a t i on of s k i n , h a i r , 

hea r t muscle , t h r e e d i f f e r e n t s k e l e t a l muscles (Jackson e t a l , 1982), 
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m o n o n u c l e a t e d eel 1s o r e r y t h r o c y t e s (Mi 1ne e t a l , 1985a) . S i m i 1 a r 

f i n d i n g s have a l s o been r e p o r t e d in z i n c d e f i c i e n t p i g s , w i th 

s i g n i f i c a n t l y decreased concen t r a t i ons of zinc in plasma, l i v e r and 

p a n c r e a s bu t not in l e u c o c y t e s o r f o u r d i f f e r e n t abdominal m u s c l e s 

( C r o f t o n e t a l , 1983a) . I t has been p o s t u l a t e d t h a t in s e v e r e z i n c 

d e f i c i e n c y in animals t h e r e i s a mechanism f o r conserv ing zinc f o r the 

g r o w t h of t i s s u e s u c h as m u s c l e , and in t h e s e c i r c u m s t a n c e s 

m o b i l i s a t i o n of zinc from bone occurs (Guigliano and Mil l ward, 1984). 

In humans, z i n c l o s s e s in s t a r v a t i o n a l s o p r o b a b l y o c c u r from bone , 

not muscle , and i t may be t h a t a s i m i l a r mechanism could apply ( E l i a 

e t a l , 1984). An 11 yea r s o l d tha lassaemic boy who was t r e a t e d with a 

c h e l a t i n g a g e n t f o r t r a n f u s i o n haemosiderosis sus ta ined very l a r g e 

l o s s e s of z inc in the u r i n e , and a n a l y s i s of t i s s u e s removed a t pos t -

mortem showed low zinc concen t r a t i ons in l i v e r , bone and t e s t i s , but 

normal z inc c o n c e n t r a t i o n s of h a i r , hea r t and s k e l e t a l muscle (Jackson 

e t a l , 1982). Leucocyte z inc concen t ra t ion was not measured. 

Moderate zinc d e f i c i e n c y s t a t e s have been induced under e x p e r i -

mental cond i t i ons in human s u b j e c t s (Prasad e t a l , 1978). Two h e a l t h y 

male v o l u n t e e r s consumed a d i e t which provided on ly 54 pmol (3.5mg) of 

z i n c pe r day f o r 50 weeks. Data from b a l a n c e s t u d i e s d e m o n s t r a t e d 

t h a t both s u b j e c t s were dep le t ed of approximately 7.7 mmol (500mg) of 

z inc during t h i s pe r iod , which i s approximately 30% of the normal body 

content of t h i s e lement . The zinc concen t ra t ion of l eucocy tes f e l l t o 

abou t 40% of b a s e l i n e v a l u e s d u r i n g t h e z i n c - r e s t r i c i t o n p e r i o d , 

a l though no informat ion i s given on how qu ick ly a s i g n i f i c a n t decrease 

o c c u r r e d . In a n o t h e r e x p e r i m e n t a l z i n c d e p l e t i o n s t u d y a m a r g i n a l 

d i e t a r y zinc d e f i c i e n c y was produced in 5 human s u b j e c t s , and a t t he 

end of 3 months a d e c r e a s e of 31% in t h e z i n c c o n c e n t r a t i o n of 

n e u t r o p h i l s was observed (Prasad and Cossack, 1982). Leucocyte z inc 

concen t r a t i on t h e r e f o r e appears to r e f l e c t the decrease in body z inc 

content in human s u b j e c t s caused by an inadequate d i e t a r y in t ake . 

3.2.3 LEUCOCYTE ZINC MEASUREMENTS IN CLINICAL STUDIES 

L e u c o c y t e z i n c c o n c e n t r a t i o n has been measured in a r ange of 

d i s o r d e r s in which z i n c d e f i c i e n c y may be a c o m p l i c a t i o n . An 

a s s o c i a t i o n between low maternal l eucocyte zinc concen t ra t ion during 

pregnancy and product ion of low b i r thweight i n f a n t s has been repor ted 

(Meadows e t a l , 1981; P a t r i c k and D e r v i s h , 1984; Sa l im e t a l , 1986; 
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W e l l s e t a 1 , 1987) and t h e l e u o o c y t e z i n c c o n c e n t r a t i o n of t h e cord 

blood of babies with i n t r a u t e r i n e growth r e t a r d a t i o n was lower than in 

n o r m a l b a b i e s (Meadows e t a 1 , 1 9 8 3 ) . M a h a j a n e t a 1 ( 1 9 7 9 ) 

d e m o n s t r a t e d a 20-25% d e c r e a s e in l e u c o c y t e z i n c c o n c e n t r a t i o n s in 

p a t i e n t s w i th c h r o n i c r e n a l f a i l u r e w h e t h e r t r e a t e d by d i a l y s i s o r 

not . Zinc supplementa t ion r e s u l t e d in an inc rease in l eucocyte z inc 

c o n c e n t r a t i o n s in haemodia lys is p a t i e n t s which was assoc ia ted with a 

s i g n i f i c a n t improvement in a b n o r m a l i t i e s of t a s t e and sexual func t ion 

(Maha jan e t a l , 1982) . In d i a b e t i c p a t i e n t s , normal l e u c o c y t e z i n c 

c o n c e n t r a t i o n s were observed by Pidduck e t al (1971) whereas Kumar and 

Rao (1974) d e m o n s t r a t e d s i g n i f i c a n t l y reduced concen t r a t ions of z inc 

in l e u c o c y t e s , e r y t h r o c y t e s and plasma. Leucocyte z inc concen t r a t ions 

have been r e p o r t e d t o be normal in p a t i e n t s wi th Down's syndrome 

( M i l u n s k y e t a l , 1970) , and ca rc inoma of t h e p r o s t a t e (Habib e t a l , 

1980), and decreased in p a t i e n t s with leukaemia (Dennes e t a l , 1961; 

F r e d e r i c k s e t a l , 1964; C a r p e n t i e r i e t a l , 1986) , l i v e r d i s e a s e 

( F r e d e r i c k s e t a l , 1960; K e e l i n g e t al , 1980) and a n o r e x i a n e r v o s a 

( A i n l e y e t a l , 1986) . L i t t l e i n f o r m a t i o n i s a v a i l a b l e c o n c e r n i n g 

l e u c o c y t e z i n c c o n c e n t r a t i o n s in ma labsorp t ion syndromes. Pa t r i ck 

and D e r v i s h (1984) r e p o r t e d d e c r e a s e d l e v e l s of l e u c o c y t e z i n c in 

c h i l d r e n with c y s t i c f i b r o s i s when compared to a d u l t s . In view of the 

f a c t t h a t t h e d a t a was not age and sex ma tched , t h i s s t u d y was 

considered i n c o n c l u s i v e as evidence f o r body zinc de f i c i ency in t he se 

c h i l d r e n . 

Comment: 

A l t h o u g h t h e use of l e u c o c y t e z i n c as an i n d i c a t o r of z i n c 

d e f i c i e n c y has been quest ioned in animal s t u d i e s , Prasad e t al (1978) 

have c l e a r l y shown t h a t l eucocy te zinc concen t r a t i ons provide evidence 

of exper imental z inc d e p l e t i o n in humans. F u r t h e r m o r e , s i g n i f i c a n t 

r educ t ions in l eucocy te zinc concen t r a t i ons have been repor ted in a 

range of d i s o r d e r s in which z inc d e f i c i e n c y may be imp l i ca t ed . 
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CHAPTER 4 

DEVELOPMENT AND EVALUATION OF A TECHNIQUE FOR THE 

ISOLATION OF LEUCOCYTES FROM WHOLE BLOOD 

4.1 INTRODUCTION 

D e s p i t e numerous t e c h n i q u e s t h a t have been r e p o r t e d f o r t h e 

i s o l a t i o n of l eucocytes from whole b lood , the t e chn i ca l d i f f i c u l t i e s 

do not appear to have been t o t a l l y r e s o l v e d . Many methods are based 

upon the d i f f e r e n c e s in sedimenta t ion behaviour between l eucocy tes and 

e r y t h r o c y t e s . E r y t h r o c y t e a g g r e g a t i n g a g e n t s which have been used 

i n c l u d e f i b r i n o g e n , phy tohemagg lu t i n in and d e x t r a n (Skoog and Beck, 

1956; Baron and Ahmed, 1969). Procedures descr ibed f o r e l i m i n a t i o n of 

the e r y t h r o c y t e s remaining a f t e r p r e l imina ry s epa ra t ion i n c l u d e hypo-

t o n i c shock with d i s t i l l e d water or s a l i n e ( F a l l o n e t a l , 1962; Baron 

and Ahmed, 1969) . A l though t h i s t e c h n i q u e has been used by o t h e r 

workers (Nishi , 1980; Jones e t a l , 1981) i t has the d i sadvan tage t h a t 

t h e l e u c o c y t e y i e l d i s low and a mean r e c o v e r y of o n l y 4 5 % i s 

o b t a i n e d . V i a b i l i t y s t u d i e s of i s o l a t e d l e u c o c y t e s o b t a i n e d f rom 

d i f f e r e n t i a l s e d i m e n t a t i o n t e c h n i q u e s d e m o n s t r a t e d t h a t i s o l a t e d 

l eucocy tes were not damaged to any a p p r e c i a b l e ex ten t ( F a l l o n e t a l , 

1962; Baron and Ahmed, 1969) . The use of d e n s i t y g r a d i e n t l a y e r i n g 

t e c h n i q u e s , which r e s u l t in removal of e r y t h r o c y t e s from t h e uppe r 

l a y e r l e a v i n g l e u c o c y t e - r i c h plasma, has been reviewed (Boyum 1968a, 

1968b). 

S e p a r a t i o n of mononucl e a t e d and polymorphonucleated c e l l s has 

been achieved using g rad ien t c e n t r i f u g a t i o n ove r a s y n t h e t i c polymer 

of sucrose (Ficol 1-Hypaque) (Engl ish and Andersen, 1974; Whitehouse e t 

a 1 , 1982; P u r e e 11 e t a l , 1986) o r c o l l o i d a l p o 1 y v i n y l p y r r o 1 i d o n e -

c o a t e d s i l i c a ( P e r c o l l ) ( M i l n e e t a l , 1985b) . However, v a r i o u s 

degrees of contamination of t h e mononucl e a t e d c e l l u l a r f r a c t i o n by 

p l a t e l e t s h a v e been r e p o r t e d i n t h e s e s t u d i e s . F u r t h e r m o r e , 

polymorphonucleated c e l l s s e p a r a t e d by c e n t r i f u g a t i o n o v e r F i c o l 1 

g r a d i e n t s do not have normal sodium t r a n s p o r t c h a r a c t e r i s t i c s and may 

t h e r e f o r e have su f f e r ed membrane damage (Poston e t a l , 1982). 

The main m e t h o d o l o g i c a l p r o b l e m s e n c o u n t e r e d w i th a l l t h e 

l eucocy te sepa ra t ion procedures i s the occurrence of c e l l c lumping. 
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which i s ext remely d i f f i c u l t to d i s p e r s e , and in such c i rcumstances 

white c e l l counts a re u n r e l i a b l e . Some workers have advised removal 

of c lumps of c e l l s o r d i s c a r d i n g t h e specimen in c a s e s of s e v e r e 

clumping (Whitehouse e t a l , 1982; Milne e t a l , 1985b). 

Th i s c h a p t e r d e s c r i b e s t h e d e v e l o p m e n t and e v a l u a t i o n of a 

technique f o r the i s o l a t i o n of l eucocytes from whole b lood, which i s 

s u i t a b l e f o r the purpose of measuring z inc , copper and selenium in t h e 

separated white cells. Jones et al (1980) investigated the dynamnics 

of z i n c t r a n s p o r t in normal human l e u c o c y t e s i n c u b a t e d in v a r i o u s 

media and b u f f e r s . They reported t h a t zinc i n f l u x appeared to c o n s i s t 

of two components which were an i n i t a l r a p i d phase and a s u b s e q u e n t 

s l o w e r p h a s e , and s u g g e s t e d t h a t t h e r a p i d u p t a k e r e p r e s e n t e d t h e 

b i n d i n g of z i n c to t h e l e u c o c y t e membrane. These o b s e r v a t i o n s 

e m p h a s i s e t h e need f o r a l l wash s o l u t i o n s used in t h e l e u c o c y t e 

s e p a r a t i o n p r o c e d u r e t o be f r e e of z i n c . In t h e same s t u d y , no 

s i g n i f i c a n t e f f l u x of z inc occurred when the media was z i n c - f r e e . 

4.2 EXPERIMENTAL 

4.2.1 ISOLATION OF LEUCOCYTES 

4.2.1.1 Apparatus 

An MSE, model 61, c e n t r i f u g e with a 20-cm head was used. 

Blood c e l l counts were performed using a C o u l t e r Counter, Model 

ON, in con junc t ion with the Cou l t e r Dual D i l u t e r I I I . 

4.2.1.2 Reagents 

U n l e s s o t h e r w i s e s t a t e d , r e a g e n t s were Analar or A r i s t a r grade 

m a t e r i a l s (BOH Chemicals Ltd.) 

Dextran 150, 6% m/V in 0.9% m/V s a l i n e (Dextravan 150, Fisons) 

Sodium heparin ( I n j e c t i o n BP, Weddel Pharmaceut ica ls L td . ) 

Sodium dihydrogen or thophosphate 

Disodium hydrogen or thophosphate 

Ammonium c h l o r i d e 

T r i s (hydroxymethyl) aminomethane (Tr i s ) 

Sodium Chlor ide , 0.9% m/V in d e - i o n i s e d , d i s t i l l e d water 

Hydrochloric a c i d , IM and 5M 
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Decon 75, 5% V/V in de - ion i sed water 

N i t r i c a c i d , 16M 

Repel co te water r e p e l l e n t 

4.2.1.3 Procedure 

De-ionised d i s t i l l e d water was used throughout . 

Preparation of glassware 

All g lassware was f i r s t c leaned with 5% V/V Decon 75 s o l u t i o n , 

then soaked in 10% V/V n i t r i c acid f o r approximately 12h, fo l lowed by 

s i x r i n s e s w i th w a t e r . The 5-ml g l a s s t u b e s used f o r t h e d i g e s t i o n 

procedure were f u r t h e r c leaned by add i t ion of 2m1 of 16M n i t r i c a c id , 

a f t e r which t h e y were h e a t e d in a h e a t i n g b l o c k a t 155°C f o r 30 min 

and t h i s was fo l lowed by s ix r i n s e s with water . 

The c a l i b r a t e d 25ml g l a s s tubes used f o r the sepa ra t ion procedure 

were si 1 i con ised with Repel co te . 

D e - i o n i s e d d i s t i l l e d w a t e r , a c i d - w a s h e d g l a s s w a r e , d e x t r a n . 

h e p a r i n and a l l o t h e r s o l u t i o n s were found to be f r e e f rom z i n c , 

copper and selenium. 

Preparation of solutions 

P h o s p h a t e - b u f f e r e d s a l i n e (PBS): A stock PBS s o l u t i o n was prepared 

by d i s s o l v i n g 23.17g of sodium dihydrogen or thophosphate and 179.9g of 

d i sod ium hydrogen o r t h o p h o s p h a t e in abou t 41 of w a t e r . The pH was 

a d j u s t e d to 7.2 with 5M hydroch lo r i c a c id , and after adding 701.3g of 

sodium c h l o r i d e t h e s o l u t i o n was d i l u t e d t o 8 1 , A working PBS 

s o l u t i o n was prepared by d i l u t i n g the stock s o l u t i o n 1 + 9 with water . 

Iris ( h y d r o x y m e t h y l ) a m i n o m e t h a n e (Tris)-ammonium chloride solution 

(TAG): A stock s o l u t i o n of 0.83% m/V ammonium c h l o r i d e was prepared 

by d i s s o l v i n g 8.3g of ammonium c h l o r i d e in 1 l i t r e of w a t e r . 0.17M 

Tr i s s tock s o l u t i o n was prepared by d i s s o l v i n g 20.6g of Tr i s in 900ml 

of water and a d j u s t i n g t h e pH to 7.65 with IM hydroch lo r i c ac id , a f t e r 

which t h e s o l u t i o n was d i l u t e d to 1 l i t r e with wa te r . 

To ob t a in a working Tris-ammonium c h l o r i d e s o l u t i o n , a d i l u t i o n 

of 1 p a r t of T r i s s o l u t i o n t o 9 p a r t s of ammonium c h l o r i d e s o l u t i o n 

was made and the pH was ad ju s t ed to 7.2 with IM hydroch lor ic ac id . 
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Collection of blood samples 

A 17ml sample of venous blood was c o l l e c t e d by venepuncture from 

an a n t e c u b i t a l v e i n u s i n g minimum s t a s i s and t a k i n g c a r e t o a v o i d 

f r o t h i n g and haemolysis . 

A 2m 1 a l i q u o t of t h e blood was t r a n s f e r r e d to a blood sample tube 

con ta in ing e thy lenediamine t e t r a - a c e t i c acid (EDTA) as a n t i c o a g u l a n t , 

f o r the de te rmina t ion of a whi te c e l l count. The remaining 15ml blood 

sample was p laced in to a c a l i b r a t e d 25ml s toppered , si 1 iconised tube 

con ta in ing 300 un i t s of hepar in . This was mixed g e n t l y by i n v e r s i o n . 

Red cell sedimentation 

9.0ml of t h e s a l i n e s o l u t i o n and 6.0ml of d e x t r a n were added t o 

t h e h e p a r i n ! s e d b l o o d and g e n t l y mixed by i n v e r s i o n , t a k i n g c a r e t o 

a v o i d f r o t h i n g . A f t e r a l l o w i n g t h e t u b e t o s t a n d u n s t o p p e r e d and 

vertical at room temperature (23 ± 30c) 1x)r 45 ± 5 min, the leucocyte 

r i ch superna tan t was t r a n s f e r r e d with an acid washed p l a s t i c Pas t eu r 

p i p e t t e i n t o a f r e s h 25ml s i l i c o n i s e d t u b e . Care was t a k e n t o 

a s p i r a t e r i g h t down to t h e i n t e r f a c e without drawing up any of the red 

eel 1 sediment. 

Washing procedure and elimination of remaining red cells 

A vo l ume of 9.0ml of PBS s o l u t i o n was added t o t h e a s p i r a t e and 

g e n t l y mixed by i n v e r s i o n . T h i s was c e n t r i f u g e d a t 450g (1200 r ev 

m i n ' l ) f o r 6 min a t a f t e r which t h e s u p e r n a t a n t f l u i d was 

d i s c a r d e d . A volume of 15ml of PBS s o l u t i o n was t h e n added t o t h e 

c e l l p e l l e t and t h i s was mixed thoroughly usng a vor tex mixer u n t i l an 

even r e - s u s p e n s i o n of c e l l s was o b t a i n e d . The s u s p e n s i o n was 

c e n t r i f u g e d a t 200g (850 r e v m i n ' ^ ) f o r 10 min a t 4°C and t h e s u p e r -

na tan t f l u i d con ta in ing t h e p l a t e l e t s was removed and d i scarded . 

To a c h i e v e l y s i s of t h e red c e l l s , t h e c e l l p e l l e t was 

resuspended by adding 4.5ml of TAG s o l u t i o n and vor tex mixed, fo l l owed 

by i n c u b a t i o n in a w a t e r b a t h a t 37°C f o r 10 min. I m m e d i a t e l y a f t e r 

t h i s , a volume of 15ml of PBS s o l u t i o n was added and mixed by 

i n v e r s i o n . The s u s p e n s i o n was c e n t r i f u g e d a t 450g f o r 6 min a t 4°C 

a f t e r which the pink supe rna tan t f l u i d con ta in ing t h e red c e l l l y s a t e 

was d i s ca rded , l e a v i n g behind t h e white c e l l p e l l e t . 

F i n a l l y , t he white c e l l s were washed by adding a f u r t h e r 15ml of 

PBS s o l u t i o n and mix ing on a v o r t e x m i x e r , t h e n c e n t r i f u g e d a t 450g 

34 



f o r 6 min a t 4°C after which the superna tan t s o l u t i o n was removed and 

d i s c a r d e d . 

Final leucocyte preparation 

A volume of 2m 1 of PBS s o l u t i o n was added to the c e l l p e l l e t and 

a f t e r vigorous vor tex mixing the s u s p e n s i o n was t r a n s f e r r e d q u a n t i -

t a t i v e l y in to a c a l i b r a t e d 5m 1 g l a s s tube . The volume was made up to 

3.0ml using PBS s o l u t i o n and mixed thoroughly using a vor tex mixer. A 

200ul a l i q u o t of the c e l l suspension was removed and re ta ined f o r the 

purpose of white c e l l count ing. The remaining 2.8ml of suspension was 

c e n t r i f u g e d a t 450g f o r 6 min a t 4 ° C and a f t e r d i s c a r d i n g t h e s u p e r -

n a t a n t s o l u t i o n t h e w h i t e c e l l p e l l e t was s t o r e d a t -20°C u n t i l 

required f o r the de te rmina t ion of z inc , copper and selenium. 

Cell counting 

S t a n d a r d p r o c e d u r e s a c c o r d i n g to t h e manufac turer ' s i n s t r u c t i o n 

manual were used f o r the de te rmina t ion of white c e l l counts on whole 

blood and the leucocyte p r e p a r a t i o n . 

Count ing e r r o r s were min imised by p r o c e s s i n g samples of whole 

blood and of the corresponding l eucocy te f r a c t i o n in the same batch. 

Dup l i ca t e counts were obta ined from s e p a r a t e d u p l i c a t e d i l u t i o n s of 

each sample and t h e mean of a l l f o u r v a l u e s was c a l c u l a t e d . T h i s 

p r o c e d u r e gave a w i t h i n - b a t c h c o e f f i c i e n t of v a r i a t i o n of 2.3% a t a 

l e v e l of 8.7 x 10^ w h i t e c e l l s p e r l i t r e and a b e t w e e n - b a t c h 

c o e f f i c i e n t of v a r i a t i o n of 4.6% a t a l e v e l of 8.8 x 10^ w h i t e c e l l s 

per l i t r e . 

Calculation 

The y i e l d of l e u c o c y t e s o b t a i n e d from t h e b lood sample was 

c a l c u l a t e d as f o l l o w s : 

Total f i n a l l eucocyte Volume of o r i g i n a l 
count x suspension {3.0ml) 

Recovery% = : — x 100 
Total o r i g i n a l l eucocyte Volume of heparinsed 

count X blood (15.0ml) 
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4.3 RESULTS AND DISCUSSION 

4.3.1 OPTIMISATION OF LEUCOCYTE SEPARATION PROCEDURE 

Optimum c o n d i t i o n s f o r t h e i s o l a t i o n of l e u c o c y t e s w e r e 

e s t a b l i s h e d by i n v e s t i g a t i o n of the e f f e c t of dextran concen t ra t ion on 

l e u c o c y t e l o s s e s d u r i n g s e d i m e n t a t i o n of red c e l l s , t h e use of 

ammonium c h l o r i d e as a red c e l l l y s ing agent , and the e f f e c t of de l ay 

be fo re i n i t i a t i n g sedimenta t ion on leucocyte recovery . 

4.3.1.1 Effect of dextran concentration on leucocyte losses during 

sedimentation of red cells 

Although inc reas ing concen t r a t i ons of dextran a re known to r e s u l t 

in an i n c r e a s e d s e d i m e n t a t i o n r a t e , e n t r a p m e n t of l e u c o c y t e s in t h e 

red c e l l sediment may a l s o be increased , i t was t h e r e f o r e necessary 

t o e s t a b l i s h t h e optimum c o n c e n t r a t i o n of d e x t r a n which gave t h e 

greatest recovery of leucocytes in the supernatant. Rapid sedimen-

t a t i o n of red c e l l s has been d e m o n s t r a t e d w i th 3% m/V d e x t r a n s of 

m o l e c u l a r w e i g h t s of 139,000 and 2 2 8 , 0 0 0 and u s i n g t h e s e d e x t r a n s , 

good l e u c o c y t e y i e l d s in t h e s u p e r n a t a n t have been o b t a i n e d wi th a 

volume r a t i o of 2:1 dex t ran-b lood mixture (Skoog and Beck, 1956). In 

the p resen t s tudy, a volume of 15ml of blood was requi red in o rde r to 

ach ieve a l a r g e enough y i e l d of white c e l l s to enable t h e measurement 

of z i n c , c o p p e r and s e l e n i u m in t h e i s o l a t e d l e u c o c y t e s . As 25ml 

tubes were used f o r the sepa ra t ion procedure, varying c o n c e n t r a t i o n s 

of dex t ran were i n v e s t i g a t e d using a dext ran-b lood mixture of a volume 

ratio of 1:1. A solution of 6% m/V dextran 150 in 0/%% r^/V saline was 

chosen as the s t a r t i n g point as t h i s was readily a v a i l a b l e and found 

to be f r e e of z inc , copper and selenium. 

A vo l ume of 61ml of b l o o d was wi thdrawn from each of 3 h e a l t h y 

s u b j e c t s (A,B,C), and d i v i d e d i n t o 4 a l i q u o t s of 15ml which were 

p laced i n t o 25ml si 1 i conised tubes conta in ing 300 u n i t s of hepar in . A 

1ml a l i q u o t of b l o o d was t r a n s f e r r e d i n t o a b l o o d sample t u b e 

c o n t a i n i n g EDTA, as a n t i c o a g u l a n t , f o r t h e d e t e r m i n a t i o n of a w h i t e 

c e l l c o u n t . T a b l e 4.1 shows t h e amounts of 6% m/V d e x t r a n 150 and 

0.9% m/V s a l i n e t h a t were added t o each a 1 i q u o t in o r d e r t o a c h i e v e 

the d e s i r e d concen t r a t i on of dextran 150. The t o t a l amount added was 

kept a t a cons tan t volume of 15ml so t h a t a dex t ran-b lood mixture of 
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TABLE 4.1 

SEDIMENTATION REGIMES EMPLOYED TO INVESTIGATE THE EFFECT 

OF DEXTRAN CONCENTRATION ON LEUCOCYTE RECOVERY IN SUPERNATANT 

Blood Dextran added Saline added Cone, of dextran 150 

ml ml ml added % m/V 

15 12 3 4.8 

15 9 6 3.6 

15 6 9 2.4 

15 3 12 1.2 
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volume r a t i o 1:1 was ensured. Sedimentation was considered achieved 

after the a g g l u t i n a t e d e ry th rocy te s had become separa ted from the top 

l aye r conta in ing the l eucocy te s , such t h a t the c h a r a c t e r of the i n t e r -

phase boundary was w e l l d i f f e r e n t i a t e d . A f t e r s e d i m e n t a t i o n , t h e 

l e u c o c y t e - r i c h s u p e r n a t a n t s were removed and t h e volume o f each 

a s p i r a t e was noted. White c e l l counts were performed on each super -

natant and the whole blood specimen. Table 4 . I I shows the l eucocy te 

r e cove r i e s observed and the time taken to ach ieve sedimenta t ion with 

t h e v a r y i n g c o n c e n t r a t i o n s of d e x t r a n 150. A l t h o u g h t h e s h o r t e s t 

sedimentat ion time was noted with the use of 4.8% m/V dextran 150, the 

most e f f i c i e n t l eucocyte recovery in the supe rna tan t was demonstrated 

wi th t h e use of 2.4% m/V d e x t r a n 150. A d e c r e a s e in t h e vo lume of 

s u p e r n a t a n t o b t a i n e d wi th d e c r e a s i n g c o n c e n t r a t i o n s of d e x t r a n was 

observed. 

4.3.1.2 Elimination of remaining red cells 

El imina t ion of remaining red c e l l s has commonly been c a r r i e d out 

by h y p o t o n i c shock ing but t h i s s u b s e q u e n t l y l e a d s t o w h i t e c e l l 

c lumping which i s e x t r e m e l y d i f f i c u l t t o d i s p e r s e . An a l t e r n a t i v e 

method was t h e r e f o r e sought. Although red c e l l s can be des t royed by 

l y s i s with ammonium c h l o r i d e a lone , t h i s has the d i sadvan tage t h a t t h e 

pH a l t e r a t i o n s i n v o l v e d a r e l i k e l y t o damage and d e s t r o y t h e w h i t e 

c e l l s . In the present s tudy, the white c e l l l o s s e s which occur when 

using ammonium c h l o r i d e were minimised by a d d i t i o n of t r i s -

(hydroxymethyl)-methylamine (Tris) to the ammonium c h l o r i d e to form a 

b u f f e r a d j u s t e d to pH 7.2. The Tris-ammonium c h l o r i d e s o l u t i o n was 

not e f f e c t i v e as a red c e l l l y s i n g agen t a t room t e m p e r a t u r e (23 ± 

3°C) o v e r a p e r i o d of 30 mi n and an i n c u b a t i o n a t 37°C f o r 10 mi n was 

n e c e s s a r y f o r c o m p l e t e l y s i s of t h e r e m a i n i n g red c e l l s . No 

subsequent clumping of the white c e l l s was observed . 

4.3.1.3 Effect of delay before initiating red cell sedimentation on 

leucocyte recovery 

Baron and Ahmed (1969) r e p o r t e d t h a t d e l a y of more t h a n 20 min 

before add i t ion of the dextran s o l u t i o n to f r e s h l y drawn hepa r in i s ed 

b lood which had been k e p t a t 37°C r e s u l t e d in a marked l o s s of 

l eucocy tes . The e f f e c t of t h i s was t h e r e f o r e s t u d i e d . 
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A volume of 61ml of b l o o d was wi thdrawn from each of 3 h e a l t h y 

s u b j e c t s (A,B,C) and d i v i d e d i n t o 4 a l i q u o t s of 15ml. One a l i q u o t 

underwent t h e s e p a r a t i o n p r o c e s s i m m e d i a t e l y and of t h e o t h e r 3 

a l i q u o t s , one was 1 e f t f o r 15 min, one f o r 30 min and one f o r 60 min 

a t room tempera ture (23 ± 3°C) be fo re sedimenta t ion was i n i t i a t e d . To 

d e t e r m i n e any v a r i a t i o n in r e c o v e r y of l e u c o c y t e s f rom d i f f e r e n t 

a l i q u o t s of t h e same sample of who le b l o o d which had no t been 

sub jec ted to any de lay be fo re sedimentat ion was i n i t i a t e d , a f u r t h e r 

61ml of b l o o d was t a k e n from a n o t h e r h e a l t h y s u b j e c t (D), and a l l 4 

a l i q u o t s were separa ted immediately. White c e l l counts were performed 

on the f i n a l l eucocyte p r epa ra t i ons and t h e remaining 1ml a l i q u o t s of 

b l o o d from s u b j e c t s A,B,C and D. These d a t a , t o g e t h e r wi th t h e 

l eucocy te r e c o v e r i e s obta ined a re shown in Table 4 . I I I . Recovery of 

l eucocy te s from the 4 a l i q u o t s of blood from s u b j e c t D, which had a l l 

undergone the sepa ra t ion process without d e l a y , ranged between 64-65%. 

Although lower l eucocyte r e c o v e r i e s were not o b s e r v e d in t h e b l o o d 

samples from sub jec t B u n t i l 30 min de lay be fo re sedimenta t ion (60% a t 

0 min , 57% a t 30 min) , a d e c r e a s e in l e u c o c y t e r e c o v e r i e s was no ted 

a f t e r on ly 15 min de lay in the blood samples from s u b j e c t s A and C (64 

and 70% a t 0 min r e s p e c t i v e l y , 61 and 67% a t 15 min r e s p e c t i v e l y ) . On 

t h e bas i s of these o b s e r v a t i o n s , i t was concluded t h a t the s epa ra t i on 

process should be s t a r t e d immediately after withdrawal of the blood in 

o rde r to ach ieve maximum recovery of l eucocy te s . 

4.3.2 EVALUATION OF LEUCOCYTE SEPARATION PROCEDURE 

The method d e s c r i b e d was e v a l u a t e d f o r e f f i c i e n c y of a b s o l u t e 

w h i t e c e l l r e c o v e r y , f o r l e u c o c y t e r e c o v e r y w i t h o u t d i f f e r e n t i a l 

l o s s e s of any p a r t i c u l a r white c e l l l i n e and f o r any p o s s i b l e l o s s e s 

of z inc , copper or selenium immediately a f t e r the s epa ra t ion process . 

4.3.2.1 Absolute leucocyte recovery 

F i g u r e 4.1 i l l u s t r a t e s red and w h i t e c e l l r e c o v e r y a t t h e 

i n d i v i d u a l s t a g e s of t h e s e p a r a t i o n p r o c e s s . Only abou t 10% of t h e 

l e u c o c y t e s p r e s e n t a r e l o s t a t t h e s t a g e of l y s i s by TAG, which i s a 

s u b s t a n t i a l improvement over the h y p o t o n i c shock method. The w h i t e 

c e l l l o s s e s i nvo lved a t t he s tage of plasma and p l a t e l e t s e p a r a t i o n s 

and w a s h i n g s a r e s m a l l , t h e l a r g e s t i d e n t i f i a b l e l o s s e s o c c u r i n g 
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TABLE 4.111 

THE EFFECT OF DELAYING THE START OF THE SEDIMENTATION PROCEDURE 

ON RECOVERY OF LEUCOCYTES 

Subject Leucocytes in 

whole blood 

X 10^ 1 - 1 

Delay Leucocytes in 

mins. final prep. 

X 10^ 1 - 1 

Recovery of 

leucocytes % 

A 
A 
A 
A 

5.2 0 
15 
30 
60 

16.5 
15.9 
15.1 
13.7 

64 
61 
58 
53 

6.2 0 
15 
30 
60 

18.4 
18.6 
17.7 
15.6 

60 
61 
57 
51 

C 
C 
c 
c 

4.9 0 
15 
30 
60 

17.1 
16.3 
15.7 
14.6 

70 
67 
64 
60 

D 
D 
0 
D 

5.9 0 
0 
0 
0 

18.8 
19.0 
18.8 
18.7 

64 
65 
64 
64 
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during dextran sed imenta t ion . Absolute white c e l l recovery has been 

p l o t t e d in F i g u r e 4 .2 . The l i n e a r r e s p o n s e of r e c o v e r y wi th t h e 

i n t i a l white c e l l count and reasonably c l o s e f i t of t he data po in t s to 

the r eg re s s ion l i n e (r = 0.85) sugges ts a wel l c o n t r o l l e d sepa ra t ion 

p r o c e s s . A mean r e c o v e r y of l e u c o c y t e s of 62% ( r a n g e 51-75%) was 

obta ined f o r 120 l eucocy te s e p a r a t i o n s . 

4.3.2.2 Differential leucocyte recovery 

Microscopic examination of smears confirmed complete e l i m i n a t i o n 

of red c e l l s and p l a t e l e t s . M o r p h o l o g i c a l l y , t he white c e l l s appeared 

normal in shape and s t a ined smears showed i n t a c t n u c l e i , wel l s t a ined 

cytoplasm and g ranu le s s i m i l a r to those seen in f r e s h smears. 

2 0 0 - c e l l d i f f e r e n t i a l w h i t e c e l l c o u n t s were pe r fo rmed by 

s t a n d a r d t e c h n i q u e s which d i s c e r n e d polymorphonucleated c e l l s from 

mononuc1ea ted c e l l s on s t a i n e d who le b l o o d f i l m s and w h i t e c e l l 

p r e p a r a t i o n smea r s . The p e r c e n t a g e s of m o n o n u c l e a t e d c e l l s and 

polymorphonucl eated c e l l s in t h e c o r r e s p o n d i n g p r e p a r a t i o n s f o r 12 

l e u c o c y t e s e p a r a t i o n s a r e shown in T a b l e 4 . IV . The o b s e r v e d 

d i f f e r e n c e s i n t h e p e r c e n t a g e s o f w h i t e c e l l s f r o m t h e two 

p r e p a r a t i o n s were l e s s than 5% f o r 7 s u b j e c t s , between 5 and 10% f o r 2 

s u b j e c t s and between 10 and 15% f o r 3 s u b j e c t s . These d i f f e r e n c e s a re 

wi th in the inheren t e r r o r s of d i f f e r e n t i a l white c e l l counting (Dacie 

and Lewis, 1984) and t h e r e f o r e i t was concluded t h a t the mononucleated 

c e l l s and p o l y m o r p h o n u c l e a t e d c e l l s appea red t o be in t h e same 

p ropor t ions in t h e whole blood and corresponding l eucocy te p repa ra t ion , 

4.32.3 Leakage of zinc, copper and selenium from leucocytes after 

the separation process 

I t was not p o s s i b l e t o i n v e s t i g a t e f o r any l e a k a g e of z i n c , 

c o p p e r and s e l e n i u m d u r i n g t h e s e p a r a t i o n p r o c e s s b e c a u s e of t h e 

contaminat ion with the red c e l l s t h a t were p resen t . Even a f t e r l y s i s 

of t h e r e s i d u a l red c e l l s w i th TAG, two s u b s e q u e n t wash ings were 

n e c e s s a r y t o remove c o n t a m i n a t i o n from t h e red c e l l l y s a t e in t h e 

s u p e r n a t a n t l i q u i d s . Leakage from t h e l e u c o c y t e s was t h e r e f o r e 

i n v e s t i g a t e d immediately a f t e r the s epa ra t ion procedure. 

A 45ml blood sample was withdrawn from each of 3 s u b j e c t s (1,2,3) 

and d i v i d e d i n t o a l i q u o t s of 15ml which were s u b j e c t e d to t h e 
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TABLE 4.IV 

PERCENTAGE OF MONONUCLEATED AND POLYMORPHONUCLEATED CELLS IN 

WHOLE BLOOD AND CORRESPONDING LEUCOCYTE PREPARATION 

Whole blood Leucocyte preparation 

Mononucleated Polymorphonucleated Mononucleated Polymorphonucleated 
cells % cells % cells % cells % 

27 73 24 76 

38 62 44 56 

32 68 45 55 

47 53 43 57 

41 59 48 52 

39 61 43 57 

51 49 40 60 

30 70 34 66 

39 61 29 71 

53 47 51 49 

46 54 49 51 

52 48 50 50 
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TABLE 4.V 

LEAKAGE OF ZINC, COPPER AND SELENIUM AFTER THE SEPARATION PROCESS 

Trace 
element 

Zinc 

pmol T 

Subject Supernatant liquid Leucocytes 

A B C A B C 

1 0.15 0.15 0.15 3.5 3.6 3.6 

2 NO ND ND 2.6 2.5 2.4 

3 ND ND ND 4.0 4.2 4.0 

Copper 1 ND ND ND 0, .31 0, .31 0 .31 

ymol 2 ND ND ND 0, .48 0, .46 0 .49 

3 ND ND ND 0, .22 0. .20 0 .21 

Selenium 1 ND ND ND 41 38 40 

nmol 1"^ 2 ND ND ND 35 35 37 

3 ND ND ND 29 31 30 

ND = none de tec ted 

i . e . l e s s than 0.14 ymol 1"^ f o r z inc 

l e s s than 0.006 ymol 1"^ f o r copper 

l e s s than 1.85 nmol 1"^ f o r selenium 
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s e p a r a t i o n p r o c e d u r e in p a r a l l e l , y i e l d i n g 3 s e p a r a t e l e u c o c y t e 

s u s p e n s i o n s in PBS, each of 3.0ml vo lume (A,B,C). These were 

c e n t r i f u g e d a t time i n t e r v a l s of 0 min (A), 30 min (B) and 60 min (C), 

and t h e superna tan t l i q u i d s were poured o f f and r e t a ined immediately 

a f t e r c e n t r i f u g a t i o n . Cel 1 s were d i g e s t e d w i th n i t r i c a c i d and t h e 

volume made up t o 3.0ml wi th w a t e r . The z i n c , c o p p e r and s e l e n i u m 

con ten t s of the leucocyte d i g e s t samples and corresponding superna tan t 

l i q u i d s were determined by the procedures descr ibed in Chapter 5. The 

results given in T a b l e 4.V show that the leakage of zinc from white 

c e l l s in one of the leucocyte suspension samples was 4% a t a t ime of 0 

min with no f u r t h e r inc rease in leakage when l e f t in con tac t with t h e 

PBS f o r up to 60 min. There was no d e t e c t a b l e l e a k a g e of z i n c f rom 

the l eucocy tes in the o the r two samples o r of copper or selenium from 

the l eucocy tes in any of the samples during the time of 0-60 min. 

Comnent: 

The method d e s c r i b e d f o r t h e i s o l a t i o n of l e u c o c y t e s has been 

shown to be p r a c t i c a b l e and t o g i v e an e f f i c i e n t r e c o v e r y of 

l e u c o c y t e s wi th no d i f f e r e n t i a l w h i t e c e l l l o s s . In a d d i t i o n , 

leucocyte suspensions were found to be free of clumps, red cells and 

p l a t e l e t s . 
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CHAPTER 5 

ANALYSIS OF ZINC, COPPER AND SELENIUM IN LEUCOCYTES. ERYTHROCYTES, 

PLASMA AND WHOLE BLOOD USING ATOMIC ABSORPTION SPECTROPHOTOMETRY 

5.1 INTRODUCTION 

S i n c e t h e i n t r o d u c t i o n of a tomic a b s o r p t i o n s p e c t r o p h o t o m e t r y 

(Walsh , 1955) , and wi th t h e s u b s e q u e n t p r o c e s s in t h i s f i e l d , 

p a r t i c u l a r l y the development of atomic absorp t ion with e l e c t r o t h e r m a l 

a t o m i s a t i o n , many r e l i a b l e and s e n s i t i v e t e c h n i q u e s f o r t h e 

measurement of t r a c e e l e m e n t s in b i o l o g i c a l s a m p l e s have become 

a v a i l a b l e (Delves , 1981). The choice between f lame and e l e c t r o t h e r m a l 

a t o m i s a t i o n t e c h n i q u e s i s u s u a l l y d e t e r m i n e d by t h e c o n c e n t r a t i o n 

range of the a n a l y t e and the sample volume a v a i l a b l e . Flame-atomic 

absorp t ion i s f a s t e r than fu rnace and i n t e r f e r e n c e problems are l e s s 

s eve re and o f t e n e a s i e r to overcome on the f lame. 

The major i n t e r f e r e n c e in f lame-a tomic absorp t ion spec t rophoto-

me t ry i s m a t r i x i n t e r f e r e n c e . I f t h e s ample s o l u t i o n s a r e more 

v iscous or have cons ide rab ly d i f f e r e n t s u r f a c e t ens ion c h a r a c t e r i s t i c s 

than the c a l i b r a t i n g s t anda rds , t h e r e may be a d i f f e r e n c e in the r a t e 

of sample uptake or n e b u l i s a t i o n e f f i c i e n c y . D i luen t s o l u t i o n s such 

as b u t a n - l - o l he lp to overcome the v i s c o s i t y e f f e c t s of the sample f o r 

a tomisa t ion in f lames (Meret and Henkin, 1971). Simultaneous d e t e r -

m i n a t i o n of z i n c and coppe r in p l a s m a , i n v o l v i n g d i l u t i o n of t h e 

sample with organic s o l v e n t s has proved s imple , quick and r e p r o d u c i b l e 

and the e s t a b l i s h e d accuracy of the procedure renders i t the method of 

choice (Delves , 1981). Matrix problems have a l s o been overcome f o r 

the de te rmina t ion of plasma zinc by prepar ing zinc s tandards in z inc -

f r e e pooled human plasma (Wawschinek, 1984). 

In f u r n a c e - a t o m i c a b s o r p t i o n , t h e s ample i s d i s p e n s e d i n t o a 

small g r a p h i t e tube which can be heated e l e c t r i c a l l y . By i n c r e a s i n g 

t h e t e m p e r a t u r e s t e p w i s e , t h e p r o c e s s e s of d r y i n g , a s h i n g and 

a t o m i s a t i o n can be s e p a r a t e d . Care must be t a k e n in s e l e c t i n g t h e 

optimum cond i t i ons . The g r e a t e r s e n s i t i v i t y of e l e c t r o t h e r m a l - a t o m i c 

a b s o r p t i o n s p e c t r o p h o t o m e t r y has been app l i ed to the measurement of 

z inc in m i c r o ! i t r e volumes of serum, and an e x c e l l e n t agreement 
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( r = 0.94) between t h e r e s u l t s o b t a i n e d by t h i s p r o c e d u r e and a 

r o u t i n e f lame-a tomic abso rp t ion method has been r e p o r t e d (Foo te and 

D e l v e s , 1982) . No s i g n i f i c a n t d i f f e r e n c e was demonstrated in whole 

b l o o d z i n c v a l u e s o b t a i n e d from e l e c t r o t h e r m a l - and f l a m e - a t o m i c 

absorp t ion techniques (Ward e t a l , 1979). Determination of copper in 

e r y t h r o c y t e s has rece ived l i t t l e a t t e n t i o n . Methods employing pre-

t r e a t m e n t of t h e s ample by a c i d d i g e s t i o n ( R o b b i n g et a l , 1975) o r 

d i l u t i o n with Tr i ton X-100 (Velghe e t a l , 1982) have been desc r ibed . 

Most of t h e z i n c measurements in l e u c o c y t e s have been pe r fo rmed by 

a tomic a b s o r p t i o n s p e c t r o p h o t o m e t r y u s i n g f l a m e o r e l e c t r o t h e r m a l 

a tomisa t ion a f t e r d ige s t i on of t h e c e l l s with n i t r i c acid (Keeling e t 

a l , 1980; Whitehouse e t a l ,1982; Pa t r i ck and Derv i sh , 1984; Milne e t 

a l , 1985b). Between-batch c o e f f i c i e n t s of v a r i a t i o n of l e s s than 6% 

have been repor ted by these workers. 

The high background absorp t ion a t 196nm and the r e l a t i v e l y poor 

s e n s i t i v i t y p rec ludes the use of convent iona l f lame-a tomic absorp t ion 

spectrophotometry f o r de terminat ion of se lenium. F l u o r i m e t r i c methods 

( L a l o n d e e t a l , 1982; Koh and Benson, 1983) , o r a tomic a b s o r p t i o n 

spectrophotometry using e i t h e r e l e c t r o t h e r m a l a tomisa t ion (Pleban e t 

a l , 1982; Paschal and Kimberly, 1986) o r hydride formation techniques 

(L loyd e t a l , 1982; Tam and L a c r o i x , 1982) a r e common. Comple te 

d i g e s t i o n of t h e s ample i s r e q u i r e d f o r h y d r i d e methods and f l u o r i -

me t r i c t echn iques . The use of a combination of n i t r i c , p e r c h l o r i c and 

s u l p h u r i c a c i d s have been r e p o r t e d t o be t h e most e f f i c i e n t wet 

d i g e s t i o n mixture (Neve e t a l , 1982). However, t h e use of p e r c h l o r i c 

a c i d r e q u i r e s an e x h a u s t hood d e s i g n e d s p e c i f i c a l l y f o r h a n d l i n g 

p e r c h l o r i c a c i d f u m e s , and i s t h e r e f o r e a l i m i t i n g f a c t o r wi th t h i s 

d i g e s t i o n p r o c e d u r e . Lloyd e t a l (1982) r e p o r t e d a q u a n t i t a t i v e 

r e c o v e r y of added s e l e n i u m u s i n g a m i x t u r e of n i t r i c and s u l p h u r i c 

ac ids on ly f o r d ige s t i on of plasma or whole blood fo l lowed by hydr ide 

genera t ion and atomic absorp t ion spectrophotometry . 

