ZINC AND QOCOPPER |IN  SYMPTOM FREE
N GER ANS,
THOBE WTH SIOKLE CELL
D SEASE AMD OHER PATHOLOA CAL
CONDI TI ONS

MXBES MISA KAPU

Thesis submtted in fulfilnment of the
requi renents for the degree of
DOCTCR CF PH LCSCPHY
Ahmadu Bel l o University,
ZAR A

1979

Department of Biological Scie nc es,
Faculty of Science,

Ahmadu Bello University

Zaria.



ZINC AND COPPER 1IN SYMPTOM-FREE

NIGERIANS,

THOSE WITH SICKLE CELL DISZASE

AND OTHER PATHOLOGICAL

CONDITIONS.



THESTS RECOMMENDATION PAGE

We hereby recommand that the thesis prepared by
MOSES MOISA KAPU entitled "ZINC AMND COPPER 1IN
SYMPTCOM~-FREE NIGERIANS, THOSE WITH SICKLE CELL

DISEASE AND OTHER PATHOLOGICAL CONDITIONS" be

accepted in fulfilment of the r:quirement cf the degree

of DOCTOR OF PHLLOSOPHY.

' 4 |
- f ' J A
M Ty .
- / 0 ev JU
- { _“1
Internal Examiner i Externel Examiner |
Professor A,¥, Fleming, Professor B.K. Adadevoh,
" o g o . x =y = s & i
}1.‘\'? '.:'D“' “'"‘r"“u)? i"l.Dl: ru‘-oC.!‘c’ IJ- Tc!.o{c ii.,
FeReCoPothy, Pan.Cs FoMi€C Py FeSeAidayg FulNol 8.
Path. (Nigeria),
Professor and Head, Vico-Chancalior nf o
Department .” Hacmatoloay Universitv « Lagoc,
and hlosod transfusion, Divector of tne Nioestan
Ahwoda Bells University, institule £ Mailval Re
Zaria, Migeria
'AI V \ \ A
bl O Buwow ot



ABSTRACT

Zinc and copper concentrations were estinated by
atom c absorption spectrophotonetry in serum erythro-
cytes and scalp hair frominhibitants of northern
N geria. Qher neasurenents performed were serum
caerul oplasnIN total protein, albumn and al kaline
phosphat ase, and bl ood haenogl obi n and haernatocrit.

The nmean serum zinc was significantly lower in
non-elite N gerians (Hausa rural farners presenting as
bl ood donors) (105.30 + 7.30 ug/100 m) than in elite
N gerians (University senior staff) (128.90 + 5.80
ug/ 100 m) (P<O.01). The lower serum zinc in non-
elite N gerians was associated with |ower mean al bum n.
Q her neasurenents showed no significant differences.
It is suggested that |ower serumalbumn in non-elite
reflected a lower protein intake and the |ower serum
zinc resulted from poor absorption of the netal due to
dietary |igands.

I ntake of food was shown to |ower the serum zinc,
but had no consistent effect on other neasurenents.
Therefore, it is inportant that specinens for
nmeasurenents of serum zinc should be collected at a
standardi zed tine, and with the subject fasting.

The decrease of serum zinc and increase of copper
during pregnancy areconfirned in Ngerians. It is
possi bl e that the reduced serum zinc in pregnancy

nay be a reflection of rapid protein



nmetabolismresulting in a shift into the intracellular
conpartnment, and an increased nobilization >ecause of
foetal demand. The raised serum copper in pregnancy nay be

due to increased erythropoiesis.

There was no significant difference in neasurenents
between N gerians with normal haenogl obin pattern (Ho. AA)
and those individuals with sickle cell trait (Hd. AS.).
Patients with sickle cell anaema (Hb. SS.) were observed
to have lower nmean serum and hair zinc concentrations than
elite Ngerians (P<0.01). The erythrocyte zinc |evels
did not differ significantly between these two groups.
There was no significant difference found in neasurenents
between Hb. SS and non-elite groups, but it is probably
true that patients with Ho. SS were nearer the elite
famlies than non-elite famlies. Patients with Hbo. SS. in
N geria probably do not have clinically significantly zinc
deficiency. An elevated serumcopper in Hb. S§ is thought

to be the result of increased erythropoietic activity.

Patients with leg ulcers but not Hb. SS, showed com
parabl e serum zinc levels to patients Wth Hb. SS. pro-

bably due to zinc imobiligation fromchronic tissue danage.

Significantly decreased serum zinc concentrations
have been denonstrated in the follow ng conditions: prim

ary liver cancer, hookworm anaem a, active pul nonary



tubercul osis and | eukaem as. The serum copper was
elevated in these conditions. The pathophysi ol ogi cal
mechani sns underl yi ng these changes nmay be increased
urinary excretion and |oss of body stores