This chap te r desc r ibes the development and e v a l u a t i o n of methods 

f o r t h e a n a l y s i s of z i n c , c o p p e r and s e l e n i u m in l e u c o c y t e s , and 

copper in e r y t h r o c y t e s and whole b lood. E s t a b l i s h e d methodology f o r 

t r a c e e l e m e n t a n a l y s i s which was used in t h e p r e s e n t s t u d y i s a l s o 

r e p o r t e d . 
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5.2 M E T H O D D E V E L O P M E N T 

5.2.1 A N A L Y S I S OF ZINC, COPPER A N D SELENIUM IN ISOLATED LEUCOCYTES 

5.2.1.1 Reagents 

U n l e s s o t h e r w i s e s t a t e d , r e a g e n t s were Analar or A r i s t a r grade 

m a t e r i a l s from BOH Chemicals Ltd. 

Zinc c h l o r i d e s tandard s o l u t i o n con ta in ing Smmol 1"^ of z inc 

Copper (11) c h l o r i d e s tandard s o l u t i o n con ta in ing 5mmol 1"^ of 

copper 

Selenous acid standard s o l u t i o n con ta in ing 12.7mmol r ^ ( l m g ml~^) 

of selenium 

N i t r i c acid, 16M 

Hydrochloric a c i d , 12M 

Sulphur ic a c i d , 4.5M 

Sodium hydroxide s o l u t i o n , 0.25M 

Sodium tetrahydroborate (111), 6% m / V solution in 0.25 M sodium 

hydroxide s o l u t i o n 

Antifoam emulsion DB llOA (Dow Corning), V/V aqueous solution 

5 . 2 . 1 . 2 Instrumentation 

P e r k i n - E l m e r 5 6 0 a t o m i c a b s o r p t i o n s p e c t r o p h o t o m e t e r . Used f o r t h e 

measurement of zinc by atomic a b s o r p t i o n s p e c t r o p h o t o m e t r y u s i n g an 

a i r - a c e t y l e n e f lame. 

P e r k i n - E l m e r 4000 atomic absorption spectrophotometer. Equipped with 

an HGA-500 g r a p h i t e furnace and AS-40 autosampler ; used f o r measure-

ment of copper using the cond i t ions given in T a b l e 5.1. 

P e r k i n - E l m e r 2380 atomic absorption spectrophotometer. Equipped with 

an M H S 2 0 h y d r i d e g e n e r a t i o n sys t em. Used f o r t h e measurement of 

se lenium. Ins t rumental cond i t ions a re given in Table 5.11. 

5 . 2 . 1 . 3 A p p a r a t u s 

A Techne Dr i -b lock hea t e r , Model DB 3H, was used f o r d i g e s t i o n of 

the white c e l l p e l l e t . The hea t e r was f i t t e d with t h r e e a l l o y b l o c k s . 
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TABLE 5.1 

INSTRUMENTAL CONDITIONS FOR THE DETERMINATION OF COPPER 

IN THE LEUCOCYTE DIGESTS 

Model 4000 Atomic absorpt ion spectrophotometer : -

Wavelength : 324.7 nm 

Lamp cur ren t : 15 mA 

S l i t width : 0 .7 nm (low) 

Deuterium background co r rec t ion 

Peak height measurement 

Absorbance mode 

Model AS-40 Autosampler:-

I n j e c t i o n volume : 20 pi 

Rep l ica tes : x2 

Model HGA-500 Furnace:-

Step 

1 2 3 4 

Parameter Dry Ash Atomise CI ea 

Temperature/°C 120 900 2500 2700 

Ramp t ime /s 60 25 1 1 

Hold t i m e / s 20 25 5 4 

In te rna l gas argon/ml min~^ 300 300 20 300 
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T A B L E 5.II 

INSTRUMENTAL C O N D I T I O N S FOR THE DETERMINATION OF SELENIUM 

IN THE LEUCOCYTE DIGESTS 

Model 2380 Atomic absorp t ion spect rophotometer : 

Wavelength : 196.0 nm 

Lamp* power : 6 wa t t s 

S l i t width : 2 .0 nm 

Deuterium background c o r r e c t i o n 

Peak height measurement 

Absorbance mode 

Model MHS 20: -

Tube tempera ture : 900°C 

Purge 1 (argon) : 32s 

Purge 11 (argon) : 20s 

Reaction t ime : 10s 

Reaction volume : 20ml 

+ E l e c t r o d e ! e s s d i scharge lamp with power supply 
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each d r i l l e d with 12 ho le s to a depth of 48mm and a d iameter of 16.75mm. 

All glassware was prepared and cleaned as p rev ious ly d e s c r i b e d . 

5.2.1.4 Procedure 

De-ionised d i s t i l l e d water was used th roughout . 

Digestion of leucocytes 

The white c e l l p e l l e t s in the 5m 1 g l a s s tubes were d i s s o l v e d by 

adding lOOul of 16M n i t r i c a c i d and p l a c i n g each t u b e in a h e a t i n g 

b l o c k a t 155°C f o r 30 min. For t h e s t u d i e s c a r r i e d o u t i t was 

c o n v e n i e n t t o d i g e s t t h e s a m p l e s in b a t c h e s of 30 and run 5 b l a n k 

tubes concu r r en t ly with each ba tch . A f t e r a l l owing the t e s t and blank 

tubes to c o o l , the d iges ted c e l l s were d i l u t e d to 2.0ml with water and 

mixed. These s o l u t i o n s were t r a n s f e r r e d in to 2.0ml t r a c e - e l e m e n t - f r e e 

p o l y c a r b o n a t e t u b e s and s t o r e d a t -20°C u n t i l r e q u i r e d f o r t h e 

de terminat ion of z inc , copper and selenium. 

Preparation of zinc standard solutions 

A stock zinc s tandard s o l u t i o n con ta in ing 200 pmol 1"^ of z inc in 

5% V/V hydroch lo r i c a c id , as p r e s e r v a t i v e , was prepared by d i l u t i n g 

2.0ml of the BOH Chemicals concent ra ted s tandard s o l u t i o n and 2.5ml of 

12M hydroch lo r i c acid to 50.0ml with water . This s o l u t i o n was s t a b l e 

f o r up t o s i x months a t 4°C. 

Working s tandard s o l u t i o n s con ta in ing 0 , 1 , 2, 3, 4 and 5 ymol 1"^ 

of z i n c in 5% V/V n i t r i c a c i d were p r e p a r e d by add ing 0 , 0 .5 , 1 .0 , 

1 .5 , 2.0 and 2.5 ml of t h e s t o c k s t a n d a r d s o l u t i o n to 5ml of 16M 

n i t r i c acid and making the volume of each up to 100ml with water . 

Measurement of zinc 

The atomic absorp t ion ins t rument was s e t up f o r the de te rmina t ion 

of zinc according to the manufac ture r ' s i n s t r u c t i o n manual. Standards 

and s a m p l e s were a s p i r a t e d d i r e c t l y i n t o t h e f l a m e . A s e r i e s of 

working s t a n d a r d s o l u t i o n s were run b e f o r e and a f t e r each b a t c h of 

samples, and two d i f f e r e n t s tandard s o l u t i o n s were run a f t e r every s ix 

samples. An i n t e r n a l q u a l i t y con t ro l sample was run with each batch 

of t e s t samples. 
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Preparation of copper standard solution 

A stock copper s tandard s o l u t i o n con ta in ing lOumol 1"^ of copper 

in 5% V/V h y d r o c h l o r i c a c id , as p r e s e r v a t i v e , was prepared by d i l u t i n g 

200pl of t h e BDH Chemicals concent ra ted s tandard s o l u t i o n and 5m1 of 

12M h y d r o c h l o r i c ac id to 100ml with water . This s o l u t i o n was s t a b l e 

f o r up t o s i x months a t 4 ° C . 

Working s t a n d a r d s o l u t i o n s c o n t a i n i n g 0 , 0 . 2 , 0 .4 , 0.6 and 0.8 

ymol 1 of c o p p e r in 5% V/V n i t r i c a c i d were p r e p a r e d by add ing 0 , 

2 .0 , 4 . 0 , 6.0 and 8.0 ml of t h e s t o c k s t a n d a r d s o l u t i o n to 5ml of 16M 

n i t r i c acid and making t h e volume of each up to 100ml with water . 

Measurement of copper 

S t a n d a r d and s a m p l e s o l u t i o n s were t r a n s f e r r e d i n t o t h e AS-40 

s a m p l i n g cups and a tomic a b s o r p t i o n measurements of c o p p e r were 

c a r r i e d o u t u s i n g t h e c o n d i t i o n s g i v e n in T a b l e 5 .1 . D u p l i c a t e 

measurements were performed. A s e r i e s of working s tandard s o l u t i o n s 

were run b e f o r e and a f t e r each b a t c h of s amp le s and t h r e e d i f f e r e n t 

s tandard s o l u t i o n s were run s i n g l y a f t e r every s i x t h p a i r of d u p l i c a t e 

samples. An i n t e r n a l q u a l i t y con t ro l sample was run with each batch 

of samples. 

Preparation of selenium standard solutions 

A stock selenium standard s o l u t i o n con ta in ing 12.7 ymol 1 ( lyg 

m l ' l ) of selenium in 5% V/V n i t r i c a c id , as p r e s e r v a t i v e , was prepared 

by d i l u t i n g lOOyl of the BDH Chemicals concent ra ted s tandard s o l u t i o n 

and 5ml of 1 6 M n i t r i c a c i d t o 100ml wi th w a t e r . Th i s s o l u t i o n was 

s t a b l e f o r up to s ix months a t 4°C. 

Working s t a n d a r d s o l u t i o n s c o n t a i n i n g 0 , 12 .7 , 25 .3 , 38 .0 , 50.7 

and 63.3 nmol 1 ( 0 , 1 , 2 , 3 , 4 , 5 yg l~^ r e s p e c t i v e l y ) of s e l e n i u m 

were p r e p a r e d by add ing 0 , 0 . 1 , 0 .2 , 0 .3 , 0.4 and 0.5ml of t h e s t o c k 

s tandard s o l u t i o n to 5m1 of 16M n i t r i c acid and making the volume of 

each up to 100ml with water . 

Sample oxidation 

D u p l i c a t e 500^1 p o r t i o n s of l eucocyte d i g e s t samples were t r a n s -

f e r r e d i n t o b o r o s i l i c a t e g l a s s t ubes , and a f t e r add i t ion of 1ml of 16M 

n i t r i c a c i d and 1ml of 4.5M s u l p h u r i c a c i d t h e s e t u b e s were p l a c e d 

in to p re -hea ted aluminium b locks a t 155°C f o r 60 min. The tubes were 

a l l o w e d t o coo l t o room t e m p e r a t u r e b e f o r e a d d i t i o n of 2m 1 of 6M 
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h y d r o c h l o r i c acid a f t e r which the s o l u t i o n s were mixed by tapping t h e 

t e s t - t u b e s , and t h e n r e t u r n e d t o t h e a lumin ium b l o c k p r e - h e a t e d a t 

95°C f o r 30 m i n s . A f t e r a l l o w i n g t h e t u b e s t o c o o l t o room 

t e m p e r a t u r e , t h e c o n t e n t s were t r a n s f e r r e d q u a n t i t a t i v e l y i n t o t h e 

r e a c t i o n v e s s e l s f o r hydride formation and d i l u t e d to a f i n a l volume 

of 20ml w i th w a t e r f o l l o w e d by an a d d i t i o n of lOOyl of a n t i f o a m 

r e a g e n t . 

Measurement of selenium 

S e l e n i u m c o n c e n t r a t i o n s were determined using the ins t rumenta l 

cond i t i ons given in Table 5 . I I . 500ul volumes of the selenium working 

s t a n d a r d s o l u t i o n s were t r a n s f e r r e d i n t o t h e r e a c t i o n v e s s e l s 

con ta in ing 1ml of 16M n i t r i c a c id , 1ml of 4.5M s u l p h u r i c acid and 2m1 

of 6M h y d r o c h l o r i c a c i d and d i l u t e d to a f i n a l vo l ume of 20ml w i th 

water a f t e r which lOOpl of ant i foam reagent was added. Standards and 

samples were analysed in d u p l i c a t e and the working s tandard s o l u t i o n s 

were run a f t e r e v e r y f i f t h p a i r of d u p l i c a t e sampl e s . An i n t e r n a l 

q u a l i t y con t ro l sample was run with each batch of t e s t samples. 

Calculation 

The f o l l o w i n g equat ion was used to c a l c u l a t e the concen t r a t ion of 

z i n c , c o p p e r and s e l e n i u m in t h e w h i t e c e l l s and t o e x p r e s s t h e 

r e s u l t s in picomoles per 10® c e l l s . 

Volume of leucocyte 

d i g e s t (2.0ml) 

Zn/Cu/Se 

(pmol per = 

10® c e l l s ) 

Concentra t ion of Zn,Cu 10^ 

o r Se in leucocyte X 

d i g e s t (pmol 1"^) 

Volume of c e l l 

suspension (2.8ml) 

Number of white c e l l s 

in c e l l suspension (10^ 1 ' ^ ) 
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5.2.2 ANALYSIS OF COPPER IN ERYTHROCYTES AND WHOLE BLOOD 

5.2.2.1 Reagents 

A n reagents were Analar or A r i s t a r grade m a t e r i a l s obta ined from 

BOH Chemicals Ltd. 

Copper (11) c h l o r i d e s t a n d a r d s o l u t i o n con ta in ing 5mmol 1"^ of 

copper 

Tr i ton X-100, 0.1% V/V aqueous so lu t ion 

Sodium c h l o r i d e , 0.9% m/V aqueous s o l u t i o n 

5.2.2.2 Apparatus 

A Perkin-Elmer , model 560, was used f o r the measurement of copper 

by atomic absorp t ion spectrophotometry using an a i r - a c e t y l e n e f lame. 

A Tef lon smal l -vo lume sampling cup (Perkin-Elmer Ltd.) was a t tached 

d i r e c t l y to the n e b u l i s e r f o r a l l sample ana ly se s . 

T r a c e - e l e m e n t - f r e e , 2ml volume, po lycarbona te tubes con ta in ing 

l i t h ium heparin or e t h y l e n e d i a m i n e t e t r a - a c e t i c a c i d (EDTA) ( T e k l a b 

Ltd.) were used f o r blood c o l l e c t i o n . 

Red b l o o d c e l l c o u n t s were d e t e r m i n e d on t h e e r y t h r o c y t e 

suspension samples using a C o u l t e r Counter, model ON, in con junc t ion 

with the Cou l t e r Dual D i l u t o r 111. 

All glassware was cleaned as descr ibed in the previous c h a p t e r . 

5.2.2.3 Procedure 

De-ionised d i s t i l l e d water was used th roughout . 

Preparation of calibrating standards 

Working s t a n d a r d s o l u t i o n s c o n t a i n i n g 0 , 5 , 10 , 15, 20 and 30 

pmo 1 1 " ! of coppe r were p r e p a r e d by d i l u t i n g 0 , 0 . 1 , 0 .2 , 0 .3 , 0.4 and 

0.6ml of t h e BDH Chemica l s c o n c e n t r a t e d s t a n d a r d s o l u t i o n t o 100ml 

with w a t e r . 

Sample collection and erythrocyte separation 

A 4ml sample of who 1 e b l o o d was o b t a i n e d by v e n e p u n c t u r e and a 

2ml a l i q u o t was t r a n s f e r r e d t o a h e p a r i n i s e d t u b e f o r e r y t h r o c y t e 
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s e p a r a t i o n , and t h e r e m a i n i n g 2ml s ample was t r a n s f e r r e d to a t u b e 

con ta in ing EDTA f o r de te rmina t ion of whole blood copper. 

A f t e r c e n t r i f u g a t i o n of the hepar in i sed blood and removal of the 

p l a s m a , t h e red b l o o d e e l 1 s remai n ing were washed t h r e e t imes wi th 

0.9% V/V sodium c h l o r i d e . A f t e r the l a s t wash, a volume of the sodium 

c h l o r i d e s o l u t i o n approximate ly equal to the volume of red c e l l s was 

added. 

P r i o r t o a n a l y s i s , t h e s a m p l e s were f r o z e n a t -20°C and s u b s e -

quen t ly thawed to produce complete haemolysis of the red blood c e l l s . 

In t h i s way, homogenous samples were obta ined a f t e r d i l u t i o n . 

Stock blood sample 

A stock sample of whole blood was obtained by venepuncture from a 

h e a l t h y a d u l t and t r a n s f e r r e d to a s e r i e s of tubes conta in ing EDTA and 

s to red a t -20°C. A f u r t h e r sample of whole blood was taken to provide 

a stock suspension of red blood c e l l s and a l i q u o t s of t h i s were s tored 

a t -20°C in t r a c e - e l e m e n t - f r e e po lycarbonate tubes . 

Cell counting 

S t a n d a r d p r o c e d u r e s a c c o r d i n g to the manufac turer ' s i n s t r u c t i o n 

manual were used f o r t h e d e t e r m i n a t i o n of red c e l l c o u n t s on t h e 

e r y t h r o c y t e suspension samples. Cel l counts were performed p r i o r to 

f r e e z i n g of t h e samples. Dup l i ca t e d i l u t i o n s of each sample were made 

and the mean v a l u e was c a l c u l a t e d . This procedure gave a wi th in -ba tch 

c o e f f i c i e n t of v a r i a t i o n of 2.5% a t a l e v e l of 4.4 x 10^^ red c e l l s 

p e r l i t r e and a b e t w e e n - b a t c h c o e f f i c i e n t of v a r i a t i o n of 4.1% a t a 

l e v e l of 4.8 x 10^^ red c e l l s per l i t r e . 

Analysis of copper 

Working s t a n d a r d s o l u t i o n s c o n t a i n i n g 0 , 5 , 10 and 15 ymol 1 ' ^ 

copper and 0 , 10, 20 and 30 pmol 1"^ copper were used f o r the a n a l y s i s 

of copper in t h e e r y t h r o c y t e suspensions and whole blood r e s p e c t i v e l y . 

A c a l i b r a t i o n graph was prepared by d i l u t i n g lOOyl volumes of the 

stock whole blood sample 1 + 1 + 1 with Tr i ton X-lOO s o l u t i o n and each 

of t h e a p p r o p r i a t e s e r i e s of t h e w o r k i n g s t a n d a r d s o l u t i o n s . 

D u p l i c a t e 100%1 s a m p l e s of who le b l o o d were d i l u t e d wi th lOOpl of 

water and lOOpl of T r i t on X-100 s o l u t i o n . 

The atomic absorp t ion instrument was s e t up f o r the de te rmina t ion 

of copper according to the manufac turer ' s i n s t r u c t i o n manual. A f t e r 
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a d j u s t i n g t h e n e b u l i s e r u p t a k e r a t e t o a p p r o x i m a t e l y 8ml min"^ , 

d i l u t e d s tandards and samples were in t roduced in to t h e f lame by means 

of a PTFE smal l -vo lume sampling cup (Manning, 1975). This i n v o l v e d 

s u b s t i t u t i n g a smal 1 p l a s t i c cup f o r t h e s t a n d a r d c a p i l l a r y t u b i n g 

normal ly used and i n j e c t i n g lOOpl volumes of the d i l u t e d samples i n to 

the cup using an automatic p i p e t t e f i t t e d with p l a s t i c sampling t i p s . 

Water was added to the cup between samples to r i n s e away any c a r r y o v e r 

from the p rev ious sample. 

The c o p p e r c o n t e n t of t h e red b l o o d e e l 1 s u s p e n s i o n s was a l so 

determined as descr ibed f o r whole blood using the stock red blood c e l l 

s u s p e n s i o n f o r p r e p a r i n g t h e c a l i b r a t i o n g r a p h . I n t e r n a l q u a l i t y 

con t ro l samples were run with each batch of t e s t samples. 

Calculation 

The f o l l o w i n g equat ion was used to c a l c u l a t e t h e concen t ra t ion of 

c o p p e r in t h e red c e l l s and t o e x p r e s s t h e r e s u l t s in picomo 1 es p e r 

10® eel 1s. 

Concentrat ion of copper in 

Copper e r y t h r o c y t e suspension (pmol 1~^) X 10® 

(pmol per = 

10® c e l l s ) Number of red c e l l s in 

e r y t h r o c y t e suspension ( lO^^l"^) 

5.2.3 RESULTS AND DISCUSSION 

5.2.3.1 Development of the furnace programme for determination of 

copper in leucocyte digest samples 

Drying stage 

A s i m p l e s i n g l e s t a g e d r y i n g p r o c e d u r e was found s a t i s f a c t o r y . 

The sample was dr ied by i nc rea s ing the tempera ture of the fu rnace to 

120°C o v e r 60 seconds and m a i n t a i n i n g i t a t t h a t t e m p e r a t u r e f o r a 

f u r t h e r 20 seconds. 
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Ashing stage 

An a s h i n g s t a g e was i n c o r p o r a t e d i n t o t h e f u r n a c e programme t o 

des t roy t h e sample matr ix and decrease the p o s s i b i l i t y of the e f f e c t 

of absorp t ion i n t e r f e r e n c e s on copper s e n s i t i v i t y . The r e l a t i o n s h i p 

between t h e t e m p e r a t u r e used f o r a s h i n g and t h e a b s o r b a n c e v a l u e s 

obta ined during the a n a l y s i s of an aqueous s tandard sample in 5% V/V 

n i t r i c a c i d and a l e u c o c y t e d i g e s t s ample i s shown in F i g u r e 5 .1 . 

Absorbance readings f o r both samples remained cons tan t as the ashing 

tempera ture was var ied between 600°C and 900°C. Above 900°C, a l o s s 

in absorbance s ignal was noted which was a s soc i a t ed with copper l o s s e s 

from both samples during t h e ashing process . The tempera ture of t h e 

ashing s tage was t h e r e f o r e l im i t ed to 900°C. 

Atomisation 

Figure 5.1 a l s o shows t h e r e l a t i o n s h i p between the tempera ture of 

t h e a t o m i s a t i o n s t a g e and t h e a b s o r b a n c e s i g n a l found d u r i n g t h e 

a n a l y s i s of an aqueous s t a n d a r d sample in 5% V/V n i t r i c a c i d and a 

l eucocy te d i g e s t sample. P r o g r e s s i v e l y l a r g e r amounts of copper were 

a t o m i s e d as t h e t e m p e r a t u r e was i n c r e a s e d from 1700°C t o 2500°C. 

Temperatures g r e a t e r than 2500°C did not r e s u l t in f u r t h e r i n c r e a s e s 

in a b s o r b a n c e s i n d i c a t i n g t h a t a l l of t h e c o p p e r p r e s e n t in bo th 

samples was atomised under these cond i t i ons . A tempera ture of 2500°C 

was t h e r e f o r e s e l e c t e d to e n s u r e c o m p l e t e a t o m i s a t i o n of s a m p l e s 

during r o u t i n e a n a l y s i s . 

Internal gas flow-rate 

The c o r r e l a t i o n between s e n s i t i v i t y and i n t e r n a l purge argon f low 

f o r copper was i n v e s t i g a t e d . A t h r e e f o l d v a r i a t i o n in s e n s i t i v i t y was 

obta ined when the i n t e r n a l gas f l o w - r a t e was var ied wi th in the range 

of 0-300 ml min ' l (Figure 5.2). A s e t t i n g of 20ml min"^ was s e l e c t e d 

to ob ta in good s e n s i t i v i t y . 

5.2.3.2 E v a l u a t i o n of the methods used for determination o f 

zinc, copper and selenium in leucocyte digest samples 

5.2.3.2.1 Calibration 

C a l i b r a t i o n g r a p h s u s ing aqueous s t a n d a r d s were l i n e a r o v e r t h e 
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o p e r a t i n g concen t r a t i on ranges . The e f f e c t of matr ix i n t e r f e r e n c e on 

a n a l y t e s e n s i t i v i t y was i n v e s t i g a t e d f o r z inc , copper and selenium. 

Zinc 

A 45ml b l o o d sample was wi thdrawn f r o m each of 6 h e a l t h y 

s u b j e c t s , and was d iv ided in to t h r e e a l i q u o t s of 15ml which underwent 

t h e s e p a r a t i o n p r o c e s s . The t h r e e d i g e s t s a m p l e s o b t a i n e d were 

combined to g i v e the requi red volume (5.4ml) f o r the i n v e s t i g a t i o n . A 

s e r i e s of working zinc s tandard s o l u t i o n s was prepared con ta in ing 0, 

10, 20 , 30 , 40 , and 50 ymol 1"^ of z i n c in 5 % V/V n i t r i c a c i d . 50yl 

po r t ions of each working s tandard s o l u t i o n were added to 450pl of 5% 

V/V nitric acid (a) and to 450^1 of each of the 6 digest s o l u t i o n s 

( b , c , d , e , f , g ) . Zinc d e t e r m i n a t i o n s were c a r r i e d o u t on d u p l i c a t e 

d i l u t i o n s as p r e v i o u s l y descr ibed . 

Copper 

A 15ml b l o o d sample was wi thdrawn from each of 6 h e a l t h y 

s u b j e c t s . Each b l o o d sample underwent t h e s e p a r a t i o n p r o c e s s and 6 

s e p a r a t e d i g e s t s o l u t i o n s were ob ta ined . A s e r i e s of working s tandard 

s o l u t i o n s was prepared con ta in ing 0,2,4,6 and 8 pmol 1"^ of copper in 

5% V/V n i t r i c a c i d . 2 0 % 1 p o r t i o n s of each work ing coppe r s t a n d a r d 

solution were added to 180^1 of 5% V/V nitric acid (a) and to ISOpl of 

each of t h e 6 d i g e s t s o l u t i o n s ( b , c , d , e , f , g ) . Copper d e t e r m i n a t i o n s 

were c a r r i e d out on d u p l i c a t e d i l u t i o n s as p r e v i o u s l y desc r ibed . 

Selenium 

Six i n d i v i d u a l d i g e s t s a m p l e s were o b t a i n e d in t h e same way as 

previously described for zinc. A series of working selenium standard 

s o l u t i o n s was prepared containing 0, 0.13, 0.25, 0.38, 0.51 and 0.63 

wmol 1-1 of selenium (0,10,20,30,40 and 50 wgl-l respectively) in 5% 

V/V n i t r i c ac id . 50^1 po r t ions of each working s tandard s o l u t i o n were 

added to 450pl of S% V/V n i t r i c acid (a) and to 450pl of each of the 6 

d i g e s t s o l u t i o n s ( b , c , d , e , f , g ) . D u p l i c a t e d i l u t i o n s were performed. 

The s a m p l e s t h e n u n d e r w e n t s a m p l e o x i d a t i o n and s u b s e q u e n t 

de te rmina t ion of selenium as p r e v i o u s l y descr ibed . 

For z i n c , copper and selenium, the c a l i b r a t i o n graphs obta ined by 

s tandard a d d i t i o n s to the l eucocyte d i g e s t samples were p a r a l l e l with 
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t h o s e o b t a i n e d f r o m t h e aqueous s t a n d a r d s ( F i g u r e s 5 .3 , 5.4 and 5.5 

r e s p e c t i v e l y ) , i n d i c a t i n g t h e absence of any s i g n i f i c a n t matr ix e f f e c t 

upon a n a l y t e s e n s i t i v i t y . 

5.2.3.2.2 Precision 

The w i t h i n - and b e t w e e n - b a t c h p r e c i s i o n s of a n a l y s i s f o r z inc , 

copper and selenium in l eucocy te d i g e s t samples a re shown in Tables 

5 .1 I I , 5.IV and 5.V r e s p e c t i v e l y . The between-batch c o e f f i c i e n t s of 

v a r i a t i o n were obta ined from de te rmina t ions on 10 d i f f e r e n t days o v e r 

a p e r i o d of 3 months . W i t h i n - and b e t w e e n - b a t c h c o e f f i c i e n t s of 

v a r i a t i o n were 3.5 and 3.8% f o r c o n c e n t r a t i o n s of z i n c of 2.3 and 4.0 

pmol 1"^ r e s p e c t i v e l y in t h e d i g e s t samples (57 and 124 pmol per 10® 

c e l l s r e s p e c t i v e l y ) , 2.3 and 4.6% f o r concen t r a t i ons of copper of 0.47 

and 0.39 ymol 1"^ r e s p e c t i v e l y in t h e d i g e s t s a m p l e s (14.2 and 11.9 

pmol per 10® c e l l s r e s p e c t i v e l y ) and 4.3 and 5.9% f o r concen t r a t ions 

of selenium of 29 and 41 nmol 1 r e s p e c t i v e l y in the d i g e s t samples 

(1.3 and 1.9 pmol per 10® c e l l s r e s p e c t i v e l y ) . 

5.2.3.2.3 Detection limit 

The l i m i t s of d e t e c t i o n g i v e n as t h r e e t i m e s t h e s t a n d a r d 

d e v i a t i o n of ten r e p l i c a t e b lank de te rmina t ions were 0.14 umol 1"^ f o r 

z i n c , 0.006 pmol 1"^ f o r c o p p e r and 1.85 nmol 1"^ (0.15 ug 1"^) f o r 

s e l e n i u m . These were e q u i v a l e n t t o c o n c e n t r a t i o n s of 5.8 pmol of 

z i n c , 0.25 pmol of c o p p e r and 0.080 pmol (6.3pg) of s e l e n i u m p e r 10® 

white c e l l s f o r a l eucocy te p repa ra t i on con ta in ing 24 x 10^ 1"^ white 

c e l l s . 

5J2.3.3 Validation of ashing procedure used for digestion of selenium 

in leucocytes 

The sample ox ida t ion procedure descr ibed in the present chap te r 

f o r d i g e s t i o n of selenium in l eucocy te s was performed as proposed by 

L loyd e t a l (1982) . T h i s g roup r e p o r t e d t h a t t h e use of n i t r i c a c i d 

a l o n e f o r o x i d a t i o n of s e l e n i u m in p lasma and red c e l l s was 

u n s a t i s f a c t o r y as e x c e s s i v e f r o t h i n g of the r eac t ion mixture occurred 

during the add i t ion of sodium t e t r a h y d r o b o r a t e (111) s o l u t i o n . In the 

same s t u d y a m i x t u r e of n i t r i c and s u l p h u r i c a c i d s gave a more 
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TABLE 5.Ill 

PRECISION OF ZINC DETERMINATIONS OF LEUCOCYTE DIGEST SAMPLES 

Parameter Within-batch Between-batch 

Number of ana lyses 10 10 

Mean concen t r a t ion of Zn pmol -1 2.3 4.0 

Range umol 1"^ 2.2-2.4 3.8-4.2 

Standard dev i a t i on pmol 1 '^ 0.08 0.15 

C o e f f i c i e n t of v a r i a t i o n % 3.5 3.8 

TABLE 5.IV 

PRECISION OF COPPER DETERMINATIONS OF LEUCOCYTE DIGEST SAMPLES 

Parameter Wi thin-batch Between-batch 

Number of ana lyses 10 10 

Mean concen t r a t i on of Cu umol" -1 0.47 0.39 

Range pmol 1"^ 0.45-0.48 0.36-0.41 

Standard dev i a t i on pmol 1 0.011 0.018 

C o e f f i c i e n t of v a r i a t i o n % 2.3 4.6 

TABLE 5.V 

PRECISION OF SELENIUM DETERMINATIONS OF LEUCOCYTE DIGEST SAMPLES 

Parameter Withln-batch Between-batch 

Number of ana lyses 10 10 

Mean concen t r a t i on of Se nmol 1-1* 29 41 

Range nmol 1"^* 28-32 38-44 

Standard d e v i a t i o n nmol 1"^* 1.27 2.40 

C o e f f i c i e n t of v a r i a t i o n % 4 . 3 5.9 

Concent ra t ions of selenium converted t o nmol-1 from yg 1"^ a f t e r 

c a l c u l a t i o n of p r ec i s i on v a l u e s . 
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e f f i c e n t o x i d a t i o n of t h e s amp le s and min imised f r o t h i n g of t h e 

s a m p l e s during the reduc t ion s tage . In t h e p resen t study t h e r e f o r e , 

t he l eucocy te d i g e s t samples which had been d iges ted with n i t r i c acid 

a l o n e underwent a f u r t h e r a s h i n g p r o c e d u r e wi th a n i t r i c - s u l p h u r i c 

a c i d m i x t u r e as d e s c r i b e d . A1 1 of t h e o x i d i s e d s a m p l e s were h e a t e d 

w i th 5M h y d r o c h l o r i c a c i d p r i o r to a n a l y s i s in o r d e r t o r e d u c e any 

selenium (VI) p resen t to selenium (IV). 

In o r d e r t o v a l i d a t e t h i s a s h i n g p r o c e d u r e , i t was d e c i d e d t o 

compare v a l u e s obta ined using the present method with those obta ined 

using a p e r c h l o r i c acid d i g e s t i o n s tage . At the t ime t h i s comparison 

was under taken, i t was p o s s i b l e to ob ta in 5 s epa ra t e pooled samples of 

t h e r e q u i r e d volume (4ml) by combining d i g e s t s amp le s t h a t were 

remaining from a p rev ious s tudy. The exact procedure was as f o l l o w s : 

a vo lume (1.5ml) of each l e u c o c y t e d i g e s t s ample was p l a c e d i n t o 

Tecator K j e l d a h l d i g e s t i o n f l a s k s and 5m1 of 16M n i t r i c acid added. 

The f l a s k s were p laced in to a Tecator d ige s t i on block f i t t e d with an 

exhaust system. The tempera ture was r a i sed over a period of 15min to 

140°C and he ld a t t h i s l e v e l f o r 25 min. A f t e r a l l owing the f l a s k s t o 

c o o l , 2.5ml of 18M s u l p h u r i c acid and 1ml of 11.6M p e r c h l o r i c acid was 

added . The f l a s k s were r e t u r n e d t o t h e d i g e s t i o n b l o c k and t h e 

t e m p e r a t u r e r a i s e d t o 140^0 o v e r a p e r i o d of 15 min and h e l d a t t h i s 

l e v e l f o r 15 min. The tempera ture was f u r t h e r increased to 205°C ove r 

a p e r i o d of 15 min and k e p t a t t h i s l e v e l u n t i l t h e c o n t e n t s of t h e 

f l a s k s had reduced in volume to approximately 3.5ml. Af t e r a l l owing 

t h e f l a s k s t o c o o l , 30ml of 5M h y d r o c h l o r i c a c i d was added and t h e 

f l a s k s were h e a t e d a t 95°C f o r 30 min. A f t e r t h e f l ask c o n t e n t s had 

c o o l e d , t h e y were d i l u t e d to 60ml , and 20ml a l i q u o t s were t a k e n f o r 

selenium a n a l y s i s . Dup l i ca t e de te rmina t ions by both ashing procedures 

were performed. 

An e x c e l l e n t ag reement ( r = 0.99) between t h e two sample 

ox ida t i on procedures was obtained (Figure 5.6) thereby v a l i d a t i n g the 

procedure used in the present study. As the samples were pooled , i t 

was not p o s s i b l e to p resen t the data as concen t ra t ion of selenium per 

number of white c e l l s . 

5.2.3.4 Reproducibility of the procedures used for measurement of 

zinc, copper and selenium in leucocytes 

To a s s e s s the o v e r a l l p rec i s ion of i s o l a t i o n and d i g e s t i o n of t h e 
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w h i t e c e l l s and a n a l y s i s of t h e d i g e s t s ample f o r z i n c , c o p p e r and 

s e l e n i u m , a 45ml b l o o d sample was t a k e n from each of 2 h e a l t h y 

s u b j e c t s (A,B) and t h e s a m p l e s were d i v i d e d i n t o 3 a l i q u o t s of 15ml 

( 1 , 2 , 3 ) . Each a l i q u o t was s u b j e c t e d t o l e u c o c y t e s e p a r a t i o n and t o 

the de te rmina t ion of z inc , copper and selenium in t h e white c e l l s as 

p r e v i o u s l y described. The r e s u l t s (Table 5.VI) show that the 

c o e f f i c i e n t of v a r i a t i o n of t h e whole method was wi th in the range of 

3.6 - 4.2% f o r z i n c , 3 .4 - 5.1% f o r c o p p e r and 5.9 - 6.8% f o r 

selenium. 

5.2.3.5 Evaluation of the method used for determination of copper in 

erythrocytes and whole blood 

Calibration 

The e f f e c t of m a t r i x i n t e r f e r e n c e on a n a l y t e s e n s i t i v i t y was 

i n v e s t i g a t e d . Blood samples were obta ined from 5 h e a l t h y s u b j e c t s and 

processed as previously described. Duplicate 100^1 aliquots of whole 

b l o o d and e r y t h r o c y t e s u s p e n s i o n s were d i l u t e d w i th lOOul vo lumes 

each of t h e working s t a n d a r d s o l u t i o n s c o n t a i n i n g 0 , 1 0 , 2 0 , 3 0 and 

0,5,10,15 pmol 1"^ copper r e s p e c t i v e l y , and lOOyl volumes of Tr i ton 

X-100 s o l u t i o n . Aqueous s tandard s o l u t i o n s were prepared by d i l u t i n g 

d u p l i c a t e lOOyl vo lumes of each of t h e s e r i e s of working s t a n d a r d 

s o l u t i o n s with lOOpl volumes of water and lOOyl volumes of Tr i ton X-

100 s o l u t i o n . 

The c a l i b r a t i o n g r a p h s o b t a i n e d by s t a n d a r d a d d i t i o n s t o t h e 

whole blood samples were p a r a l l e l with each o t h e r , but not with the 

c a l i b r a t i o n graph obta ined from the aqueous s t andards . (Figure 5.7). 

S i m i l a r f i n d i n g s were observed f o r the c a l i b r a t i o n graphs obta ined by 

s tandard add i t i ons to the e r y t h r o c y t e suspension samples and from t h e 

aqueous s tandard s o l u t i o n s (Figure 5.8). Al l c a l i b r a t i o n graphs were 

l i n e a r over the ope ra t i ng concen t r a t i on ranges. 

Precision 

The wi th in - and between-batch p r e c i s i o n s of ana lyses f o r copper 

in whole blood and e r y t h r o c y t e suspension samples a re shown in Tab les 

5 .VII and 5 . V I I I r e s p e c t i v e l y . The b e t w e e n - b a t c h c o e f f i c i e n t s of 

v a r i a t i o n were obta ined from de te rmina t ions on 10 d i f f e r e n t days o v e r 

a p e r i o d of 3 months . W i t h i n - and b e t w e e n - b a t c h c o e f f i c i e n t s of 

v a r i a t i o n were 2.6 and 4.1% f o r c o n c e n t r a t i o n s of c o p p e r of 12.6 and 
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TABLE 5.VI 

REPRODUCIBILITY OF THE PROCEDURES USED FOR MEASUREMENT OF ZINC, 

COPPER AND SELENIUM IN LEUCOCYTES 

Subject Aliquot 

Concentration per 10® cells 

Zinc 

pmol 

Copper 

pmol 

Selenium 
.* 

pmol 

A 

A 

A 

1 

2 

3 

120 

129 

124 

20.8 

21.7 

20.3 

1.70 

1.83 

1.63 

Mean 

C o e f f i c i e n t of v a r i a t i o n % 

124 

3.6 

20.9 

3.4 

1.72 

5.9 

B 

B 

B 

1 

2 

3 

91 

99 

96 

14.2 

15.2 

15.7 

1.18 

1.25 

1.35 

Mean 

C o e f f i c i e n t of v a r i a t i o n % 

95 

4.2 

15.0 

5.1 

1.26 

6.8 

Concent ra t ions of selenium converted t o pmol from pg a f t e r 

c a l c u l a t i o n of p r e c i s i o n va lues . 
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TABLE 5.VII 

PRECISION OF COPPER DETERMINATIONS OF WHOLE BLOOD SAMPLES 

Parameter Within-batch Between-batch 

Number of analyses 10 10 

Mean concen t r a t ion of Cu pmol 1"^ 12.6 11.3 

Range wmol l"* 12.2-13.0 10.8-11.9 

Standard dev ia t ion ymol 0 .33 0.46 

C o e f f i c i e n t of v a r i a t i o n % 2.6 4 .1 

TABLE 5.VIII 

PRECISION OF COPPER DETERMINATIONS OF ERYTHROCYTE SUSPENSION SAMPLES 

Parameter Within-batch Between-batch 

Number of an iayses 10 10 

Mean concen t r a t ion of Cu pmol 1"^ 5 .1 4.6 

Range wmol 1"^ 4 . 8 - 5 . 3 4 . 1 - 5 . 0 

Standard dev ia t ion umol 1"^ 0.18 0.27 

C o e f f i c i e n t of v a r i a t i o n % 3 .5 5.9 
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11.3 wmol r e s p e c t i v e l y in whole b l o o d s a m p l e s , and 3.5 and 5.9% 

f o r c o n c e n t r a t i o n s o f c o p p e r o f 5 .1 and 4.6 pmol 1 ' ^ i n t h e 

e r y t h r o c y t e s u s p e n s i o n s a m p l e s (1.15 and 1.26 pmol pe r 10® c e l l s 

r e s p e c t i v e l y ) . 

Detection limit 

The l i m i t s of d e t e c t i o n g i v e n as t h r e e t i m e s t h e s t a n d a r d 

d e v i a t i o n of t e n r e p l i c a t e b l a n k d e t e r m i n a t i o n s were 0.96 and 0.51 

pmol 1"^ of c o p p e r f o r who le b l o o d and e r y t h r o c y t e s r e s p e c t i v e l y . 

This l a t t e r va lue was e q u i v a l e n t to a concen t ra t ion of copper of 0.11 

pmol per 10® red c e l l s f o r an e r y t h r o c y t e suspension conta in ing 

4.7 X 10^2 1" ! red c e l l s . 

5.3 ESTABLISHED METHODOLOGY USED FOR TRACE ELEMENT ANALYSIS IN THE 

PRESENT STUDY 

U n l e s s o t h e r w i s e s t a t e d , r e a g e n t s were Analar or A r i s t a r grade 

m a t e r i a l s (BDH C h e m i c a l s L t d . ) . A l l g l a s s w a r e was c l e a n e d as 

p r e v i o u s l y desc r ibed . De- ionised d i s t i l l e d water was used throughout . 

The t u b e s f o r b l o o d c o l l e c t i o n were as d e s c r i b e d in t h e p r e v i o u s 

s e c t i o n s . 

5.3.1 DETERMINATION OF ZINC AND COPPER IN PLASMA 

The method used was based on t h a t d e s c r i b e d by Meret and Henkin 

(1971) . Plasma s a m p l e s were o b t a i n e d from h e p a r i n i s e d b l o o d . 

Determinat ion of z inc and copper was c a r r i e d ou t u s i n g f l a m e - a t o m i c 

a b s o r p t i o n spect rophotometry . 

Reagents 

Zinc c h l o r i d e s tandard s o l u t i o n con ta in ing 5mmol 1~^ of zinc 

Copper (11) c h l o r i d e s tandard s o l u t i o n con ta in ing 5mmol 1"^ of 

copper 

Butan - l - o l , 6% V/V aqueous s o l u t i o n 

Hydrochloric a c i d , 12M 

Procedure 

A combined zinc and copper stock s tandard s o l u t i o n conta in ing 200 

umol 1 " ! of z i n c and c o p p e r in 0.5M (5% V/V) h y d r o c h l o r i c a c i d was 
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prepared from the BDH Chemicals concent ra ted s tandard s o l u t i o n s . The 

stock s tandard s o l u t i o n was then d i l u t e d to g ive a s e r i e s of working 

s tandard s o l u t i o n s con ta in ing 0,5,10,20,30 and 40 pmol 1"^ of z inc and 

copper in 0.05M (0.5% V/V) hyd roch lo r i c ac id . 

D u p l i c a t e 200yl volumes of each plasma sample were d i l u t e d with 

1.8ml of b u t a n - l - o l d i l u e n t and mixed. A c a l i b r a t i o n graph was 

ob ta ined by d i l u t i n g each of t h e working s tandard s o l u t i o n s in e x a c t l y 

the same way as the samples. 

S t a n d a r d s and s a m p l e s were d i r e c t l y a s p i r a t e d i n t o t h e f l a m e . 

I n t e r n a l q u a l i t y con t ro l samples were included in each run. 

P r e c i s i o n 

The between-batch c o e f f i c i e n t s of v a r i a t i o n were 3.1% f o r plasma 

z i n c a n a l y s i s a t a c o n c e n t r a t i o n of 12.9 ymol 1"^ of z i n c , and 3.9% 

f o r p l a sma c o p p e r a n a l y s i s a t a c o n c e n t r a t i o n of 16.2 umol 1"^ of 

copper . 

5 . 3 . 2 DETERMINATION OF ZINC IN ERYTHROCYTES AND WHOLE BLOOD 

The concen t r a t i on of z inc was measured in e ry th rocy t e s and whole 

blood using a d i r e c t d i l u t i o n procedure and f lame-atomic absorp t ion 

spectrophotometry (Method obta ined from H.T. De lves ) . 

Reagents 

Zinc c h l o r i d e s tandard s o l u t i o n con ta in ing 5mmol 1"^ of z inc 

B u t a n - l - o l , 6% V/V aqueous s o l u t i o n 

Procedure 

The BDH Chemicals concen t ra ted zinc s tandard s o l u t i o n was d i l u t e d 

with water to g ive working s tandard s o l u t i o n s con ta in ing 0,50,100 and 

150 pmol 1 o f z inc . 

C o l l e c t i o n of b lood , s epa ra t i on and count ing of e r y t h r o c y t e s were 

p e r f o r m e d as d e s c r i b e d in t h e p r e v i o u s s e c t i o n . A s t o c k sample of 

who le b l o o d and a s t o c k s u s p e n s i o n of red b l o o d c e l l s were a l s o 

obta ined as p r e v i o u s l y desc r ibed . Before zinc a n a l y s i s the samples 

were f rozen a t -20°C and then thawed. 

A c a l i b r a t i o n graph was p r e p a r e d u s i n g 40pl vo l umes of each of 

t h e working s tandard s o l u t i o n s + 40pl of the s tock whole blood sample 

+ 1ml of b u t a n - l - o l t o g ive a l + 2 6 d i l u t i o n . 40pl a l i q u o t s of whole 

76 



blood were added to 40yl of water and 1ml of b u t a n - l - o l . Samples and 

s t andards were then d i r e c t l y a s p i r a t e d in to the f lame. 

The z i n c c o n c e n t r a t i o n s of red b l o o d c e l l s u s p e n s i o n s were 

s i m i l a r l y determined, except t h a t the stock red blood c e l l suspension 

was used f o r prepar ing the c a l i b r a t i o n graph. 

I n t e r n a l q u a l i t y con t ro l samples were run with each batch of t e s t 

samples. 

P r e c i s i o n 

The method gave a between-batch c o e f f i c i e n t of v a r i a t i o n of 2.1% 

and 2.6% at a concen t r a t ion of zinc of 114 pmol 1"^ in whole blood and 

85 pmol 1""^ (18.4 pmol p e r 10® c e l l s ) in e r y t h r o c y t e s u s p e n s i o n 

samples r e s p e c t i v e l y . 

5 . 3 . 3 DETERMINATION OF SELENIUM IN PLASMA AND WHOLE BLOOD 

Hydride genera t ion fo l lowed by a tomic a b s o r p t i o n s p e c t r o p h o t o -

me t ry was used t o d e t e r m i n e t h e c o n c e n t r a t i o n of s e l e n i u m in lOOvil 

vo lumes of p lasma and whole b l o o d f o l l o w i n g a c i d d i g e s t i o n of t h e 

samples (Lloyd e t a l , 1982). 

In s t rumen ta t ion 

A P e r k i n - E l m e r MHS 20 h y d r i d e g e n e r a t i o n sys tem was used f o r 

h y d r i d e g e n e r a t i o n . I n s t r u m e n t a l s e t t i n g s f o r t h i s were: t u b e 

tempera ture 900°C, purge 1 (argon) 42s, purge 11 (argon) 30s, r e a c t i o n 

t ime 10s, and r eac t ion volume 20ml. 

Reagents 

Selenous acid s tandard s o l u t i o n con ta in ing 12.7 pmol 1 

(Img m l ' l ) of selenium 

Hydrochloric a c i d , 6M 

Sulphur ic a c i d , 4.5M 

N i t r i c a c i d , 16M 

Sodium hydroxide s o l u t i o n , 0.25M 

Sodium t e t r a h y d r o b o r a t e (111), 6% m/V s o l u t i o n in 0.25M sodium 

hydroxide so lu t i on 

Antifoam emulsion DB llOA (Dow Corning) , 1% V/V aqueous s o l u t i o n 
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Procedure 

The b l o o d col l e c t i o n t u b e s were t h e same as t h o s e d e s c r i b e d in 

p rev ious s e c t i o n s . Plasma samples o b t a i n e d from h e p a r i n i s e d b l o o d , 

and who le b l o o d s a m p l e s c o n t a i n i n g EDTA were used f o r a n a l y s i s of 

se lenium. 

D u p l i c a t e lOOyl p o r t i o n s of p lasma and whole b lood were 

t r a n s f e r r e d in to b o r o s i l i c a t e g l a s s tubes . A f t e r add i t ion of 1ml of 

4.5M s u l p h u r i c acid and 1ml of 16M n i t r i c a c id , the tubes were heated 

in a lumin ium b l o c k s (Techne D r i - b l o c k h e a t e r , model DB 3H) a t 155°C 

f o r 60 min. The tubes were then a l lowed to cool to room tempera ture . 

A f t e r a d d i t i o n of 2m 1 of 6M hydroch lo r i c ac id , t he tubes were heated 

a t 95°C f o r 30 min and t h e n a l l o w e d t o c o o l . The c o n t e n t s were 

t r a n s f e r r e d q u a n t i t a t i v e l y in to the r eac t ion v e s s e l s and d i l u t e d to a 

f i n a l volume of 20ml w i th w a t e r . lOOyl a l i q u o t s of t h e a n t i f o a m 

s o l u t i o n were f i n a l l y added. 

A stock s tandard s o l u t i o n con ta in ing 127 pmol 1 ( 1 0 mg ml~^) of 

s e l e n i u m in 0.16M (1% V/V) n i t r i c a c i d was p r e p a r e d from t h e BDH 

Chemicals concent ra ted s tandard s o l u t i o n . This was d i l u t e d to g ive a 

s e r i e s of working s t a n d a r d s o l u t i o n s c o n t a i n i n g 0 , 0 . 6 , 1 .3 , 1 .9 , 2.5 

and 3.2 pmol 1"^ ( 0 , 5 0 , 1 0 0 , 1 5 0 , 2 0 0 and 250 pg 1"^ r e s p e c t i v e l y ) of 

selenium in 0.16M (1% V/V) n i t r i c ac id . 

A c a l i b r a t ion graph was e s t a b l i s h e d by add ing d u p l i c a t e lOOyl 

volumes of the selenium working s tandard s o l u t i o n s to r eac t ion v e s s e l s 

c o n t a i n i n g 1ml of 16M n i t r i c a c i d , 1ml of 4.5M s u l p h u r i c acid and 2m 1 

of 6M h y d r o c h l o r i c ac id . These were d i l u t e d to a f i n a l volume of 20ml 

with water and lOOpl p o r t i o n s of ant ifoam s o l u t i o n were added. 

Samples were analysed in d u p l i c a t e and i n t e r n a l q u a l i t y con t ro l 

samples were inc luded in each run. The selenium concen t r a t i ons were 

c a l c u l a t e d from the i n t e g r a t e d absorbance v a l u e s ( i n t e g r a t e d peak area 

20s) and the c a l i b r a t i o n graphs. 

P r e c i s i o n 

The b e t w e e n - b a t c h c o e f f i c i e n t of v a r i a t i o n was 4.9% f o r bo th 

plasma and whole blood a n a l y s i s a t concen t r a t i ons of selenium of 1.4 

umol 1"^ (112yg 1"^) and 1.7 pmol 1"^ (133pg 1~^) r e s p e c t i v e l y . 
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53 .4 DETERMINATION OF SELENIUM IN FLUIDS USED FOR TOTAL PARENTERAL 

NUTRITION (TPN) 

Samples were d iges ted with a n i t r i c : s u l p h u r i c acid mixture , p r i o r 

to selenium de te rmina t ion , as descr ibed by Bunker and Delves (1987). 

These i n v e s t i g a t o r s d e m o n s t r a t e d t h a t a m i x t u r e of n i t r i c and 

s u l p h u r i c a c i d s was s u i t a b l e f o r t h e d i g e s t i o n of c o m p o s i t e d i e t , 

f a e c a l and u r i n e s a m p l e s and s t a n d a r d r e f e r e n c e m a t e r i a l s p r e p a r e d 

from bovine l i v e r , r i c e f l o u r , wheat f l o u r and horse kidney. Selenium 

was measured in t h e d i g e s t e d s amp le s by t h e method d e s c r i b e d in 

s e c t i o n 5 .3 .3 . 

Diges t ion procedure 

D u p l i c a t e 5g amounts of t h e TPN f l u i d s were weighed i n t o 50ml 

g l a s s conica l f l a s k s and 15ml of a concen t ra ted n i t r i c acid (16M): 

s u l p h u r i c acid (18M) mixture (1:1) added. When t h e i n i t i a l r e a c t i o n 

s u b s i d e d , s amples were g e n t l y mixed and l e f t f o r a p p r o x i m a t e l y 20 

hours t o p r e d i g e s t . A f t e r mix ing t h o r o u g h l y , t r i p l i c a t e a l i q u o t s 

(1ml) of t h e chemica l homogenate were t r a n s f e r r e d t o b o r o s i 1 i c a t e 

g l a s s tubes and 2m 1 of the acid mixture added. The tubes were heated 

in a d ry b l o c k a t 150°C f o r t h r e e h o u r s , c o o l e d and 2ml of 6M HCl 

added . The t u b e s were h e a t e d a t 95°C f o r 30 min, c o o l e d and t h e 

c o n t e n t s t r a n s f e r r e d t o r e a c t i o n v e s s e l s and d i l u t e d t o 20ml f o r 

subsequent a n a l y s i s of selenium. A c a l i b r a t i o n graph was prepared by 

t r a n s f e r r i n g lOOul volumes of the selenium working s tandard s o l u t i o n s 

d e s c r i b e d in s e c t i o n 5.3.3 i n t o t e s t t u b e s and add ing 3ml of t h e 

n i t r i c r s u l p h u r i c acid mixture . T h e r e a f t e r t h e tubes were t r e a t e d as 

f o r the sample ashing procedure descr ibed above. 

P r e c i s i o n 

The wi th in -ba tch c o e f f i c i e n t of v a r i a t i o n was 2.6%. 

5 .4 STATISTICAL PROCEDURES USED IN THIS THESIS 

The s c a t t e r of r e s u l t s o b t a i n e d from t h e h e a l t h y men and women 

v o l u n t e e r s (Chapter 6) was v i s u a l l y examined to a s s e s s t h e i r c l o s e n e s s 

t o a Normal d i s t r i b u t i o n . D a t a t h a t d e m o n s t r a t e d a skewed 

d i s t r i b u t i o n were sub jec ted to l oga r i t hmic t r a n s f o r m a t i o n to ach ieve 

approximate Normali ty. 
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Comparison of more t h a n two s amp le s of d a t a was pe r fo rmed by a 

two-way a n a l y s i s of v a r i a n c e t e s t . Data s e t s c o n s i s t i n g of two 

samples were compared using Student ' s pai red o r unpaired t - t e s t s , o r 

by the Mann-Whitney U- tes t o r t h e Wilcoxon matched-pa i rs s igned- ranks 

t e s t in i n s t ances where t h e data was not regarded as having come from 

an a p p r o x i m a t e l y Normal d i s t r i b u t i o n . The a s s o c i a t i o n between 

v a r i a b l e s was a s s e s s e d by c a l c u l a t i o n of P e a r s o n ' s p roduc t -moment 

c o r r e l a t i o n c o e f f i c i e n t ( r ) , o r S p e a r m a n ' s r a n k c o r r e l a t i o n 

c o e f f i c i e n t (r^) in s i t u a t i o n s where e i t h e r of t h e v a r i a b l e s was not 

drawn from an approximately Normal d i s t r i b u t i o n . M u l t i p l e r eg re s s ion 

a n a l y s i s was used t o a s s e s s r e l a t i o n s h i p s between more t h a n two 

v a r i a b l e s . R e g r e s s i o n l i n e s were o b t a i n e d by means of l i n e a r 

r eg ress ion a n a l y s i s . 

Data a r e g i v e n in t h i s t h e s i s as a r i t h m e t i c mean ± 1 s t a n d a r d 

d e v i a t i o n u n l e s s o t h e r w i s e s t a t e d . The l o g t r a n s f o r m e d means were 

used to c a l c u l a t e the geometric means, and the i n t e r q u a r t i l e d i s t a n c e 

i s a l s o g i v e n wi th t h i s v a l u e . In t h e s e i n s t a n c e s , t h e a r i t h m e t i c 

mean ± 1 s t a n d a r d d e v i a t i o n i s a l s o g i v e n , where a p p r o p r i a t e , t o 

f a c i l i t a t e comparison with o t h e r publ i shed work. 

Where t h e means of two s e t s of d a t a a r e shown, f o r c o m p a r a t i v e 

purposes , 95% conf idence i n t e r v a l s (CI) f o r t h e d i f f e r e n c e s between 

a r i t h m e t i c means, o r f o r t h e r a t i o of g e o m e t r i c means a r e g i v e n . In 

i n s t a n c e s of matched d a t a c o m p a r i s o n s , when d a t a was r e g a r d e d as 

having come from an approximately Normal d i s t r i b u t i o n , 95% conf idence 

i n t e r v a l s f o r the mean of the i n d i v i d u a l s u b j e c t - s u b j e c t d i f f e r e n c e s 

a r e shown. 

5 . 4 . 1 METHODS OF CALCULATING CONFIDENCE INTERVALS (CI) 

5 . 4 . 1 . 1 Unpaired Case 

5 . 4 . 1 . 1 . 1 Normal da ta 

In t h e f o l l owing exampl e , x^ and X2 a r e t h e two sample means, s^ and 

$2 t h e c o r r e s p o n d i n g s t a n d a r d d e v i a t i o n s , and n^ and ng t h e s a m p l e 

s i z e s . 
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F i r s t l y , a ' p o o l e d ' e s t i m a t e of t h e s t a n d a r d d e v i a t i o n i s 

obta ined by t h e f o l l o w i n g c a l c u l a t i o n : 

(n^ - l ) s ^ ^ + (n2 - l ) s 2 ^ 
s = ' 

n̂^ + n2 - 2 

From t h i s , t h e s t a n d a r d e r r o r of t h e d i f f e r e n c e between two s a m p l e 

means i s ; 

sEd i f f = s r y + J. 

T "1 n 2 

The conf idence i n t e r v a l i s t hen : 

- ^2 - ( t X to Xj - X2 + ( t X 

where t i s the v a l u e from a t - t a b l e with + n2 - 2 degrees of 

freedom, corresponding t o 95% con f idence . 

Worked example 

Plasma zinc l e v e l s were measured in 25 p a t i e n t s with malabsorp-

t i o n and 40 h e a l t h y con t ro l s u b j e c t s . The plasma zinc l e v e l s were 9.0 

umol 1 ' ^ (SO 2.0) f o r t h e p a t i e n t group and 13.0 pmol 1"^ (SO 1.8) f o r 

the con t ro l s u b j e c t s . 

Using the formula g iven above t h e pooled e s t ima te of the s tandard 

d e v i a t i o n i s : 

(24 X 2 .02) + (39 x l . S ? ) 

s = ^ / = 1 . 9 pmol 1 

63 
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and the s tandard e r r o r of the d i f f e r e n c e between sample means i s 

S E j i f f = 1.9 / 1 + 1 = 0 .5 ;mol 

' V 

- d i f f 
25 40 

To c a l c u l a t e the 95% CI the a p p r o p r i a t e v a l u e of t with 63 degrees 

of f reedom i s 2 .0 . Thus t h e 95% CI i s g i v e n by: 

- 4 .0 - (2 .0 X 0 .5 ) to - 4 . 0 + (2 .0 x 0 .5) 

t h a t i s , from - 5 . 0 to - 3 . 0 pmol 1"^ 

5 . 4 . 1 . 1 . 2 Non-normal da ta 

The above c a l c u l a t i o n i s p e r f o r m e d on d a t a t h a t has undergone 

l o g a r i t h m i c t r a n s f o r m a t i o n . The c o n f i d e n c e i n t e r v a l f o r t h e 

d i f f e r e n c e in means of t h e t r a n s f o r m e d d a t a has t o be t r a n s f o r m e d 

back . The a n t i - l o g of t h e d i f f e r e n c e in s ample means on t h e 

t r a n s f o r m e d s c a l e i s an e s t i m a t e of t h e r a t i o of t h e two p o p u l a t i o n 

( g e o m e t r i c ) means, and t h e a n t i - l o g g e d c o n f i d e n c e i n t e r v a l f o r t h e 

d i f f e r e n c e g ives a conf idence i n t e r v a l f o r t h i s r a t i o . 

5 . 4 . 1 . 2 Pa i red Case 

In the f o l l o w i n g example, x and SO are t h e mean and s tandard 

d e v i a t i o n of t h e i n d i v i d u a l s u b j e c t - s u b j e c t ( p a t i e n t - c o n t r o l ) 

d i f f e r e n c e s . 

The s tandard e r r o r of the mean i s determined by: 

SE = , where n = sample s i z e . 

The conf idence i n t e r v a l i s t h e n : 

X - ( t * X SE) to X + ( t * X SE) 

where t * i s t h e a p p r o p r i a t e v a l u e from t h e t - t a b l e w i t h n - 1 

degrees of freedom. 
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CHAPTER 6 

STUDIES ON HEALTHY HUMAN SUBJECTS UNDER THE AGE OF 65 YEARS 

6 . 1 INTRODUCTION 

Reports from the l i t e r a t u r e concerning the d iu rna l v a r i a t i o n of 

plasma z inc l e v e l s and the p o s s i b l e e f f e c t of d a i l y food in take are 

c o n f l i c t i n g . These p a r a m e t e r s a r e of r e l e v a n c e when e s t a b l i s h i n g 

l a b o r a t o r y r e f e r e n c e v a l u e s . For p r a c t i c a l p u r p o s e s i t i s o n l y 

necessary to a s sess any p o s s i b l e d iurna l v a r i a t i o n ove r a t ime per iod 

which would encompass t h e u sua l hours of b l o o d s a m p l i n g and which 

would a l s o be a s s o c i a t e d wi th normal food i n t a k e . The d i u r n a l 

v a r i a t i o n of plasma concen t r a t i ons of z inc , copper and selenium was 

t h e r e f o r e i n v e s t i g a t e d in hea l thy v o l u n t e e r s , ea t ing no rma l ly , between 

the hours of 0900 and 1700. 

An i n v e s t i g a t i o n was a l s o undertaken to ob ta in con t ro l data t h a t 

would p r o v i d e a b a s e l i n e f o r t h e a s s e s s m e n t of t h e body s t a t u s of 

z i n c , c o p p e r and s e l e n i u m in v a r i o u s d i s e a s e s t a t e s in which 

d e f i c i e n c i e s of these t r a c e elements might be p r e sen t . The e f f e c t of 

f a c t o r s i n c l u d i n g age , sex and use of o r a l c o n t r a c e p t i v e s on t h e 

parameters measured was determined. 

The s t u d i e s d e s c r i b e d in t h e p r e s e n t c h a p t e r and a l s o in 

subsequent chap te r s were approved by the J o i n t E th ica l Sub-Committee 

of t h e F a c u l t y of Medicine of the U n i v e r s i t y of Southampton and South 

West Hampshire Heal th Author i ty . 

6 2 INVESTIGATION OF THE DIURNAL VARIATION OF PLASMA CONCENTRATIONS 

OF ZINC, COPPER AND SELENIUM IN HEALTHY ADULT VOLUNTEERS 

6 . 2 . 1 SUBJECTS AND METHODS 

S u b j e c t s 

Nineteen normal hea l t hy v o l u n t e e r s , 13 women and 6 men, aged 19-

47 (mean 31.6) y e a r s , were s t u d i e d . 
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The s t u d i e s , s a m p l e s and ana lyses 

Samples of whole blood (2ml) were c o l l e c t e d in to t r a c e - e l e m e n t -

f r e e hepa r in i s ed tubes . 

Two s e p a r a t e s t u d i e s were under taken. 

In t h e f i r s t s t u d y , s a m p l e s of b l o o d were c o l l e c t e d a t 0900h 

( p r e - b r e a k f a s t ) , llOOh ( p o s t - b r e a k f a s t ) , 1300h ( p r e - l u n c h ) , 1500h 

(pos t - l unch ) and 1700h (pre-evening meal) . Al l s u b j e c t s consumed food 

i m m e d i a t e l y a f t e r s a m p l e s were t a k e n a t 0900h and 1300h. B r e a k f a s t 

c o n s i s t e d of be tween 1 and 3 b u t t e r e d wholemeal r o l l s f i l l e d wi th 

e i t h e r c h e e s e o r marma lade . Lunch was v a r i e d ; 15 s u b j e c t s consumed 

packed meals which inc luded sandwiches and the remaining 4 s u b j e c t s 

a t e cooked meals . Al l s u b j e c t s drank beverages (no a l c o h o l ) at break-

f a s t and l u n c h and a l s o mid-morn ing and m i d - a f t e r n o o n . Snacks con-

s i s t i n g of b i s c u i t s o r f r u i t were ea ten by 10 of t h e s u b j e c t s between 

the hours of 1100 and 1300 and by 15 of the s u b j e c t s between the hours 

of 1500 and 1700. P lasma was o b t a i n e d from t h e whole b l o o d s a m p l e s 

and a n a l y s e d f o r z i n c , c o p p e r and s e l e n i u m u s i n g t h e p r o c e d u r e s 

descr ibed in Chapter 5. 

In t h e second s t u d y , s u b j e c t s remained in t h e f a s t i n g s t a t e 

throughout the per iod of sampling. Blood samples were taken a t 0900h, 

lOOOh, llOOh, 1200h and 1300h. Plasma samples obta ined were analysed 

f o r z inc as p r e v i o u s l y desc r ibed . 

S t a t i s t i c a l procedures 

The s t a t i s t i c a l p r o c e d u r e s used in t h i s p r o j e c t a r e g i v e n in 

Chapter 5. 

6 . 2 . 2 RESULTS 

The d a t a r e s u l t i n g from t h e a n a l y s i s of p lasma c o p p e r and 

s e l e n i u m , o b t a i n e d from t h e 19 s u b j e c t s e a t i n g n o r m a l l y t h r o u g h o u t 

the day, a re given in f u l l in Appendix 1; Appendix 2 shows the r e s u l t s 

o b t a i n e d f o r p lasma z i n c from t h e 19 s u b j e c t s e a t i n g n o r m a l l y , and 

a l s o in the f a s t i n g s t a t e . 

The p l a sma v a l u e s o b t a i n e d f o r z i n c , c o p p e r and s e l e n i u m from 

each of t h e 19 s u b j e c t s , e a t i n g n o r m a l l y , between t h e h o u r s of 0900 

and 1700, a r e d e p i c t e d in F i g u r e s 6 .1 , 6.2 and 6.3 r e s p e c t i v e l y . The 

mean p l a s m a z i n c , c o p p e r and s e l e n i u m l e v e l s o b s e r v e d a t d i f f e r e n t 
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Figure 6 . 1 

Concentra t ion of z inc in plasma samples obtained dur ing the day from 
h e a l t h y s u b j e c t s ea t i ng normal ly . Sub jec t s were in t h e f a s t i n g s t a t e a t 
0900h and ingested food immediately a f t e r blood samples were t aken a t 
0900h and 1300h 
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Figure 6 . 2 

Concentra t ion of copper in plasma samples obtained dur ing the day from 
h e a l t h y s u b j e c t s ea t ing normal ly . Sub jec t s were in t h e f a s t i n g s t a t e a t 
0900h and inges ted food immediately a f t e r blood samples were t aken a t 
0900h and 1300h 
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Figure 6 . 3 

Concent ra t ion of selenium in plasma samples obtained during the day from 
h e a l t h y s u b j e c t s ea t i ng normal ly . Sub jec t s were in t h e f a s t i n g s t a t e a t 
0900h and inges ted food immediately a f t e r blood samples were taken a t 
0900h and 1300h 
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Concentra t ion of z inc in plasma samples obtained a t hour ly i n t e r v a l s 
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t imes of the day, and the Least S i g n i f i c a n t D i f f e r e n c e (LSD) are given 

in Table 6.1. No s i g n i f i c a n t v a r i a t i o n was demonstrated between the 

c o n c e n t r a t i o n s of copper or s e l e n i u m d u r i n g t h e t ime of s a m p l i n g . 

However, t h e r e was a s i g n i f i c a n t v a r i a t i o n (p < 0.001) between t h e 

plasma zinc c o n c e n t r a t i o n s , and the d i f f e r e n c e between the mean v a l u e 

of p lasma z i n c a t 0900h and t h e mean v a l u e a t llOOh (1.09 pmol 1 " ^ ) , 

1300h (1 .17 wmol 1500 ( 1 . 0 3 umol and 1700 ( 1 . 1 5 nmol 1"^) 

was l a r g e r t h a n t h e LSD (0.17 pmol 1 " ^ ) . There was no s i g n i f i c a n t 

v a r i a t i o n between the plasma zinc concen t r a t i ons obtained between the 

hours of 1300 and 1700. 

The plasma zinc va lues obtained from the f a s t i n g s u b j e c t s dur ing 

t h e p e r i o d of 0900h and ISOOh a r e shown in F i g u r e 6 .4 . T a b l e 6 . I I 

g i v e s the mean plasma zinc v a l u e s a t t he t imes of 0900h, lOOOh, llOOh 

1200h and 1300h. There was no s i g n i f i c a n t v a r i a t i o n between t h e 

plasma zinc concen t ra t ions demonstrated a t t he se t imes . 

G J CONCENTRATIONS OF ZINC, COPPER AND SELENIUM IN LEUCOCYTES. 

ERYTHROCYTES. PLASMA AND WHOLE BLOOD IN HEALTHY ADULT VOLUNTEERS 

6 . 3 . 1 SUBJECTS AND METHODS 

S u b j e c t s 

Samples of whole b lood were o b t a i n e d from 153 normal h e a l t h y 

v o l u n t e e r s : 72 men aged 18-64 y e a r s , and 81 women aged 21-59 y e a r s . 

Twenty s i x of t h e women who p a r t i c i p a t e d , aged 21-32 y e a r s , were 

t a k i n g combined o r a l c o n t r a c e p t i v e s . P r e c i s e d e t a i l s of t h e 

medicat ions taken by t h i s group of women are provided in Appendix 3. 

Samples 

Samples (19ml) of venous blood were c o l l e c t e d between 0900 and 

llOOh from s u b j e c t s who had eaten at l e a s t two hours p r e v i o u s l y . No 

f a s t i n g samples were taken. 

A 15ml a l i q u o t of t h e b l o o d was t r a n s f e r r e d to a s i l i c o n i s e d 

g l a s s tube con ta in ing hepar in , f o r l eucocyte s e p a r a t i o n ; a 2m1 a l i q u o t 

was added t o a t r a c e - e l e m e n t - f r e e t u b e c o n t a i n i n g h e p a r i n , f o r 

e r y t h r o c y t e and plasma sepa ra t i on ; the remaining 2m1 volume was added 

to a t r a c e - e l e m e n t - f r e e tube con ta in ing EDTA. 
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TABLE 6 . 1 

MEAN CONCENTRATIONS OF PLASMA ZINC, COPPER AND SELENIUM OBTAINED 

DURING THE DAY FROM 19 HEALTHY SUBJECTS EATING NORMALLY 

Mean plasma va lues (lumol 1"*) a t t imes s t a t e d 

0900h llOOh 1300h 1500h 1700h LSD{pmol r ^ ) 

Zinc 13.69* 12.60 12.52 12.66 12.54 0.17 

Copper 15.92 16.05 16.01 16.14 16.05 0 .23 

Selenium 1.045 1.046 1.046 1.047 1.050 0.014 

LSD = Least S i g n i f i c a n t D i f f e r e n c e 

* 
D i f f e r e n c e between mean value and t h e mean values a t llOOh, ISOOh, 

IBOOh and 1700h l a r g e r than the LSD. 

TABLE 6 . I I 

MEAN CONCENTRATIONS OF PLASMA ZINC OBTAINED FROM FASTING 

SUBJECTS DURING A 4 HOUR PERIOD 

Mean plasma z inc va lues (pmol 1"^) a t t imes s t a t e d 

0900h lOOOh llOOh 1200h 1300h LSD(%mol 1"^) 

13.6 13.67 13.63 13.65 13.64 0.09 . 

LSD = Least S i g n i f i c a n t D i f f e r e n c e 
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Analyses 

L e u c o c y t e s were s e p a r a t e d and a n a l y s e d f o r z i n c , c o p p e r and 

selenium using the procedures g iven in Chapters 4 and 5. Separa t ion 

of e r y t h r o c y t e s and a n a l y s i s of z inc , copper and selenium in plasma, 

whole blood and e r y t h r o c y t e s were performed by t h e methods descr ibed 

in Chapter 5. Haematocrit measurements on whole blood samples were 

made with a microhaematocri t c e n t r i f u g e (Hawksley), spinning a t 1300g 

f o r 5 min. 

S t a t i s t i c a l procedures 

The s t a t i s t i c a l p r o c e d u r e s used in t h i s p r o j e c t a r e g i v e n in 

Chapter 5. 

6 . 3 . 2 RESULTS 

The data r e s u l t i n g from the a n a l y s i s of z i nc , copper and selenium 

in white eel 1s , red eel 1s , piasma and whole blood a re given in f u l 1 in 

Appendix 3, and in summarised form in Table 6.111. 

The 153 normal h e a l t h y s u b j e c t s i n v e s t i g a t e d in t h e p resen t s tudy 

f o r m e d p a r t o f a much l a r g e r p o p u l a t i o n (n = 391) who w e r e 

i n v e s t i g a t e d f o r the e f f e c t of age, sex, smoking and o t h e r f a c t o r s on 

the concen t ra t ion of selenium in e r y t h r o c y t e s , plasma and whole blood 

(Lloyd e t a l , 1983). Analys is of selenium in whi te c e l l s was conf ined 

t o t h e p r e s e n t s t u d y . The use of i n t e r n a l q u a l i t y c o n t r o l s a m p l e s 

ensured a s a t i s f a c t o r y performance f o r the measurement of selenium by 

the i n v e s t i g a t o r s concerned. The e ry th rocy t e selenium v a l u e s repor ted 

by LLoyd e t al (1983) were c a l c u l a t e d from the d i f f e r e n c e between t h e 

concen t ra t ion in whole blood and plasma, t ak ing t h e haematocr i t v a l u e 

i n t o a c c o u n t . An e x c e l l e n t a g r e e m e n t b e t w e e n m e a s u r e d and 

' c a l c u l a t e d ' whole b lood s e l e n i u m v a l u e s had p r e v i o u s l y been 

demonstrated by these authors (Lloyd e t a l , 1982). Whereas Lloyd e t 

al (1983) repor ted the e r y t h r o c y t e selenium c o n c e n t r a t i o n in terms of 

pg/g Hb, t h i s parameter i s presented as pmol/10^ c e l l s in t h e p r e sen t 

s tudy . 

E f f e c t o f o r a l c o n t r a c e p t i v e s 

T a b l e 6.IV shows t h e v a l u e s o b t a i n e d f o r z i n c , c o p p e r and 

selenium f o r t h e 26 women tak ing o ra l c o n t r a c e p t i v e s and the 37 women, 

aged l e s s t h a n 40 y e a r s , who were no t t a k i n g any m e d i c a t i o n . 
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TABLE 6 . I l l 

ZINC, COPPER AND SELENIUM CONCENTRATIONS IN LEUCOCYTES AND 

ERYTHROCYTES (per 10® c e l l s ) , PLASMA AND WHOLE BLOOD (ymol 1"^) 

Number of s u b j e c t s 

Zinc 

153 

Copper 

153 

Selenium 

153 

Leucocytes 

pmol/lO® c e l l s 

115(118) 

( 9 7 - 1 3 4 ) 0 

1 0 . 9 

± 3 . 8 

2 . 1 3 

± 0 . 5 4 

Ery throcy tes 

pmol/10^ c e l l s 

16.2 

±2.1 

1 . 1 3 

±0.16 

0.18 

± 0 . 0 3 

Plasma 

pmol 1 - 1 

12 .7 

±1 .9 

17.5 

±3 .9 

1 . 4 2 

± 0 . 1 7 

Whole blood 

ymol 1"^ 

8 7 . 4 

±10 .5 

1 5 . 4 

± 2 . 4 

1 . 7 0 

±0.22 

a 
Geometric mean ( a r i t hme t i c mean) 

I n t e r q u a r t i l e d i s t ance 
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S i g n i f i c a n t l y h i g h e r (p < 0.001) c o n c e n t r a t i o n s of c o p p e r in p lasma 

and whole blood were found in women t ak ing o ra l c o n t r a c e p t i v e s . There 

were no s i g n i f i c a n t d i f f e r e n c e s between t h e two g r o u p s of women f o r 

any of the o t h e r parameters shown in Table 6.IV. 

C o r r e l a t i o n s 

C o r r e l a t i o n s were p e r f o r m e d on d a t a r e l a t i n g t o men, and women 

not t ak ing o ra l c o n t r a c e p t i v e s (n = 127). 

No s i g n i f i c a n t c o r r e l a t i o n s were found f o r z inc o r copper between 

the l eucocy te v a l u e s and the plasma, whole blood o r red c e l l v a l u e s . 

A s i g n i f i c a n t c o r r e l a t i o n was obse rved between the concen t ra t ion of 

z i n c in red c e l l s and whole b l o o d (p < 0 .001 , r = 0 .72 ) , but no t in 

p lasma and red c e l l s o r p lasma and whole b l o o d . There were 

s i g n i f i c a n t r e l a t i o n s h i p s f o r copper between the concen t r a t ion in red 

c e l l s and plasma (p < 0.05, r = 0.22), red c e l l s and whole blood 

(p < 0 .01 , r = 0.27) and p l a sma and who le b l o o d (p < 0 .001 , r = 0 .69 ) . 

For s e l e n i u m , t h e r e were s i g n i f i c a n t c o r r e l a t i o n s between t h e 

l eucocy te v a l u e s and plasma (p < 0.001, r = 0.39), whole blood 

(p < 0 .001 , r = 0.48) and red c e l l v a l u e s (p < 0 .001 , r = 0 .39 ) . 

S i g n i f i c a n t r e l a t i o n s h i p s were a l s o no ted between s e l e n i u m c o n c e n -

t r a t i o n s in red c e l l s and p l a sma (p < 0 .001 , r = 0 .44 ) , red c e l l s and 

whole b l o o d (p < 0 .001 , r = 0.86) and p lasma and whole b l o o d 

(p < 0 . 0 0 1 , r = 0 . 7 6 ) . 

No s i g n i f i c a n t c o r r e l a t i o n s f o r men or women were shown between 

age and any of the o the r v a r i a b l e s , or between c i g a r e t t e smoking and 

l eucocy te selenium c o n c e n t r a t i o n s . 

Comparison o f p r e d i c t e d and d i r e c t l y measured whole blood v a l u e s 

The data r e l a t i n g to men and to women not t ak ing o ra l con t racep-

t i v e s was used f o r comparison. 

T a b l e 6.V shows t h e mean c o n c e n t r a t i o n s of c o p p e r and z i n c 

measured in plasma, red c e l l s and white c e l l s expressed as the amount 

p r e s e n t p e r l i t r e of b l o o d , and a compar i son of t h e mean p r e d i c t e d 

whole blood concen t r a t i ons from the sum of t he se i n d i v i d u a l f r a c t i o n s 

and the c o n c e n t r a t i o n s obta ined by d i r e c t a n a l y s i s of whole blood i s 

a l s o g iven . 

The mean p red ic ted whole blood concen t r a t i ons of z inc and copper 

were 99.4 and 100.8% r e s p e c t i v e l y of t h a t m e a s u r e d , w i th a r ange of 

89.4-113.6% and 92.5-110.5% r e s p e c t i v e l y . The p r e d i c t e d c o n c e n -
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TABLE 6.V 

MEAN ZINC AND COPPER CONCENTRATIONS PER LITRE OF BLOOD IN PLASMA, 

ERYTHROCYTES AND LEUCOCYTES MEASURED SEPARATELY, AND OF WHOLE BLOOD, 

PREDICTED AND DIRECTLY MEASURED 

Zinc Copper 

C o n c e n t r a t i o n (umol) per l i t r e of whole b lood 

Number of s u b j e c t s 127 127 

Plasma 7 . 1 2 9 . 1 3 

E r y t h r o c y t e s 7 9 . 6 7 5 . 5 7 

L e u c o c y t e s 0 . 7 2 0 . 0 6 

P r e d i c t e d whole b lood 8 7 . 5 1 14 .76 

Measured whole b lood 8 8 . 0 4 14 .64 
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t r a t i o n s f o r z inc and copper were wi th in ± 5% of the measured v a l u e s 

f o r 91 and 89% of t h e s a m p l e s r e s p e c t i v e l y , w i th t h e l a r g e s t 

d i f f e r e n c e s s h o w i n g a p r e d i c t e d c o n c e n t r a t i o n o f 13 and 11% 

r e s p e c t i v e l y h igher than the measured c o n c e n t r a t i o n s . 

For se lenium, the mean concen t r a t i ons (pmol) per l i t r e of blood 

in plasma, red c e l l s and whi te c e l l s were 0.79, 0.89 and 0.013 respec-

t i v e l y , and the measured whole blood concen t r a t ion was 1.68 pmol 1 ' ^ . 

Comparison o f r e s u l t s o b t a i n e d f o r men and women 

S i g n i f i c a n t l y h igher (p < 0.001) red blood c e l l counts and packed 

c e l l volume measurements were found in men (5.20 ± 0.39 x 10^^ 1 and 

45.5 ± 2.6 r e s p e c t i v e l y ) when compared t o women (4.60 ± 0.29 x 10^^ 1"^ 

and 41.5 ± 2.4 r e s p e c t i v e l y ) . 

A compar i son of t h e e l e m e n t a l c o n c e n t r a t i o n s in t h e v a r i o u s 

samples f o r men, and women not t ak ing ora l c o n t r a c e p t i v e s (Table 6.VI) 

r e v e a l e d s i g n i f i c a n t l y h igher (p < 0.001) c o n c e n t r a t i o n s of z inc in 

whole b l o o d f o r men. The re were no s i g n i f i c a n t d i f f e r e n c e s between 

the se two popu la t i ons f o r any of the o t h e r parameters shown in Table 

6 .VI . 

R e f e r e n c e ranges 

The r e f e r e n c e range f o r l eucocy te zinc was de r ived from the 5th 

and 95th p e r c e n t i l e po in t s of the cumula t ive f requency d i s t r i b u t i o n 

c u r v e ; r e f e r e n c e r a n g e s f o r c o p p e r and s e l e n i u m in l e u c o c y t e s , and 

z inc , copper and selenium in e r y t h r o c y t e s and plasma were c a l c u l a t e d 

from t h e mean v a l u e s ± two s t a n d a r d d e v i a t i o n s ( T a b l e 6 . V I I ) . The 

range f o r plasma copper was c a l c u l a t e d f o r men, and women not t ak ing 

o ra l c o n t r a c e p t i v e s . 

6 . 4 DISCUSSION 

6.4.1 DIURNAL VARIATION OF ZINC, COPPER AND SELENIUM CONCENTRATIONS 

IN PLASMA 

A c i r c a d i a n p a t t e r n of v a r i a t i o n f o r serum copper c o n c e n t r a t i o n s 

has been repor ted in s u b j e c t s fed a l i q u i d d i e t ( L i f s c h i t z and Henkin, 

1971) bu t not in f a s t i n g s u b j e c t s ( G u i l l a r d e t a l , 1979) . In t h e 

s t u d y by L i f s c h i t z and Henkin (1971) , v a r i a t i o n s in p l a sma c o p p e r 

c o n c e n t r a t i o n s of +6 to -8% of the o v e r a l l mean were demonstrated o v e r 
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a 24h per iod a l though i t i s not c l e a r what propor t ion of these changes 

was due to a n a l y t i c a l v a r i a t i o n . The f i n d i n g s from t h e present study 

f a i l e d to demonstra te a s i g n i f i c a n t v a r i a t i o n in plasma copper l e v e l s 

between t h e h o u r s of 0900 and 1700 in s u b j e c t s e a t i n g n o r m a l l y . 

S i m i l a r l y , no s i g n i f i c a n t v a r i a t i o n in plasma selenium concen t r a t i ons 

was found during t h i s pe r iod . 

Plasma zinc c o n c e n t r a t i o n s remained cons tan t in f a s t i n g s u b j e c t s 

between 0900 and 1300h and t h i s o b s e r v a t i o n i s in agreement with t h e 

f i n d i n g s of K i i l e r i c h e t a l , {1980a). A l though a s i g n i f i c a n t 

v a r i a t i o n in serum zinc l e v e l s ove r a 24h period in f a s t i n g s u b j e c t s 

has been r e p o r t e d , t h e r e was no s i g n i f i c a n t d i f f e r e n c e between t h e 

mean z inc c o n c e n t r a t i o n s a t 0900 and 1200h (Qui 1 l a r d e t a l , 1979). 

There a r e c o n f l i c t i n g r e p o r t s in t h e l i t e r a t u r e concerning the 

d a i l y f l u c t u a t i o n s in plasma z inc l e v e l s in s u b j e c t s inges t ing food. 

In t h e p r e s e n t s t u d y , a s i g n i f i c a n t d e c r e a s e in t h e f a s t i n g p lasma 

zinc l e v e l s was noted two hours a f t e r food in take with no f u r t h e r f a l l 

in p lasma z i n c c o n c e n t r a t i o n s d u r i n g t h e day. Busher e t a l (1982) , 

working in t h i s l a b o r a t o r y , found no s i g n i f i c a n t v a r i a t i o n in plasma 

zinc l e v e l s over a 24h per iod in a small number of e l d e r l y s u b j e c t s 

(over 65 yea rs ) e a t i ng n o r m a l l y , and a study of hea l t hy a d u l t s f a i l e d 

t o d e m o n s t r a t e any s i g n i f i c a n t d i f f e r e n c e between t h e p lasma z i n c 

c o n c e n t r a t i o n s in the f a s t i n g s t a t e and one hour a f t e r a meal (McBean 

and H a l s t e d , 1969) . C o n v e r s e l y , a s i g n i f i c a n t d e c r e a s e in t h e 

concen t r a t i on of f a s t i n g plasma zinc l e v e l s in h e a l t h y s u b j e c t s two 

h o u r s a f t e r e a t i n g b r e a k f a s t has been r e p o r t e d ( K i i l e r i c h e t a l , 

1980a; M c M i l l a n and Rowe, 1982) and t h e s e o b s e r v a t i o n s a r e in 

ag reemen t w i th t h e p r e s e n t s t u d y . I t i s i n t e r e s t i n g t o n o t e t h a t 

a l though McMillan and Rowe (1982) found no f u r t h e r f a l l in plasma zinc 

l e v e l s o v e r the f o l l o w i n g two hours , a f u r t h e r s i g n i f i c a n t decrease in 

l e v e l s in the period f o l l o w i n g lunch, but not a f t e r food inges t ion a t 

1700h, was d e m o n s t r a t e d . Both Bur r (1973) and H e t l a n d and Brubakk 

(1973) r e p o r t e d a s i g n i f i c a n t d e c r e a s e in p lasma and serum z i n c 

c o n c e n t r a t i o n s t h r o u g h o u t t h e day in s u b j e c t s in t h e n o n - f a s t i n g 

s t a t e , a l though n e i t h e r of t h e s e s t u d i e s gave d e t a i l s of the o v e r a l l 

p r e c i s i o n of t h e method used f o r z i n c d e t e r m i n a t i o n . A c i r c a d i a n 

v a r i a t i o n in serum z inc c o n c e n t r a t i o n s in h e a l t h y a d u l t males given 

f i xed c a l o r i e d i e t s has been repor ted with peak l e v e l s occur r ing a t 

0930h and a m i d - t r o u g h a t 2000h, and as a h igh c o r r e l a t i o n was 

observed between the plasma z inc and ion ised calcium p a t t e r n s t he se 
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workers suggested t h a t a common r e g u l a t o r was r e s p o n s i b l e f o r t h e s e 

two rhythms (Markowitz e t a l , 1985). In c o n t r a s t to o the r r e p o r t s , 

t h e i r study demonstrated small i nc rea se s in serum zinc c o n c e n t r a t i o n s 

at 30-90 min a f t e r each meal. 

The f i nd ings from t h e p re sen t study of a s i g n i f i c a n t dec rease in 

plasma zinc l e v e l s between t h e hours of 0900 and 1100 a re s u g g e s t i v e 

of an e f f e c t med ia t ed by food i n t a k e , as p lasma z i n c c o n c e n t r a t i o n s 

remained c o n s t a n t o v e r t h e same p e r i o d in f a s t i n g s u b j e c t s . T h i s 

o b s e r v a t i o n i s f u r t h e r s u p p o r t e d by t h e f a c t t h a t both s t u d i e s were 

c a r r i e d out on the same i n d i v i d u a l s . Whils t some i n v e s t i g a t o r s a re in 

agreement wi th t h i s f i n d i n g ( K i i l e r i c h e t a l , 1980a; M c M i l l a n and 

Rowe, 1982) , o t h e r s have f a i l e d t o document t h i s e f f e c t (McBean and 

Halsted/ISHM; Busher e t a l , 1982; Markowitz e t al l , 1985) , a l t h o u g h t h e 

s u b j e c t s s t u d i e d by Busher e t a l (1982) were a l 1 aged o v e r 65 y e a r s 

whereas the age range f o r the s u b j e c t s in the present study was 19-47 

y e a r s . I t has been p roposed t h a t t h e e f f e c t of food i n g e s t i o n on 

p lasma z i n c l e v e l s may be r e l a t e d to t h e meal s i z e and c o n t e n t 

(Hetland and Brubakk, 1973). However, in the p resen t s tudy, s u b j e c t s 

a t e a va r ied lunch but f a i l e d to demonstrate a decrease in plasma zinc 

c o n c e n t r a t i o n s two hour s a f t e r t h i s m e a l . In t h i s r e s p e c t i t would 

appear t h a t the breaking of the f a s t was r e s p o n s i b l e f o r the dec rease 

in plasma zinc l e v e l s r a t h e r than food in t ake per se . The reason f o r 

t h i s apparent e f f e c t of food inges t ion on f a s t i n g plasma zinc l e v e l s 

a lone i s not c l e a r . 

The data obtained shows t h a t i d e a l l y blood f o r z inc de te rmina t ion 

s h o u l d be drawn in t h e f a s t i n g s t a t e ; howeve r , t h i s i s not a l w a y s 

p r a c t i c a b l e when c a r r y i n g o u t c l i n i c a l s t u d i e s . I t was d e c i d e d 

t h e r e f o r e t h a t blood should be withdrawn from s u b j e c t s who had ea ten 

b r e a k f a s t a t l e a s t two hours p r i o r to t h e time of sampling. 

6 . 4 2 CONCENTRATIONS OF ZINC, COPPER AND SELENIUM IN LEUCOCYTES, 

ERYTHROCYTES, PLASMA AND WHOLE BLOOD IN HEALTHY SUBJECTS 

The s m a l l d i f f e r e n c e s be tween t h e c a l c u l a t e d and d i r e c t l y 

measured v a l u e s f o r z i n c and c o p p e r c o n c e n t r a t i o n s in who le b l o o d 

demonstrated good i n t e r n a l con t ro l of the s epa ra t i on and a n a l y t i c a l 

t e c h n i q u e s p e r f o r m e d . F u r t h e r m o r e , t h i s v a l i d a t e d t h e use of 

e r y t h r o c y t e zinc and copper v a l u e s obta ined by c a l c u l a t i o n from t h e 
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d i f f e r e n c e between the concen t ra t ion of the element in whole blood, 

and plasma and l eucocy tes . 

T a b l e 6 . V I I I shows a compar i son of r e s u l t s f o r l e u c o c y t e z i n c 

from workers who have repor ted in s i m i l a r u n i t s of measurement to the 

p resen t s tudy. P r e c i s i o n v a l u e s f o r the methods used are not s t a t e d 

by t h e s e i n v e s t i g a t o r s . V a l l e e and Gibson (1948) repor ted much h igher 

v a l u e s of l eucocyte zinc than the o t h e r s t u d i e s , whereas the present 

study shows t h e lowest v a l u e s of a l l . These d i s c r e p a n c i e s may be due 

to t h e e f f e c t of methodological d i f f e r e n c e s or to contamination with 

zinc from var ious sources . Measurement of zinc in t h e white c e l l s was 

pe r fo rmed by n e u t r o n a c t i v a t i o n a n a l y s i s (Dennes e t a l , 1961) , 

d i t h i o z o n e r e a c t i o n and c o l o r i m e t r y ( V a l l e e and G ibson , 1948; 

F rede r i cks e t a l , 1961) and f lame-atomic absorp t ion spectrophotometry 

( P r a s a d e t a l , 1978; N i s h i , 1980). Nish i (1980) measured t h e 

c o n c e n t r a t i o n of z i n c in t h e l e u c o c y t e s by d i r e c t a s p i r a t i o n of t h e 

d i l u t e d l eucocy te suspension in to the f lame with no p r i o r d ige s t i on of 

t h e w h i t e e e l 1 s and used a c a l i b r a t i o n graph p r e p a r e d from aqueous 

working s tandard s o l u t i o n s . No i n f o r m a t i o n c o n c e r n i n g t h e p o s s i b l e 

m a t r i x e f f e c t on a n a l y t e s e n s i t i v i t y i s g i v e n . Both Dennes e t a l 

(1961) and Freder icks e t a l , (1961) repor ted red c e l l contamination in 

t h e i r f i n a l l e u c o c y t e p r e p a r a t i o n s and subsequen t ly sub t rac ted t h e 

c a l c u l a t e d z i n c c o n t r i b u t i o n of t h e red c e l l s f rom t h e z i n c v a l u e s 

ob ta ined . The r e l i a b i l i t y of t h i s procedure i s q u e s t i o n a b l e . 

For the t o t a l popu la t ion i n v e s t i g a t e d in the present study t h e 

c o n c e n t r a t i o n of c o p p e r in w h i t e c e l l s was 10.9 ± 3.8 pmol pe r 10^ 

c e l l s . Although t h e r e does not appear to be any o the r data r e l a t i n g 

to copper in t o t a l l eucocy te popu la t ions in a d u l t s with which t he se 

r e s u l t s can be compared, i t i s i n t e r e s t i n g to note t h a t Ishigame and 

Nish i (1985) r e p o r t e d c o n c e n t r a t i o n s of coppe r of 9.6 ± 3.5 pmol p e r 

10® c e l l s in g r a n u l o c y t e s and 22.5 ± 7.6 pmol p e r 10® c e l l s in 

l y m p h o c y t e s . These a u t h o r s however p r o v i d e no d e t a i l s of t h e 

p r o c e d u r e used to s e p a r a t e l ymphocy te s and g r a n u l o c y t e s from whole 

b lood , or of the p u r i t y of t he se c e l l p r epa ra t i ons . I t i s t h e r e f o r e 

not p o s s i b l e t o comment on t h e v a l i d i t y of t h e i r r e s u l t s . No o t h e r 

s t u d i e s have r e p o r t e d t h e s e l e n i u m c o n t e n t of t o t a l l e u c o c y t e 

popu la t i ons a l though the concen t ra t ion of selenium in n e u t r o p h i l s has 

been r e p o r t e d in one s u b j e c t d u r i n g s u p p l e m e n t a t i o n wi th sodium 

s e l e n i t e ( J o h a n s s o n e t a l , 1983) . However, as t h e s e r e s u l t s were 
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TABLE 6 . V I I I 

COMPARISON OF LEUCOCYTE ZINC VALUES IN NORMAL SUBJECTS OBTAINED 

FROM THE PRESENT STUDY AND FROM PUBLISHED DATA 

Data a re given as mean ( a r i t h m e t i c ) values ± standard dev i a t i on 

R e f e r e n c e Leucocyte z i n c c o n c e n t r a t i o n 

(pmol/lO® c e l l s ) 

V a l l e e (1948) 490 ± 199* n = 31 

Dennes e t al (1961) 214 db 29* n = 29 

Frede r i cks e t al (1961) 158 ± 38* n = 38 

Prasad e t al (1978) 171 ± 28* n = 37 

Nishi (1980) 197 50* n = 18 

Presen t Study 118 ± 28 n = 153 

Values r e - c a l c u l a t e d from au thor s ' data as pmol/10^ c e l l s . 
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p r e s e n t e d as ppm dry w e i g h t , compar i son of v a l u e s w i th t h e p r e s e n t 

study was not p o s s i b l e . 

The data f o r z i n c d e m o n s t r a t e s t h a t a p p r o x i m a t e l y 90% of t h e 

blood z inc i s a s soc i a t ed with the red c e l l s , with plasma c o n t r i b u t i n g 

about 8%, and t h a t l e s s than 1% of t h e t o t a l blood z inc i s a s soc i a t ed 

with the white c e l l s . Despi te the low c o n t r i b u t i o n to t h e t o t a l blood 

zinc c o n c e n t r a t i o n , t he white c e l l s conta in about seven t imes as much 

z i n c per c e l l as t h e red c e l l s . T h i s f i g u r e i s a t v a r i a n c e wi th 

previous c o n f l i c t i n g r e p o r t s of the r a t i o of f i f t e e n t imes (Dennes e t 

a 1 , 1 9 6 1 ) and n i n e t i m e s ( F r e d e r i c k s e t a 1 , 1 9 6 1 ) . P r e s u m a b l y t h e s e 

d i s c r epanc i e s may be a t t r i b u t e d to d i f f e r e n c e s in methodology f o r the 

v a r i o u s d e t e r m i n a t i o n s c a r r i e d o u t . The d a t a o b t a i n e d f o r c o p p e r 

demonstrates t h a t approximately 60% of the copper in whole blood i s 

present in the plasma with on ly about 0.4% as soc i a t ed with the white 

c e l l s and a p p r o x i m a t e l y 40% wi th t h e red c e l l s . S i m i l a r l y , f o r 

s e l e n i u m , p l a s m a and r e d c e l l s c o n t r i b u t e a b o u t 45 and 55% 

r e s p e c t i v e l y to t h e t o t a l b l o o d s e l e n i u m and l e s s t h a n 1% i s 

a s s o c i a t e d wi th t h e w h i t e c e l l s . L e u c o c y t e s were shown t o c o n t a i n 

about t e n t i m e s as much c o p p e r pe r e e l 1 and twe l ve t i m e s as much 

selenium per c e l l as e r y t h r o c y t e s , but t h e r e a re no o t h e r r e p o r t s with 

which t h i s da ta can be compared. 

S i g n i f i c a n t i n c r e a s e s in p lasma coppe r c o n c e n t r a t i o n s were 

observed f o r women tak ing o r a l c o n t r a c e p t i v e s and t he se f i n d i n g s a re 

c o n s i s t e n t with prev ious r e p o r t s (Hals ted e t a l , 1968; Schenker e t a l , 

1971; Sing e t a l , 1978; Vir and Love, 1979a, 1981; Crews e t a l , 1980). 

The p resen t study a l s o demonstrated r a i sed c o n c e n t r a t i o n s of copper in 

whole blood in women t ak ing o ra l c o n t r a c e p t i v e s ; t h i s o b s e r v a t i o n i s 

c o n s i s t e n t w i th t h e p o s i t i v e c o r r e l a t i o n between p l a sma and who le 

blood copper. The increased copper concen t r a t ion in plasma i s most 

p r o b a b l y t h e r e s u l t of an i n c r e a s e d s y n t h e s i s of c a e r u l o p l a s m i n in 

response to the i nges t ion of o r a l c o n t r a c e p t i v e s ( C a r r u t h e r s e t a l , 

1966) . E x p e r i m e n t s in r a t s u t i l i s i n g r a d i o a c t i v e c o p p e r showed a 

s i g n i f i c a n t i nc rease in serum cae ru lop lasmin l e v e l s a f t e r o e s t r a d i o l 

i n j e c t i o n s which was independent of the hepa t i c copper concen t r a t ion 

(Evans e t a l , 1970) . The s i g n i f i c a n t e l e v a t i o n in serum c o p p e r 

c o n c e n t r a t i o n s has been r e p o r t e d t o o c c u r a f t e r u sage of o r a l 

c o n t r a c e p t i v e agents f o r t h r e e months, with no f u r t h e r i nc r ea se a f t e r 

a s u b s e q u e n t t h r e e month p e r i o d ( V i r and Love , 1979a , 1981) . 

Increased endometrium copper l e v e l s during a l l phases of the menstrual 
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c y c l e have a l s o been r e p o r t e d in women t a k i n g o r a l c o n t r a c e p t i v e s 

(Sing e t a l , 1978). The p h y s i o l o g i c a l s i g n i f i c a n c e of t he se f i n d i n g s 

i s not apparent . S tud ies have shown however t h a t o r a l c o n t r a c e p t i v e s 

do not a l t e r t he metabol ic ba l ance of copper (Crews e t a l , 1980) and 

i t i s i n t e r e s t i n g t o n o t e t h a t in t h e p r e s e n t s t u d y no s i g n i f i c a n t 

i n c r e a s e was found in the copper conten t of l eucocy te s o r e r y t h r o c y t e s 

in t h e group of women t ak ing o ra l c o n t r a c e p t i v e s . 

No s i g n i f i c a n t e f f e c t of o r a l c o n t r a c e p t i v e s on p lasma z i n c 

l e v e l s was observed. This f i n d i n g does not agree with some e a r l i e r 

r e p o r t s which have shown d e c r e a s e d l e v e l s of p la sma and serum z i n c 

(Hal s t e d e t a l , 1968; Schenke r e t a l , 1971; P r a s a d e t a l , 1975) , but 

which i s in general agreement with more recent p u b l i c a t i o n s (Sing e t 

a l , 1978; V i r and Love, 1979a, 1981; Crews e t a l , 1980) . I t i s 

p o s s i b l e t h a t the decrease in the oes t rogen content of the newer o r a l 

c o n t r a c e p t i v e s may be p a r t l y r e s p o n s i b l e f o r t h e s e c o n f l i c t i n g 

f i n d i n g s . In t h e p r e s e n t s t u d y , most of t h e women conce rned were 

r e g u l a r l y t a k i n g c o m b i n a t i o n t y p e ( e t h i n y l o e s t r a d i o l SOpg + 

l e v o n o r e s t e r o l 150 or 250pg) o ra l c o n t r a c e p t i v e s . No adverse e f f e c t s 

on zinc absorp t ion or i nc reases in d i e t a r y zinc requirement have been 

repor ted with oral c o n t r a c e p t i v e usage (King e t a l , 1978). Although 

an i n c r e a s e in e ry th rocy t e z inc conten t as a r e s u l t of a d m i n i s t r a t i o n 

of o ra l c o n t r a c e p t i v e s has been repor ted (Prasad e t a l , 1975), in t h e 

present study no s i g n i f i c a n t e f f e c t was noted on the concen t r a t i on of 

z inc in l e u c o c y t e s , e r y t h r o c y t e s o r whole b lood. 

A l t h o u g h Lloyd e t a l (1983) r e p o r t e d a s i g n i f i c a n t i n c r e a s e in 

t h e c o n c e n t r a t i o n of p l a s m a s e l e n i u m i n women t a k i n g o r a l 

c o n t r a c e p t i v e s , no s i m i l a r i n c r e a s e in l eucocy te s was observed in the 

p r e s e n t s t u d y . O the r w o r k e r s have f a i l e d t o f i n d s i g n i f i c a n t 

d i f f e r e n c e s in plasma selenium l e v e l s in a s s o c i a t i o n with the use of 

o r a l c o n t r a c e p t i v e s (Robinson e t a l , 1983). 

No s i g n i f i c a n t d i f f e r e n c e in plasma zinc l e v e l s between the sexes 

was observed and t h i s f i n d i n g i s in agreement with o t h e r i n v e s t i g a t o r s 

( D a v i e s e t a l , 1968; Chooi e t a l , 1976) a l t h o u g h some s t u d i e s h a v e 

repor ted s i g n i f i c a n t l y increased c o n c e n t r a t i o n s of p lasma and serum 

z i n c in men when compared t o women (Lindeman e t a l , 1971; Rose and 

Will den, 1972; K i i l e r i c h e t a l , 1980a). The lack of any s e x - r e l a t e d 

d i f f e r e n c e f o r z i n c in red c e l l s , which was d e m o n s t r a t e d in t h e 

p r e s e n t s t u d y , has a l s o p r e v i o u s l y been r e p o r t e d (Lindeman e t a l , 

1971). Furthermore, no s i g n i f i c a n t d i f f e r e n c e between men, and women 
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not t ak ing o ra l c o n t r a c e p t i v e s was observed in the concen t ra t ion of 

z inc in l eucocy te s , or copper in l eucocy t e s , e r y t h r o c y t e s and whole 

b lood . The s i g n i f i c a n t l y i n c r e a s e d c o n c e n t r a t i o n s of z i n c in whole 

blood found in men may presumably be a t t r i b u t e d to the s i g n i f i c a n t l y 

h igher red c e l l counts found in the male popu la t i on . This evidence 

has been wel l documented and i s f u r t h e r supported by f i nd ings from t h e 

present s tudy. Lloyd e t al (1983) repor ted a s i g n i f i c a n t d i f f e r e n c e 

between men and women in t h e e ry th rocy t e selenium concen t r a t i on , but 

not in p lasma o r whole b l o o d s e l e n i u m l e v e l s . No s i g n i f i c a n t 

d i f f e r e n c e between t h e s e x e s was found f o r l e u c o c y t e s e l e n i u m 

concen t r a t ion in the p resen t s tudy. 

No s i g n i f i c a n t c o r r e l a t i o n s between age and the concen t ra t ion of 

z inc or copper in l e u c o c y t e s , e r y t h r o c y t e s , plasma or whole blood were 

o b s e r v e d in t h e s u b j e c t s s t u d i e d . O t h e r s t u d i e s have a l s o shown no 

age dependency on t h e c o n c e n t r a t i o n of serum o r p lasma z i n c in 

s u b j e c t s aged 21-70 y e a r s ( K i i l e r i c h e t a l , 1980a) and 20-60 y e a r s 

(Oavies e t al ,1968) o r on red c e l l zinc l e v e l s in s u b j e c t s aged 20-84 

y e a r s (Lindeman e t al , 1971) a l t h o u g h a d e c r e a s e in p lasma z i n c 

concen t r a t ion with age has been repor ted in females aged 20-58 yea r s 

(Lindeman e t a l , 1971). 

S i g n i f i c a n t l y lower c o n c e n t r a t i o n s of selenium in whole blood and 

e r y t h r o c y t e s in men and women aged o v e r 55 y e a r s were r e p o r t e d by 

Lloyd e t al (1983). In t h e p resen t s tudy, no r e l a t i o n s h i p between age 

and l eucocy te selenium l e v e l s in e i t h e r men or women was found. I t i s 

i n t e r e s t i n g t o n o t e t h a t a l t h o u g h Lloyd e t al (1983) a l s o found 

s i g n i f i c a n t l y decreased l e v e l s of selenium in whole b lood, plasma and 

e r y t h r o c y t e s in ma le c i g a r e t t e smokers aged o v e r 30 y e a r s compared 

wi th n o n - s m o k e r s , t h e r e was no s i g n i f i c a n t r e l a t i o n s h i p between 

smoking and l eucocy te selenium c o n c e n t r a t i o n s in e i t h e r men or women 

in the p resen t study. 

I t i s c l e a r from the above d i scuss ion t h a t selenium l e v e l s a re 

i n f l u e n c e d by age, sex and c i g a r e t t e smoking. Furthermore, increased 

concen t r a t i ons of plasma copper and selenium are a s soc ia ted with t h e 

use of o r a l c o n t r a c e p t i v e s . C a r e f u l l y matched d a t a a r e t h e r e f o r e 

requi red to ensure c o r r e c t i n t e r p r e t a t i o n of r e s u l t s on p a t i e n t s . 
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CHAPTER 7 

LEUCOCYTE ZINC AND COPPER IN THE ELDERLY 

7.1 INTRODUCTION 

I t has been s u g g e s t e d t h a t m a l n u t r i t i o n may be p r e s e n t in up t o 

10% of e l d e r l y p a t i e n t s a d m i t t e d t o h o s p i t a l in B r i t a i n and in a 

s i g n i f i c a n t number of o l d p e o p l e in t h e community, t h e p r o p o r t i o n 

r i s i n g w i th a d v a n c e i n t o v e r y o l d age (Beaumont and J a m e s , 1985) . 

T r a c e e l e m e n t d e f i c i e n c y may o c c u r more commonly among t h e e l d e r l y 

than younger people as a r e s u l t of a g r e a t e r f requency of f a c t o r s such 

as d i s e a s e , d r u g - n u t r i e n t i n t e r a c t i o n s , and reduced d i e t a r y i n t ake due 

to decreased energy need or economic d e p r i v a t i o n (Solomons, 1986). In 

a d d i t i o n , housebound e l d e r l y p e o p l e u s u a l l y e a t l e s s t h a n a c t i v e 

people matched f o r age (Beaumont and James, 1985). Marginal d i e t a r y 

z i n c i n t a k e s in t h i s p o p u l a t i o n group may be p a r t i c u l a r l y s e r i o u s 

because zinc absorp t ion appears to decrease with age in both men and 

women (Aamodt e t a l , 1981; Turnland e t a l , 1984). Cer ta in man i f e s t a -

t i o n s of z i n c d e f i c i e n c y such as i m p a i r e d immune r e s p o n s e , d e l a y e d 

wound h e a l i n g and decreased t a s t e a c u i t y , are a l s o f e a t u r e s of o l d age 

( S a n d s t e a d e t a l , 1982). E v i d e n c e does not i m p l i c a t e c o p p e r 

d e f i c i e n c y in the d e t e r i o r a t i o n of phys io log i ca l f u n c t i o n s which occur 

with aging (Watson, 1984). However, chronic low in t ake of copper may 

occur in the e l d e r l y (Henery and Smith, 1987), and they may t h e r e f o r e 

be at r i s k of copper d e f i c i e n c y . 

The purpose of the present study was to i n v e s t i g a t e t h e z inc and 

copper s t a t u s of a group of h e a l t h y and housebound e l d e r l y peop le . In 

a d d i t i o n t o d e t e r m i n a t i o n of t h e s e t r a c e e l e m n e n t s in l e u c o c y t e s , 

me tabo l i c ba lance s t u d i e s f o r z inc and copper were performed on t he se 

s u b j e c t s , and an o p p o r t u n i t y was t a k e n t o compare t h e d a t a o b t a i n e d 

from t h e b a l a n c e s t u d i e s w i th t h e l e u c o c y t e v a l u e s . These b a l a n c e 

da ta were made a v a i l a b l e through the kindness of Dr V. Bunker. 

7 .2 SUBJECTS AND METHODS 

Elderly subjects 

T w e n t y - f o u r a p p a r e n t l y h e a l t h y s u b j e c t s , 11 men and 13 women. 
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aged 70-86 (mean 76.9) yea r s vo lun tee red to p a r t i c i p a t e . D e t a i l s of 

t h i s g roup of s u b j e c t s a r e g i v e n in T a b l e 7 .1 . One woman smoked an 

a v e r a g e o f 20 c i g a r e t t e s a day , bu t t h e o t h e r s u b j e c t s were non 

smokers. Al l of them were l i v i n g in t h e i r own homes and ea t i ng s e l f -

s e l e c t e d d i e t s . 

Twenty housebound e l d e r l y s u b j e c t s , 7 men and 13 women, aged 70-

85 (mean 78.8) y e a r s were a l s o s t u d i e d . A l l were c l a s s i f i e d as 

housebound in t h a t t h e y d id not go o u t unaccompanied . Th i s was 

g e n e r a l l y due to phys ica l i n f i r m i t y a l t h o u g h two s u b j e c t s s u f f e r e d 

from seve re depress ion . D e t a i l s of these s u b j e c t s a re given in Table 

7 .11 . The p a r t i c i p a n t s were s u f f e r i n g from v a r i o u s s t a b l e c h r o n i c 

d i s e a s e s and were t a k i n g a number of p resc r ibed medicines inc lud ing 

d i u r e t i c s , t r a n q u i l i z e r s and a n t i - i n f l a m m a t o r y d r u g s . One woman 

smoked between 15-20 c i g a r e t t e s a day and one man smoked an average of 

30 c i g a r e t t e s a day . None of t h e o t h e r housebound s u b j e c t s were 

smokers . S i x t e e n of them r e c e i v e d home h e l p once o r t w i c e a week. 

Their food was bought by f r i e n d s , r e l a t i v e s , home he lp or the s u b j e c t s 

t hemse lves when they were taken out . Seven of the s u b j e c t s r ece ived 

meals -on-wheels f i v e days a week. 

Young control subjects 

The data obtained f o r the h e a l t h y con t ro l s u b j e c t s i n v e s t i g a t e d 

as d e s c r i b e d in t h e p r e v i o u s C h a p t e r were used f o r t h e pu rpose of 

comparison in the present s tudy. 

Blood samples 

Blood samples were c o l l e c t e d and a l i q u o t e d as decribed in Chapter 

6 . Samples were o b t a i n e d f o r l e u c o c y t e a n a l y s i s from a l l of t h e 

h e a l t h y e l d e r l y s u b j e c t s and from 18 of t h e housebound s u b j e c t s . 

Analyses 

S e p a r a t i o n of w h i t e c e l l s , a n a l y s i s of z i n c and c o p p e r in 

l e u c o c y t e s and p l a s m a , and c e l l c o u n t i n g were pe r fo rmed by t h e 

techniques g iven in Chapters 4 and 5. 

Albumin was measured u s i n g an au tomated b romocreso l g r een dye 

binding method. The between-batch c o e f f i c i e n t of v a r i a t i o n was 3.8% 

a t a p la sma a lbumin c o n c e n t r a t i o n of 44 g 1"^ . C a e r u 1 o p l a s m i n was 

d e t e r m i n e d by r a d i a l i m m u n o d i f f u s i o n u s i n g NOR-Par t igen p l a t e s 

(Hoechst UK Ltd.) , and the between-batch c o e f f i c i e n t of v a r i a t i o n was 
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TABLE 7 .1 

DETAILS OF APPARENTLY HEALTHY ELDERLY SUBJECTS 

No. Sex Age 
(yrs) 

Cl inical d e t a i l s , medication and smoking habits 

1 F 75 A r t h r i t i s ; Rx oxprenolol hydrochlor ide 

2 F 85 Very f i t ; Rx imipramine hydrochlor ide 

3 F 74 Very f i t and a c t i v e ; 20-30 c i g a r e t t e s / d 

4 F 83 Fi t 

5 F 85 Mild ce rebra l vascu la r acc iden t 4 years ago; 

Rx phenytoin 

6 F 70 Very f i t 

7 F 77 Very f i t 

8 F 73 F i t 

9 F 71 F i t 

10 F 71 F i t 

11 F 79 F i t 

12 F 71 F i t 

13 F 73 Mild hyperglycaemia found during study 

14 M 85 Very f i t and a c t i v e 

15 M 73 Very f i t 

16 M 80 F i t 

17 M 73 Very f i t 

18 M 83 Fi t 

19 M 75 Very f i t 

20 M 75 S l i g h t a r t h r i t i s 

21 M 85 Prosta tec tomy 1 yea r ago f o r benign l e s i o n 

22 M 82 Fit 

23 M 70 O s t e o a r t h r i t i s ; Rx ibuprofen 

24 M 78 F i t 
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TABLE 7.II 

DETAILS OF HOUSEBOUND ELDERLY S U B J E C T S 

No. Sex Age Clinical d e t a i l s , medication and smoking habits 
(yrs) 

1 F 82 Disabled a f t e r unsuccessful hip replacement; Rx f rusemide , 
cyc lopen th i az ide with potassiurn;15-20 c i g a r e t t e s / d 

2 F 82 Severe o s t e o a r t h r i t i s ; Rx cyc lopen th iaz ide with 
potassium, t r i azo l am 

3 F 71 Depress ion, angina; Rx ch lo rme th iazo le , dihydrocodine 
t a r t r a t e , n i t razepam, cyc lopen th iaz ide with potassium 

4 F 75 Severe o s t e o a r t h r i t i s , depress ion ; Rx ibuprofen , lorazepam 

5 F 77 Badly mended f r a c t u r e d r a d i u s , depress ion ; Rx 
s p i r o n o l a c t o n e , dextropropoxyphene hydrochlor ide + 
p a r a c e t a m o l ( D i s t a l g e s i c , D i s t a ) , t r i azo lam 

6 F 82 Severe o s t e o a r t h r i t i s ; Rx potassium ch lo r ide (Slow-k, 

Ciba) , f ru semide , mefenamic acid 

7 F 79 Chronic dep res s ion ; Rx nitrazepam 

8 F 79 Recently bereaved, depress ion ; Rx f rusemide , 
potassium c h l o r i d e (Slow-k, Ciba) 

9 F 83 O s t e o a r t h r i t i s ; Rx propanolol hydroch lor ide , ami lor ide 
hydrochlor ide + hydroch lo ro th iaz ide (Moduretic, Merck 
Sharp and Dohme L t d ) , diazepam 

10 F 81 O s t e o a r t h r i t i s ; Rx ibuprofen , f lurazepam hydrochlor ide 

11 F 82 Recent ce rebra l vascu la r a cc iden t ; Rx sennoside 

12 F 75 Fractured femur 1 yea r ago, hear t valve replacement; Rx 
ni t razepam, ami lo r ide hydroch lo r ide , d igoxin , f rusemide , 
war fa r i n 

13 M 78 Chronic emphysema; Rx potassium c h l o r i d e (Slow-k, Ciba) , 
f rusemide , digoxin 

14 M 77 Recent h e a r t valve replacement , f r a c t u r e d femur 1 year 
ago; Rx f rusemide , sp i rono l ac tone , t h e o p h y l l i n e , 
d igonin ; 30 c i g a r e t t e s / d 
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TABLE 7 . I I continued 

No. Sex Age 
(yrs) 

Clinical d e t a i l s , medication and smoking habits 

15 M 70 Disabled a f t e r cerebal vascu la r acc ident 4 yea r s ago, 
recent f r a c t u r e d arm 

16 M 75 Chronic o b s t r u c t i v e airways d i s ea se 

17 M 84 O s t e o a r t h r i t i s , very f r a i l ; Rx nitrazepam 

18 M 85 Recurring b r o n c h i t i s ; Rx ch lo rmeth iazo le , f rusemide , 
ami lor ide hydrochlor ide 

19 M 82 Recently bereaved, severe dep re s s ion , hyperglycaemia 
found during s tudy; Rx indomethacin, bendrof luaz ide 

20 F 77 O s t e o a r t h r i t i s , severe depres s ion ; Rx f enop ro fen , 
cyc lopen th i az ide with potassium, nitrazepam 
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6.7% a t a concen t r a t ion of plasma cae ru lop lasmin of 410 mg 1"^. 

S t a t i s t i c a l procedures 

The s t a t i s t i c a l p r o c e d u r e s used in t h i s p r o j e c t a r e g i v e n in 

C h a p t e r 5. A group of young c o n t r o l s u b j e c t s (n = 50) c o n s i s t i n g of 

25 women who did not t ake o r a l c o n t r a c e p t i v e s and 25 men, aged 21-64 

(mean 37.2) y e a r s , were s e l e c t e d f o r compar i son w i th t h e h e a l t h y 

e l d e r l y s u b j e c t s . 

Metabolic balance s tudies 

F i v e - d a y m e t a b o l i c b a l a n c e s t u d i e s were c a r r i e d o u t by o t h e r 

i n v e s t i g a t o r s (Bunker e t a l , 1984; Bunker e t a l , 1987) on the s u b j e c t s 

d e s c r i b e d in t h i s c h a p t e r . These s t u d i e s were c a r r i e d ou t in t h e 

s u b j e c t s ' own homes and i n v o l v e d the c o l l e c t i o n of d u p l i c a t e d i e t s , 

f a e c e s and u r i n e i n t o t r a c e - e l e m e n t - f r e e p l a s t i c con t a ine r s t ak ing 

ca re to avoid contaminat ion of the samples. Where a sub jec t r ece ived 

mea ls -on-whee ls , two po r t ions were d e l i v e r e d . These were combined and 

d iv ided and any food not eaten was saved s e p a r a t e l y . Although i t was 

n e c e s s a r y t o spend much t i m e wi th t h e s u b j e c t s t o e n s u r e r e l i a b l e 

c o l l e c t i o n s , g rea t ca re was taken not to encourage them to a l t e r t h e i r 

normal e a t i n g h a b i t s . 

Samples of d i e t , mea ls -on-whee ls , r e j e c t e d d i e t , r e j e c t e d mea l s -

on-wheel s , f a e c e s and u r i n e were p r e p a r e d and a n a l y s e d f o r z i n c and 

c o p p e r u s i n g a tomic a b s o r p t i o n s p e c t r o p h o t o m e t r y as d e s c r i b e d by 

Bunker e t al (1984). The wi th in -ba t ch c o e f f i c i e n t s of v a r i a t i o n f o r 

these procedures were 5% or l e s s . 

The mean v a l u e s of the i n t ake , t o t a l exc re t ion and net r e t e n t i o n 

of z inc and copper in the h e a l t h y and housebound e l d e r l y s u b j e c t s a re 

p r e s e n t e d in t h e r e s u l t s s e c t i o n in o r d e r t o f a c i l i t a t e compar i son 

with the l eucocy te zinc and copper r e s u l t s . 

7 .3 RESULTS 

The i n d i v i d u a l z i n c and c o p p e r r e s u l t s f o r t h e housebound and 

h e a l t h y e l d e r l y s u b j e c t s a re g iven in Appendix 4. Scat tergrams of the 

plasma and l eucocy te zinc v a l u e s , and the plasma and l eucocy te copper 

v a l u e s a r e shown in F i g u r e s 7 .1 , 7 .2 , 7.3 and 7.4 r e s p e c t i v e l y , f o r 

the housebound and h e a l t h y e l d e r l y s u b j e c t s and young c o n t r o l s . 
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Figure 7 .1 

Scat tergram of plasma z inc c o n c e n t r a t i o n s in housebound and h e a l t h y 
e l d e r l y s u b j e c t s and young c o n t r o l s . Hor izonta l l i n e s show the mean 
va lues of t h e da ta s e t s 
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e l d e r l y s u b j e c t s and young c o n t r o l s . Horizontal l i n e s show the geometric 
mean va lues of the da ta s e t s 

113 



340 r 

310 

280 

25 0 

E 220 

& 19 0 
O 
w 

E 16-0 
i s 
Q_ 

13 0 

10 0 

70 

1 

# # 

I, 
I, 

• • 

# 

# 

Housebound 
elderly 

Healthy 
elderly 

I 

I f 

Young 
controls 

Figure 7 . 3 

Scat te rgram of plasma copper concen t r a t ions in housebound and hea l thy 
e l d e r l y s u b j e c t s and young c o n t r o l s . Horizontal l i n e s show t h e mean 
va lues of t h e da ta s e t s 
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Scat tergram of l eucocy te copper c o n c e n t r a t i o n s in housebound and hea l thy 
e l d e r l y s u b j e c t s and young c o n t r o l s . Hor izonta l l i n e s show the mean 
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Comparison of healthy e lder ly subjects and young controls 

The zinc and copper c o n c e n t r a t i o n s in l eucocy tes and plasma f o r 

t h e h e a l t h y e l d e r l y s u b j e c t s and young c o n t r o l s a r e summarised in 

T a b l e 7 . I I I . A s i g n i f i c a n t d i f f e r e n c e (p < 0.001) between t h e two 

g roups was o n l y o b s e r v e d f o r c o n c e n t r a t i o n s of z i n c and c o p p e r in 

plasma. Plasma albumin and cae ru lop la smin concen t r a t ions were s i m i l a r 

in t h e h e a l t h y e l d e r l y s u b j e c t s (44 ± 3 g 1"^ and 330 ± 80 mg 1"^ 

r e s p e c t i v e l y ) and the young c o n t r o l s (46 ± 3 g 1 ' ^ and 310 ± 55 mg 1"^ 

r e s p e c t i v e l y ) . There was a s i g n i f i c a n t c o r r e l a t i o n between p lasma 

copper and cae ru lop lasmin c o n c e n t r a t i o n s f o r both the h e a l t h y e l d e r l y 

s u b j e c t s (p < 0 .001 , r = 0.82) and young c o n t r o l s (p < 0 .001 , r = 

0.89). No s i g n i f i c a n t r e l a t i o n s h i p was observed between plasma z inc 

and albumin l e v e l s f o r e i t h e r of the groups. There were no s i g n i f c a n t 

c o r r e l a t i o n s between z i n c o r c o p p e r c o n c e n t r a t i o n s in p lasma and 

l eucocy te s f o r the h e a l t h y e l d e r l y s u b j e c t s . 

Comparison of housebound and healthy e lder ly subjects 

T a b l e 7.IV shows a compar i son of t h e mean v a l u e s f o r z i n c and 

copper in l eucocy tes and plasma f o r t h e housebound and h e a l t h y e l d e r l y 

s u b j e c t s . A s i g n i f i c a n t d e c r e a s e (p < 0.01) in both l e u c o c y t e z i n c 

and c o p p e r c o n c e n t r a t i o n s was o b s e r v e d in t h e housebound s u b j e c t s . 

Plasma cae ru lop lasmin c o n c e n t r a t i o n s in the housebound s u b j e c t s (382 ± 

101 mg 1"^) were not s i g n i f i c a n t l y d i f f e r e n t from the h e a l t h y e l d e r l y 

s u b j e c t s (330 ± 80 mg 1 " ^ ) . The re was a s i g n i f i c a n t c o r r e l a t i o n 

between plasma copper and cae ru lop la smin concen t r a t i ons (p < 0.001, r 

= 0.93) f o r t h e housebound s u b j e c t s . P lasma a lbumin l e v e l s were 

s i g n i f i c a n t l y d e c r e a s e d (p < 0.05) in t h e housebound (41 ± 3 g 1"^) 

compared t o t h e h e a l t h y e l d e r l y s u b j e c t s (44 ± 3 g 1 " ^ ) . There were 

no s i g n i f i c a n t c o r r e l a t i o n s between plasma zinc and albumin l e v e l s , 

p l a sma and l e u c o c y t e z i n c c o n c e n t r a t i o n s , o r p lasma and l e u c o c y t e 

copper concen t r a t i ons f o r the housebound e l d e r l y s u b j e c t s . 

Comparison of leucocyte concentrations with data from balance s tudies 

for the healthy and housebound e lder ly subjects 

The ba lance data obta ined f o r z inc and copper a re shown in Table 

7.V f o r the h e a l t h y e l d e r l y s u b j e c t s and Table 7.VI f o r the housebound 

e l d e r l y s u b j e c t s . Both d a i l y z i n c and c o p p e r i n t a k e s w e r e 

s i g n i f i c a n t l y lower (p < 0.01) in t h e housebound compared t o t h e 

h e a l t h y e l d e r l y s u b j e c t s . The o v e r a l l z inc and copper r e t e n t i o n of 1 
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TABLE 7.V 

BALANCE DATA FOR 24 HEALTHY ELDERLY PEOPLE 

(Data supplied by Dr V. Bunker) 

Zinc ptnol day"^ Copper pmol day" 

In take 137 

120 ^ 153 

46 - 210 

18.7(20.1)+ 

16.0 to 21.9 

10.1 - 47.8 

Total exc re t i on 136 

120 ^ 153 

43 - 211 

19.4(20.9)+ 

16.4 to 22.9 

7.8 - 47.4 

Net r e t e n t i o n 1 

.2 to 13 

-47 - 31 

- 0 . 8 

-2.2 to 0 .6 

-8.8 - - 6 . 3 

a r i t h m e t i c mean 

95% CI 

observed range 

geometric mean ( a r i t h m e t i c mean) 

9 # CI 

observed range 
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TABLE 7.VI 

BALANCE DATA FOR 20 HOUSEBOUND ELDERLY PEOPLE 

(Data supplied by Or V. Bunker) 

Zinc iiirol day"* Copper pmol day"* 

In take 90 

80 to 101 

51 - 149 

13.4(15.0)+ 

10.8 to 16.6 

6.9 - 44.7 

Total e x c r e t i o n 160 

94 to 118 

63 - 180 

15.2(16.8)+ 

12.3 to 18.6 

8 .3 - 4 3 . 1 

Net r e t e n t i o n - 1 6 

-24 to -6 

-49 - 21 

-1 .8 

- 2 . 9 to 0 .7 

-10 .9 - 4 .9 

a r i t h m e t i c mean 

95% CI 

observed range 

geometric mean ( a r i t h m e t i c mean) 

95% CI 

observed range 
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and -0.8 ymol day"^ r e s p e c t i v e l y for t he h e a l t h y e l d e r l y s u b j e c t s was 

no t s i g n i f i c a n t l y d i f f e r e n t f rom ze ro r e t e n t i o n ( i . e . e q u i 1 i b r i u m ) , 

w h i l s t t h e o v e r a l l z inc and copper ba lance of -16 and -1.8 ymol day"* 

r e s p e c t i v e l y f o r t h e housebound e l d e r l y s u b j e c t s s i g n i f i c a n t l y 

d i f f e r e d from equ i l i b r i um (p < 0.01 and p < 0.05 r e s p e c t i v e l y ) . 

There was no s i g n i f i c a n t c o r r e l a t i o n between l e u c o c y t e z i n c 

c o n c e n t r a t i o n s and z i n c i n t a k e , a b s o r p t i o n o r r e t e n t i o n f o r t h e 

h e a l t h y e l d e r l y s u b j e c t s . A s i g n i f i c a n t c o r r e l a t i o n (p < 0.01, r^ = 

0.61) was no ted between t h e c o n c e n t r a t i o n of z i n c in l e u c o c y t e s and 

z i n c r e t e n t i o n ( F i g u r e 7 . 5 ) , bu t no t i n t a k e o r a b s o r p t i o n f o r t h e 

housebound e l d e r l y s u b j e c t s . No s i g n i f i c a n t r e l a t i o n s h i p was noted 

between leucocyte copper c o n c e n t r a t i o n s and copper i n t a k e , absorp t ion 

o r r e t e n t i o n f o r the h e a l t h y o r housebound e l d e r l y s u b j e c t s . 

7 . 4 DISCUSSION 

Leucocyte zinc concen t r a t i ons were s i m i l a r in the h e a l t h y e l d e r l y 

and younger s u b j e c t s , and the mean z inc r e t e n t i o n of 1 ymol day~^ f o r 

t h e h e a l t h y e l d e r l y s u b j e c t s did not s t a t i s t i c a l l y d i f f e r from zero. 

The f a c t t h a t no c o r r e l a t i o n was found between zinc concen t ra t ion in 

l e u c o c y t e s and z i n c r e t e n t i o n i s not s u r p r i s i n g as t h e s e d a t a 

r e p r e s e n t a s c a t t e r of v a l u e s w i t h i n a normal r a n g e . Lower p lasma 

zinc l e v e l s were observed in the h e a l t h y e l d e r l y s u b j e c t s as compared 

with the younger s u b j e c t s and t h i s f i n d i n g i s in agreement with o t h e r 

worke r s (Lindeman e t a l , 1971; Busher e t a l , 1982) . I t has been 

s u g g e s t e d t h a t t h i s i s due t o l ower a l b u m i n l e v e l s in t h e e l d e r l y 

(Lindeman e t a l , 1971; V i r and Love , 1979b) , a l t h o u g h in t h e p r e s e n t 

s t u d y , p lasma a lbumin l e v e l s were not s i g n i f i c a n t l y lower in t h e 

h e a l t h y e l d e r l y people than in the younger s u b j e c t s , and t h e r e was no 

s i g n i f i c a n t r e l a t i o n s h i p between p lasma z i n c and a lbumin concen -

t r a t i o n s f o r e i t h e r g roup . The l a c k of any s i g n i f i c a n t c o r r e l a t i o n 

between plasma zinc and albumin v a l u e s in h e a l t h y s u b j e c t s , aged 18-62 

y e a r s , has p r e v i o u s l y been repor ted (Foote and Del ves , 1984). 

No s i g n i f i c a n t d i f f e r e n c e was o b s e r v e d between t h e l e u c o c y t e 

c o p p e r c o n c e n t r a t i o n s f o r t h e h e a l t h y e l d e r l y and younger s u b j e c t s , 

and a l though the mean d a i l y r e t e n t i o n of copper was s l i g h t l y n e g a t i v e , 

t h i s f i g u r e d id not s i g n i f i c a n t l y d i f f e r from e q u i l i b r i u m . The 

c o n c e n t r a t i o n of p lasma c o p p e r in t h e h e a l t h y e l d e r l y p e o p l e was 

h igher than in the younger c o n t r o l s , an a g e - r e l a t e d f i nd ing t h a t has 

121 



40 

20 
ro 

"O 
"o 
e 
=3 . 

OJ u 
C 
m 
m 

X3 
w 

_c 
N 

-20 

•40 

-60 
70 90 110 130 150 

Leucocyte zinc (pmol/IO^cells) 

Figure 7 .5 

R e l a t i o n s h i p between l eucocy te z inc c o n c e n t r a t i o n and d a i l y z inc 
r e t e n t i o n in 18 housebound e l d e r l y people 
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p r e v i o u s l y been reported (Harman, 1965; Yunice e t a l , 1974) . 

Increased l e v e l s of cae ru lop lasmin were not r e s p o n s i b l e f o r the h igher 

copper concen t r a t ions found in the present s tudy , as concen t r a t ions of 

cae ru lop lasmin were s i m i l a r f o r both groups. This lack of a g e - r e l a t e d 

change in cae ru lop lasmin l e v e l s has been repor ted p r e v i o u s l y (Yunice 

e t a l , 1974) . I t has been proposed t h a t t h e r a i s e d p lasma c o p p e r 

o f t e n found in t h e e l d e r l y may have a c a t a l y t i c e f f e c t on l i p i d 

pe rox ida t ion , r e s u l t i n g in the production of f r e e r a d i c a l s , which may 

a c c e l e r a t e the development of a t h e r o s c l e r o s i s (Harman, 1965). 

Comparison of the zinc and copper data obta ined f o r the h e a l t h y 

e l d e r l y s u b j e c t s wi th t h e d a t a o b t a i n e d from younge r c o n t r o l s 

i nd ica t ed a s a t i s f a c t o r y body s t a t u s of t he se t r a c e elements in t he se 

e l d e r l y p e o p l e . I t i s i n t e r e s t i n g t o n o t e t h a t mean i n t a k e s of 137 

umol d a y ' l of z inc and 20.1 pmol day of copper were compat ible with 

good h e a l t h in these e l d e r l y s u b j e c t s , a l though the se in takes a re wel l 

below the e x i s t i n g recommendations. The e x i s t i n g recommended d i e t a r y 

a l lowance f o r z inc of 230 ymol (15 mg) day"^ and the s a f e and adequate 

d i e t a r y i n t a k e f o r coppe r of 31 .5-47 .2 ymol (2 .0-3 .0 mg) day"^ f o r 

p e o p l e aged 51 y e a r s o r more a r e e x t r a p o l a t i o n s based on s t u d i e s in 

younger a d u l t s (National Research Counci l , 1980). Metabol ic ba lance 

s t u d i e s c a r r i e d ou t in s p e c i a l i s e d m e t a b o l i c u n i t s , w h e r e a 

c o n s i d e r a b l e propor t ion of the t o t a l d a i l y i n t ake of zinc was in the 

form of z i n c s u l p h a t e , showed a n e g a t i v e z i n c b a l a n c e f o r s u b j e c t s 

aged 56-83 yea r s with d a i l y in t akes of 119 and 356 ymol (Burke e t a l , 

1981) , and c o n v e r s e l y , a s a t i s f a c t o r y z i n c b a l a n c e in s u b j e c t s aged 

65-74 y e a r s wi th d a i l y i n t a k e s of 236 ymol (Turn l und e t al , 1981) . 

These two s t u d i e s a l s o r e p o r t e d t h a t f o r c o p p e r , e q u i l i b r i u m was 

achieved with mean in takes of 36.7 ymol day"* (Burke e t a l , 1981) and 

51.3 ymol d a y ' l ( T u r n l a n d e t a l , 1981) . Much of t h e d i e t a r y c o p p e r 

i n t ake was in the form of copper su lpha t e in both s t u d i e s . 

S i g n i f i c a n t r e d u c t i o n s in t h e c o n c e n t r a t i o n s of bo th z i n c and 

copper in leucocytes were observed in the housebound compared with the 

h e a l t h y e l d e r l y s u b j e c t s . Mean d a i l y in t akes of z inc and copper were 

a l s o s i g n i f i c a n t l y lower in the housebound s u b j e c t s , and t h e nega t ive 

r e t e n t i o n v a l u e s f o r these t r a c e elements s i g n i f i c a n t l y d i f f e r e d from 

e q u i l i b r i u m . S i g n i f i c a n t l y decreased l eucocy te zinc c o n c e n t r a t i o n s 

have been repor ted in a group of g e r i a t r i c p a t i e n t s in l o n g - s t a y wards 

compared with age- and sex-matched persons , a c t i v e and l i v i n g in t h e i r 

own homes ( S t a f f o r d e t a l , 1987). U n f o r t u n a t e l y , i t was not p o s s i b l e 
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t o compare t h e l eucocyte zinc va lues from t h i s study with the v a l u e s 

o b t a i n e d in t h e p r e s e n t s t u d y as t h e i r u n i t s of measurement f o r 

l eucocy te z inc were wg/g dry ma t t e r . I t i s i n t e r e s t i n g to note t h a t 

in t h e p r e s e n t s t u d y t h e r e was a s i g n i f i c a n t r e l a t i o n s h i p between 

z inc r e t e n t i o n and the concen t r a t ion of zinc in the l eucocy tes in the 

g roup of housebound e l d e r l y s u b j e c t s . These r e s u l t s i n d i c a t e a 

s u b o p t i m a l z i n c s t a t u s in some of t h e housebound e l d e r l y s u b j e c t s . 

Although t h e r e was no d i r e c t r e l a t i o n s h i p between copper ba lance and 

l eucocy te copper c o n c e n t r a t i o n , t h e low l e v e l s found may a l s o r e f l e c t 

a d e f i c i e n c y s t a t e of copper in t h i s group. 

The re was no s i g n i f i c a n t d i f f e r e n c e f o r p iasma z i n c , c o p p e r o r 

c a e r u 1 o p l a s m i n l e v e l s between t h e housebound and h e a l t h y e l d e r l y 

s u b j e c t s . Plasma albumin concen t r a t i ons were s i g n i f i c a n t l y lower in 

t h e housebound e l d e r l y p e o p l e , p o s s i b l y r e f l e c t i n g l o n g - t e r m 

suboptimal n u t r i t i o n , a l though the e f f e c t of under ly ing d i sease cannot 

be exc luded . 

The reason f o r t h e apparent lowered zinc and copper s t a t u s of the 

housebound e l d e r l y s u b j e c t s in t h e p r e s e n t s t u d y i s not c l e a r . 

D e c r e a s e d d i e t a r y i n t a k e , i n a c t i v i t y and r e d u c t i o n in m u s c l e mass , 

u n d e r l y i n g d i s e a s e and m e d i c a t i o n may a 1 1 be c o n t r i b u t i n g f a c t o r s . 

The d i e t a r y r e q u i r e m e n t s of t h e e l d e r l y a r e p o o r l y u n d e r s t o o d , 

p a r t i c u l a r l y with regard to t r a c e e lements . Fur ther subd iv i s ion of 

t h e popu la t i on 51 yea r s of age and o l d e r would probably be u se fu l f o r 

a more accu ra t e d e s c r i p t i o n of the t r a c e element needs of the e l d e r l y . 

Approximately 8% of the e l d e r l y in the United Kingdom are housebound, 

amounting to some 750,000 people (Beaumont and James, 1985), and i t i s 

important to be aware t h a t t h i s popula t ion group in p a r t i c u l a r appear 

t o be a t r i s k of z i n c and c o p p e r d e f i c i e n c y . S i n c e z inc and c o p p e r 

a re both e s s e n t i a l e lements , continued nega t ive ba lance with d e p l e t i o n 

of body s t o r e s w i l l be d e t r i m e n t a l t o t h e h e a l t h and d e g r e e of 

recovery of the housebound i n d i v i d u a l . 
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CHAPTER 8 

INVESTIGATION OF ZINC, COPPER AND SELENIUM STATUS OF 

PATIENTS WITH GASTROINTESTINAL DISORDERS 

8 . 1 INTRODUCTION 

A r a n g e of n u t r i t i o n a l d i s o r d e r s , i n c l u d i n g t r a c e e l e m e n t 

d e f i c i e n c y , has been a s s o c i a t e d with g a s t r o i n t e s t i n a l d i s o r d e r s such 

as Crohn ' s d i s e a s e (Dawson, 1972; McClain e t a l , 1980) and c o e l i a c 

desease (Elmes e t a l , 1976; Solomons e t a l , 1976). D e f i c i e n c i e s have 

a l s o been o b s e r v e d in p a t i e n t s r e c e i v i n g t o t a l p a r e n t a l n u t r i t i o n 

( P r i n c i p i e t a l , 1979; Brown e t a l , 1986). 

Crohn's d i s e a s e i s a ch ron ic , d e s t r u c t i v e , inflammatory d i s e a s e 

of unknown cause, a f f e c t i n g co lon and small bowel (Best et a l , 1976). 

When i n v o l v e m e n t of t h e s m a l l i n t e s t i n e i s e x t e n s i v e , s i g n i f i c a n t 

m a l a b s o r p t i o n may o c c u r and a s s o c i a t e d m a l n u t r i t i o n may be s e v e r e 

(Sandstead, 1982). Severa l c l i n i c a l r e p o r t s have descr ibed p a t i e n t s 

with s e v e r e Crohn's d i s e a s e who d e m o n s t r a t e d a s i g n i f i c a n t c l i n i c a l 

improvement in response to z inc supplementat ion (McClain e t a l , 1980; 

Sandstead, 1982) . 

Coe l iac d i s e a s e has been def ined as 'a condi t ion c h a r a c t e r i s e d by 

a l e s i o n of the small i n t e s t i n a l mucosa r e l a t e d to g l u t e n i n g e s t i o n , 

a s s o c i a t e d wi th m a l a b s o r p t i o n and p e r s i s t i n g throughout l i f e in t h e 

presence of g l u t e n ' (S tewar t , 1974). Most people who deve lop c o e l i a c 

d i s e a s e have increased c o n c e n t r a t i o n s of antibody to a l p h a - g l i a d i n , a 

p u r i f i e d wheat p r o t e i n , and respond c l i n i c a l l y and h i s t o l o g i c a l l y to 

t r e a t m e n t wi th a g l u t e n - f r e e d i e t ( O ' F a r r e l l y e t a l , 1983) . In 

c o n t r a s t , p a t i e n t s with en te ropa thy a s soc i a t ed T c e l l lymphoma do not 

have r a i s e d l e v e l s of a l p h a - g l i a d i n a n t i b o d i e s and r a r e l y respond to 

t h e c o n v e n t i o n a l t r e a t m e n t f o r c o e l i a c d i s e a s e ( O ' F a r r e l l y e t a l , 

1986). 

P a t i e n t s r e c e i v i n g t o t a l p a r e n t e r a l n u t r i t i o n may be a t r i s k of 

t r a c e element d e f i c i e n c y t h r o u g h i n a d e q u a t e s u p p l e m e n t a t i o n of t h e 

i n t r avenous s o l u t i o n with the a p p r o p r i a t e t r a c e e lement . This i s of 

p a r t i c u l a r importance f o r p a t i e n t s who a re unable to u t i l i s e t h e i r 

d i g e s t i v e t r a c t f o r prolonged per iods and a re thus r e l i a n t on t o t a l 

p a r e n t e r a l n u t r i t i o n long- term to meet t h e i r n u t r i t i o n a l needs. 

125 



The o b j e c t i v e of t h e s t u d i e s d e s c r i b e d in t h i s c h a p t e r was t o 

i n v e s t i g a t e t h e z i n c , c o p p e r and s e l e n i u m s t a t u s of p a t i e n t s w i t h 

c o e l i a c d i s e a s e r e c e i v i n g a g l u t e n - f r e e d i e t , p a t i e n t s wi th m i l d 

Crohn ' s d i s e a s e and p a t i e n t s r e c e i v i n g l o n g - t e r m t o t a l p a r e n t e r a l 

n u t r i t i o n - In a d d i t i o n , t h e body s t a t u s of t h e s e t r a c e e l e m e n t s was 

assessed in newly diagnosed p a t i e n t s with c o e l i a c d i s e a s e , be fo re and 

a f t e r withdrawal of g l u t e n from the d i e t . 

8 . 2 ASSESSMENT OF ZINC, COPPER AND SELENIUM STATUS OF PATIENTS 

WITH MILD CROHN'S DISEASE AND COELIAC DISEASE, AND OF TWO PATIENTS 

RECEIVING LONG-TERM TOTAL PARENTERAL NUTRITION 

8 . 2 . 1 PATIENTS AND METHODS 

Pat ients with Crohn's d i sease 

Twenty ambulatory p a t i e n t s with Crohn's d i s e a s e , 16 women and 4 

men, aged 21-54 (mean 40.2) y e a r s were s t u d i e d . D i a g n o s i s had been 

made by e s t a b l i s h e d rad iograph ic and c l i n i c a l c r i t e r i a . The c l i n i c a l 

d e t a i l s of t h e s e p a t i e n t s a r e g i v e n in T a b l e 8 .1 . Ten p a t i e n t s had 

d i s e a s e of the small bowel on ly and 10 had involvement of both small 

and l a r g e bowel. None of them had been h o s p i t a l i s e d in the p rev ious 

12 m o n t h s , a l t h o u g h 2 p a t i e n t s had u n d e r g o n e p r e v i o u s bowel 

r e s e c t i o n s . Chronic inf lammatory bowel d i s ea se was the only pathology 

i d e n t i f i e d . Nine p a t i e n t s had quiescent d i s e a s e and of these 4 were 

r e c e i v i n g p redn i so lone . Eleven p a t i e n t s complained of some d ia r rhoea 

(see Table 8.1) and t h e s e inc luded 5 who were r e c e i v i n g p redn i so lone . 

None of the female p a t i e n t s were tak ing o ra l c o n t r a c e p t i v e s . Normal 

serum 8^2 and plasma and red c e l l f o l a t e l e v e l s had been repor ted on 

a l 1 p a t i e n t s w i t h i n 3 months p r i o r t o t h e s t u d y . The mean body mass 

index was 21.5 ( r a n g e 15.5 - 30 .1) . By t h i s c r i t e r i o n 6 of t h e 

p a t i e n t s were below t h e i r normal weight (Knight, 1984) and of t h e s e , 4 

s u f f e r e d from d i a r r h o e a , f r e q u e n c y of bowel movements in t h e s e 

p a t i e n t s varying between 2 and 6 t imes a day. Six p a t i e n t s complained 

of a poor a p p e t i t e , and of t h e s e 5 had a low body mass index. 

Pat ients with treated c o e l i a c d i sease 

Sixteen p a t i e n t s with t r e a t e d c o e l i a c d i s e a s e , 9 women and 7 men, 

aged 23-71 (mean 49.6) y e a r s were s t u d i e d . These p a t i e n t s were seen 

a s o u t p a t i e n t s and were c l a s s e d as w e l l by t h e c l i n i c i a n s . The 
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c l i n i c a l d e t a i l s are g i v e n in T a b l e 8 . I I . None of t h e women were 

t ak ing o r a l c o n t r a c e p t i v e agen ts . The mean dura t ion of d i s e a s e from 

d i a g n o s i s was 7.7 ( r a n g e 2 -19) y e a r s . A l l of t h e p a t i e n t s were 

c l i n i c a l l y wel l and r e c e i v i n g g l u t e n - f r e e d i e t s a l though 2 of them 

a d m i t t e d t o h a v i n g d i f f i c u l t y in o b s e r v i n g t h e d i e t . The mean body 

mass index was 22.3 (range 17.7 - 27.8) and by t h i s c r i t e r i o n 4 of the 

p a t i e n t s were be low t h e i r normal w e i g h t . None of t h e p a t i e n t s 

complained of d i a r rhoea . 

Pat ient s receiving tota l parenteral nutr i t ion 

The 2 p a t i e n t s i n v e s t i g a t e d were both men, and were seen as 

o u t p a t i e n t s . P a t i e n t A, aged 52 y e a r s , had undergone removal of the 

s m a l l bowel as a r e s u l t of t h r o m b o s i s of t h e s u p e r i o r m e s e n t e r i c 

a r t e r y f o l l o w i n g an ope ra t ion on a l eg u l c e r . This p a t i e n t had been 

r e c e i v i n g t o t a l p a r e n t e r a l n u t r i t i o n (TPN) f o r 2 years and repor ted 

good h e a l t h and an i n c r e a s e in w e i g h t of 4.5 kg s i n c e t h e r a p y began . 

P a t i e n t B, aged 57 y e a r s , had undergone a colectomy a f t e r d i agnos i s of 

c a n c e r of t h e bowel and had been r e c e i v i n g TPN f o r 18 months . T h i s 

p a t i e n t a l s o repor ted good h e a l t h and an i nc rea se in weight of 14.5 kg 

s ince t h e s t a r t of TPN. These p a t i e n t s had been maintained d a i l y on 

t h e f o l l o w i n g TPN s o l u t i o n s : amino a c i d s + g l u c o s e + e l e c t r o l y t e s 

(Vamin 9 Glucose , KabiVitrum Ltd.); e s s e n t i a l f a t t y ac ids + l i n o l e i c 

a c i d and l i n o l e n i c a c i d s ( I n t r a l i p i d , Kab iVi t rum L t d . ) ; g l u c o s e + 

t r a c e e lements (zinc) + e l e c t r o l y t e s (Glucoplex 1000, G e i s t l i c h Ltd.) . 

P r e p a r a t i o n s added to t h e TPN s o l u t i o n s were: water - s o l u b l e v i tamins 

( S o l v i t o , KabiVitrum Ltd.); f a t - s o l u b l e v i tamins ( V i t l i p i d , KabiVitrum 

L t d . ) ; t r a c e e l e m e n t s ( i r o n , z i n c , manganese , c o p p e r , f l u o r i d e , 

iodine) + e l e c t r o l y t e s (Addamel, KabiVitrum Ltd.) . 

Healthy control subjects 

The d a t a o b t a i n e d f o r t h e h e a l t h y c o n t r o l s u b j e c t s , aged 18-64 

y e a r s , p r e v i o u s l y i n v e s t i g a t e d as descr ibed in Chapter 6, was used f o r 

t h e p u r p o s e of compar i son w i th t h e d a t a o b t a i n e d from t h e p r e s e n t 

s tudy. Severa l of the p a t i e n t s in the p resen t study and in subsequent 

s t u d i e s were aged o v e r 65 y e a r s and a d d i t i o n a l b l o o d s a m p l e s were 

o b t a i n e d f rom 8 h e a l t h y c o n t r o l s u b j e c t s , a l 1 men, aged 70-82 (mean 

75.5) y e a r s . 
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Samples 

Blood samples were c o l l e c t e d and s u b d i v i d e d as d e s c r i b e d in 

Chapter 6. 

Analyses 

S e p a r a t i o n of w h i t e c e l l s and a n a l y s i s of z i n c , c o p p e r and 

s e l e n i u m in 1 e u o o c y t e s , p l a sma and whole b l o o d , c e l l c o u n t i n g and 

packed c e l l volume (PCV) m e a s u r e m e n t s , were pe r fo rmed by t h e 

t e c h n i q u e s g i v e n in C h a p t e r s 4 and 5. The c o n c e n t r a t i o n s of z i n c , 

copper and selenium in e r y t h r o c y t e s (pmol/10^ c e l l s ) were obta ined by 

the f o l 1 owing c a l c u l a t i o n : -

1 . Cont r ibut ion from plasma in 1 l i t r e of whole blood = 

Concentrat ion of t r a c e element x (100 - PCV) 

in plasma (pmol 1"^) 

_ _ _ _ _ = A 

100 

2 . Cont r ibu t ion from leucocytes in 1 l i t r e of whole blood = 

Concentrat ion of t r a c e element Number of white c e l l s 

in leucocytes (pmol/lO^ c e l l s ) x in whole blood (10^ T ^ ) 

— = B 

10^ 

3 . Cont r ibu t ion from e r y t h r o c y t e s in 1 l i t r e of whole blood = 

Concentrat ion of t r a c e element - (A + B) = C 

in whole blood (pmol 1"^) 

Concentra t ion of t r a c e element in red c e l l s (pmol/10^ c e l l s ) 

X loG 

Number of red eel 1s 

in whole blood 

( l o i z 1-1) 
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Plasma a lbumin and c a e r u l o p l asmin c o n c e n t r a t i o n s were determined as 

d e s c r i b e d in C h a p t e r 7. The s e l e n i u m c o n c e n t r a t i o n in t h e TPN 

s o l u t i o n s and in t h e p r e p a r a t i o n s added t o t h e s e s o l u t i o n s was 

i n v e s t i g a t e d by the method given in Chapter 5. 

S t a t i s t i c a l procedures 

The s t a t i s t i c a l p r o c e d u r e s used in t h i s p r o j e c t a r e g i v e n in 

C h a p t e r 5. Each p a t i e n t was matched f o r a g e , s e x , and smoking h a b i t 

in men, wi th 2 c o n t r o l s u b j e c t s . For each p a i r of c o n t r o l s u b j e c t s , 

the r e s u l t s f o r each parameter were meaned, and s t a t i s t i c a l a n a l y s i s 

was pe r fo rmed u s i n g t h e mean v a l u e . The age r ange f o r t h e 40 a d u l t 

h e a l t h y c o n t r o l s who were matched with the Crohn's p a t i e n t s was 21-59 

(mean 40.0) y e a r s , and f o r t h e 32 a d u l t h e a l t h y c o n t r o l s who were 

matched with the c o e l i a c p a t i e n t s was 21-74 (mean 47.1) yea r s . 

8 . 2 . 2 RESULTS 

Pat ients with Crohn's d i sease 

The i nd iv idua l r e s u l t s f o r the p a t i e n t s with Crohn's d i s ea se a re 

g i v e n in Appendix 5. The w h i t e c e l l c o u n t s , red c e l l c o u n t s and PVC 

v a l u e s f o r the whole blood samples were 7.38 ± 2.44 x 10^ 1 ' ^ , 

4.79 ± 0.57 X and 42.4 ± 3.7 r e s p e c t i v e l y . 

To i n v e s t i g a t e t h e e f f e c t of s t e r o i d s on z i n c , coppe r and 

s e l e n i u m c o n c e n t r a t i o n s in l e u c o c y t e s , e r y t h r o c y t e s and p l a s m a , 

p a t i e n t s t a k i n g s t e r o i d s (n = 9) were matched f o r s e x , smoking h a b i t 

in men, and presence o r absence of d i a r r h o e a , with those p a t i e n t s not 

t a k i n g s t e r o i d s . Comparison of t h e s e two g roups d e m o n s t r a t e d 

s i g n i f i c a n t l y l ower c o n c e n t r a t i o n s of p lasma z i n c (p < 0 .05 ) , and 

s i g n i f i c a n t l y h i g h e r c o n c e n t r a t i o n s of p lasma coppe r (p < 0.05) in 

p a t i e n t s t a k i n g s t e r o i d s ( T a b l e 8 . I I I ) . There were no s i g n i f i c a n t 

d i f f e r e n c e s between t h e s e two groups f o r any of the o t h e r parameters 

shown in Table 8.111. 

The zinc and copper r e s u l t s f o r t h e p a t i e n t s not tak ing s t e r o i d s 

(n = 11) and t h e matched c o n t r o l s (n = 22) a r e shown in F i g u r e s 8.1 

and 8.2 r e s p e c t i v e l y . There was no s i g n i f i c a n t d i f f e r e n c e f o r t h e 

concen t ra t ion of z inc o r copper in l e u c o c y t e s , e ry th rocy te s or plasma 

(Table 8 . IV) . 

F i g u r e 8.3 shows t h e s e l e n i u m r e s u l t s f o r t h e t o t a l number of 

p a t i e n t s (n = 20) and t h e matched c o n t r o l s ( n = 40) . P a t i e n t s w i th a 
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low body mass index a r e a l so i n d i c a t e d in F i g u r e 8 .3 . A s i g n i f i c a n t 

d e c r e a s e in the c o n c e n t r a t i o n of s e l e n i u m in l e u c o c y t e s and 

e r y t h r o c y t e s (p < 0.001) and p lasma (p < 0.01) was found in t h e 

p a t i e n t s with Crohn's d i s ea se when compared with the cont ro l s u b j e c t s 

(Table 8.V). 

There were s i g n i f i c a n t c o r r e l a t i o n s between body mass index and 

selenium concent ra t ions in l eucocy tes (p < 0.01, r = 0.60) and plasma 

(p < 0 . 0 1 , r = 0 . 5 9 ) , b u t n o t i n e r y t h r o c y t e s , i n t h e C r o h n ' s 

p a t i e n t s . I t i s a l s o i n t e r e s t i n g to note t h a t in the p a t i e n t s s tud ied 

t h e r e were no s i g n i f i c a n t c o r r e l a t i o n s between the presence or absence 

of d i a r r h o e a and body mass i n d e x , o r t h e p r e s e n c e o r a b s e n c e of 

d ia r rhoea and selenium concen t r a t i ons in l eucocy te s , e r y t h r o c y t e s or 

plasma. 

A s i g n i f i c a n t c o r r e l a t i o n was demonstrated between concen t r a t i ons 

of selenium in leucocytes and plasma (p < 0.001, r = 0.73), l eucocy tes 

and e r y t h r o c y t e s (p < 0 .001, r = 0.69) and e r y t h r o c y t e s and p lasma (p 

< 0 .001 , r = 0.72) in t h e p a t i e n t g roup . No s i m i l a r r e l a t i o n s h i p was 

noted f o r zinc or copper. Plasma albumin concen t r a t i ons were s i m i l a r 

in p a t i e n t s (45 ± 4 g 1"^) and matched c o n t r o l s (46 ± 3 g 1 " ^ ) , and 

t h e r e was no s i g n i f i c a n t c o r r e l a t i o n between plasma zinc and albumin 

or plasma selenium and albumin concen t r a t i ons in e i t h e r of the groups. 

Pat ients with treated coe l iac d i sease 

The i n d i v i d u a l r e s u l t s f o r t h e p a t i e n t s wi th t r e a t e d c o e l i a c 

d i s e a s e a r e g iven in Appendix 6 . The w h i t e c e l l c o u n t s , red c e l l 

c o u n t s and PCY v a l u e s f o r t h e whole b l o o d s amp le s were 5.63 ± 1.12 x 

10^ l - \ 4.95 ± 0.42 X 10^^ and 43.9 ± 3.0 r e s p e c t i v e l y . 

The z i n c , copper and s e l e n i u m c o n c e n t r a t i o n s in l e u c o c y t e s , 

e r y t h r o c y t e s and p lasma f o r t h e p a t i e n t and c o n t r o l g roups a r e 

summarised in T a b l e 8 .VI . There were no s i g n i f i c a n t d i f f e r e n c e s in 

the concent ra t ions of zinc and copper between the c o e l i a c and con t ro l 

g r o u p s , a l though t h e 95% c o n f i d e n c e i n t e r v a l s f o r t h e d i f f e r e n c e 

between, or r a t i o o f , popula t ion means show t h a t l eucocy te and plasma 

z i n c c o n c e n t r a t i o n s a r e more l i k e l y to be lower in p a t i e n t s w i t h 

c o e l i a c d i s e a s e . S c a t t e r g r a m s of z i n c and coppe r r e s u l t s f o r t h e 

p a t i e n t s and matched c o n t r o l s a r e p r e s e n t e d in F i g u r e s 8.4 and 8.5 

r e s p e c t i v e l y . A s i g n i f i c a n t decrease in the concen t ra t ion of selenium 

in l e u c o c y t e s (p < 0 .001) , e r y t h r o c y t e s (p < 0.05) and p lasma (p < 

0,01) was found in the p a t i e n t s with c o e l i a c d i s e a s e when compared to 
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t h e c o n t r o l s u b j e c t s . F i g u r e 8.5 p r e s e n t s a s c a t t e r g r a m of t h e 

selenium r e s u l t s f o r p a t i e n t s and c o n t r o l s . 

In the p a t i e n t s s t u d i e d , t h e r e were no s i g n i f i c a n t c o r r e l a t i o n s 

between body mass index and s e l e n i u m c o n c e n t r a t i o n s in 1 e u c o c y t e s , 

e r y t h r o c y t e s or plasma. There was no s i g n i f i c a n t d i f f e r e n c e between 

plasma albumin concen t r a t i ons in p a t i e n t s (45 ± 4 g 1"^) and matched 

c o n t r o l s (44 ± 3 g l " ^ ) , and t h e r e was no s i g n i f i c a n t c o r r e l a t i o n 

between plasma zinc and albumin o r plasma selenium and albumin concen-

t r a t i o n s in e i t h e r of the groups. There was a s i g n i f i c a n t c o r r e l a t i o n 

between selenium concen t r a t i ons in l eucocy te s and plasma (p < 0.001, r 

= 0 . 7 5 ) , l e u c o c y t e s and e r y t h r o c y t e s (p < 0 .01 , r = 0 .66 ) , and 

e r y t h r o c y t e s and plasma (p < 0.05, r = 0.57) in the p a t i e n t group. No 

s i m i l a r r e l a t i o n s h i p was no ted f o r z inc . A s i g n i f i c a n t c o r r e l a t i o n 

was observed f o r copper c o n c e n t r a t i o n s in e r y t h r o c y t e s and plasma (p < 

0 .05 , r = 0 .58 ) , bu t not in l e u c o c y t e s and p l a sma o r l e u c o c y t e s and 

e r y t h r o c y t e s . 

Pat ients receiving to ta l parenteral nutr i t ion (TPN) 

The z i n c , coppe r and s e l e n i u m r e s u l t s f o r t h e 2 p a t i e n t s 

r e c e i v i n g TPN a r e shown i n T a b l e 8.V 11. Both p a t i e n t s d e m o n s t r a t e d 

z inc and copper concen t r a t i ons in l e u c o c y t e s , e r y t h r o c y t e s and plasma 

w i t h i n t h e r e f e r e n c e r a n g e s as g i v e n in C h a p t e r 6 . In c o n t r a s t , t h e 

selenium concen t r a t ions in l e u c o c y t e s , e r y t h r o c y t e s and p lasma were 

e x t r e m e l y l o w , and w e l l b e l o w t h e r e f e r e n c e r a n g e s f o r a l l 

measurements. There was no d e t e c t a b l e selenium in t h e TPN s o l u t i o n s 

which had been adminis tered to t he se p a t i e n t s , or in the p r e p a r a t i o n s 

added to t he se s o l u t i o n s . 

8 . 3 ZINC, COPPER AND SELENIUM STATUS OF NEWLY DIAGNOSED PATIENTS 

WITH COEI 

THE DIET 

WITH COELIAC DISEASE, BEFORE AND AFTER WITHDRAWAL OF GLUTEN FROM 

8 . 3 . 1 PATIENTS AND METHODS 

Pat ients 

Four newly d i a g n o s e d a d u l t p a t i e n t s w i th c o e l i a c d i s e a s e , 3 

women, aged 25 , 45 and 48 y e a r s (A, B and C r e s p e c t i v e l y ) , and 1 man, 

aged 39 y e a r s (D), were s t u d i e d . At i n i t i a l p r e s e n t a t i o n , t h e 

u n t r e a t e d p a t i e n t s had p a r t i a l v i l l o u s a t r o p h y as shown by j e j u n a l 
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TABLE 8.VII 

ZINC, COPPER AND SELENIUM RESULTS FOR PATIENTS RECEIVING 
PARENTERAL NUTRITION 

TOTAL 

P a t i e n t A P a t i e n t B 

Leucocytes pmol/lO^ c e l l s 135 193 

ZINC Erythrocytes pmol/10® c e l l s 16.9 14.2 

Plasma umol 1"^ 11.2 9 .4 

Leucocytes pmol/10^ c e l l s 7.8 15.4 

COPPER Erythrocytes pmol/10® c e l l s 1.31 1.27 

Plasma ymol 1 12.3 17.2 

Leucocytes pmol/10® c e l l s 0.37 * 0 .33 * 

SELENIUM Erythrocytes pmol/10® c e l l s 0.051* 0.054* 

Plasma ymol 1"^ 0.38 * O.M * 

Values below the r e f e r e n c e ranges 
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biopsy. This group subsequent ly demonstrated a c l i n i c a l response to a 

g l u t e n - f r e e d i e t , and a l l biopsy samples which were obta ined approxi-

m a t e l y 10 months a f t e r w i t h d r a w a l of g l u t e n from t h e d i e t showed 

h i s t o l o g i c a l improvement in response to t r e a t m e n t . 

Blood s a m p l e s were t a k e n p r i o r t o g l u t e n - w i t h d r a w a l and a t 2 -

m o n t h l y i n t e r v a l s a f t e r s t a r t of t r e a t m e n t , o v e r a p e r i o d of 10 

months. Two con t ro l s u b j e c t s , both women, aged 35 and 49 years (E and 

F r e s p e c t i v e l y ) were a l s o s tud ied a t s i m i l a r t ime i n t e r v a l s . 

Analyses 

S e p a r a t i o n of w h i t e c e l l s and a n a l y s i s of z i n c , coppe r and 

selenium in l eucocy tes and plasma were performed by the methods given 

in C h a p t e r s 4 and 5. 

S t a t i s t i c a l procedures 

As t h e number of s u b j e c t s s t u d i e d was s m a l l , t h e r e was no 

s t a t i s t i c a l a n a l y s i s of the da t a . 

8 . 3 . 2 RESULTS 

The zinc r e s u l t s f o r the c o e l i a c p a t i e n t s and con t ro l s u b j e c t s 

a r e p r e s e n t e d in F i g u r e 8 .7 . T a b l e 8 . V I I I g i v e s t h e mean l e u c o c y t e 

and plasma zinc v a l u e s f o r each s u b j e c t , and the percentage v a r i a t i o n 

abou t t h e mean v a l u e s o v e r t h e p e r i o d s t u d i e d . P a t i e n t s A, B and C 

d e m o n s t r a t e d s i m i l a r p e r c e n t a g e v a r i a t i o n s about the mean l eucocy te 

and p l a sma z i n c v a l u e s t o t h o s e f o r t h e c o n t r o l s u b j e c t s , E and F. 

P a t i e n t D showed a much l a r g e r v a r i a t i o n f o r t h e s e p a r a m e t e r s . The 

r e f e r e n c e ranges f o r z inc , copper and selenium in l eucocy te s , plasma 

and who le b l o o d a r e g i v e n in C h a p t e r 6 . A l t h o u g h p a t i e n t s B and D 

d e m o n s t r a t e d l e u c o c y t e and p l a sma z i n c c o n c e n t r a t i o n s below t h e 

r e f e r e n c e r a n g e s b e f o r e d i e t e n f o r c e m e n t , t h e s e v a l u e s increased to 

wi th in t h e r e f e r e n c e ranges a f t e r g l u t e n was withdrawn from the d i e t 

(Table 8.IX). P a t i e n t s A and C showed a s a t i s f a c t o r y body zinc s t a t u s 

a t a l l t imes during the s tudy. 

Figure 8.8 shows the copper r e s u l t s f o r t h e p a t i e n t s and con t ro l 

s u b j e c t s . Over t h e p e r i o d of s t u d y , a l l of t h e p a t i e n t s showed 

s i m i l a r p e r c e n t a g e v a r i a t i o n s abou t t h e mean l e u c o c y t e and p lasma 

copper v a l u e s to those f o r the con t ro l s u b j e c t s (Table 8.X). None of 

the i n d i v i d u a l v a l u e s f o r l eucocy te and plasma copper in the c o e l i a c 
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Figure 8 . 7 

Zinc c o n c e n t r a t i o n s in l eucocy te s and plasma, in c o e l i a c p a t i e n t s 
(A,B,C,D ) be fo r e (0 months) and a f t e r (2 ,4,6,8,10 months) withdrawal 
of g l u t e n from the d i e t , and in con t ro l s u b j e c t s (E,F ) who were 
s tud ied a t s i m i l a r t ime i n t e r v a l s 
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TABLE 8 .VI I I 

MEAN LEUCOCYTE AND PLASMA ZINC VALUES IN COELIAC PATIENTS AND CONTROLS, 
AND PERCENTAGE VARIATION ABOUT THE MEAN OVER THE PERIOD STUDIED 

LEUCOCYTE ZINC PLASMA ZINC 
mean % v a r i a t i o n mean % v a r i a t i o n 

(pmol/10° ee l 1 s) about t h e mean (umol 1 -1 ) about t h e mean 

P a t i e n t A 107.3 96 - 106 10.9 95 - 104 
P a t i e n t B 80.3 90 - 108 9 . 3 91 - 108 
P a t i e n t C 108.2 92 - 106 12.8 95 - 104 
P a t i e n t 0 86 .3 81 - 115 9 . 3 78 - 108 

Control E 95.7 95 - 104 15.1 96 - 105 
Control F 127.7 96 - 106 13.7 95 - 103 

TABLE 8.IX 

INDIVIDUAL VALUES FOR LEUCOCYTE AND PLASMA ZINC IN COELIAC PATIENTS 
BEFORE AND AFTER GLUTEN-WITHDRAWAL, AND IN CONTROL SUBJECTS 

Period a f t e r P a t i e n t s Controls 
Analys is s t a r t of s tudy A B C D E F 

(months) 

Leucocyte 0 106 72% 108 94 125 
zinc 2 108 75 100 77 99 122 
pmol/10" c e l l s 4 106 83 104 90 95 131 

6 107 85 113 88 91 128 
8 114 80 109 94 95 125 

10 103 87 115 99 100 135 

0 10.9 8 .5* 13.3 7 .3* 15.8 14.0 
Plasma 2 10.5 9 .0 12.5 9 . 3 15.3 14.0 
zinc 4 10.9 9.9 13.0 9 .5 14.6 13.3 
umol 1 6 11.3 9 .5 12.1 10.0 15.0 13.0 

8 11.3 9 .1 12.5 10.0 15.6 14.1 
10 10.4 10.0 13.3 9 .5 14.5 13.5 

Values below t h e r e f e r e n c e ranges 
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Figure 8 . 8 

Copper c o n c e n t r a t i o n s in l eucocy tes and plasma, in c o e l i a c p a t i e n t s 
(A.B,C,D : ) be fo re (0 months) and a f t e r (2 ,4 ,6 ,8 ,10 months) withdrawal 
of g l u t e n from t h e d i e t , and in con t ro l s u b j e c t s (E,F ) who were 
s tud ied a t s i m i l a r t ime i n t e r v a l s 
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TABLE 8 . x 

MEAN LEUCOCYTE AND PLASMA COPPER VALUES IN COELIAC PATIENTS AND CONTROLS, 
AND PERCENTAGE VARIATION ABOUT THE MEAN OVER THE PERIOD STUDIED 

LEUCOCYTE COPPER 
mean % v a r i a t i o n 

(pmol/lO" c e l l s ) about the mean 

PLASMA COPPER 
mean % v a r i a t i o n 

(pmol l " l ) about t h e mean 

P a t i e n t A 8 .2 96 - 107 18.7 96 - 102 
P a t i e n t B 9 .4 90 - 106 15.9 96 - 103 
P a t i e n t C 12.8 94 - 105 16.9 96 - 105 
P a t i e n t D 14.0 95 - 105 13.8 96 - 107 

Control E 10.8 94 - 106 18.4 95 - 106 
Control F 6 .6 94 - 108 20.9 95 - 104 

TABLE 8.XI 

INDIVIDUAL VALUES FOR LEUCOCYTE AND PLASMA COPPER IN COELIAC PATIENTS 
BEFORE AND AFTER GLUTEN-WITHDRAWAL, AND IN CONTROL SUBJECTS 

Analys is 
Period a f t e r 

s t a r t of study 
(months) 

P a t i e n t s 
B C 

Contro ls 
E F 

Leucocyte 0 8 .8 9 .7 12, .7 14, .7 10, .4 6 .8 
copper 2 8 .1 10, .0 13 .5 13 .7 11 .1 6, .4 
pmol/10" c e l l s 4 8 .2 9, .7 12, .2 13, .3 11, .4 7 .1 pmol/10" c e l l s 

6 8 .0 8, .5 12, .0 14, .5 10 .6 6 .5 
8 8, .3 9 .0 13, .4 14, .1 10, .1 6, .2 

10 7. .9 9 .4 13, .0 13, .5 11, .0 6, .8 

0 19, .1 15, .3 16, .8 13, .2 18, .1 21, .5 
Plasma 2 18, .7 15, .5 16, .4 14, .0 18, .1 20, .9 
copper 
pmol 1 -1 

4 18, .7 16, .4 17, .8 13, .3 17, .5 19. .8 copper 
pmol 1 -1 6 19, .1 16, .8 16, .3 13, .5 19. .0 20. .6 

8 18, .3 15, .2 17. .3 13, .9 19. .5 21. .7 
10 18, .0 16, .0 16, .8 14. .7 18, .4 20. .7 
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p a t i e n t s were be low t h e r e f e r e n c e r a n g e s b e f o r e o r a f t e r g l u t e n 

w i t h d r a w a l (Table 8.XI). 

Selenium c o n c e n t r a t i o n s in l eucocy tes and plasma f o r the p a t i e n t s 

and c o n t r o l s a re shown in Figure 8.9. P a t i e n t s A and C demonstrated a 

s a t i s f a c t o r y selenium s t a t u s be fo re the s t a r t of t r ea tmen t , a l though 

c o n c e n t r a t i o n s in l e u c o c y t e s and p lasma d e c r e a s e d to be low t h e 

r e f e r e n c e ranges during the 10 month period f o l l o w i n g d i e t enforcement 

( T a b l e 8 . X I I ) . P a t i e n t B d e m o n s t r a t e d a lowered s e l e n i u m s t a t u s 

be fo r e withdrawal of g l u t e n from the d i e t , but a l s o showed a f u r t h e r 

decrease in selenium c o n c e n t r a t i o n s in l eucocy tes and plasma during 

t h e p e r i o d of s t u d y (Tabl e B.XII ) . The d e c r e a s e in s e l e n i u m concen-

t r a t i o n s a f t e r withdrawal of g l u t e n from the d i e t in p a t i e n t s A, B and 

C was r e f l e c t e d by t h e l a r g e r p e r c e n t a g e v a r i a t i o n s about t h e mean 

v a l u e s f o r t he se p a t i e n t s when compared to the con t ro l s u b j e c t s (Table 

8 . X I I I ) . A l t h o u g h p a t i e n t D d e m o n s t r a t e d a lowered s e l e n i u m s t a t u s 

both be fo r e and a f t e r g lu ten-wi thdrawal (Table B.XII), the percentage 

v a r i a t i o n s about the mean selenium v a l u e s f o r l eucocy tes and plasma 

were s i m i l a r t o t h o s e f o r t h e c o n t r o l s u b j e c t s ( T a b l e B . X I I I ) , and 

t h e r e was no n o t i c e a b l e t rend towards a decrease in v a l u e s . 

8 . 4 DISCUSSION 

PATIENTS WITH CROHN'S DISEASE 

In t h e g roup of Crohn ' s p a t i e n t s i n v e s t i g a t e d in t h e p r e s e n t 

s tudy , t r ea tment with s t e r o i d s appeared to have a s i g n i f i c a n t e f f e c t 

on the plasma zinc and copper c o n c e n t r a t i o n s . The e f f e c t of s t e r o i d s 

on plasma zinc and copper l e v e l s has been wel l documented ( L i f s c h i t z 

and Henk in , 1971; Yunice e t a l , 1981) and d i s c u s s e d in C h a p t e r 2. 

Some s t u d i e s however h a v e f a i l e d t o f i n d a s i g n i f i c a n t a s s o c i a t i o n 

between plasma zinc c o n c e n t r a t i o n s and the use of s t e r o i d s in p a t i e n t s 

w i t h s e v e r e Crohn ' s d i s e a s e a l t h o u g h an o v e r a l l d e c r e a s e in p iasma 

z i n c l e v e l s was d e m o n s t r a t e d (Solomons e t a l , 1977; F leming e t a l , 

1981) . These p a t i e n t s had more s e v e r e d i s e a s e t h a n t h e p a t i e n t s in 

t h e p resen t s tudy , and i t i s p o s s i b l e t h a t the s e v e r i t y of the d i s e a s e 

was o v e r r i d i n g the l e s s potent e f f e c t of the s t e r o i d s . In the p resen t 

s tudy , t h e r e was no s i g n i f i c a n t d i f f e r e n c e in leucocyte zinc or copper 

c o n c e n t r a t i o n s in t h e Crohn ' s p a t i e n t s t a k i n g s t e r o i d s compared t o 

those who were not . These f i n d i n g s emphasize t h e problems i n v o l v e d 
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Figure 8 . 9 

Selenium c o n c e n t r a t i o n s in l eucocy t e s and plasma, in c o e l i a c p a t i e n t s 
(A,B,C,D ) be fo re (0 months) and a f t e r (2 ,4 ,6 ,8 ,10 months) withdrawal 
of g l u t e n from t h e d i e t , and in c o n t r o l s u b j e c t s (E,F ) who were 
s tud ied a t s i m i l a r t ime i n t e r v a l s 
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TABLE 8.XII 

INDIVIDUAL VALUES FOR LEUCOCYTE AND PLASMA SELENIUM IN COELIAC PATIENTS 
BEFORE AND AFTER GLUTEN-WITHDRAWAL, AND IN CONTROL SUBJECTS 

Period a f t e r P a t i e n t s 

Values below the r e f e r e n c e ranges 

Cont ro ls 
Analys is s t a r t of s tudy 

(months) 
A B C D E F 

Leucocyte 0 1.33 1.03* 1.28 0.89* 1.42 1.29 

selenium 2 1.37 0.98* 1.26 0 .93* 1.51 1.18 

pmol/10® c e l l s 4 1.14 0.81* 1.21 0.95* 1.53 1.28 

6 0 .66* 0.77* 1.07 0.82* 1.49 1.23 

8 0.75* 0.86* 1.00* 0.83* 1.42 1.31 

10 0.68* 0.86* 1.01* 0.86* 1.53 1.35 

0 1.06 1.01* 1.08 0.90* 1.36 1.13 

Plasma 2 1.01* 0 . 8 ^ 1.01* 0 . 8 ^ 1.43 1.06 

selenium 4 0.88* 0.79* 0.98* 0.91* 1.29 1.15 

ymol 1"^ 6 0 .86* 0.91* 0.95* 0 . 8 ^ 1.29 1.09 

8 0.79* 0.84* 0.83* 0.80* 1.37 1.06 

10 0.76* 0.80* 0.82* 0 . 7 / 1.28 1.08 

TABLE 8 . X I I I 

MEAN LEUCOCYTE AND PLASMA SELENIUM VALUES IN COELIAC PATIENTS AND 
CONTROLS, AND PERCENTAGE VARIATION ABOUT THE MEAN OVER THE PERIOD STUDIED 

LEUCOCYTE SELENIUM 
mean % v a r i a t i o n 

(pmol/10° c e l l s ) about t h e mean 

PLASMA SELENIUM 
mean % v a r i a t i o n 

(pmol l " l ) about t h e mean 

P a t i e n t A 0.99 67 - 138 0.89 85 - 119 
P a t i e n t B 0.89 87 - 118 0 .87 92 - 116 
P a t i e n t C 1.14 88 - 112 0 .95 86 - 114 
P a t i e n t D 0 .88 94 - 108 0.84 92 - 107 

Control E 1.48 96 - 103 1.34 96 - 107 
Control F 1.27 93 - 106 1.08 94 - 106 
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when r e l y i n g on plasma c o n c e n t r a t i o n s a l o n e to a s sess t r a c e element 

s t a t u s . 

The z i n c and coppe r r e s u l t s f o r t h e Crohn 's p a t i e n t s not 

r e c e i v i n g s t e r o i d s in t h e p r e s e n t s t u d y were not s i g n i f i c a n t l y 

d i f f e r e n t compared wi th t h o s e of t h e c o n t r o l s u b j e c t s , i n d i c a t i n g a 

s a t i s f a c t o r y body s t a t u s of t h e s e t r a c e e l e m e n t s . S e v e r a l s t u d i e s 

have repor ted decreased l e v e l s of serum o r plasma zinc concen t r a t i ons 

in p a t i e n t s with s eve re Crohn's d i s e a s e (Solomons e t a l , 1977; 

S t u r n i o l o e t a l , 1980; Main e t a l , 1982) . The d e p r e s s i o n in serum 

z i n c c o n c e n t r a t i o n s o b s e r v e d in Crohn ' s d i s e a s e , as s u g g e s t e d by 

Solomons e t al (1977) c o u l d be due t o r educed i n t a k e , i m p a i r e d 

abso rp t ion , increased e x c r e t i o n , hypoalbuminaemia, o r to a r e d i s t r i b -

u t ion of z inc due to r e l e a s e of l eucocy te endogenous mediator (LEM). 

Decreased plasma albumin c o n c e n t r a t i o n s , as wel l as decreased plasma 

z inc c o n c e n t r a t i o n s , have commonly been repor ted in Crohn's d i s e a s e , 

and a s i g n i f i c a n t r e l a t i o n s h i p between t h e s e two parameters has been 

demonstrated (Solomons e t a l , 1977; McClain e t a l , 1980; S t u r n i o l o e t 

a l , 1980; Main e t a l , 1982). I t has been suggested t h a t the commonest 

c a u s e of hypoa lbuminaemia in Crohn ' s d i s e a s e i s l o s s of t h e p r o t e i n 

from the inf lamed bowel in to the lumen, with i n a b i l i t y of the l i v e r to 

r e s y n t h e s i s e albumin s u f f i c i e n t l y to main ta in normal l e v e l s (Dawson, 

1972). S t u r n i o l o e t al (1980) proposed t h a t the low serum zinc v a l u e s 

observed in p a t i e n t s with Crohn's d i s e a s e who a l s o had decreased serum 

albumin l e v e l s , r e f l e c t e d a reduc t ion in serum albumin concen t r a t ions 

r a t h e r than a de f i c i ency of t h i s t r a c e e lement . Increased plasma LEM 

a c t i v i t y in a s s o c i a t i o n w i th a s i g n i f i c a n t d e c r e a s e in p lasma z i n c 

concen t r a t i ons has a l s o been repor ted in p a t i e n t s with a c t i v e Crohn's 

d i s e a s e , but not in o u t p a t i e n t s wi th c l i n c i a l l y q u i e s c e n t d i s e a s e 

( S o l o m o n s e t a l , 1 9 7 8 ) . T h e s e a u t h o r s c o n c l u d e d t h a t a c u t e 

inf lammation of the bowel i t s e l f , through mediat ion of LEM, had con-

t r i b u t e d to the depress ion of c i r c u l a t i n g z inc l e v e l s , and would a l s o 

i n v a l i d a t e the use of measurements of plasma copper in the assessment 

of copper s t a t u s in p a t i e n t s with acu te inf lammat ion . The lack of any 

s i g n i f i c a n t f i n d i n g s f o r copper, z inc o r albumin va lues in the Crohn's 

p a t i e n t s not tak ing s t e r o i d s in the p resen t study may well r e f l e c t t he 

f a c t t h a t t h e s e p a t i e n t s were o u t p a t i e n t s wi th r e a s o n a b l y s t a b l e 

d i s e a s e . 

Although o the r i n v e s t i g a t i o n s of o u t p a t i e n t s with Crohn's d i s e a s e 

have a l s o f a i l e d t o f i n d any s i g n i f i c a n t d i f f e r e n c e f o r mean serum 
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z i n c c o n c e n t r a t i o n s in t h e p a t i e n t g roups when compared t o c o n t r o l 

g r o u p s , d e p r e s s e d c o n c e n t r a t i o n s of serum z i n c were o b s e r v e d in a 

s m a l l p r o p o r t i o n of t h e p a t i e n t s s t u d i e d (F l eming e t a l , 1981; 

Lanfranchi e t a l , 1982). I n t e r e s t i n g l y , one of these s t u d i e s demon-

s t r a t e d s i g n i f i c a n t l y reduced concen t r a t i ons of zinc in p a t i e n t s with 

i l e a l r e s e c t i o n in compar i son wi th t h o s e wi th i l e a l o r c o l o n i c 

involvement o r c o l o n i c r e s e c t i o n {Lanfranchi e t a l , 1982), whereas the 

o t h e r s t u d y r e p o r t e d no a s s o c i a t i o n between serum z i n c v a l u e s and 

l a r g e bowel r e s e c t i o n s or l ength of small bowel r e sec ted (Fleming e t 

a l , 1981) . McClain e t a l (1980) r e p o r t e d an a p p r o x i m a t e equa l 

f r e q u e n c y of d e p r e s s e d serum z i n c c o n c e n t r a t i o n s in p a t i e n t s wi th 

small bowel invol vement as those with te rminal i leum involvement . Al l 

of t h e p a t i e n t s in the p resen t study had involvement of the small o r 

small and l a r g e bowel, and the two p a t i e n t s who had undergone p a r t i a l 

r e s e c t i o n of t h e smal 1 o r smal 1 and 1 a r g e b o w e l , and who were a l so 

t ak ing s t e r o i d s , did not demonstrate decreased l eucocy te zinc concen-

t r a t i o n s . Chronic hypozincaemia has been repor ted in 45% of p a t i e n t s 

with Crohn's d i s e a s e who were fo l lowed l o n g i t u d i n a l l y on an o u t p a t i e n t 

b a s i s and depressed l e v e l s of serum zinc a f t e r o ra l admin i s t r a t i on of 

pharmacologic doses of z inc were a l s o demonstrated in fou r of t he se 

p a t i e n t s (McClain e t a l , 1980). Studies with i s o t o p i c zinc have a l s o 

repor ted impaired zinc absorp t ion in Crohn's p a t i e n t s with both a c t i v e 

d i s e a s e and in remi s s i o n ( S t u r n i o l o e t al , 1980) . M a l a b s o r p t i o n of 

z i n c , with r e s u l t i n g zinc d e f i c i e n c y , may p lay an a e t i o l o g i c r o l e in 

c e r t a i n c o m p l i c a t i o n s of Crohn ' s d i s e a s e . McClain e t a l (1980) 

d e s c r i b e d two p a t i e n t s wi th Crohn ' s d i s e a s e who d e v e l o p e d c l a s s i c 

symptoms of a c r o d e r m a t i t i s e n t e r o p a t h i c a which responded r a p i d l y to 

z inc supplementa t ion . N e v e r t h e l e s s , i t i s apparent from r e p o r t s in 

t h e l i t e r a t u r e t h a t t h e use of i n d i c e s of z i n c s t a t u s o t h e r t h a n 

measurment of plasma zinc a re necessary to e v a l u a t e the zinc s t a t u s of 

p a t i e n t s with Crohn's d i s ea se . The use of t a s t e acu i ty as an index of 

z inc s t a t u s in Crohn's d i s ea se (Solomons e t a l , 1977; McClain e t a l , 

1980) i s q u e s t i o n a b l e , and a l t h o u g h i n d i v i d u a l s w i th low h a i r z i n c 

c o n t e n t have been o b s e r v e d amongst a group of p a t i e n t s wi th Crohn 's 

d i s e a s e (Solomons e t a l , 1977) , t h i s measurement , as d i s c u s s e d in 

Chapter 2, has proved u n r e l i a b l e in the assessment of z inc s t a t u s . 

In t h e p r e s e n t s t u d y , r educed c o n c e n t r a t i o n s of s e l e n i u m were 

o b s e r v e d in l e u c o c y t e s , e r y t h r o c y t e s and p lasma in t h e group of 

Crohn's p a t i e n t s , whether or not r e c e i v i n g s t e r o i d s . Although plasma 
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and e r y t h r o c y t e selenium c o n c e n t r a t i o n s be low t h e r e f e r e n c e v a l u e s 

have a l s o been repor ted in p a t i e n t s with Crohn's d i s e a s e , t h e s e were 

i n p a t i e n t s w i t h s e v e r e d i s e a s e abou t t o undergo p r e o p e r a t i v e t o t a l 

p a r e n t e r a l n u t r i t i o n (Jacobson and P l a n t i n , 1985). The reason f o r t h e 

l o w e r e d s e l e n i u m l e v e l s o b s e r v e d in t h e group of p a t i e n t s in t h e 

p resen t study i s not c l e a r . Although p a t i e n t s with Crohn's d i s e a s e , 

p a r t i c u l a r l y s e v e r e d i s e a s e , a r e a t r i s k of m a l a b s o r p t i o n , t h e 

p a t i e n t s in the present study had r e l a t i v e l y s t a b l e d i s ea se and were 

a l s o shown t o h a v e a s a t i s f a c t o r y z i n c and c o p p e r s t a t u s . 

F u r t h e r m o r e , t h e s e l e n i u m s t a t u s of t h e s e p a t i e n t s was a p p a r e n t l y 

u n r e l a t e d t o t h e f r e q u e n c y of d i a r r h o e a . U n f o r t u n a t e l y , i t was no t 

p o s s i b l e t o a s s e s s any r e l a t i o n s h i p between selenium concen t r a t i ons 

and t h e Crohn ' s D i s e a s e A c t i v i t y Index (CDAI) (Bes t e t a l , 1976) as 

t h e r e was i n s u f f i c i e n t data to c a l c u l a t e t h e CDAI. N e v e r t h e l e s s , i t 

i s i n t e r e s t i n g t o n o t e t h a t t h e r e was a s i g n i f i c a n t r e l a t i o n s h i p 

between body mass index and selenium c o n c e n t r a t i o n s in l eucocy tes and 

piasma. 

A s i g n i f i c a n t a s s o c i a t i o n between body mass index and serum 

selenium c o n c e n t r a t i o n s has been repor ted in a p r o s p e c t i v e study of a 

l a r g e g roup of F i n n i s h men who were b e i n g i n v e s t i g a t e d f o r t h e 

r e l a t i o n s h i p between serum selenium l e v e l s and c a r d i o v a s c u l a r d i s ea se 

(Virtamo e t a l , 1985). These authors p o s t u l a t e d t h a t t he r e l a t i o n s h i p 

be tween serum s e l e n i u m c o n c e n t r a t i o n s and body mass index was 

i n d i r e c t , and r e f l e c t e d the a s s o c i a t i o n of high serum selenium l e v e l s 

with genera l h e a l t h and an above average in take of va r ious n u t r i e n t s . 

I t i s g e n e r a l l y accepted t h a t blood selenium concen t r a t i on depends to 

a l a r g e ex t en t on d i e t a r y i n t a k e , and decreased serum selenium concen-

t r a t i o n s in su rg i ca l p a t i e n t s who complained of lack of a p p e t i t e and 

l o s s of w e i g h t have been r e p o r t e d (Robinson e t a l , 1979). In t h e 

p r e s e n t s t u d y , f i v e of t h e s i x p a t i e n t s wi th a low body mass index 

a l s o r e p o r t e d a poor a p p e t i t e , and a r educed i n t a k e of s e l e n i u m may 

t h e r e f o r e be in par t r e s p o n s i b l e f o r the low selenium s t a t u s observed 

in t h e Crohn's p a t i e n t s in the p resen t s tudy. 

PATIENTS WITH COELIAC DISEASE 

In t h e group of t r e a t e d c o e l i a c p a t i e n t s in t h e p resen t study who 

were c o n s i d e r e d t o be c l i n i c a l l y w e l l , r educed c o n c e n t r a t i o n s of 

se lenium were observed in l e u c o c y t e s , plasma and whole blood. There 
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was no s i g n i f i c a n t r e l a t i o n s h i p be tween any of t h e s e p a r a m e t e r s and 

body mass i ndex . C o n c e n t r a t i o n s of c o p p e r and z i n c were not 

s i g n i f i c a n t l y d i f f e r e n t in t h e s e c o e l i a c p a t i e n t s compared wi th t h e 

c o n t r o l s u b j e c t s , a l t h o u g h a t r e n d t o w a r d s l owered l e u c o c y t e and 

plasma zinc concen t ra t ions was demonstrated in t h e p a t i e n t group. 

Essen t i a l t r a c e elements have been poor ly i n v e s t i g a t e d in g l u t e n -

s e n s i t i v e enteropathy. S t r i c t adherence to a g l u t e n - f r e e d i e t i s more 

d i f f i c u l t t o implement in c h i l d r e n . Clayton (1980) repor ted plasma 

z i n c and coppe r c o n c e n t r a t i o n s in a g roup of ch i I d r e n wi th c o e l i a c 

d i s ea se and showed plasma zinc v a l u e s to be toward or below the lower 

end of t h e r e f e r e n c e r a n g e ; p la sma c o p p e r c o n c e n t r a t i o n s were no t 

d e p r e s s e d . S i g n i f i c a n t l y d e c r e a s e d serum z i n c concen t r a t i ons have 

a l s o been d e m o n s t r a t e d in a g roup of c h i l d r e n w i th a c u t e c o e l i a c 

d i s e a s e when compared to a con t ro l group, a l though not in a group of 

c h i l d r e n who had been r e c e i v i n g a g l u t e n - f r e e d i e t f o r 3 to 24 months 

(Naveh et a l , 1983). An i n v e s t i g a t i o n of a d u l t p a t i e n t s with c o e l i a c 

s p r u e found s i g n i f i c a n t l y l o w e r c o n c e n t r a t i o n s of p lasma z i n c and 

a lbumin in t h e p a t i e n t g roup when compared t o t h e c o n t r o l group 

a l though on ly h a l f of t h e i r p a t i e n t s were c l i n i c a l l y wel l on g l u t e n -

f r e e d i e t s a t the time of study (Solomons e t a l , 1976). These au thors 

a l s o repor ted a poor c o r r e l a t i o n between t h e plasma zinc and albumin 

v a l u e s in t h e p a t i e n t g roup . In t h e same s t u d y , t h e r e was no 

s t a t i s t i c a l d i f f e r e n c e f o r plasma c o p p e r c o n c e n t r a t i o n s between t h e 

p a t i e n t and cont ro l groups. Decreased c o n c e n t r a t i o n s of plasma z inc 

have a l s o been r e p o r t e d in p a t i e n t s w i t h n o n - r e s p o n s i v e c o e l i a c 

syndrome, in which t h e r e i s m a l a b s o r p t i o n and a f l a t j e j u n a l mucosa 

bu t which t h e r e i s f a i 1 u r e t o r e g e n e r a t e v i l l i a f t e r a t 1 e a s t f i ve 

y e a r s of a s t r i c t g l u t e n - f r e e d i e t ( J o n e s and P e t e r s , 1981) . I t has 

been e s t i m a t e d t h a t t h i s g roup of p a t i e n t s c o m p r i s e s between 10 and 

20% of a d u l t c o e l i a c s and in some, t h e m a l a b s o r p t i o n may be s e v e r e 

enough to c a u s e dea th (Boo th , 1970) . A b r i e f r e p o r t by Elmes e t a l 

(1976) d e c r i b e d a s m a l l g roup of a d u l t s w i t h u n r e s p o n s i v e c o e l i a c 

d i s e a s e w h i l s t on a gl u t e n - f r e e d i e t who were s e v e r e l y i l l d e s p i t e 

admin i s t r a t ion of s t e r o i d s and n u t r i t i o n a l supplements , and who demon-

s t r a t e d decreased serum zinc v a l u e s . I n t r avenous , fo l lowed by o r a l , 

a d m i n s t r a t i o n of z i n c s u p p l e m e n t s t o t h e s e p a t i e n t s l e d t o an 

immedia te improvement i n i n t e s t i n a l a b s o r p t i v e f u n c t i o n and 

n u t r i t i o n a l s t a t e . Although decreased plasma z inc c o n c e n t r a t i o n s were 

a l s o d e m o n s t r a t e d in a s m a l l g roup of p a t i e n t s w i th m i l d non-
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r e s p o n s i v e c o e l i a c syndrome, o r a l z i n c s u p p l e m e n t a t i o n f a i l e d t o 

p rov ide an improvement in j e j u n a l morphology or in the c l i n i c a l s t a t u s 

of the p a t i e n t s (Jones and P e t e r s , 1981). These p a t i e n t s however were 

no t so s e v e r e l y i l l and had l e s s marked m a l a b s o r p t i o n than t h e 

p a t i e n t s desc r ibed by Elmes e t al (1976). 

The re a r e few r e p o r t s in t h e l i t e r a t u r e r e g a r d i n g t h e s e l e n i u m 

s t a t u s of p a t i e n t s wi th c o e l i a c d i s e a s e . C o l l i n s e t a l (1984) 

repor ted no s i g n i f i c a n t d i f f e r e n c e in b lood g l u t a t h i o n e p e r o x i d a s e 

a c t i v i t y between a group of a d u l t p a t i e n t s wi th c o e l i a c d i s e a s e 

maintained on a g l u t e n - f r e e d i e t f o r at l e a s t one y e a r , and a group of 

c o n t r o l s u b j e c t s ; b l o o d s e l e n i u m c o n c e n t r a t i o n s were not r e p o r t e d . 

I n v e s t i g a t i o n of c h i l d r e n with c o e l i a c d i s e a s e , whether o r not they 

were on a g l u t e n - f r e e d i e t , a l s o d e m o n s t r a t e d b l o o d g l u t a t h i o n e 

p e r o x i d a s e a c t i v i t y w i t h i n t h e r e f e r e n c e r ange (Ward e t a l , 1984) . 

These au thors however a l s o repor ted reduced concen t r a t ions of blood 

selenium in both the un t rea ted group of c h i l d r e n and those f o l l o w i n g a 

g l u t e n - f r e e d i e t . 

In t h e s m a l l g r o u p o f n e w l y d i a g n o s e d c o e l i a c p a t i e n t s 

i n v e s t i g a t e d in t h e p r e s e n t s t u d y b e f o r e and a f t e r w i t h d r a w a l of 

g l u t e n f rom t h e d i e t , t h e lowered c o n c e n t r a t i o n s of both z i n c and 

selenium t h a t were demonstrated before commencement of t rea tment can 

most probably be a t t r i b u t e d to the i n t e s t i n a l malabsorp t ion a s soc i a t ed 

with the un t r ea t ed condi t ion of t h i s d i sease . A f t e r the s t a r t of d i e t 

e n f o r c e m e n t t h e c o n c e n t r a t i o n of z i n c in l e u c o c y t e s and p lasma 

increased to wi th in the r e f e r e n c e ranges. Crofton e t al (1983b) used 

a zinc t o l e r a n c e t e s t to demonstrate an impaired i n t e s t i n a l absorp t ion 

of z i n c in a g roup of p a t i e n t s wi th u n t r e a t e d c o e l i a c d i s e a s e when 

compared t o a c o n t r o l g r o u p , and a l s o to d e m o n s t r a t e improvement in 

z i n c a b s o r p t i o n in t h e same p a t i e n t s a f t e r t h e commencement of a 

s t r i c t g l u t e n - f r e e d i e t a r y r eg ime . I t i s i n t e r e s t i n g t o n o t e t h a t 

t h r e e of t h e f o u r p a t i e n t s i n v e s t i g a t e d in the present study showed a 

dec rease in selenium concen t r a t i ons in l eucocy t e s , plasma and whole 

blood f o l l o w i n g d i e t a r y t r e a t m e n t , whether o r not they had a s a t i s -

f a c t o r y s e l e n i u m s t a t u s a t p r e s e n t a t i o n . Although selenium concen-

t r a t i o n s did not appear to decrease in the fou r th p a t i e n t , a lowered 

s e l e n i u m s t a t u s was d e m o n s t r a t e d both b e f o r e and a f t e r g l u t e n 

wi thdrawal . These o b s e r v a t i o n s suggest t h a t the g l u t e n - f r e e d i e t may 

con ta in a reduced amount of selenium compared with a normal d i e t . In 

1976, approximate ly h a l f of the average in take of selenium in B r i t a i n 
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was repor ted to be de r ived from c e r e a l s and c e r e a l products (Thorn e t 

a l , 1978b) and a s t r i c t g l u t e n - f r e e d i e t exc ludes foods which con ta in 

any form of wheat, rye , b a r l e y and o a t s . 

Although the t r e a t e d c o e l i a c p a t i e n t s who had been on a g l u t e n -

f r e e d i e t f o r an a v e r a g e of 7.7 y e a r s in t h e p r e s e n t s t u d y showed a 

tendency towards lowered l e v e l s of z inc in l eucocy tes and plasma, the 

d i e t reg ime does not e x c l u d e f o o d s w i th a h igh z i n c c o n t e n t and 

t h e r e f o r e a reduced i n t a k e of z i n c in t h e s e p a t i e n t s i s u n l i k e l y . 

There may be a r i sk of malabsorp t ion of z i nc , even when the p a t i e n t i s 

c l i n i c a l l y w e l l . Many products which a re l i s t e d as g l u t e n - f r e e may 

however conta in minute amounts of g l u t e n (H. Warwick, personal commu-

n i c a t i o n ) . As i t i s l i k e l y t h a t c o e l i a c d i s e a s e i s due t o an 

immuno log i ca l r e a c t i o n d i r e c t e d a g a i n s t g l u t e n o r one of i t s 

components (Marsh, 1983), perhaps t r a c e s of g l u t e n which a re p resen t 

in most of t h e d i e t s a r e s u f f i c i e n t t o damage t h e mechanism f o r t h e 

absorp t ion of t h i s e lement . 

In a d d i t i o n t o m a l i g n a n t i n t e s t i n a l lymphoma, an i n c r e a s e d 

inc idence of g a s t r o i n t e s t i n a l carcinoma has been repor ted in p a t i e n t s 

w i th a d u l t c o e l i a c d i s e a s e ( H a r r i s e t a l , 1967; Brand t e t a l , 1978; 

C o l l i n s e t a l , 1978) . A l t h o u g h t h e m a j o r i t y of p a t i e n t s show a 

d r a m a t i c improvement when p l a c e d on a g l u t e n - f r e e d i e t , t h e r e i s no 

c o n v i n c i n g e v i d e n c e t h a t t h e t r e a t m e n t i s e f f e c t i v e in p r e v e n t i n g 

m a l i g n a n t c o m p l i c a t i o n s (Holmes e t a l , 1976; S e l b y and G a l l a g h e r , 

1979). I t i s i n t e r e s t i n g to note t h a t ep idemio log ica l s t u d i e s in man 

have r e p o r t e d an a s s o c i a t i o n between a low p r e d i a g n o s t i c serum 

selenium concen t r a t ion and the r i s k of cancer , e s p e c i a l l y g a s t o i n t e s -

t i n a l c a n c e r s ( W i l l e t t e t a l , 1983; S a l o n e n e t a l , 1984) . U n l i k e 

s t u d i e s based on t h e compar i son of serum s e l e n i u m c o n c e n t r a t i o n s 

between c a n c e r p a t i e n t s and c o n t r o l s f r e e of c a n c e r , p r o s p e c t i v e 

s t u d i e s in which serum selenium l e v e l s a re measured in persons f r e e of 

cancer p r i o r to f o l l o w - u p do not s u f f e r from the p o s s i b i l i t y of b i a s 

in which low selenium l e v e l s may be a consequence of a l r e a d y e x i s t i n g 

c a n c e r . A l though d e c r e a s e d p lasma s e l e n i u m c o n c e n t r a t i o n s were 

demonstrated in a group of p a t i e n t s with cancer compared with a group 

of normal s u b j e c t s , t he plasma selenium c o n c e n t r a t i o n s were no lower 

t h a n a group of s u r g i c a l p a t i e n t s w i t h o u t c a n c e r (Robinson e t a l , 

1979) . These a u t h o r s c o n c l u d e d t h a t t h e low s e l e n i u m s t a t u s of t h e 

p a t i e n t s w i th c a n c e r was more l i k e l y t o be a c o n s e q u e n c e of t h e i r 

i l l n e s s t h a n t h e c a u s e of t h e c a n c e r . N e v e r t h e l e s s , t h e r e p o r t e d 
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a s s o c i a t i o n between a low p red i agnos t i c selenium c o n c e n t r a t i o n and the 

r i s k of g a s t r o i n t e s t i n a l c a n c e r , and t h e r o l e of s e l e n i u m in t h e 

p r e v e n t i o n of c a n c e r as d i s c u s s e d in C h a p t e r 2 , s u g g e s t s t h a t a low 

selenium s t a t u s may be a c o n t r i b u t i n g f a c t o r to the increased r i s k of 

malignancy demonstrated in a d u l t p a t i e n t s with c o e l i a c d i s e a s e . 

PATIENTS RECEIVING TOTAL PARENTERAL NUTRITION 

The two p a t i e n t s r e c e i v i n g long-term t o t a l p a r e n t e r a l n u t r i t i o n 

(TPN) in the present study demonstrated a s a t i s f a c t o r y z inc and copper 

s t a t u s , bu t ve ry low c o n c e n t r a t i o n s of s e l e n i u m in l e u c o c y t e s , 

e r y t h r o c y t e s and plasma. 

Numerous s tud ie s have repor ted a d e p l e t i o n of z inc and copper in 

p a t i e n t s r e c e i v i n g t h e i r t o t a l n u t r i t i o n a l need f rom i n t r a v e n o u s 

s o l u t i o n s t h a t were not s u p p l e m e n t e d wi th t h e s e t r a c e e l e m e n t s a t 

t h e i r optimum c o n c e n t r a t i o n s ( V i l t e r e t a 1 , 1974; F l eming e t a l , 

1976) . S e v e r e sk in l e s i o n s s i m i l a r t o t h o s e seen in a c r o d e r m a t i t i s 

e n t e r o p a t h i c a were observed in zinc d e f i c i e n c y induced by TPN and were 

r e v e r s e d by o r a l a d m i n s t r a t i o n of z i n c s u l p h a t e ( P r i n c i p i e t a l , 

1979) . N e u t r o p e n i a due t o c o p p e r d e f i c i e n c y , o b s e r v e d in an a d u l t 

r e c e i v i n g long-term home TPN, was co r rec ted by i n t r avenous admin i s t r a -

t i o n of c o p p e r (S r i ram e t a l , 1986) . I n t r a v e n o u s t r a c e e l e m e n t 

r e q u i r e m e n t s may d i f f e r s i g n i f i c a n t l y f rom p a t i e n t t o p a t i e n t . In 

p a t i e n t s with g a s t r o i n t e s t i n a l d i s ea se r e q u i r i n g TPN, z inc and copper 

requirements vary with l o s s e s from the g a s t r o i n t e s t i n a l t r a c t e i t h e r 

as a r e s u l t of d ia r rhoea o r f i s t u l o u s d i scharge o r both (Wolman e t a l , 

1979; Shike e t a l , 1981). The requirements f o r z inc in a d u l t p a t i e n t s 

r e c e i v i n g TPN f o r the t rea tment of g a s t o i n t e s t i n a l d i s e a s e has been 

d e t e r m i n e d (Wolman e t a l , 1979) . Of p a r t i c u l a r i m p o r t a n c e was t h e 

o b s e r v a t i o n t h a t in t h e a b s e n c e of s i g n i f i c a n t d i a r r h o e a an 

i n t r avenous supplement of 46 #mol (3mg) z inc d a i l y was s u f f i c i e n t to 

mainta in z inc ba lance . Another study on s i m i l a r p a t i e n t s found t h a t 

4.7 pmol (0.3mg) c o p p e r d a i l y was s u f f i c i e n t t o m a i n t a i n c o p p e r 

ba lance in the absence of d ia r rhoea (Shike e t a l , 1981). 

The r e q u i r e m e n t s of s e l e n i u m in TPN a r e l e s s w e l l d e f i n e d . 

Metabol i c ba l ance s t u d i e s f o r s e l enium were c a r r i e d o u t f o r 7 t o 12 

days on 6 p a t i e n t s r e c e i v i n g p o s t o p e r a t i v e TPN (van R i j e t a l , 1979). 

This study reported very low concen t r a t i ons of selenium in a l l of t h e 

s o l u t i o n s i n fu sed , p rovid ing an in take of selenium of l e s s than 7.6 to 
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10.1 nmol (0.6 t o 0.8yg) d a i l y d u r i n g t h e b a l a n c e p e r i o d s . As a 

r e s u l t o f t h e combined l o s s e s of s e l e n i u m of H u g p e r day , of which 

31% was accounted f o r from l o s s e s v ia the g a s t r o i n t e s t i n a l t r a c t and 

wounds and 69% from l o s s e s in the u r ine , t h e r e was a marked nega t ive 

selenium ba lance in t h e s e s i x p a t i e n t s . Decreased concen t r a t i ons of 

selenium in plasma and e r y t h r o c y t e s in a d u l t p a t i e n t s r e c e i v i n g long-

te rm home TPN have been r e p o r t e d (Lane e t a 1 , 1981) . P a t i e n t s w i th 

m a l a b s o r p t i o n may be e s p e c i a l l y a t r i s k of d e v e l o p i n g s e l e n i u m 

d e f i c i e n c y d u r i n g TPN. A group of p a t i e n t s wi th Crohn ' s d i s e a s e 

demonstrated a reduced selenium s t a t u s a t the time t h a t TPN was i n t r o -

duced and showed a f u r t h e r d e c r e a s e in t h e p lasma and e r y t h r o c y t e 

s e l e n i u m c o n c e n t r a t i o n s o v e r a t h r e e week p e r i o d of i n t r a v e n o u s 

i n f u s i o n of s o l u t i o n s p r o v i d i n g o n l y about Bpg of s e l e n i u m p e r 24 

hours (Jacobson and P l a n t i n , 1985). 

The c l i n i c a l c o n s e q u e n c e s of d e c r e a s i n g s e l e n i u m l e v e l s in 

p a t i e n t s r e c e i v i n g TPN i s u n c l e a r . An a s s o c i a t i o n of p a r e n t e r a l 

n u t r i t i o n , s e l e n i u m d e f i c i e n c y , and f a t a l c a r d i o m y o p a t h y has been 

repor ted (Johnson e t a l , 1981b). A female p a t i e n t developed muscular 

p a i n t h i r t y days a f t e r commencement of TPN, which d i s a p p e a r e d when 

se lenometh ionine was added to her in t ravenous n u t r i t i o n (van Ri j e t 

a l , 1979). Muscular pain and t ende rness , which developed in a c h i l d 

r e c e i v i n g TPN f o r 18 mon ths , was a s s o c i a t e d wi th v e r y low serum 

s e l e n i u m c o n c e n t r a t i o n s (Kien and G a n t h e r , 1983) . These abnormal 

f i n d i n g s r e v e r t e d t o normal a f t e r i n t r a v e n o u s s u p p l e m e n t a t i o n of 

e l e m e n t a l s e l e n i u m . More r e c e n t l y , a woman r e c e i v i n g home TPN f o r 

fou r yea r s a f t e r l o s s of her small bowel developed muscle weakness, 

and demonstrated extremely low concen t ra t ions of selenium in plasma 

and e r y t h r o c y t e s and decreased p l a t e l e t and e r y t h r o c y t e g l u t a t h i o n e 

peroxidase a c t i v i t i e s (Brown e t a l , 1986). Treatment with in t r avenous 

se l enous acid reversed t h e symptoms and b i o c h e m i c a l a b n o r m a l i t i e s . 

Both t h e p a t i e n t s in t h e p r e s e n t s t u d y r e p o r t e d good h e a l t h d e s p i t e 

t h e low c o n c e n t r a t i o n s of s e l e n i u m in l e u c o c y t e s , e r y t h r o c y t e s and 

plasma. 

Although o v e r - e n t h u s i a s t i c selenium supplementat ion may produce 

t o x i c i t y , t h e r e may be a need f o r selenium supplementat ion in p a t i e n t s 

r e c e i v i n g TPN, p a r t i c u l a r l y in those r ece iv ing long-term and home TPN 

(Lane e t a l , 1987) . The chemica l form and amount of s e l e n i u m most 

s u i t a b l e f o r supplementa t ion in TPN has ye t to be determined (Levander 

and Burk , 1986) . A compar i son of i n t r a v e n o u s a d m i n i s t r a t i o n of 
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s e l e n o m e t h i o n i n e and sodium s e l e n i t e i n a d u l t p a t i e n t s r e c e i v i n g TPN 

i n d i c a t e d t h a t s e l e n i u m r e t e n t i o n was g r e a t e r w i t h s e l e n o m e t h i o n i n e 

(van R i j e t a l , 1981) . These a u t h o r s c o n c l u d e d however t h a t f u r t h e r 

o b s e r v a t i o n s were n e c e s s a r y f o r t h e more l o n g - t e r m u s e o f bo th t h e s e 

compounds by t h e i n t r a v e n o u s r o u t e . 
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CHAPTER 9 

ASSESSMENT OF ZINC, COPPER AND SELENIUM STATUS OF A 

POPULATION OF ALCOHOLIC SUBJECTS 

9 . 1 INTRODUCTION 

A l c o h o l i sm i s a compl ex c o n d i t i o n , and i t s d e f i n i t i o n h a s b e e n 

and c o n t i n u e s t o be a s u b j e c t o f c o n t r o v e r s y . A b r i e f d e f i n i t i o n o f 

t h i s d i s o r d e r has been g i v e n as ' t h e r e p e a t e d consumpt ion of a l c o h o l 

l e a d i n g t o d e p e n d e n c e , p h y s i c a l d i s e a s e o r o t h e r t y p e s of harm' , and 

d a i l y i n t a k e s of g r e a t e r t h a n 80g o f e t h a n o l h a v e been c o n s i d e r e d as 

e x c e s s i v e ( P a t o n and S a u n d e r s , 1 9 8 1 ) . One o f t h e m o s t s e n s i t i v e 

b i o c h e m i c a l m a r k e r s o f e x c e s s c h r o n i c a l c o h o l i n t a k e i s t h e s e r u m 

c o n c e n t r a t i o n of t h e enzyme g a m m a - g l u t a m y l t r a n s p e p t i d a s e , a l t h o u g h t h e 

a c t i v i t y r a p i d l y r e t u r n s t o normal w i t h a b s t e n t i o n f rom a l c o h o l , and 

h e p a t o c e l l u l a r damage w i l l a l s o c o n t r i b u t e t o enzyme e l e v a t i o n (Lewis 

and P a t o n , 1 9 8 1 ) . The a c t i v i t y o f t h e s e r u m e n z y m e s , a s p a r t a t e 

a m i n o t r a n s f e r a s e and a l k a l i n e p h o s p h a t a s e , may a l s o be e l e v a t e d as a 

consquence of h e p a t o c e l l u l a r i n j u r y , and a l t h o u g h t h e s e enzymes a r e 

s u b s t a n t i a l l y l e s s s e n s i t i v e t h a n gamma-g l u t a m y l t r a n s p e p t i d a s e f o r 

a l c o h o l i s m i d e n t i f i c a t i o n , t h e i r d e t e r m i n a t i o n may a s s i s t i n t h e 

i d e n t i f i c a t i o n of a l c o h o l i c l i v e r d i s e a s e ( R o s a l k i , 1984) . R e d u c t i o n 

in serum a l b u m i n l e v e l s i s uncommon i n a l c o h o l i s m i n t h e a b s e n c e o f 

c i r r h o s i s ( P o l l a k and B u c k e l l , 1973) . 

C l i n i c a l and b i o c h e m i c a l e v i d e n c e o f m a l n u t r i t i o n i s f r e q u e n t l y 

found in c h r o n i c a l c o h o l i c s , and t h e mechanisms u n d e r l y i n g n u t r i t i o n a l 

d e f i c i e n c y i n v o l v e d e c r e a s e d i n t a k e , p o o r a b s o r p t i o n and i n c r e a s e d 

r e q u i r e m e n t s ( R y l e and Thomson, 1984) . The g a s t r o i n t e s t i n a l t r a c t i s 

exposed to much h i g h e r c o n c e n t r a t i o n s o f a l c o h o l t h a n any o t h e r t i s s u e 

i n t h e body and d i r e c t s t r u c t u r a l damage t o t h e mucosal l i n i n g o f t h e 

i n t e s t i n e i s n o t uncommon i n t h i s c o n d i t i o n ( L a k e - B a k a a r , 1 9 8 4 ) . 

Damage t o t h e s m a l l i n t e s t i n e , i n c l u d i n g s h o r t e n e d v i l l i and d e c r e a s e d 

n u m b e r s o f v i l l o u s c e l l s , h a s b e e n r e p o r t e d i n r a t s a f t e r c h r o n i c 

i n g e s t i o n of e t h a n o l (Baraona e t a l , 1974) . 

C h r o n i c a l c o h o l c o n s u m p t i o n h a s b e e n shown t o i n d u c e h e p a t i c 

damage w h i c h i n c l u d e s f a t t y l i v e r , a l c o h o l i c h e p a t i t i s and l i v e r 

c i r r h o s i s ( L i e b e r and S a l a s p u r o , 1985) . I t i s now g e n e r a l l y a c c e p t e d 
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t h a t m a l n u t r i t i o n p e r s e i s n o t t h e c a u s e o f l i v e r d i s e a s e i n t h e 

a l c o h o l i c s u b j e c t ( M o r g a n and M c l n t y r e , 1 9 8 5 ) . A l t h o u g h t h e 

p a t h o g e n e s i s i s s t i l l u n c l e a r , i t h a s b e e n p r o p o s e d t h a t h e p a t i c 

i n j u r y f rom e t h a n o l migh t be a r e s u l t o f enhanced l i p i d p e r o x i d a t i o n 

(Di L u z i o , 1966) . H e p a t i c l i p o p e r o x i d e l e v e l s , e x p r e s s e d in t e r m s o f 

m a l o n d i a l d e h y d e c o n c e n t r a t i o n / g l i v e r , w e r e i n c r e a s e d i n h e a v y 

d r i n k e r s w i t h d e p o s i t i o n o f f a t i n t h e l i v e r c o m p a r e d w i t h n o n -

a l c o h o l i c s u b j e c t s w i t h h i s t o l o g i c a l l y normal l i v e r (Suemastsu e t a l , 

1981) . The same s t u d y a l s o showed a s i g n i f i c a n t c o r r e l a t i o n between 

l i v e r l i p o p e r o x i d e l e v e l s and s e r u m a s p a r t a t e a m i n o t r a n s f e r a s e 

a c t i v i t y , b o t h on a d m i s s i o n t o t h e h o s p i t a l wards and a f t e r two weeks 

a b s t i n e n c e f rom e t h a n o l . The r e a s o n s f o r e t h a n o l s t i m u l a t i o n o f l i p i d 

p e r o x i d a t i o n a r e however s t i l l no t w e l l d e f i n e d . I t has been p roposed 

t h a t e t h a n o l s t a r t s l i p i d p e r o x i d a t i o n d u e t o t h e i n t e r m e d i a t e 

p r o d u c t i o n o f oxygen f r e e r a d i c a l s p e c i e s formed d u r i n g i t s m e t a b o l i s m 

by t h e smooth e n d o p l a s m i c r e t i c u l u m sys tem ( D i a n z a n i , 1987) . A l t h o u g h 

t h e main pathway f o r e t h a n o l m e t a b o l i s m in t h e h e p a t o c y t e i s v i a t h e 

a l c o h o l d e h y d r o g e n a s e p a t h w a y o f t h e c y t o s o 1 , t h e r e i s an a d a p t i v e 

i n c r e a s e i n t h e microsomal e t h a n o l o x i d i s i n g s y s t e m , l o c a t e d in t h e 

e n d o p l a s m i c r e t i c u l u m , d u r i n g c h r o n i c a l c o h o l consumpt ion ( L i e b e r and 

S a l a s p u r o , 1985) . 

T h i s c h a p t e r d e s c r i b e s t h e i n v e s t i g a t i o n o f t h e z i n c , c o p p e r and 

s e l e n i u m s t a t u s o f a l c o h o l i c s w i t h and w i t h o u t e s t a b l i s h e d l i v e r 

d i s e a s e , t o d e t e r m i n e i f t h e s e s u b j e c t s were a t r i s k of a d e f i c i e n c y 

o f t h e s e t r a c e e l e m e n t s . 

9 . 2 PATIENTS AND METHODS 

P a t i e n t s 

E i g h t e e n p a t i e n t s w i t h e s t a b l i s h e d a l c o h o l i c l i v e r d i s e a s e , a l l 

men, aged 36 -62 (mean 48.4) y e a r s were i d e n t i f i e d e i t h e r a s i n p a t i e n t s 

o r on a t t e n d i n g g a s t r o e n t e r o l o g y o u t p a t i e n t c l i n i c s . C l i n c i a l d e t a i l s 

o f t h e s e p a t i e n t s a r e g i v e n i n T a b l e 9 . 1 . F o u r t e e n o f them had 

b i o p s y - p r o v e n a l c o h o l i c l i v e r d i s e a s e , and t h e o t h e r 4 p a t i e n t s had 

e s t a b l i s h e d l i v e r d i s e a s e on t h e b a s i s o f c l i n i c a l e x a m i n a t i o n , 

b i o c h e m i c a l a b n o r m a l i t i e s , and u l t r a s o u n d e x a m i n a t i o n . A l l b u t 4 o f 

t h e p a t i e n t s w e r e c i g a r e t t e s m o k e r s . The mean body m a s s i n d e x was 

2 2 . 9 ( r a n g e 1 7 . 3 - 3 0 . 2 ) and by t h i s c r i t e r i o n 6 o f t h e p a t i e n t s w e r e 

b e l o w t h e i r n o r m a l w e i g h t . A l t h o u g h a c c u r a t e d e t a i l s o f d r i n k i n g 
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h i s t o r y w e r e d i f f i c u l t t o o b t a i n , a l l o f t h e p a t i e n t s a d m i t t e d t o 

h e a v y d r i n k i n g i n t h e p a s t , w i t h an i n t a k e o f 100-280g of e t h a n o l p e r 

day . S i x o f t h e p a t i e n t s c l a i m e d t o h a v e s t o p p e d d r i n k i n g a l c o h o l , 7 

r e p o r t e d t o h a v e r educed t h e i r e t h a n o l i n t a k e t o 18-64g p e r d a y , and 5 

a d m i t t e d t o c u r r e n t h e a v y d a i l y d r i n k i n g . L i v e r f u n c t i o n t e s t s , a s 

m e a s u r e d on t h e d a y o f s t u d y , a r e shown i n T a b l e 9 . I I . The a c t i v i t y 

o f t h e s e r u m e n z y m e s , g a m m a - g l u t a m y l t r a n s p e p t i d a s e and a s p a r t a t e 

a m i n o t r a n s f e r a s e were e l e v a t e d i n a l l o f t h e p a t i e n t s . 

T h i r t e e n m a l e a l c o h o l i c s , a g e d 2 8 - 6 3 (mean 4 5 . 6 ) y e a r s w e r e 

i d e n t i f i e d t h r o u g h t h e S t . D i s m a s a l c o h o l i c c o m m u n i t y c e n t r e . No 

c l i n i c a l e v i d e n c e o f l i v e r d i s e a s e was d e t e c t e d i n t h e s e s u b j e c t s . 

C l i n i c a l d e t a i l s o f t h e s u b j e c t s a r e g i v e n i n T a b l e 9 . 1 1 1 . A l l o f 

them were c i g a r e t t e smokers . The mean body mass index was 22.7 ( r a n g e 

1 7 . 3 - 3 0 . 2 ) and by t h i s c r i t e r i o n 2 o f t h e s u b j e c t s w e r e b e l o w t h e i r 

n o r m a l w e i g h t . A l l o f t h e s u b j e c t s ' a d m i t t e d t o h a v i n g i n g e s t e d 

b e t w e e n 110 and 280g o f e t h a n o l p e r d a y i n t h e p a s t . Two o f t h e m 

a d m i t t e d t o c u r r e n t heavy d a i l y d r i n k i n g , and t h e r e m a i n d e r c l a i m e d 

a b s t e n t i o n f rom a l c o h o l f o r a p e r i o d o f 1 - 8 months . I n c r e a s e d serum 

gamma-g l u t a m y l t r a n s p e p t i d a s e a c t i v i t y was no ted i n o n l y two o f t h e 

s u b j e c t s ; o t h e r l i v e r f u n c t i o n t e s t s a t t h e t i m e of s t u d y were normal 

( T a b l e 9 . I V ) . 

The a m o u n t o f a l c o h o l i n t a k e i n t e r m s o f grams (g) o f a b s o l u t e 

a l c o h o l was c a l c u l a t e d by a nomogram (Mel l o r , 1970) . 

Heal thy s u b j e c t s 

The d a t a o b t a i n e d f o r t h e h e a l t h y c o n t r o l s u b j e c t s p r e v i o u s l y 

i n v e s t i g a t e d a s d e s c r i b e d i n C h a p t e r 6 w e r e u s e d f o r t h e p u r p o s e o f 

c o m p a r i s o n i n t h e p r e s e n t s t u d y . 

Samples 

B l o o d s a m p l e s w e r e c o l l e c t e d and a l i q u o t e d a s d e s c r i b e d i n 

C h a p t e r 6 . In a d d i t i o n a 10ml s a m p l e o f v e n o u s b l o o d was t a k e n f o r 

r o u t i n e l i v e r f u n c t i o n t e s t s . 

A n a l y s e s 

S e p a r a t i o n of w h i t e c e l l s , a n a l y s i s o f z i n c , c o p p e r and s e l e n i u m 

i n l e u c o c y t e s and p l a s m a , and c e l l c o u n t i n g w e r e p e r f o r m e d by t h e 

t e c h n i q u e s g i v e n i n C h a p t e r s 4 and 5 . P l a s m a a l b u m i n and c a e r u l o -

p l a s m i n c o n c e n t r a t i o n s were d e t e r m i n e d a s d e s c r i b e d i n C h a p t e r 7 . 
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TABLE 9 . I I 

LIVER FUNCTION TESTS IN PATIENTS WITH ALCOHOLIC LIVER DISEASE 
AS MEASURED ON DAY OF STUDY 

No. Serum AST 

U 1 -1 
Serum ALP 

U 1 -1 
Serum T B i l i 

yraol 1 -1 

Serum GGTP 

U 1 - 1 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

120 
48 

84 

61 

110 

134 

46 

67 

98 

78 

61 

84 

59 

52 

63 

70 

58 

140 

206 

158 

445 

371 

354 

338 

322 

230 

129 

140 

177 

323 

205 

245 

255 

264 

278 

192 

37 

30 

37 

61 

77 

157 

45 

76 

20 

25 

18 

21 

19 

18 

20 

23 

17 

19 

107 

58 

189 

200 

67 

65 

95 

192 

129 

113 

163 

296 

71 

196 

57 

49 

78 

48 

A b b r e v i a t i o n s : AST, a s p a r t a t e a m i n o t r a n s f e r a s e ; 
ALP, a l k a l i n e p h o s p h a t a s e ; 
T B i l i , t o t a l b i l i r u b i n ; 
GGTP, g a m m a - g l u t a m y l t r a n s p e p t i d a s e 

R e f e r e n c e Ranges: serum AST 

serum ALP 

serum T B i l i 

serum GGTP 

42 U 1 - 1 37OC 

100 - 300 U 1 - 1 

0 - 17 pmol 1 - 1 

10 - 46 U 1 - 1 3 7 ° : 
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TABLE 9 . I l l 

CLINICAL DETAILS OF ALCOHOLICS IN THE COMMUNITY 

No. Sex Age Smoking BMI Reported d r i n k i n g h i s t o r y : Medica t ion 

( y r s ) kg/M? d a i l y e thanol i n g e s t i o n (g ) 

P a s t P r e s e n t 

1 M 42 Yes 2 0 . 8 110 None None 

2 M 55 Yes 1 6 . 9 * 160 None None 

3 M 54 Yes 2 4 . 7 120 None Diazepam 

4 M 38 Yes 2 2 . 2 240 None A m i n o p h y l l i n e 

5 M 63 Yes 2 3 . 5 120 None None 

6 M 46 Yes 3 0 . 5 275 None None 

7 M 33 Yes 1 7 . 7 * 200 200 None 

8 M 36 Yes 2 5 . 5 170 None None 

9 M 47 Yes 2 3 . 1 110 None None 

10 M 51 Yes 2 0 . 8 185 None F l u p h e n a z i n e 

hydroch l o r i d e 

11 M 48 Yes 24 .0 120 None None 

12 M 52 Yes 2 0 . 7 275 275 None 

13 M 28 Yes 2 4 . 6 170 None None 

BMI, Body mass index 

U n d e r w e i g h t , BMI = 2 0 . 0 or l e s s 
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TABLE 9 . I V 

LIVER FUNCTION TESTS IN ALCOHOLICS IN THE COMMUNITY AS MEASURED 
ON DAY OF STUDY 

No. Serum AST 

U 1 - 1 

Serum ALP 

U 

Serum T B i l i 

pmol 1"*̂  

Serum GGTP 

U 1"! 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1 3 

16 

2 9 

3 4 

39 

16 

22 

38 

1 3 

20 

2 3 

2 7 

3 7 

30 

191 

160 

1 9 1 

197 

163 

142 

116 

186 

148 

194 

194 

160 

134 

10 

7 

11 

8 

9 

16 

7 

8 

7 

7 

4 

3 2 

18 

8 

20 

1 3 

22 
58 

1 4 

1 4 

26 

2 3 

110 

1 4 

A b b r e v i a t i o n s : AST, a s p a r t a t e a m i n o t r a n s f e r a s e ; 
ALP, a l k a l i n e p h o s p h a t a s e ; 
T B i l i , t o t a l b i l i r u b i n ; 
GGTP, g a m m a - g l u t a m y l t r a n s p e p t i d a s e 

R e f e r e n c e ranges : serum AST = 5 

serum ALP = 100 

serum T B i l i = 0 

serum GGTP = 10 

42 U 1 • 1 

3 0 0 U I ' l 

17 wmol 1 - 1 

4 6 U 1 - 1 3 7 ° C 
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S t a t i s t i c a l procedures 

The s t a t i s t i c a l p r o c e d u r e s u s e d i n t h i s p r o j e c t a r e g i v e n i n 

C h a p t e r s . A g r o u p o f m a l e c o n t r o l s u b j e c t s ( n = 2 5 ) , a l l c i g a r e t t e 

s m o k e r s , a g e d 2 3 - 6 4 (mean 4 4 . 9 ) y e a r s , w e r e s e l e c t e d f o r c o m p a r i s o n 

w i t h t h e g roup o f p a t i e n t s w i t h e s t a b l i s h e d a l c o h o l i c l i v e r d i s e a s e , 

and t h e g r o u p o f a l c o h o l i c s i n t h e c o m m u n i t y . A l t h o u g h 4 o f t h e 

c o n t r o l s u b j e c t s were d a i l y d r i n k e r s , none o f them i n g e s t e d g r e a t e r 

t h a n 50g o f e t h a n o l p e r day . 

9 . 3 RESULTS 

The i n d i v i d u a l r e s u l t s f o r t h e a l c o h o l i c s w i t h e s t a b l i s h e d l i v e r 

d i s e a s e , and a l c o h o l i c s in t h e community a r e g i v e n i n Append ices 7 and 

8 r e s p e c t i v e l y . 

A compar i son of t h e z i n c , c o p p e r and s e l e n i u m r e s u l t s between t h e 

p a t i e n t s w i t h e s t a b l i s h e d l i v e r d i s e a s e and t h e c o n t r o l s i s shown in 

T a b l e 9 . V , and b e t w e e n t h e a l c o h o l i c s i n t h e c o m m u n i t y and t h e 

c o n t r o l s , i n T a b l e 9 . V I . S i g n i f i c a n t l y d e c r e a s e d c o n c e n t r a t i o n s o f 

l e u c o c y t e and p l a s m a z i n c (p < 0 . 0 1 ) w e r e o b s e r v e d i n t h e g r o u p o f 

p a t i e n t s w i t h e s t a b l i s h e d l i v e r d i s e a s e , b u t n o t i n t h e g r o u p o f 

a l c o h o l i c s i n t h e c o m m u n i t y , c o m p a r e d w i t h t h e c o n t r o l g r o u p . 

However , 95% c o n f i d e n c e i n t e r v a l s f o r t h e r a t i o o f p o p u l a t i o n means 

( T a b l e 9 . V I ) d e m o n s t r a t e t h a t l e u c o c y t e z i n c v a l u e s a r e much more 

l i k e l y t o be low in an a l c o h o l i c p o p u l a t i o n w i t h no e s t a b l i s h e d l i v e r 

d i s e a s e , c o m p a r e d w i t h n o n - a l c o h o l i c s u b j e c t s . S c a t t e r g r a m s o f t h e 

p l a s m a and l e u c o c y t e z i n c v a l u e s a r e shown i n F i g u r e s 9 . 1 and 9 .2 

r e s p e c t i v e l y f o r t h e p o p u l a t i o n u n d e r s t u d y and t h e c o n t r o l g r o u p . 

S i g n i f i c a n t l y l o w e r (p < 0.001) c o n c e n t r a t i o n s of p l a sma a l b u m i n were 

o b s e r v e d in t h e p a t i e n t s w i t h e s t a b l i s h e d l i v e r d i s e a s e (38 ± 6 g 1"^ ) 

c o m p a r e d t o t h e c o n t r o l g r o u p (46 ± 3 g 1 " ^ ) , and t h e r e was a 

s i g n i f i c a n t c o r r e l a t i o n be tween p l a s m a z i n c and a l b u m i n c o n c e n t r a t i o n s 

(p < 0 . 0 1 , r = 0 . 6 6 ) i n t h i s p a t i e n t g r o u p . P l a s m a a l b u m i n c o n c e n -

t r a t i o n s were s i m i l a r i n t h e g r o u p o f a l c o h o l i c s in t h e community (46 

± 3 g 1 " 1 ) and t h e c o n t r o l g r o u p (46 ± 3 g 1 " ^ ) and t h e r e was no 

s i g n i f i c a n t c o r r e l a t i o n b e t w e e n p l a s m a z i n c and a l b u m i n v a l u e s i n 

e i t h e r o f t h e s e g r o u p s . 

A s i g n i f i c a n t i n c r e a s e (p < 0.01) i n p l a s m a c o p p e r c o n c e n t r a t i o n 

was o b s e r v e d i n t h e group o f p a t i e n t s w i t h e s t a b l i s h e d l i v e r d i s e a s e 

compared w i t h t h e c o n t r o l g r o u p ( T a b l e 9 .V) . No s i m i l a r i n c r e a s e was 
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Figure 9 . 1 

Scat tergram of plasma z i n c c o n c e n t r a t i o n s i n a l c o h o l i c p a t i e n t s w i t h 
e s t a b l i s h e d l i v e r d i s e a s e (A), a l c o h o l i c s i n t h e community (B), and 
c o n t r o l s . Horizonta l l i n e s show t h e mean v a l u e s of t h e data s e t s 

174 



170 r 

150 

m 
•QJ 

- 1 2 5 

O 
e 
CL 

. 5 100 
N 

OJ 

! . 

60 

e 

# 

3 • # 

9 

9 9 

9 

9 

alcoholics 

(A) 

alcoholics 

(B) 

controls 

F i g u r e 9 . 2 

Sca t t ergram of l e u c o c y t e z i n c c o n c e n t r a t i o n s in a l c o h o l i c p a t i e n t s w i th 
e s t a b l i s h e d l i v e r d i s e a s e (A), a l c o h o l i c s in t h e community (B), and 
c o n t r o l s . Hor izonta l l i n e s show t h e geometr ic mean v a l u e s of t h e data 
s e t s 
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found f o r l e u c o c y t e c o p p e r c o n c e n t r a t i o n . T h e r e was no s i g n i f i c a n t 

d i f f e r e n c e i n p l a s m a o r l e u c o c y t e c o p p e r c o n c e n t r a t i o n s be tween t h e 

g r o u p o f a l c o h o l i c s i n t h e c o m m u n i t y and t h e c o n t r o l g r o u p ( T a b l e 

9 . V I ) . S c a t t e r g r a m s o f t h e p l a s m a and l e u c o c y t e c o p p e r v a l u e s a r e 

shown i n F i g u r e s 9.3 and 9.4 r e s p e c t i v e l y f o r t h e s t u d y p o p u l a t i o n and 

t h e C o n t r o l g roup . S i g n i f i c a n t l y h i g h e r (p < 0.001) c o n c e n t r a t i o n s o f 

p l a s m a c a e r u l o p l a s m i n w e r e d e m o n s t r a t e d i n t h e p a t i e n t s w i t h 

e s t a b l i s h e d l i v e r d i s e a s e (407 ± 67 mg 1"^) compared w i t h t h e c o n t r o l s 

( 3 0 8 ± 61 mg 1 ~ ^ ) , and t h e r e was a s i g n i f i c a n t c o r r e l a t i o n b e t w e e n 

p l a sma c o p p e r and c a e r u l o p l a s m i n c o n c e n t r a t i o n s in bo th p a t i e n t s (p < 

0 . 0 0 1 , r = 0 . 8 2 ) a n d c o n t r o l s (p < 0 . 0 0 1 , r = 0 . 8 6 ) . P l a s m a 

c a e r u l o p l a s m i n c o n c e n t r a t i o n s were s i m i l a r i n t h e g r o u p o f a l c o h o l i c s 

i n t h e c o m m u n i t y (304 ± 44 mg 1 " ^ ) and t h e c o n t r o l g r o u p ( 3 0 8 ± 61 mg 

1 " 1 ) , and t h e r e was a l s o a s i g n i f i c a n t c o r r e l a t i o n b e t w e e n p l a s m a 

c o p p e r and c a e r u l o p l a s m i n v a l u e s in t h e a l c o h o l i c s i n t h e community (p 

< 0 . 0 0 1 , r = 0 . 8 3 ) . 

The c o n c e n t r a t i o n o f s e l e n i u m i n l e u c o c y t e s and p l a s m a was 

s i g n i f i c a n t l y d e c r e a s e d (p < 0.001) in t h e p a t i e n t s w i t h e s t a b l i s h e d 

l i v e r d i s e a s e ( T a b l e 9 .V) and i n t h e a l c o h o l i c s i n t h e c o m m u n i t y 

( T a b l e 9 . V I ) c o m p a r e d w i t h t h e c o n t r o l g r o u p . I t i s i n t e r e s t i n g t o 

n o t e t h a t t h e p a t i e n t s w i t h e s t a b l i s h e d l i v e r d i s e a s e h a d 

s i g n i f i c a n t l y l o w e r (p < 0.05) p l a sma s e l e n i u m c o n c e n t r a t i o n s t h a n t h e 

a l c o h o l i c s in t h e community. A l though l e u c o c y t e s e l e n i u m v a l u e s were 

no t s i g n i f i c a n t l y l o w e r , t h e 95% c o n f i d e n c e i n t e r v a l s ( -0 .40 t o 0.02 

p m o l / 1 0 ® c e l l s ) f o r t h e d i f f e r e n c e b e t w e e n p o p u l a t i o n m e a n s ( - 0 . 1 9 

p m o l / 1 0 ^ c e l l s ) d e m o n s t r a t e t h a t t h e c o n c e n t r a t i o n o f s e l e n i u m i n 

l e u c o c y t e s i s much more l i k e l y t o be l o w e r i n p a t i e n t s w i t h 

e s t a b l i s h e d a l c o h o l i c l i v e r d i s e a s e t h a n i n a l c o h o l i c s w i t h no 

e s t a b l i s h e d l i v e r d i s e a s e . S c a t t e r g r a m s o f t h e p l a s m a and l e u c o c y t e 

s e l e n i u m v a l u e s a r e p r e s e n t e d in F i g u r e s 9.5 and 9.6 r e s p e c t i v e l y f o r 

t h e s t u d y p o p u l a t i o n and t h e c o n t r o l g r o u p . A l c o h o l i c s u b j e c t s w i t h a 

l o w body m a s s i n d e x a r e i n d i c a t e d i n t h e s e f i g u r e s . I n t e r e s t i n g l y , 

t h e r e was a s i g n i f i c a n t c o r r e l a t i o n b e t w e e n p l a s m a s e l e n i u m and 

a l b u m i n c o n c e n t r a t i o n s (p < 0 . 0 5 , r = 0 . 4 8 ) i n t h e p a t i e n t s w i t h 

e s t a b l i s h e d l i v e r d i s e a s e , b u t not in t h e a l c o h o l i c s in t h e community 

o r in t h e c o n t r o l g r o u p . 

S i g n i f i c a n t c o r r e l a t i o n s were o b s e r v e d i n t h e g roup o f p a t i e n t s 

w i t h e s t a b l i s h e d l i v e r d i s e a s e , and a l c o h o l i c s i n t h e c o m m u n i t y , 

b e t w e e n l e u c o c y t e s e l e n i u m c o n c e n t r a t i o n s and b o d y m a s s i n d e x (p < 
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F i g u r e 9 . 3 

S c a t t e r g r a m of p l a sma c o p p e r c o n c e n t r a t i o n s i n a l c o h o l i c p a t i e n t s w i t h 
e s t a b l i s h e d l i v e r d i s e a s e (A), a l c o h o l i c s in t h e community (B), and 
c o n t r o l s . H o r i z o n t a l l i n e s show t h e mean v a l u e s of t h e d a t a s e t s 
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F i g u r e 9 . 4 

S c a t t e r g r a m of l e u c o c y t e c o p p e r c o n c e n t r a t i o n s i n a l c o h o l i c p a t i e n t s 
w i t h e s t a b l i s h e d l i v e r d i s e a s e (A), a l c o h o l i c s i n t h e community (B), and 
c o n t r o l s . H o r i z o n t a l l i n e s show t h e mean v a l u e s of t h e d a t a s e t s 
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F i g u r e 9 . 5 

S c a t t e r g r a m of p l a sma s e l e n i u m c o n c e n t r a t i o n s i n a l c o h o l i c p a t i e n t s w i t h 

e s t a b l i s h e d l i v e r d i s e a s e (A), a l c o h o l i c s i n t h e community (B),and 

c o n t r o l s . H o r i z o n t a l l i n e s show t h e mean v a l u e s of t h e d a t a s e t s ; a 

d e n o t e s s u b j e c t s f r o m t h e a l c o h o l i c p o p u l a t i o n w i t h a low body mass 

i n d e x 
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F i g u r e 9 . 6 

S c a t t e r g r a m of l e u c o c y t e s e l e n i u m c o n c e n t r a t i o n s i n a l c o h o l i c p a t i e n t s 

w i t h e s t a b l i s h e d l i v e r d i s e a s e (A), a l c o h o l i c s i n t h e community (B), and 

c o n t r o l s . H o r i z o n t a l l i n e s show t h e mean v a l u e s of t h e d a t a s e t s ; a 
d e n o t e s s u b j e c t s f r o m t h e a l c o h o l i c p o p u l a t i o n w i t h a low body mass 

i n d e x 
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0 . 0 0 1 , r = 0 . 8 2 ; p < 0 . 0 5 , r = 0 . 5 9 r e s p e c t i v e l y ) , p l a s m a s e l e n i u m 

c o n c e n t r a t i o n s and body m a s s i n d e x (p < 0 . 0 0 1 , r = 0 . 7 5 ; p < 0 . 0 0 1 , r 

= 0 .88 r e s p e c t i v e l y ) and l e u c o c y t e and p l a s m a s e l e n i u m c o n c e n t r a t i o n s 

(p < 0 . 0 0 1 , r = 0 . 8 7 ; p < 0 . 0 5 , r = 0 . 5 9 r e s p e c t i v e l y ) . No s i m i l a r 

r e l a t i o n s h i p s were no ted f o r z i n c o r c o p p e r . 

9 . 4 DISCUSSION 

H y p o z i n c a e m i a h a s f r e q u e n t l y b e e n r e p o r t e d i n p a t i e n t s w i t h 

a l c o h o l i c l i v e r d i s e a s e ( H a l s t e d and S m i t h 1 9 7 0 ; S m i t h e t a l 1 9 7 5 ; 

M i l l s e t a l , 1 9 8 3 ; D i n s m o r e e t a l , 1 9 8 5 a ) . S i g n i f i c a n t l y r e d u c e d 

p l a s m a z i n c c o n c e n t r a t i o n s i n a l c o h o l i c s w i t h o u t l i v e r d i s e a s e h a v e 

a l s o b e e n r e p o r t e d , a l t h o u g h i t i s i n t e r e s t i n g t o n o t e t h a t t h e 

a l c o h o l i c s w i t h o u t l i v e r d i s e a s e had s i g n i f i c a n t l y h i g h e r p l a s m a z i n c 

c o n c e n t r a t i o n s t h a n p a t i e n t s w i t h l i v e r d i s e a s e ( D i n s m o r e e t a l , 

1 9 8 5 a ) . In t h e p r e s e n t s t u d y , a s i g n i f i c a n t d e c r e a s e was n o t e d i n 

p l a s m a z i n c and a l b u m i n c o n c e n t r a t i o n s i n t h e a l c o h o l i c s w i t h 

e s t a b l i s h e d l i v e r d i s e a s e compared w i t h t h e c o n t r o l g r o u p , a l t h o u g h no 

s i m i l a r f i n d i n g s were d e m o n s t r a t e d in t h e g r o u p o f a l c o h o l i c s in t h e 

community. I t has been s u g g e s t e d t h a t t h e hypoa lbuminaemia o b s e r v e d 

i n p a t i e n t s w i t h a l c o h o l i c l i v e r d i s e a s e may be p a r t l y d u e t o a 

p r i m a r y d e f e c t in s e c r e t i o n r a t h e r t h a n in t h e b i o s y n t h e s i s of a l b u m i n 

( T a v i l l , 1 9 8 5 ) . H y p o a 1 b u m i n a e m i a may a 1 so r e s u l t f r o m i n a d e q u a t e 

n u t r i t i o n , and a lbumin s y n t h e s i s has been r e p o r t e d t o f a l l f o l l o w i n g a 

r e d u c t i o n i n p r o t e i n i n t a k e ( P r i c e and A l b e r t i , 1985) . A d e c r e a s e in 

a l b u m i n - b o u n d s e r u m z i n c h a s b e e n d e m o n s t r a t e d i n p a t i e n t s w i t h 

a l c o h o l i c l i v e r d i s e a s e ( K i i l e r i c h e t a l , 1980b; M i l l s e t a l , 1983) 

and n o n - a l c o h o l i c l i v e r d i s e a s e ( K i i l e r i c h e t a l , 1980b) . 

Reduced l e u c o c y t e z i n c c o n c e n t r a t i o n s in p a t i e n t s w i t h c i r r h o s i s 

w e r e f i r s t d e m o n s t r a t e d by F r e d e r i c k s e t a l , ( 1 9 6 0 ) . In t h e same 

s t u d y , r e d c e l l z i n c c o n c e n t r a t i o n s w e r e n o r m a l o r i n c r e a s e d , t h e 

l a t t e r f i n d i n g p o s s i b l y b e i n g a r e f l e c t i o n o f s l i g h t l y i n c r e a s e d red 

c e l l v o l u m e . A more r e c e n t s t u d y d e m o n s t r a t e d a r e d u c t i o n i n 

l e u c o c y t e z i n c c o n c e n t r a t i o n in p a t i e n t s w i t h l i v e r d i s e a s e , i n c l u d i n g 

a l c o h o l i c c i r r h o s i s , b u t r e p o r t e d no c h a n g e i n e r y t h r o c y t e z i n c 

c o n c e n t r a t i o n ( K e e l i n g e t a l , 1 9 8 0 ) . I n t h e p r e s e n t s t u d y , 

s i g n i f i c a n t l y d e c r e a s e d c o n c e n t r a t i o n s o f l e u c o c y t e z i n c w e r e 

d e m o n s t r a t e d o n l y in t h e p a t i e n t s w i t h e s t a b l i s h e d a l c o h o l i c l i v e r 
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d i s e a s e a l t h o u g h t h e r e was a t r e n d t o w a r d s l o w e r e d l e v e l s in t h e g roup 

o f a l c o h o l i c s in t h e community. 

T h e m e c h a n i s m f o r t h e d e v e l o p m e n t o f z i n c d e f i c i e n c y i n 

a l c o h o l i sm i s n o t wel 1 d e f i n e d . I n f o r m a t i o n o b t a i n e d f r o m c a r e f u l 

d i e t a r y h i s t o r i e s r e v e a l e d t h a t a p p r o x i m a t e l y 90% of a l c o h o l i c s w i t h 

and w i t h o u t l i v e r d i s e a s e had an i n a d e q u a t e d i e t a r y i n t a k e o f z i n c 

{McClain e t a l , 1979) . S e v e r a l i n v e s t i g a t o r s h a v e r e p o r t e d i n c r e a s e d 

u r i n a r y e x c r e t i o n o f z i n c i n a l c o h o l i c s w i t h ( V a l l e e e t a l , 1 9 5 7 ; 

M i l l s e t a l , 1983) and w i t h o u t ( S u l l i v a n and L a n k f o r d , 1955; G i o v e t t i 

and R u s s e l l , 1979) l i v e r d i s e a s e . H y p e r z i n c u r i a has been r e p o r t e d in 

normal s u b j e c t s d u r i n g a d m i n i s t r a t i o n of a l c o h o l i c b e v e r a g e s compared 

w i t h n o n - a l c o h o l i c o n e s ( M c D o n a l d and M a r g e n , 1 9 8 0 ) . I t h a s b e e n 

p r o p o s e d t h a t a p o s s i b l e m e c h a n i s m f o r t h e e t h a n e 1 e f f e c t on z i n c 

e x c r e t i o n may be due i n p a r t t o a s h i f t o f z i n c f rom a l b u m i n t o o t h e r 

l i g a n d s such as amino a c i d s , r e s u l t i n g i n a more d i f f u s i b l e z i n c which 

i s t h e n l o s t a t t h e k i d n e y ( R u s s e l l , 1980) . A b s o r p t i o n o f z i n c may be 

i m p a i r e d in t h e c h r o n i c a l c o h o l i c , and c h r o n i c i n g e s t i o n o f e t h a n o l i n 

r a t s s i g n i f i c a n t l y d e c r e a s e d z i n c a b s o r p t i o n i n t h e i l e u m ( A n t o n s o n 

and V a n d e r h o o f , 1 9 8 3 ) . S e v e r a l w o r k e r s h a v e p r o v i d e d e v i d e n c e t o 

s u p p o r t t h e c o n c e p t o f z i n c m a l a b s o r p t i o n o c c u r r i n g d u r i n g e t h a n o l 

i n g e s t i o n in humans. S u b j e c t s w i t h a l c o h o l i c c i r r h o s i s g i v e n an o r a l 

z i n c t o l e r a n c e t e s t had a d e c r e a s e d a r e a u n d e r t h e c u r v e , r e f l e c t i n g 

e i t h e r i m p a i r e d a b s o r p t i o n o r i n c r e a s e d c l e a r a n c e o f z i n c ( S u l l i v a n e t 

a l , 1 9 7 9 a ) . D e c r e a s e d Zn^S a b s o r p t i o n i n a l c o h o l i c s u b j e c t s w i t h 

(Dinsmore e t a l , 1985b; V a l b e r g e t a l , 1985b) and w i t h o u t (Dinsmore e t 

a l , 1985b) a l c o h o l i c l i v e r d i s e a s e has been r e p o r t e d . The d e g r e e o f 

a b n o r m a l i t y in Zn^^ a b s o r p t i o n i n p a t i e n t s w i t h a l c o h o l i c c i r r h o s i s 

was r e l a t e d t o t h e e x t e n t of t h e l i v e r damage and low l e u c o c y t e z i n c 

c o n c e n t r a t i o n s w e r e o b s e r v e d i n t h e more s e v e r e l y i l l p a t i e n t s 

( V a l b e r g e t a l , 1 9 8 5 b ) . In t h e same s t u d y , Zn®^ a b s o r p t i o n was n o t 

s i g n i f i c a n t l y d i f f e r e n t i n p a t i e n t s w i t h n o n - a l c o h o l i c c i r r h o s i s 

c o m p a r e d w i t h h e a l t h y c o n t r o l s , and t h e s e a u t h o r s c o n c l u d e d t h a t 

d e c r e a s e d i n t e s t i n a l a b s o r p t i o n o f z i n c was r e l a t e d t o t h e c h r o n i c 

i n g e s t i o n o f a l c o h o l r a t h e r t h a n t o t h e l i v e r d a m a g e p e r s e . W h i l e 

t h e mechanism by which a l c o h o l i n t e r f e r e s w i t h z i n c a b s o r p t i o n i s n o t 

w e l l d e f i n e d , i t has been p r o p o s e d t h a t l o n g - t e r m e x p o s u r e t o e t h a n o l 

may a f f e c t i n t e s t i n a l t r a n s p o r t by a l t e r i n g t h e p h y s i c a l p r o p e r t i e s o f 

t h e i n t e s t i n a l membrane o r by i n h i b i t i n g t h e a c t i v i t i e s of membrane-

bound e n z y m e s , and t h a t i n t e s t i n a l a b s o r p t i o n o f s u b s t a n c e s t h a t 
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r e q u i r e a c a r r i e r - m e d i a t e d p r o c e s s i s more l i k e l y t o be d e c r e a s e d in 

c o n t r a s t t o s u b s t a n c e s t h a t a r e p r e d o m i n a n t l y t r a n s p o r t e d by d i f f u s i o n 

(Wi l son and Hoyumpa, 1979) . 

A d e c r e a s e i n h e p a t i c z i n c c o n c e n t r a t i o n i n p a t i e n t s w i t h 

a l c o h o l i c l i v e r d i s e a s e h a s a l s o b e e n r e p o r t e d ( K i i l e r i c h e t a l , 

1 9 8 0 b ; M i l l s e t a l , 1 9 8 3 ) . I n o r d e r t o c o r r e c t f o r t h e amoun t o f 

f i b r o u s c o n n e c t i v e t i s s u e p r e s e n t , t h e s e s t u d i e s e x p r e s s e d t h e l i v e r 

z i n c c o n c e n t r a t i o n i n r e l a t i o n t o t h e amount o f h e p a t o c y t e s ( K i i l e r i c h 

e t a l , 1 9 8 0 b ) o r i n t e r m s o f p r o t e i n o r m a g n e s i u m a s m a r k e r s o f 

i n t r a c e l 1 u 1 a r c o n t e n t ( M i l l s e t a l , 1 9 8 3 ) . H o w e v e r , h e p a t i c z i n c 

c o n c e n t r a t i o n a l o n e does no t a l l o w f o r t h e e s t i m a t i o n of w h o l e - l i v e r 

z i n c c o n t e n t , and i t i s i m p o r t a n t t o n o t e t h a t many l i v e r s in p a t i e n t s 

w i t h a l c o h o l i c l i v e r d i s e a s e a r e e n l a r g e d . 

A l t h o u g h some w o r k e r s were u n a b l e t o show t h a t s u p p l e m e n t a l z i n c 

was o f t h e r a p e u t i c v a l u e i n a l c o h o l i c c i r r h o s i s ( S u l l i v a n e t a l , 

1 9 7 9 b ) , o t h e r s h a v e r e p o r t e d b e n e f i c i a l e f f e c t s o f z i n c 

s u p p l e m e n t a t i o n on some l i v e r p a r a m e t e r s and an improvement in t a s t e 

f u n c t i o n (Weismann e t a l , 1 9 7 9 ) . I l c h y s h y n and M e n d e l s o h n ( 1 9 8 2 ) 

d e s c r i b e d a p a t i e n t w i t h a l c o h o l i c c i r r h o s i s and m a l n u t r i t i o n who 

d e v e l o p e d l e s i o n s s i m i l a r t o t h o s e s e e n i n a c r o d e r m a t i t i s 

e n t e r o p a t h i c a , and who showed a c l i n i c a l r e s p o n s e t o o r a l z i n c 

t h e r a p y . 

S i g n i f i c a n t l y i n c r e a s e d p l a sma c o p p e r and c a e r u l o p l a s m i n c o n c e n -

t r a t i o n s were d e m o n s t r a t e d in t h e p a t i e n t s w i t h e s t a b l i s h e d a l c o h o l i c 

l i v e r d i s e a s e i n t h e p r e s e n t s t u d y , a l t h o u g h n o t i n t h e g r o u p o f 

a l c o h o l i c s i n t h e community. L e u c o c y t e c o p p e r c o n c e n t r a t i o n s d id n o t 

d i f f e r s i g n i f i c a n t l y in e i t h e r o f t h e g r o u p s o f a l c o h o l i c s compared 

w i t h t h e c o n t r o l g r o u p . I n c r e a s e d p lasma copper c o n c e n t r a t i o n s h a v e 

p r e v i o u s l y been r e p o r t e d in a l c o h o l i c s w i t h and w i t h o u t l i v e r d i s e a s e 

(Dinsmore e t a l , 1985a) . A l t h o u g h h i g h l i v e r c o p p e r c o n c e n t r a t i o n s 

were d e m o n s t r a t e d in p a t i e n t s w i t h W i l s o n ' s d i s e a s e and l o n g - s t a n d i n g 

b i l i a r y c i r r h o s i s , t h e l i v e r c o p p e r c o n c e n t r a t i o n s were w i t h i n normal 

l i m i t s f o r p a t i e n t s w i t h a l c o h o l i c l i v e r d i s e a s e (Smal lwood e t a l , 

1 9 6 8 ) . The i n c r e a s e d p l a s m a c o p p e r c o n c e n t r a t i o n s o b s e r v e d i n t h e 

p a t i e n t s w i t h e s t a b l i s h e d l i v e r d i s e a s e i n t h e p r e s e n t s t u d y c a n 

p r e s u m a b l y be a t t r i b u t e d t o t h e i n f l a m m a t o r y p r o c e s s i n v o l v e d . The re 

i s no e v i d e n c e a v a i l a b l e in t h e l i t e r a t u r e t o s u g g e s t t h a t a l c o h o l i c s 

w i t h o r w i t h o u t l i v e r d i s e a s e a r e a t r i s k o f c o p p e r d e f i c i e n c y . 
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S i g n i f i c a n t l y r e d u c e d c o n c e n t r a t i o n s o f l e u c o c y t e and p l a s m a 

s e l e n i u m i n a l c o h o l i c s w i t h e s t a b l i s h e d l i v e r d i s e a s e and a l c o h o l i c s 

i n t h e community were o b s e r v e d i n t h e p r e s e n t s t u d y . The o c c u r r e n c e 

o f low serum s e l e n i u m c o n c e n t r a t i o n s in a l c o h o l i c s w i t h (Aase th e t a l , 

1982; V a l i m a k i e t a l , 1983) , and w i t h o u t ( D u t t a e t a l , 1983; V a l i m a k i 

e t a l , 1 9 8 3 ) , l i v e r d i s e a s e h a s p r e v i o u s l y b e e n r e p o r t e d . 

F u r t h e r m o r e , serum s e l e n i u m c o n c e n t r a t i o n s were shown t o be l ower i n 

c i r r h o t i c a l c o h o l i c s compared w i t h n o n - c i r r h o t i c a l c o h o l i c s ( V a l i m a k i 

e t a l , 1983) . In t h e p r e s e n t s t u d y , a l c o h o l i c s w i t h e s t a b l i s h e d l i v e r 

d i s e a s e had s i g n i f i c a n t l y l o w e r p l a s m a s e l e n i u m c o n c e n t r a t i o n s t h a n 

t h e a l c o h o l i c s i n t h e c o m m u n i t y and t h e r e was a l s o a t r e n d t o w a r d s 

l o w e r e d l e u c o c y t e s e l e n i u m c o n c e n t r a t i o n s i n t h e f o r m e r g r o u p . 

R e d u c e d c o n c e n t r a t i o n s o f l i v e r s e l e n i u m h a v e b e e n r e p o r t e d i n 

a l c o h o l i c c i r r h o s i s (Aase th e t a l , 1982) . 

The mechanisms l e a d i n g t o a l owered s e l e n i u m s t a t u s i n a l c o h o l i s m 

a r e u n c l e a r . I n s u f f i c i e n t d i e t a r y i n t a k e of s e l e n i u m c o u l d p r o v i d e 

one e x p l a n a t i o n . A l c o h o l i c b e v e r a g e s a r e a poor s o u r c e of s e l e n i u m 

( D u t t a e t a l , 1 9 8 3 ) . In t h e p r e s e n t s t u d y , i t i s o f i n t e r e s t t h a t 

t h e r e was a s i g n i f i c a n t c o r r e l a t i o n b e t w e e n body m a s s i n d e x and t h e 

c o n c e n t r a t i o n o f s e l e n i u m i n b o t h l e u c o c y t e s and p l a s m a i n t h e 

a l c o h o l i c s w i t h and w i t h o u t e s t a b l i s h e d l i v e r d i s e a s e . The 

d i f f e r e n c e i n s e l e n i u m c o n c e n t r a t i o n s b e t w e e n t h e s e two g r o u p s may 

p o s s i b l y r e f l e c t d i f f e r e n c e s i n n u t r i t i o n a l s t a t u s . T h e r e was a 

h i g h e r p r o p o r t i o n o f s u b j e c t s who w e r e u n d e r w e i g h t i n t h e g r o u p o f 

a l c o h o l i c s w i t h l i v e r d i s e a s e compared t o t h e group o f a l c o h o l i c s in 

t h e c o m m u n i t y . S e l e n i u m d e f i c i e n c y i n a l c o h o l i c s u b j e c t s h a s b e e n 

r e l a t e d p r i m a r i l y t o p o o r n u t r i t i o n ( D u t t a e t a l , 1 9 8 3 ) . T h e s e 

a u t h o r s d e s c r i b e d a g roup of a c u t e l y i n e b r i a t e d a l c o h o l i c s u b j e c t s who 

d e m o n s t r a t e d s i g n i f i c a n t l y d e c r e a s e d p l a sma s e l e n i u m c o n c e n t r a t i o n s 

and u r i n a r y e x c r e t i o n o f s e l e n i u m on a d m i t t a n c e t o an a l c o h o l i c 

d e t o x i f i c a t i o n u n i t . S e l e n i u m i n t a k e d u r i n g t h e 4-week p e r i o d b e f o r e 

h o s p i t a l i s a t i o n was e s t i m a t e d t o be l o w i n t h e m a j o r i t y o f s t u d y 

s u b j e c t s . I n t h e same s t u d y , c e s s a t i o n o f e t h a n o l c o n s u m p t i o n and 

a d e q u a t e d i e t a r y i n t a k e o f s e l e n i u m o v e r a p e r i o d o f o n e week was 

a s s o c i a t e d w i t h an i n c r e a s e i n p l a s m a s e l e n i u m c o n c e n t r a t i o n s and 

u r i n a r y e x c r e t i o n o f s e l e n i u m . In c o n t r a s t t o t h e s e f i n d i n g s , a 

F i n n i s h s t u d y found t h a t a b s t i n e n c e f rom e t h a n o l f o r two weeks had no 

e f f e c t on t h e s e r u m c o n c e n t r a t i o n s o f s e l e n i u m i n n o n - c i r r h o t i c 

a l c o h o l i c s ( V a l i m a k i e t a l , 1983) . These a u t h o r s s u g g e s t e d t h a t t h e 
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two week p e r i o d may n o t h a v e b e e n s u f f i c i e n t t i m e t o make up t h e 

d e p l e t e d s t o r e s , p a r t i c u l a r l y i n F i n l a n d where t h e d i e t i s no t r i c h in 

s e l e n i u m . 

I n t h e p r e s e n t s t u d y , t h e r e was a s i g n i f i c a n t c o r r e l a t i o n b e t w e e n 

p l a sma s e l e n i u m and a l b u m i n c o n c e n t r a t i o n s i n t h e g roup of a l c o h o l i c s 

w i t h e s t a b l i s h e d l i v e r d i s e a s e , and t h i s o b s e r v a t i o n c o n f i r m s e a r l i e r 

f i n d i n g s (Aase th e t a l , 1982) . However , p l a sma a l b u m i n and s e l e n i u m 

c o n c e n t r a t i o n s i n t h e a l c o h o l i c s i n t h e c o m m u n i t y w e r e s i m i l a r t o 

t h o s e o f t h e c o n t r o l g r o u p , and t h e r e was no s i g n i f i c a n t c o r r e l a t i o n 

be tween t h e s e two p a r a m e t e r s . Hypoa lbuminaemia of n o n - h e p a t i c o r i g i n 

i s no t r e l a t e d t o low serum s e l e n i u m c o n c e n t r a t i o n s ( V a l i m a k i e t a l , 

1983) and i t i s u n l i k e l y t h a t t h e d e c r e a s e d c o n c e n t r a t i o n s o f p l a sma 

s e l e n i u m i n t h e a l c o h o l i c s w i t h e s t a b l i s h e d l i v e r d i s e a s e i n t h e 

p r e s e n t s t u d y c a n b e a t t r i b u t e d t o t h e d e c r e a s e d p l a s m a a l b u m i n 

c o n c e n t r a t i o n s . A l t h o u g h i n t e s t i n a l a b s o r p t i o n o f s e l e n i u m may be 

d e c r e a s e d a s a r e s u l t o f c h r o n i c e t h a n o l i n g e s t i o n , t h e r e do n o t 

a p p e a r t o be any r e p o r t s i n t h e 1 i t e r a t u r e c o n c e r n i n g t h e e f f e c t o f 

e t h a n o l on s e l e n i u m a b s o r p t i o n . 

I n a s e p a r a t e s t u d y t o t h e p r e s e n t o n e , t h e s e l e n i u m and 

a n t i o x i d a n t s t a t u s o f an a l c o h o l i c p o p u l a t i o n ( a l c o h o l i c s w i t h l i v e r 

d i s e a s e , n = 32; a l c o h o l i c s i n t h e community, n = 19) , which i n c l u d e d 

t h e s u b j e c t s i n t h e p r e s e n t s t u d y , was i n v e s t i g a t e d ( T a n n e r e t a l , 

1 9 8 6 ) . I n t h i s s t u d y , s e l e n i u m c o n c e n t r a t i o n s i n s e r u m and w h o l e 

b l o o d w e r e m e a s u r e d by m y s e l f , w h i l s t s e r u m v i t a m i n E l e v e l s , 

e r y t h r o c y t e g l u t a t h i o n e p e r o x i d a s e a c t i v i t y and serum l i p i d p e r o x i d e s 

w e r e d e t e r m i n e d by o t h e r s . D e s p i t e 1 owe r e d s e l e n i u m l e v e l s i n t h e 

s u b j e c t s s t u d i e d , e r y t h r o c y t e g l u t a t h i o n e p e r o x i d a s e a c t i v i t y was no t 

s i g n i f i c a n t l y d e c r e a s e d . I n t e r e s t i n g l y , v i t a m i n E l e v e l s w e r e 

s i g n i f i c a n t l y r e d u c e d i n b o t h a l c o h o l i c s w i t h e s t a b l i s h e d l i v e r 

d i s e a s e and a l c o h o l i c s i n t h e c o m m u n i t y . I n c r e a s e d s e r u m l i p i d 

p e r o x i d e s w e r e a l s o r e p o r t e d i n t h e a l c o h o l i c s w i t h l i v e r d i s e a s e 

compared w i t h t h e a l c o h o l i c p o p u l a t i o n w i t h o u t l i v e r d i s e a s e . L i p i d 

p e r o x i d e s w e r e m e a s u r e d by t h e c o l o r i m e t r i c m e t h o d a s d e s c r i b e d by 

Sa toh (1978) , which m e a s u r e s t h e t h i o b a r b i t u r i c a c i d r e a c t a n t s . T h i s 

m e t h o d h o w e v e r i s p r o n e t o s e v e r a l i n t e r f e r i n g s u b s t a n c e s , n o t a b l y 

b i l i r u b i n ( G u t t e r i d g e a n d T i c k n e r , 1 9 7 8 ; Ohkawa e t a l , 1 9 7 9 ) , and 

t h e r e f o r e may no t be r e l i a b l e f o r t h e d e t e r m i n a t i o n of l i p i d p e r o x i d e s 

i n s e r u m . N e v e r t h e l e s s , i t i s a p p a r e n t f r o m t h e f i n d i n g s o f t h e 

p r e s e n t s t u d y and f r o m r e p o r t s i n t h e l i t e r a t u r e t h a t a l c o h o l i c 
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s u b j e c t s , p a r t i c u l a r l y t h o s e w i t h l i v e r d i s e a s e , a r e a t r i s k o f a 

l o w e r e d z i n c , s e l e n i u m and v i t a m i n E s t a t u s , w h i c h may l e a d t o an 

i m p o r t a n t l a c k o f p r o t e c t i o n o f c e l l membranes a g a i n s t damage by f r e e 

r a d i c a l s . T h i s i s o f p a r t i c u l a r i n t e r e s t c o n s i d e r i n g t h e p r o p o s e d 

i n t e r m e d i a t e p r o d u c t i o n o f oxygen f r e e r a d i c a l s p e c i e s formed d u r i n g 

t h e m e t a b o l i s m o f e t h a n o l by t h e l i v e r ( D i a n z a n i , 1 9 8 7 ) , w h i c h may 

r e s u l t i n h e p a t i c damage due t o enhanced l i p i d p e r o x i d a t i o n (Di L u z i o , 

1 9 6 6 ) . 

I t i s a l s o n o t e w o r t h y t h a t a s i g n i f i c a n t c o r r e l a t i o n , i n d e p e n d e n t 

o f smoking , e x i s t s between d a i l y a l c o h o l consumpt ion and t h e f r e q u e n c y 

o f c a n c e r s o f t h e u p p e r d i g e s t i v e t r a c t (Wynder and B r o s s , 1 9 6 1 ; 

Schmidt and de L i n t , 1972) . C o n s i d e r i n g t h e r e p o r t e d r o l e o f s e l e n i u m 

i n t h e p r e v e n t i o n o f c a n c e r , a d e f i c i e n c y o f s e l e n i u m i n c h r o n i c 

a l c o h o l i c s may be o f p a r t i c u l a r r e l e v a n c e t o t h e i n c r e a s e i n u p p e r 

g a s t r o i n t e s t i n a l t r a c t c a n c e r s due t o d a i l y a l c o h o l c o n s u m p t i o n . 
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CHAPTER 10 

ASSESSMENT OF ZINC, COPPER AND SELENIUM STATUS OF PATIENTS 

WITH DERMATOLOGICAL DISEASES 

1 0 . 1 INTRODUCTION 

P s o r i a s i s and eczema a r e common d e r m a t o s e s . M a l a b s o r p t i o n o f f a t 

has been r e p o r t e d in p a t i e n t s w i t h eczema and p s o r i a s i s ( S h u s t e r and 

Marks , 1965) and an a s s o c i a t i o n between s e v e r e p s o r i a s i s and c h a n g e s 

i n t h e m u c o s a l a r c h i t e c t u r e o f t h e s m a l l bowe l h a s b e e n d e s c r i b e d 

( B a r r y e t a l , 1971) . Eczema i s an i n f l a m m a t o r y d i s o r d e r o f t h e s k i n , 

p r e d o m i n a n t l y i n v o l v i n g t h e e p i d e r m i s ( S h u s t e r , 1978) . P s o r i a s i s i s 

c h a r a c t e r i s e d by a much i n c r e a s e d e p i d e r m a l t u r n o v e r w i t h a b n o r m a l 

k e r i t i n i s a t i o n , and a t t h e same t i m e t h e r e i s e v i d e n c e o f a p ronounced 

i n f l a m m a t o r y r e a c t i o n ( M i c h a e l s s o n , 1 9 8 4 ) . An i n c r e a s e d e p i d e r m a l 

c e l l t u r n o v e r has been s u g g e s t e d as a p o s s i b l e s o u r c e o f s i g n i f i c a n t 

l o s s o f bo th z i n c and c o p p e r in e x t e n s i v e p s o r i a s i s ( M o l i n and W e s t e r , 

1 9 7 3 ) . 

A l t h o u g h t h e e x a c t r o l e o f s e l e n i u m i n s k i n f u n c t i o n i s no t w e l l 

d e f i n e d , t o p i c a l u s e o f s e l e n i u m - c o n t a i n i n g p r e p a r a t i o n s f o r t h e 

t r e a t m e n t o f s e b o r r h o e i c s c a l p d i s o r d e r s i s w e l l e s t a b l i s h e d . S t u d i e s 

i n Sweden h a v e r e p o r t e d d e c r e a s e d e r y t h r o c y t e g l u t a t h i o n e p e r o x i d a s e 

a c t i v i t y in p a t i e n t s w i th v a r i o u s s k i n d i s o r d e r s , and h a v e s u g g e s t e d 

t h a t t h i s i n d i c a t e d a p o s s i b l e s e l e n i u m d e f i c i e n c y a l t h o u g h s e l e n i u m 

l e v e l s were no t d i r e c t l y measured ( J u h l i n e t a l , 1982; M i c h a e l s s o n and 

E d q v i s t , 1984) . 

The p u r p o s e o f t h e s t u d y d e s c r i b e d i n t h i s c h a p t e r was t o 

i n v e s t i g a t e t h e z i n c , c o p p e r and s e l e n i u m s t a t u s o f p a t i e n t s w i t h 

e c z e m a and p s o r i a s i s t o d e t e r m i n e i f t h i s g r o u p o f p a t i e n t s had a 

d e f i c i e n c y o f t h e s e t r a c e e l e m e n t s . 

1 0 . 2 PATIENTS AND METHODS 

P a t i e n t s w i t h eczema 

Twenty f o u r p a t i e n t s w i t h eczema, 12 women and 12 men, aged 18-80 

(mean 3 9 . 0 ) y e a r s w e r e s t u d i e d . The c l i n i c a l d e t a i l s o f t h e s e 

p a t i e n t s a r e shown in T a b l e l O . I . The s u r f a c e a r e a i n v o l v e d in s k i n 
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l e s i o n s was determined by v i s u a l assessment , and was l e s s than 10% in 

11 of t h e p a t i e n t s and g r e a t e r t h a n 10% i n 13 of t h e p a t i e n t s . The 

mean d u r a t i o n of d i s e a s e was 14.1 ( r a n g e 1 - 3 8 ) y e a r s . A l l of t h e 

p a t i e n t s were r e c e i v i n g t o p i c a l s t e r o i d t r ea tment and 8 of the women 

were t ak ing ora l c o n t r a c e p t i v e s . No p a t i e n t had a h i s t o r y of g a s t r o -

i n t e s t i n a l d i s e a s e a t t h e t i m e of i n v e s t i g a t i o n and none of t h e 

p a t i e n t s complained of d i a r rhoea . The mean body mass index was 22.7 

( r a n g e 18 .6-28 .7) and by t h i s c r i t e r i o n 4 of t h e p a t i e n t s were be low 

t h e i r normal weight . 

P a t i e n t s wi th p s o r i a s i s 

Twenty t h r e e p a t i e n t s wi th p s o r i a s i s , 8 women and 15 men, aged 

17-68 (mean 41.3) yea r s were s t ud i ed . The c l i n i c a l d e t a i l s of these 

p a t i e n t s are given in Table 10.11. The s u r f a c e area involvement was 

d e t e r m i n e d by v i s u a l a s s e s s m e n t , and was l e s s t h a n 10% in 17 of t h e 

p a t i e n t s and g r e a t e r t h a n 10% in 6 of them. The mean d u r a t i o n of 

d i s e a s e was 16.8 (1-45) y e a r s . F i v e of t h e p a t i e n t s were r e c e i v i n g 

t o p i c a l s t e r o i d t r e a t m e n t and 7 were u s i n g a p p l i c a t i o n s c o n t a i n i n g 

z inc . One woman on ly was t ak ing o r a l c o n t r a c e p t i v e s . No p a t i e n t had 

a h i s t o r y of g a t r o i n t e s t i n a l d i s e a s e a t t h e t ime of s t u d y and none 

c o m p l a i n e d of d i a r r h o e a . The mean body mass index was 22.9 ( r a n g e 

18 .4-32 .0) and by t h i s c r i t e r i o n 3 of t h e p a t i e n t s were be low t h e i r 

normal weight . 

Heal thy c o n t r o l s u b j e c t s 

The d a t a o b t a i n e d f o r t h e h e a l t h y c o n t r o l s u b j e c t s p r e v i o u s l y 

i n v e s t i g a t e d as descr ibed in Chapters 6 and 8 was used f o r the purpose 

of comparison in the present s tudy. 

To ensure t h e v a l i d i t y of the cont inued use of t h e cont ro l data 

obta ined p r i o r to the present i n v e s t i g a t i o n , a small group of h e a l t h y 

c o n t r o l s u b j e c t s was a l s o s t u d i e d a t t h e t i m e of t h e p r e s e n t s t u d y . 

F i f t e e n h e a l t h y v o l u n t e e r s , 9 women and 6 men, aged 22-46 (mean 29.9) 

y e a r s were i n v e s t i g a t e d . Only one of t h e ma le s u b j e c t s was a 

c i g a r e t t e smoker. Three of t h e women who p a r t i c i p a t e d were t a k i n g 

o r a l c o n t r a c e p t i v e s (Levonorges t re l + E t h i n y l o e s t r a d i o l , Microgynon, 

Sche r ing ) . 
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Samples 

Blood s a m p l e s were c o l l e c t e d and a l i q u o t e d as d e s c r i b e d in 

Chapter 6. 

Analyses 

S e p a r a t i o n of w h i t e c e l l s and a n a l y s i s of z i n c , c o p p e r and 

s e l e n i u m in 1 e u c o c y t e s , p i a sma and whol e b l o o d , c e l l c o u n t i n g and 

packed c e l l volume (PCV) measurements were performed by the t echn iques 

g i v e n in C h a p t e r s 4 and 5. The c o n c e n t r a t i o n s of z i n c , c o p p e r and 

s e l e n i u m in e r y t h r o c y t e s f o r t h e p a t i e n t s unde r i n v e s t i g a t i o n were 

obta ined by c a l c u l a t i o n as descr ibed in Chapter 8. Plasma albumin and 

cae ru lop lasmin c o n c e n t r a t i o n s were determined as descr ibed in Chapter 7. 

S t a t i s t i c a l procedures 

The s t a t i s t i c a l p r o c e d u r e s used in t h i s p r o j e c t a r e g i v e n in 

C h a p t e r 5. Each p a t i e n t was matched f o r a g e , s e x , smoking h a b i t in 

men, and use of o ra l c o n t r a c e p t i v e s in women, with 2 con t ro l s u b j e c t s . 

For each p a i r of con t ro l s u b j e c t s , t he r e s u l t s f o r each parameter were 

meaned, and s t a t i s t i c a l a n a l y s i s was performed using the mean v a l u e . 

The age r ange f o r t h e 48 a d u l t h e a l t h y c o n t r o l s used f o r compar i son 

wi th t h e eczema group was 18-82 (mean 38.9) y e a r s , and f o r t h e 

p s o r i a s i s group t h e age r ange f o r t h e 46 a d u l t h e a l t h y c o n t r o l s was 

18-70 (mean 40.2) y e a r s . 

A s i m i l a r p r o c e d u r e as above was used t o compare t h e d a t a 

o b t a i n e d from t h e c o n t r o l s u b j e c t s i n v e s t i g a t e d a t t h e t ime of t h e 

present study with con t ro l da ta p r e v i o u s l y ob ta ined . The age range 

f o r the 30 a d u l t h e a l t h y c o n t r o l s used f o r t h i s comparison was 22-48 

(30.5) y e a r s . 

1 0 . 3 RESULTS 

Heal thy c o n t r o l s u b j e c t s 

The z inc , copper and selenium c o n c e n t r a t i o n s in whole blood f o r 

the con t ro l s u b j e c t s i n v e s t i g a t e d in the p resen t chap te r were 84.7 ± 

8 . 7 , 15.8 ± 2.8 and 1.68 ± 2.0 pmol 1"^ r e s p e c t i v e l y , and t h e w h i t e 

c e l l c o u n t s , red c e l l c o u n t s and PCV v a l u e s f o r t h e who le b l o o d 

s a m p l e s !L69 ± 1 . 4 2 x 10^ I ' l , 4.76 ± 0 . 5 1 x lO^Z I ' l and 42.3 ± 

3.0 r e s p e c t i v e l y . 
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T a b l e 1 0 . I l l shows t h e c o n c e n t r a t i o n s of z i n c , coppe r and 

selenium in l e u c o c y t e s , e ry th rocy t e s and plasma f o r the two con t ro l 

g r o u p s . No s i g n i f i c a n t d i f f e r e n c e s were o b s e r v e d between t h e two 

groups f o r any of the parameters shown in Table 10.111. Furthermore, 

t h e 95% c o n f i d e n c e i n t e r v a l s f o r t h e r a t i o of means , o r means of 

i n d i v i d u a l s u b j e c t - s u b j e c t d i f f e r e n c e s , showed t h a t t h e r e were no 

d i f f e r e n c e s t h a t were v e r y n e a r to s i g n i f i c a n c e f o r any of t h e 

p a r a m e t e r s m e a s u r e d . S c a t t e r g r a m s of t h e z i n c , c o p p e r and s e l e n i u m 

r e s u l t s f o r the two con t ro l groups are shown in Figures 10.1, 102 and 

10.3 r e s p e c t i v e l y . 

P a t i e n t s w i t h eczema 

The i n d i v i d u a l r e s u l t s f o r the p a t i e n t s with eczema are given in 

Appendix 9. The white c e l l counts , red c e l l counts and PCV va lues f o r 

t h e who le b l o o d s a m p l e s were 5.12 ± 1.46 x 10^ 1 " ^ , 4.87 ± 0.51 x 10*2 

1"^ and 43.3 ± 3.6 r e s p e c t i v e l y . 

As t h e r e was a s i m i l a r p e r c e n t a g e of men and women, men who 

smoked, women t ak ing o ra l c o n t r a c e p t i v e s , and s u b j e c t s over 55 yea r s 

in t h e two group of p a t i e n t s wi th l e s s t h a n , and g r e a t e r t h a n 10% 

s u r f a c e area invo lvemen t , i t was p o s s i b l e to compare the data obta ined 

f o r z i n c , c o p p e r and s e l e n i u m f o r t h e s e two g roups ( T a b l e 10 . IV) . 

There was no s i g n i f i c a n t d i f f e r e n c e in t h e c o n c e n t r a t i o n s of z i n c , 

copper or selenium in l eucocy tes , e ry th rocy te s or plasma. 

T a b l e 10.V summar ises t h e z i n c , coppe r and s e l e n i u m concen -

t r a t i o n s in l e u c o c y t e s , e ry th rocy te s and plasma f o r the p a t i e n t and 

con t ro l groups. A s i g n i f i c a n t inc rease in the concen t r a t ion of plasma 

c o p p e r (p < 0.01) was found in t h e group of p a t i e n t s wi th eczema. No 

s i m i l a r i n c r e a s e was noted in leucocyte or e r y t h r o c y t e copper concen-

t r a t i o n s . C o n c e n t r a t i o n s of z i n c in l e u c o c y t e s , e r y t h r o c y t e s and 

plasma did not d i f f e r s i g n i f i c a n t l y in the p a t i e n t group compared with 

t h e c o n t r o l g roup . S c a t t e r g r a m s of t h e z i n c and c o p p e r r e s u l t s f o r 

t h e p a t i e n t s and matched c o n t r o l s a r e p r e s e n t e d in F i g u r e s 10.4 and 

10.5 r e p e c t i v e l y . A s i g n i f i c a n t d e c r e a s e in t h e c o n c e n t r a t i o n of 

selenium in l eucocy te s (p < 0.001), e ry th rocy te s (p < 0.01) and plasma 

(p < 0.001) was found in t h e p a t i e n t s w i th eczema compared wi th t h e 

c o n t r o l s ( T a b l e 10.V). F i g u r e 10.6 p r e s e n t s a s c a t t e r g r a m of t h e 

s e l e n i u m r e s u l t s f o r p a t i e n t s and c o n t r o l s . In t h e p a t i e n t g r o u p , 

t h e r e was a s i g n i f i c a n t c o r r e l a t i o n between selenium in l eucocy tes and 

e r y t h r o c y t e s (p < 0.01, r = 0.54), l eucocy tes and plasma (p < 0.001, 
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r = 0.71) and e r y t h r o c y t e s and p lasma (p < 0 .001 , r = 0 .88) . No 

s i m i l a r r e l a t i o n s h i p was no ted f o r c o p p e r and z i n c . There were no 

s i g n i f i c a n t c o r r e l a t i o n s between body mass index and selenium concen-

t r a t i o n s in l eucocy tes , e ry th rocy t e s o r plasma in t h e p a t i e n t group. 

Plasma caeru lop lasmin concen t r a t i ons were s i g n i f i c a n t l y h igher 

(p < 0.01) in t h e group of p a t i e n t s wi th eczema (426 ± 105 mg 1"^) 

when compared t o t h e c o n t r o l group (340 ± 80 mg 1~^) . A s i g n i f i c a n t 

c o r r e l a t i o n was found between plasma copper and cae ru lop la smin concen-

t r a t i o n s in both p a t i e n t s (p < 0.002, r^ = 0.87) and c o n t r o l s 

(p < 0 . 0 0 1 , Tg = 0 . 8 6 ) . 

Plasma albumin concen t ra t ions were s i m i l a r in p a t i e n t s (45 ± 

4 g 1"1) and matched c o n t r o l s (44 ± 3 g 1 " 1 ) , and t h e r e was no 

c o r r e l a t i o n between p lasma z i n c and a lbumin o r p l a sma s e l e n i u m and 

albumin concen t ra t ions in e i t h e r of the groups. 

P a t i e n t s w i th p s o r a s i s 

The i nd iv idua l r e s u l t s f o r the p a t i e n t s with p s o r i a s i s a re g iven 

in Appendix 10. The white c e l l counts , red c e l l counts and PCV v a l u e s 

f o r t h e whole b lood s amp le s were 6.24 ± 1.67 x 10^ 1 " ^ , 5.05 ± 0.45 x 

10^2 i " ! and 44.0 ± 3.4 r e s p e c t i v e l y . 

The e f f e c t of su r face area involvement , use of t o p i c a l s t e r o i d s , 

and t o p i c a l zinc a p p l i c a t i o n s were assessed , where a p p r o p r i a t e , on t h e 

d a t a o b t a i n e d f o r z i n c , coppe r and s e l e n i u m in t h e p a t i e n t g roup . 

Other independent v a r i a b l e s i .e . sex, age and smoking, where known to 

i n f l u e n c e t h e p a r a m e t e r s m e a s u r e d , were a l s o i n c l u d e d in t h e 

s t a t i s t i c a l a n a l y s i s . As on ly one of the women in the p a t i e n t group 

was t a k i n g o r a l c o n t r a c e p t i v e s , t h e r e s u l t s f o r t h i s s u b j e c t were 

excluded f o r the purpose of t h i s a n a l y s i s . S t a t i s t i c a l a n a l y s i s was 

pe r fo rmed on t h e logged d a t a f o r l e u c o c y t e z i n c . None of t h e 

v a r i a b l e s i n v e s t i g a t e d had any s i g n i f i c a n t e f f e c t on the concen t r a t i on 

of z i nc , copper or selenium in l eucocy te s , e r y t h r o c y t e s or plasma. 

A summary of t h e z i n c , c o p p e r and s e l e n i u m r e s u l t s f o r t h e 

p a t i e n t and c o n t r o l g roups i s g i v e n in T a b l e 10 .VI . There was no 

s i g n i f i c a n t d i f f e r e n c e in t h e c o n c e n t r a t i o n of z i n c in l e u c o c y t e s , 

e r y t h r o c y t e s o r p lasma between t h e s e two g r o u p s , a l t h o u g h t h e 95% 

c o n f i d e n c e i n t e r v a l s f o r t h e r a t i o of p o p u l a t i o n means show t h a t 

l e u c o c y t e z i n c c o n c e n t r a t i o n s a r e much more l i k e l y t o be l o w e r in 

p a t i e n t s with p s o r i a s i s . A s i g n i f i c a n t i nc rease in the concen t r a t i on 

of plasma copper (p < 0.01) was demonstrated in the group of p a t i e n t s 
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wi th p s o r i a s i s when compared t o t h e c o n t r o l g r o u p . No s i m i l a r 

i nc rease was found f o r l eucocy te o r e r y t h r o c y t e copper c o n c e n t r a t i o n s . 

Scat tergrams of the zinc and copper r e s u l t s f o r p a t i e n t s and c o n t r o l s 

a r e p r e s e n t e d in F i g u r e s 10.7 and 10.8 r e s p e c t i v e l y . A s i g n i f i c a n t 

decrease in the concent ra t ion of selenium in l e u c o c y t e s , e r y t h r o c y t e s 

and plasma (p < 0.001) was demonstrated in the p a t i e n t s compared with 

the c o n t r o l s (Table lO.VI). Figure 10.9 p r e sen t s a sca t t e rg ram of the 

s e l e n i u m r e s u l t s f o r t h e p a t i e n t and c o n t r o l g r o u p s . The re was a 

s i g n i f i c a n t c o r r e l a t i o n b e t w e e n s e l e n i u m i n l e u c o c y t e s and 

e r y t h r o c y t e s (p < 0 .001, r = 0 .68 ) , l e u c o c y t e s and p lasma (p < 0 .001 , 

r = 0.74) and e r y t h r o c y t e s and p lasma (p < 0 .001 , r = 0.79) in t h e 

p a t i e n t group. No s i m i l a r r e l a t i o n s h i p was noted f o r copper or z inc . 

There were no s i g n i f i c a n t c o r r e l a t i o n s betwen body mass index and 

selenium concen t ra t ions in l eucocy te s , e r y t h r o c y t e s or plasma. 

S i g n i f i c a n t l y higher concen t r a t ions (p < 0.001) of plasma c a e r u l o -

p l a s m i n were found in t h e p a t i e n t s wi th p s o r i a s i s (385 ± 86 mg 1"^) 

compared wi th t h e c o n t r o l s (306 ± 52 mg 1 " ^ ) . A s i g n i f i c a n t 

c o r r e l a t i o n was noted f o r p lasma coppe r and cae ru lop la smin concen-

t r a t i o n s in p a t i e n t s (p < 0 ,001 , r = 0.89) and c o n t r o l s (p < 0 .001 , 

r = 0 .84) . 

PI asmin a lbumin c o n c e n t r a t i o n s did not d i f f e r s i g n i f i c a n t l y in 

t h e p a t i e n t group (45 ± 4 g 1"^) compared with the con t ro l group (46 ± 

3 g 1"1), and t h e r e was no c o r r e l a t i o n between plasma zinc and albumin 

o r plasma selenium and albumin concen t r a t i ons in e i t h e r group. 

10.4 DISCUSSION 

Comparison of two groups of con t ro l da ta 

The c l i n i c a l i n v e s t i g a t i o n s descr ibed in t h i s t h e s i s were c a r r i e d 

out in the o rde r presented. As t h e use of h i s t o r i c a l con t ro l da ta i s 

open to c r i t i c i s m , a comparison of the data obta ined f o r the con t ro l 

s u b j e c t s i n v e s t i g a t e d in t h e p r e s e n t s t u d y was made wi th t h e d a t a 

o b t a i n e d f o r a s i m i l a r group of c o n t r o l s u b j e c t s i n v e s t i g a t e d in 

C h a p t e r 6 . As shown in t h e p r e c e d i n g s e c t i o n of t h i s c h a p t e r , t h e r e 

was an e x c e l l e n t agreement between t h e r e s u l t s f o r z i n c , c o p p e r and 

selenium f o r these two groups which v a l i d a t e d the continued use of the 

o r i g i n a l con t ro l da ta . 
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P a t i e n t s w i t h eczema and p s o r i a s i s 

In t h e p r e s e n t s t u d y , t h e use of t o p i c a l s k i n p r e p a r a t i o n s 

c o n t a i n i n g z i n c were found to have no s i g n i f i c a n t e f f e c t on plasma 

z i n c c o n c e n t r a t i o n s in t h e p a t i e n t s wi th p s o r i a s i s . Plasma z i n c 

c o n c e n t r a t i o n s were not s i g n i f i c a n t l y a l t e r e d in a group of p a t i e n t s 

with p s o r i a s i s who were i n v e s t i g a t e d before and dur ing t rea tment with 

l o c a l z inc a p p l i c a t i o n s ove r a two-week period (Morgan e t a l , 1980). 

As a l l of t h e p a t i e n t s wi th eczema were r e c e i v i n g t o p i c a l s t e r o i d 

t r e a t m e n t in t h e p r e s e n t s t u d y , i t was not p o s s i b l e t o e v a l u a t e t h e 

e f f e c t of t h i s t rea tment on t h i s group of p a t i e n t s a l though t h e r e was 

no s i g n i f i c a n t e f f e c t on p lasma z i n c , copper o r s e l e n i u m c o n c e n -

t r a t i o n s f rom t h e use of t o p i c a l c o r t i c o s t e r o i d s by t h e group of 

p a t i e n t s with p s o r i a s i s . 

S tud ies of plasma zinc concen t ra t ions in p s o r i a t i c p a t i e n t s have 

r e s u l t e d in c o n f l i c t i n g d a t a , with decreased (Greaves and Boyde, 1967; 

Voorhees e t a l , 1969) and normal (Wi the r s e t a l , 1968; Molokh ia and 

Por tnoy, 1970) l e v e l s repor ted . Decreased plasma zinc concen t r a t i ons 

in p a t i e n t s wi th p u s t u l a r p s o r i a s i s were p a r t i c u l a r l y low d u r i n g 

exacerba t ion of t h e i r d i s e a s e , and were accompanied by a decrease in 

serum a l b u m i n c o n c e n t r a t i o n s (Thune, 1980) . I t has been s u g g e s t e d 

t h a t t he reason f o r the c o n f l i c t i n g f i nd ings of plasma zinc l e v e l s in 

p s o r i a t i c p a t i e n t s may be due to f a i l u r e t o t a k e i n t o a c c o u n t t h e 

ex ten t of skin invo lvement , and a r e l a t i o n s h i p between su r f ace area 

i n v o l v e m e n t and p lasma z i n c c o n c e n t r a t i o n s in p s o r i a s i s has been 

r e p o r t e d ( G r e a v e s , 1971) . A more r e c e n t s t u d y a l s o d e m o n s t r a t e d 

s i g n i f i c a n t l y lower plasma zinc concen t ra t ions in p s o r i a t i c p a t i e n t s 

with g r e a t e r than 10% su r f ace area involvement compared with those who 

had l e s s than 10% involvement , al though no s i g n i f i c a n t d i f f e r e n c e in 

p lasma z i n c c o n c e n t r a t i o n s was found between t h e t o t a l group of 

p a t i e n t s and age- and sex-matched c o n t r o l s (McMillan and Rowe, 1983). 

The p resen t study f a i l e d to demonstrate any r e l a t i o n s h i p between t h e 

e x t e n t of s u r f a c e a r e a i n v o l v e m e n t and t h e c o n c e n t r a t i o n of z i n c , 

copper o r selenium in l eucocy te s , e ry th rocy t e s and plasma f o r e i t h e r 

of t h e p a t i e n t groups. 

A l t h o u g h t h e r e has been i n t e r e s t in t h e p o s s i b i l i t y of z i n c 

d e f i c i e n c y in p a t i e n t s wi th eczema and p s o r i a s i s , no a b n o r m a l i t y of 

Zn^S m e t a b o l i s m was i d e n t i f i e d in a s m a l l g roup of p a t i e n t s w i th 

de rmato log ica l d i s e a s e s , i n c l u d i n g eczema and p s o r i a s i s (Hawkins e t 

a l , 1976). Furthermore, o ra l zinc therapy was found to be i n e f f e c t i v e 
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in t h e t r e a t m e n t of p a t i e n t s w i th p s o r i a s i s (Voorhees e t a 1 , 1969; 

G r e a v e s and Dawber, 1970 ) , a l t h o u g h an i n c r e a s e in t h e z i n c c o n c e n -

t r a t i o n of p s o r i a t i c s c a l e and un involved skin was demonstrated a f t e r 

z i n c s u p p l e m e n t a t i o n {Voorhees e t a l , 1969) . I t i s of i n t e r e s t 

however t h a t a case of s eve re eczema descr ibed in an e l d e r l y female 

r e sponded t o o r a l z i n c s u p p l e m e n t a t i o n (Owens e t a l , 1981) . In t h e 

same s t u d y , a low p lasma z i n c c o n c e n t r a t i o n was r e p o r t e d b e f o r e 

supplementa t ion a l though t h e cause of t h i s was not i d e n t i f i e d . I t i s 

p o s s i b l e t h a t t he decreased plasma zinc concen t r a t i ons found in some 

s t u d i e s of p a t i e n t s w i t h p s o r i a s i s may be a r e f l e c t i o n of t h e 

inf lammatory na tu re of the skin d i sease r a t h e r than a r e s u l t of z inc 

d e f i c i e n c y . In t h e p resen t s tudy, no s i g n i f i c a n t d i f f e r e n c e was found 

in the c o n c e n t r a t i o n of z inc in l eucocy te s , e ry th rocy t e s or plasma in 

t h e p a t i e n t s compared wi th t h e c o n t r o l s u b j e c t s , a l t h o u g h i t i s 

i n t e r e s t i n g to note t h a t t h e r e was a tendency towards decreased l e v e l s 

of l e u c o c y t e z i n c in t h e p a t i e n t s wi th p s o r i a s i s , a l t h o u g h not wi th 

eczema. The p o s s i b i l i t y remains t h a t increased d a i l y zinc l o s s v ia 

desquamation may be of importance in the development of a lowered zinc 

s t a t u s in p a t i e n t s w i th p s o r i a s i s . A s i g n i f i c a n t l y h i g h e r concen -

t r a t i o n of z i n c in i n v o l v e d (Molokh ia and P o r t n o y , 1970; MoT in and 

Wester, 1973) and un invo lved (Molokhia and Portnoy, 1970) p s o r i a t i c 

e p i d e r m i s compared t o normal e p i d e r m i s has been r e p o r t e d . These 

p a t i e n t s were not r e c e i v i n g o ra l z inc supplementa t ion , and the reason 

f o r t h e increased skin zinc concen t ra t ion i s u n c l e a r . 

In the p resen t s tudy, the concen t ra t ion of copper in l eucocy tes 

and e r y t h r o c y t e s in t h e p a t i e n t s wi th eczema and p s o r i a s i s d i d no t 

d i f f e r s i g n i f i c a n t l y from the con t ro l s u b j e c t s a l though plasma copper 

and cae ru lop l a smin c o n c e n t r a t i o n s were s i g n i f i c a n t l y increased in both 

p a t i e n t groups. Increased p lasma coppe r c o n c e n t r a t i o n s in p a t i e n t s 

wi th p s o r i a s i s have p r e v i o u s l y been r e p o r t e d ( L i p k i n e t al , 1962; 

Kekki e t a l , 1966; Zackheim and W o l f , 1972) . In c o n t r a s t t o t h e 

f i n d i n g s in t h e p r e s e n t s t u d y , Kekki e t a l (1966) a t t r i b u t e d t h e 

i n c r e a s e in p l a sma c o p p e r l e v e l s in p a t i e n t s w i th u n c o m p l i c a t e d 

p s o r i a s i s t o t h e n o n - c a e r u l o p l a s m i n f r a c t i o n a l t h o u g h t h e y 

d e t e r m i n e d t h e n o n - c a e r u l o p l a s m i n c o p p e r f r a c t i o n i n d i r e c t l y . 

Although serum cae ru lop l a smin concen t r a t i ons did not d i f f e r s i g n i f i -

c a n t l y in p a t i e n t s with uncomplicated p s o r i a s i s compared with con t ro l 

s u b j e c t s , t h e plasma copper concen t r a t i ons were not repor ted (Koskelo 

e t a l , 1966). Caeruloplasmin i s an acute phase r e a c t a n t p r o t e i n and 
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t he increased plasma copper and cae ru lop lasmin c o n c e n t r a t i o n s found in 

t h e p a t i e n t s in the present study can most probably be a t t r i b u t e d to 

t h e inflammatory condi t ion a s soc i a t ed with t h e skin d i s e a s e . Severa l 

s t u d i e s have repor ted no s i g n i f i c a n t d i f f e r e n c e in t h e copper concen-

t r a t i o n of normal and p s o r i a t i c epidermis (Molokhia and Portnoy, 1970; 

Molin and Wester, 1973). 

Reduced concen t ra t ions of selenium were observed in l e u c o c y t e s , 

e r y t h r o c y t e s and p lasma in both g roups of p a t i e n t s in t h e p r e s e n t 

s t u d y . A Swedish s t u d y r e p o r t e d d e p r e s s e d e r y t h r o c y t e g l u t a t h i o n e 

p e r o x i d a s e a c t i v i t y in p a t i e n t s wi th v a r i o u s s k i n d i s o r d e r s which 

i n c l u d e d eczema and p s o r i a s i s , and i t was s u g g e s t e d t h a t t h i s 

i nd ica t ed a p o s s i b l e selenium d e f i c i e n c y a l though selenium l e v e l s were 

not d i r e c t l y measured ( Juh l i n e t a l , 1982). In some of the cases of 

eczema and p s o r i a s i s howeve r , t h e low a c t i v i t y of g l u t a t h i o n e 

p e r o x i d a s e was a t t r i b u t e d t o m a l n u t r i t i o n , a l c o h o l abuse and 

vege t a r i an d i e t r a t h e r than to the d i s ea se i t s e l f . 

The reason f o r the lowered selenium s t a t u s in the p a t i e n t s in t h e 

p r e s e n t s t u d y i s not c l e a r . None of t h e p a t i e n t s were f o l l o w i n g 

exc lus ion d i e t regimes and a reduced in take of se lenium i s t h e r e f o r e 

unl i k e l y . F u r t h e r m o r e , t h e r e was no c o r r e l a t i o n between body mass 

index and s e l e n i u m c o n c e n t r a t i o n s in l e u c o c y t e s , e r y t h r o c y t e s o r 

plasma. An increased epidermal c e l l t u r n o v e r as a p o s s i b l e source of 

l o s s of s e l e n i u m i s u n l i k e l y . The d i s t r i b u t i o n of s e l e n i u m in 

abdominal skin i s s i m i l a r to t h a t f o r z inc , with the conten t h igher in 

t h e e p i d e r m i s t han t h e d e r m i s (Molokh ia e t a l , 1979) . In normal 

i n d i v i d u a l s , t he est imated d a i l y l o s s v ia desquamation i s 306-612 nmol 

f o r z i n c and 6 -13 nmol f o r s e l e n i u m (Mol in and W e s t e r , 1976) . 

D e p l e t i o n of s e l e n i u m v i a t h i s r o u t e would t h e r e f o r e p r o b a b l y be 

a s s o c i a t e d wi th a z i n c d e p l e t i o n , and t h e p a t i e n t s in t h e p r e s e n t 

study did not have a s i g n i f i c a n t l y reduced body z inc s t a t u s . Another 

c o n s i d e r a t i o n i s t h e a s s o c i a t i o n between m a l a b s o r p t i o n and s k i n 

d i s e a s e . The concep t of d e r m a t o g e n i c e n t e r o p a t h y was i n t r o d u c e d by 

Shus ter and Marks (1965) f o l l o w i n g t h e i r o b s e r v a t i o n t h a t s t e a t o r r h o e a 

o c c u r r i n g in p a t i e n t s wi th w i d e s p r e a d s k i n d i s e a s e , i n c l u d i n g 

p s o r i a s i s and eczema, improved f o l l o w i n g t r ea tmen t of the skin a lone . 

S u b s e q u e n t l y , t h e y showed a r e l a t i o n s h i p be tween t h e a r e a of s k i n 

i n v o l v e d and f a t malabsorpt ion in p a t i e n t s with p s o r i a s i s , a l though 

t h e d e g r e e of mucosal a b n o r m a l i t y found on j e j u n a l b i o p s y was no t 

r e l a t e d t o t h e e x t e n t of t h e p s o r i a s i s ( S h u s t e r e t a l , 1967) . In a 
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f u r t h e r r e p o r t by t h i s g roup howeve r , t h e r e a p p e a r e d t o be no 

d i f f e r e n c e between t h e j e j u n a l mucosa from c a s e s of eczema and 

p s o r i a s i s compared wi th t h e mucosa f rom a l o c a l c o n t r o l p o p u l a t i o n 

(Marks and Shus te r , 1970). In c o n t r a s t to these f i n d i n g s , Barry e t al 

(1971) r e p o r t e d changes in s m a l l bowel mucosal a r c h i t e c t u r e in 

p a t i e n t s with s eve re p s o r i a s i s compared with normal c o n t r o l s . These 

authors however a l s o repor ted s i m i l a r changes in p a t i e n t s who were i l l 

and l o s i n g weight f o r reasons o t h e r than p s o r i a s i s , and emphasised t h e 

importance of the c a r e f u l s e l e c t i o n of con t ro l s u b j e c t s f o r c l i n i c a l 

s t u d i e s . M a l a b s o r p t i o n of s e l e n i u m in p a t i e n t s wi th eczema and 

p s o r i a s i s may t h e r e f o r e be a p o s s i b l e e x p l a n a t i o n f o r t h e lowered 

selenium s t a t u s in the p a t i e n t s in the present s tudy. 

The c l i n i c a l i m p o r t a n c e of a lowered s e l e n i u m s t a t u s in t h e s e 

p a t i e n t s has y e t to be d e c i d e d . Both eczema and p s o r i a s i s a r e 

in f lammatory s k i n d i s e a s e s . I n c r e a s e d f r e e r a d i c a l g e n e r a t i o n i s 

l i k e l y in inflammatory cond i t i ons ( H a l l i w e l l , 1987), and t h e r e may be 

an i n c r e a s e d b o d i l y need f o r s e l e n i u m . Low s e l e n i u m l e v e l s may 

exacerba te the skin condi t ion by reducing the a c t i v i t y of g l u t a t h i o n e 

peroxidase , and t h e r e f o r e a n t i o x i d a n t p r o t e c t i o n . Bene f i c i a l e f f e c t s 

of combined o r a l s e l e n i u m and v i t a m i n E t h e r a p y in s k i n p a t i e n t s , 

i n c l u d i n g a s m a l l number w i th p s o r i a s i s and eczema, have been 

demonstrated a l though the e f f e c t on the skin l e s i o n s was d i f f i c u l t t o 

e v a l u a t e s ince o t h e r t r ea tmen t s were a l s o given ( J u h l i n e t a l , 1982). 

A s i m i l a r study using the same therapy regime repor ted good r e s u l t s in 

p a t i e n t s with acne v u l g a r i s , another inflammatory skin cond i t i on , who 

a l s o had a decreased a c t i v i t y of e ry th rocy t e g l u t a t h i o n e peroxidase 

(Michaelsson and Edqv i s t , 1984). 
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CHAPTER 11 

GENERAL DISCUSSION AND RECOMMENDATIONS FOR FURTHER WORK 

1 1 . 1 GENERAL DISCUSSION 

The e s s e n t i a l i t y of z i n c , coppe r and s e l e n i u m f o r t h e normal 

performance of many biochemical processes in man i s wel l e s t a b l i s h e d . 

Whi l s t f r ank d e f i c i e n c i e s have been r epo r t ed , t h e r e i s an i nc rea s ing 

awareness t h a t marginal d e f i c i e n c y s t a t e s of t he se t r a c e elements may 

compl ica te a wide v a r i e t y of c l i n i c a l cond i t i ons . N e v e r t h e l e s s , i t i s 

c l e a r t h a t inadequate methodology s t i l l e x i s t s f o r the d iagnos i s of 

n u t r i t i o n a l s t a t u s with regard to t r a c e e lements . Whils t plasma or 

serum measurements a re undoubted ly t h e most s t r a i g h t f o r w a r d , in t h e 

c o n t e x t o f d i s e a s e o r even in normal a l t e r e d p h y s i o l o g y such as 

p r e g n a n c y o r a g i n g , t h e i r i n t e r p r e t a t i o n can be d i f f i c u l t . In t h e 

p resen t s tudy , a decrease in plasma zinc and i nc rea se in plasma copper 

l e v e l s were observed in the appa ren t l y h e a l t h y e l d e r l y people . At 

p r e s e n t , t h e e f f e c t of a d v a n c i n g age on t r a c e e l e m e n t m e t a b o l i s m i s 

p o o r l y u n d e r s t o o d . I n t e r e s t i n g l y , i n g e s t i o n of food in f a s t i n g 

h e a l t h y s u b j e c t s under the age of 50 years r e s u l t e d in a decrease in 

p l a sma z i n c c o n c e n t r a t i o n s . Th i s o b s e r v a t i o n i s o b v i o u s l y of 

importance when e s t a b l i s h i n g a r e f e r e n c e range f o r plasma z inc , and 

f o r c o r r e c t i n t e r p r e t a t i o n of plasma zinc measurements. Oral con t r a -

c e p t i v e a g e n t s were shown t o i n c r e a s e p lasma c o p p e r l e v e l s , and 

s t e r o i d i n t a k e had an a p p a r e n t e f f e c t on t h e c i r c u l a t i n g c o n c e n -

t r a t i o n s of z i n c and c o p p e r in t h e p a t i e n t s w i th Crohn ' s d i s e a s e . 

Increased plasma copper concen t r a t i ons were demonstrated in p a t i e n t s 

with skin d i s e a s e and a l c o h o l i c l i v e r d i s e a s e , presumably as a r e s u l t 

of t h e inf lammatory na ture of the cond i t ion . In a d d i t i o n , decreased 

plasma z inc c o n c e n t r a t i o n s in p a t i e n t s with a l c o h o l i c l i v e r d i s e a s e 

were a s s o c i a t e d with a decrease in plasma albumin l e v e l s . C l e a r l y , 

f i n d i n g s from the present study emphasise the l i m i t a t i o n s of the use 

of p l a sma z i n c and c o p p e r f o r t h e d i a g n o s i s of d e f i c i e n c y s t a t e s of 

t he se t r a c e e lements . Plasma selenium appears to be l e s s i n f l u e n c e d 

by n o n - n u t r i t i o n a l f a c t o r s , a l though Lloyd e t al (1983) demonstrated 
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an i n c r e a s e in p l a s m a s e l e n i u m l e v e l s i n women t a k i n g o r a l 

c o n t r a c e p t i v e agents . 

As a r e s u l t of the d i f f i c u l t i e s a s s o c i a t e d with t h e use of plasma 

o r serum c o n c e n t r a t i o n s of t h e t r a c e e l e m e n t f o r t h e d i a g n o s i s of 

d e f i c i e n c y s t a t e s , some worke r s have p roposed d e t e r m i n a t i o n of t h e 

t r a c e e lements in e r y t h r o c y t e s o r l e u c o c y t e s . E r y t h r o c y t e z i n c and 

c o p p e r however have not g e n e r a l l y been used as an index of body 

s t a t u s , and t h e r e l a t i v e l y l o n g 1 i f e of t h e red e e l 1 s 1 i m i t s t h e i r 

p o t e n t i a l u s e f u l n e s s . I t i s o f i n t e r e s t in t h e p r e s e n t s t u d y t h a t 

t h e r e was a s i g n i f i c a n t r e l a t i o n s h i p between e r y t h r o c y t e and p lasma 

c o p p e r c o n c e n t r a t i o n s in t h e young h e a l t h y c o n t r o l s u b j e c t s and 

p a t i e n t s with c o e l i a c d i s e a s e . No such r e l a t i o n s h i p was noted in the 

p a t i e n t s with Crohn's d i s e a s e , eczema or p s o r i a s i s , who demonstrated 

i n c r e a s e d p l a s m a , but not e r y t h r o c y t e , c o p p e r l e v e l s e i t h e r as a 

r e s u l t of s t e r o i d i n t a k e o r t h e i n f l a m m a t o r y c o n d i t i o n . W h i l s t no 

s i g n i f i c a n t c o r r e l a t i o n was found between e r y t h r o c y t e and plasma zinc 

c o n c e n t r a t i o n s in any of t h e s u b j e c t g r o u p s , t h e r e was a c o n s i s t e n t 

s i g n i f i c a n t r e l a t i o n s h i p between e r y t h r o c y t e and p lasma s e l e n i u m 

l e v e l s . Ery throcyte selenium i s g e n e r a l l y considered to be a u s e f u l 

measurement f o r t h e d i a g n o s i s of s e l e n i u m d e f i c i e n c y , a l t h o u g h 

u n s a t i s f a c t o r y f o r the i n v e s t i g a t i o n of sho r t - t e rm changes in selenium 

s t a t u s . 

Leucocytes have some advantages and some d i sadvan tages compared 

to e r y t h r o c y t e s . Although they a r e a r g u a b l y more r e p r e s e n t a t i v e of 

body t i s s u e , they a re not so e a s i l y a v a i l a b l e and a re more d i f f i c u l t 

t o h a n d l e t h a n red c e l l s . However , t h e method d e v e l o p e d f o r t h e 

s e p a r a t i o n of w h i t e e e l I s in t h e p r e s e n t s t u d y was shown t o be both 

p r a c t i c a b l e and r e l i a b l e , with no ev idence of c e l l clumping. Other 

workers have r e p e a t e d l y encountered the problem of c e l l clumping with 

l e u c o c y t e s e p a r a t i o n t e c h n i q u e s , t h u s making i t i m p r a c t i c a b l e t o 

express the r e s u l t s in terms of c e l l number. 

Of p a r t i c u l a r i n t e r e s t in t h e p r e s e n t s t u d y was t h e h i g h l y 

s i g n i f i c a n t r e l a t i o n s h i p between l eucocy te z inc concen t r a t ion and z inc 

r e t e n t i o n in the housebound e l d e r l y people who had an o v e r a l l n e g a t i v e 

z i n c b a l a n c e . P r a s a d e t a l (1978) d e m o n s t r a t e d t h a t s i m p l e d i e t a r y 

d e p r i v a t i o n of z i n c in h e a l t h y s u b j e c t s i nduced a r e d u c t i o n in 

l e u c o c y t e z i n c c o n c e n t r a t i o n . In t h e p r e s e n t s t u d y , t h e housebound 

e l d e r l y people were shown to have a markedly reduced in take of z inc 

and decreased leucocyte zinc l e v e l s compared with t h e h e a l t h y e l d e r l y 
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p e o p l e . S i g n i f i c a n t l y d e c r e a s e d l e u c o c y t e z i n c l e v e l s were a l s o 

demonstrated in the p a t i e n t s with a l c o h o l i c l i v e r d i s e a s e , i n d i c a t i n g 

a lowered z i n c s t a t u s . A l t h o u g h t h e s e p a t i e n t s a r e a t r i s k of a 

d e c r e a s e d z i n c i n t a k e , o t h e r f a c t o r s such as m a l a b s o r p t i o n and 

increased u r ina ry exc re t ion of the element may be in pa r t r e s p o n s i b l e 

f o r t h e apparent z inc d e f i c i e n c y . 

The use of l e u c o c y t e c o p p e r and s e l e n i u m as an index of body 

s t a t u s o f t h e s e t r a c e e l e m e n t s i n t h i s p r o j e c t i s somewhat 

c o n j e c t u r a l . No s i g n i f i c a n t r e l a t i o n s h i p was found between l eucocy te 

copper concen t ra t ion and copper r e t e n t i o n in t h e housebound e l d e r l y 

people . I t i s noteworthy however t h a t t he se s u b j e c t s were in nega t ive 

copper ba lance and a l s o demonstrated reduced l eucocy te copper l e v e l s . 

Of f u r t h e r i n t e r e s t i s the s i g n i f i c a n t r e l a t i o n s h i p between selenium 

c o n c e n t r a t i o n s in l e u c o c y t e s and e r y t h r o c y t e s , and l e u c o c y t e s and 

plasma in a l l t he sub jec t groups. No s i m i l a r r e l a t i o n s h i p s were noted 

f o r c o p p e r o r z i n c . A l though t h e v a l u e of l e u c o c y t e coppe r and 

selenium measurements has ye t to be e s t a b l i s h e d , s t e r o i d i n t a k e , use 

of o r a l c o n t r a c e p t i v e a g e n t s and i n f l a m m a t i o n had no s i g n i f i c a n t 

e f f e c t on t h e s e p a r a m e t e r s , o r on l e u c o c y t e z i n c l e v e l s . P e r h a p s 

l e u c o c y t e measurements may p r o v e t o be most u s e f u l f o r group 

comparison s t u d i e s , o r s t u d i e s i n v o l v i n g supplementa t ion , r a t h e r than 

as an i s o l a t e d measurement f o r t h e d i a g n o s i s of t r a c e e l e m e n t 

d e f i c i e n c y . 

A c o n s i s t e n t f i nd ing in the p a t i e n t s i n v e s t i g a t e d in the present 

study was the reduced l e v e l s of selenium in l e u c o c y t e s , e r y t h r o c y t e s 

and plasma. In g e n e r a l , a decreased i n t ake of selenium appeared to be 

a c o n t r i b u t i n g f a c t o r t o t h e lowered s e l e n i u m s t a t u s in t h e s e 

p a t i e n t s . S e l e n i u m i s an e s s e n t i a l c o m p o n e n t of t h e enzyme 

g l u t a t h i o n e p e r o x i d a s e , an i m p o r t a n t a n t i o x i d a n t which h e l p s t o 

p ro t ec t aga ins t f r e e r ad i ca l -med ia t ed damage. According to Hal 1iwel 1 

(1987) , i n c r e a s e d f r e e r a d i c a l r e a c t i o n s a r e l i k e l y in any d i s e a s e , 

and in inflammatory cond i t ions in p a r t i c u l a r t h e r e may be increased 

a c t i v i t y of p h a g o c y t i c c e l l s which would r e s u l t in an i n c r e a s e d 

formation of the superoxide r a d i c a l . Superoxide dismutase removes the 

superoxide r a d i c a l by conve r t i ng i t to hydrogen peroxide , and t h i s in 

tu rn i s removed by g l u t a t h i o n e peroxidase which uses hydrogen peroxide 

t o o x i d i s e reduced g l u t a t h i o n e t o o x i d i s e d g l u t a t h i o n e (Wi l l s o n , 

1987). D e f i c i e n c y of s e l e n i u m may r e s u l t in c o n d i t i o n s in which 

l e v e l s of hydrogen peroxide r i s e . An i r o n - c a t a l y s e d r eac t ion may then 
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t a k e p l a c e t h a t r e s u l t s in t h e fo rmat ion of t h e hydroxy! r a d i c a l and a 

s u b s e q u e n t i n c r e a s e in l i p i d p e r o x i d a t i o n ( D i p l o c k , 1984) . As 

d i s c u s s e d in C h a p t e r 2 , v i t a m i n E i s an i m p o r t a n t c h a i n - b r e a k i n g 

a n t i o x i d a n t , and in t h e c i r c u m s t a n c e s j u s t d e s c r i b e d an a d e q u a t e 

supply of t h i s v i tamin would be of p a r t i c u l a r importance in o r d e r t o 

r e a c t with t h e peroxy r a d i c a l s formed dur ing l i p i d p e r o x i d a t i o n , t h u s 

p r e v e n t i n g damage to c e l l membranes which may o t h e r w i s e r e s u l t . 

Of f u r t h e r r e l e v a n c e with regard to t h e lowered se len ium s t a t u s 

of t h e p a t i e n t s s t ud i ed i s t h e p o s s i b l e r e l a t i o n s h i p between d i e t a r y 

s e l e n i u m i n t a k e and s u s c e p t i b i l i t y t o c a r c i n o g e n s ! s . As a l r e a d y 

d i s c u s s e d , a l c h o l i c s u b j e c t s and p a t i e n t s with c o e l i a c d i s e a s e have an 

inc reased r i s k of cance r s of t h e g a s t r o i n t e s t i n a l t r a c t . In a r e c e n t 

r e v i e w of t h e a v a i l a b l e i n f o r m a t i o n f rom an ima l s t u d i e s on t h e 

e f f e c t i v e n e s s of se lenium in c a n c e r p r e v e n t i o n , Ip (1986) c o n c l u d e d 

t h a t the r i s k of d e v e l o p i n g cance r appears h ighe r with a low se lenium 

i n t a k e and dec reases p r o p o r t i o n a l l y with d i e t a r y se len ium l e v e l s above 

t h e recommended r e q u i r e m e n t . On t h e b a s i s o f t h i s e v i d e n c e i t i s 

t e m p t i n g t o s p e c u l a t e t h a t s e l e n i u m s u p p l e m e n t a t i o n migh t be of 

b e n e f i t to t h e s e p a t i e n t s by reducing t h e r i s k of d e v e l o p i n g cance r , 

p a r t i c u l a r l y in v iew of t h e i r l o w e r e d s e l e n i u m s t a t u s . However , 

animal s t u d i e s to da t e on t h e a n t i c a r c i n o g e n i c e f f e c t of se len ium a r e 

f a r from c o n c l u s i v e . The c o r r e l a t i o n between t h e amount of supplemen-

t a t i o n and t h e degree of i n h i b i t i o n of c a r c i n o g e n s i s o b v i o u s l y depends 

on the s t r a i n of an ima l s , t h e composi t ion of t h e d i e t and t h e form of 

se lenium used, as wel l as t h e s p e c i f i c i t y and dose of the ca rc inogen . 

Caution must t h e r e f o r e be a p p l i e d in a d m i n i s t e r i n g se len ium t o humans 

with t h e aim of p r e v e n t i n g cance r . 

11.2 RECOMMENDATIONS FOR FURTHER WORK 

S e v e r a l s t u d i e s in humans h a v e been c a r r i e d o u t t o a s s e s s t h e 

u s e f u l n e s s of l e u c o c y t e z i n c f o r t h e d i a g n o s i s o f z i n c d e f i c i e n c y . 

The u s e of l e u c o c y t e a n a l y s e s t o a s s e s s body c o p p e r and s e l e n i u m 

s t a t u s r e q u i r e s s i m i l a r i n v e s t i g a t i o n s . S t u d i e s in humans o f t h e 

r e l a t i o n s h i p be tween t h e c o n c e n t r a t i o n s of c o p p e r and s e l e n i u m in 

l eucocy t e s and v a r i o u s body t i s s u e s , such as muscle o r l i v e r , would be 

n e c e s s a r y . In t h e c a s e of s e l e n i u m , i t would a l s o be h e l p f u l t o 

p e r f o r m b a l a n c e s t u d i e s on s u b j e c t s b o t h in good h e a l t h and w i t h a 

219 



l o w e r e d s e l e n i u m s t a t u s , i n o r d e r t o d e t e r m i n e any r e l a t i o n s h i p 

between l e u c o c y t e se len ium l e v e l s and se len ium r e t e n t i o n . 

A number o f r e s u l t s p r e s e n t e d in t h i s t h e s i s c o n s t i t u t e good 

e v i d e n c e of a l o w e r e d s e l e n i u m s t a t u s in p a t i e n t s w i t h Crohn ' s and 

c o e l i a c d i s e a s e , eczema and p s o r i a s i s , and in a l c o h o l i c s u b j e c t s . I t 

i s now n e c e s s a r y t o e v a l u a t e t h e r e l e v a n c e of t h e s e f i n d i n g s . Of 

p a r t i c u l a r i m p o r t a n c e would be t h e d e t e r m i n a t i o n of t h e a n t i o x i d a n t 

s t a t u s of t h e s e p a t i e n t s . Decreased v i t amin E l e v e l s were observed in 

the a l c o h o l i c s u b j e c t s , and t h e v i t amin E s t a t u s of t h e o t h e r p a t i e n t 

g r o u p s s h o u l d be d e t e r m i n e d t o g e t h e r w i t h e r y t h r o c y t e g l u t a t h i o n e 

p e r o x i d a s e a c t i v i t y . As t h e p a t i e n t s s t u d i e d d e m o n s t r a t e d r e d u c e d 

l e u c o c y t e s e l e n i u m c o n c e n t r a t i o n s , measu remen t of g l u t a t h i o n e 

pe rox idase a c t i v i t y in l e u c o c y t e s would a l s o be of i n t e r e s t . 

The reason f o r t h e lowered se lenium s t a t u s of t h e s e p a t i e n t s a l s o 

r e q u i r e s i n v e s t i g a t i o n . P a t i e n t s w i t h c o e l i a c d i s e a s e a r e perhaps 

p a r t i c u l a r l y a t r i s k of a r e d u c e d i n t a k e of s e l e n i u m due t o t h e i r 

e x c l u s i o n d i e t regime, and i t i s t h e r e f o r e necessa ry to de termine t h e 

s e l e n i u m c o n t e n t o f t h e i r d i e t and compare t h i s w i t h a normal d i e t . 

I t would a l s o be of i n t e r e s t to i n v e s t i g a t e t h e a b s o r p t i o n of d i e t a r y 

s e l e n i u m , p a r t i c u l a r l y in t h e c a s e o f p a t i e n t s w i t h eczema and 

p s o r i a s i s , and a l c o h o l i c s u b j e c t s , and i t may be t h a t t h e s e s t u d i e s 

would be most s u i t a b l y c a r r i e d out by us ing s t a b l e i s o t o p e s . 
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J= 
0 
0 
ro 
r-l 
"O C 
fO 

cn JZ 
c 0 

0 
X- cr» 
(U 0 
_c 
u L 
CO (U 

4-> 0 
C -f fO 0 x> 
C as > ) 

cn 4-) 0) 0 w) 
L. <U (tJ 
u 0 

z Of 
c E 

E 
CO JZ 

4-» 
"O 0 

JZ + 0 
4-J u-

>) Of -0 
:% L. OJ 
-— 4-* 

1/) LA 
a> (U 0 
4-> cn cn 
4-> t- c 
0) 0 
c c 
m 0 to 
s~ > 
> 0 u 
0 -J OJ 

•0 
_o 

< 3 
Ul 

c 
0 <D 
0 

o_ 

E 0) 
> 

4J •0 
0. 0 
Q) 0 
U 
fO -Q 
L 
4-> CD 
C C 
0 
u 4^ 

t/J <o 
fO y-
l~ 
0 

-C 
0 c 0 

(_) cn 
0 0 

* + 

251 



Lnr««.r--»\otntntn*3'co 
C3̂  cn CO CO «-»< 
CO rr un tn f 

» O c\j tn 
CO CO m 

E 
3 

CL 

VfCCM(\!M(\fC\lLn 
uD fo CO CO cr. «3- cvj fn CO CNj io V <r r-i m LO LD CV 

o 
LO tc 

u 
w 

<r)c>cnurjf-t*3-GD«3cn 
Kfr—iar^r^iocoLnr^ 
r—t CVJ CSJ #-4 r-H p—4 f4 r-4 CNJ 

p-4 «—• CO P*»- « 
t-< UD CTv UD *r ( 
cs; *-»»-» 

• cc r~-
I »-« «-H 

o o o o o o o o o o o o o o o o 

rr c\j 
LO r~. 

o o o 

3 
a 

^civmrs-mooiA 
c. ococncvunmcocu 

t-M r-» tn o 
O IT) CO --HI f-4 

CO o 
C CO g tn o 

ir--lCvJCvJr-̂CNJt--lr-ĤfOrOr-»»-HC>JCNJ»-Hr-̂  
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• • • • • • • • • • • • • • • • a * * 
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coo\unrHf-̂ c\i<oô U3Ĉ e-HC\Jcor̂ '--«rir̂ Lnrnmr̂  
• • • • • • • • • • • • • • • • • • • • • 

r-# *—4 CSJ CO <VJ CV r—I *-H r—4 *—4 CO »—• CM r—< CVl CNJ r-4 r—< CVl «—• r—» 

CT> 
C 

QJ 
(J LO 

o c >» 

"S 
3 
C 
O 
u 

m 
X 

§ 
LU a. 
% 

M 

N 

I 
$ 

m 
& 
o 
o 

(O 

ol 

t: 

S 
3 
a> 

00 m 00 O lO m CO lO o f CO r>-4 O lO lO CO 
CO CO m us m lO m CM CM m r-. (O CO m cn in 

f-H CM *—« f-4 r-4 rH 

rs, If) in m cn <T» o UD m r-4 r-4 fO KT in cn ID o cn 

If) in cn •g- CJ> in <T> m CO CO CM cn If) CM cc 
p-4 S s CM CM »-» r-4 CM CM CM rH r-» 

o o (O <r CO cn kO in CM cn o cn CM CO fO "C P-l 
CM (M o o CO cn <r CO <3- CM CM cn cn c o cn cn <3-
*—4 * - * r-. o O f-4 f-4 f-H O C »—< o o r-4 

<r CO r-t o m Ps. o \ ro cn CO in CM CM m r~. 1£» cn 

U3 m o lO cn o\ cn cn CM cn cn cn 

vDP^torooco«-HOf^r^ 
oo^cncooomcnor-* I O lO CO f—I 

CO LO c\j CO r-H UD 
O O CSJ 
CO CO cn 

ra 
E «a- U5 O CM CM CM "Kf lO CM in cn r-4 r-t ta-CM m 
LA 
<o cn CM in CO *r CM CO cn lO CM CM CM CM rn cn CM 

r-» f-4 a. 

t= 

3 

« 

s 
at 
< 

U3 o lO tn CM CO m a\ in O CO CC CM CO o% CO to CO to cn r H 

r-CO in m m in LO Ol in CM CO <r lO cn CM in «3-

r-4 s f-4 r - . r-4 r - l r -» l -H f-4 

VO to cn f-4 o CM iO cn CTt lO CO ro o in r-s CM CO CO CC o 
o a\ <n CO o CO O CO lO cn o CM o CO CM 
rH r-4 r-4 r-* 

Ut M U1 vt 1/1 iA (/» U1 
01 0) OJ o O O O 01 <L) o o o <D o o O 0) o o a* 0) 

>- >- >- z Z z z >- >- z z z >- z z z > - z z > - > -

o o o o o o 
I I I z # I i z i z i c o < z < < w c a z z i 
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r-i r~4 r-4 r—* *—4 (\j r-4 *—4 r—t t-H r-i r-* r—t CVJ r-< r-H r-4 CO r—( r-4 f—* C\J « • # • • • • • • • • • • • • • • • • • • • o o o o o o o o o o o o o o o o o o o o o o 
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«CNJ(n««-tn<̂ r̂ coô o»—'CMro««j-Lnu5r̂ co 
^ ' I • d —« I ' —̂  

• • • • • • • • • • • • • • • • • • • • • • • > 

*-MOor^c\iLnOmHm4fooior\JO#-4(\fmmr~.co(ocow 
CVJ C \ l 1—4 CNJ r—I CNJ CM CO *—t r—t CM Csj CV ( \ j r - ^ r H i—4 t-H r—» r—l ' <—4 

— n 

r**rioicn<fLn"̂ cor**r̂ "d'OOM̂ o%Lnc\jô uD\oco(\JÔ ioco 
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(nc\j*'M('n(%\*.or0C\j(̂ *--iKfC0<fC3C\jLnLOĈ  
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E fM<-<rî ô c~jco(vc\jcoruc3Lninoo<.owur>ro«(±cocn(\j • • • • • • » • • • • • « • • • * • • • • • • 
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APPENDIX 11 
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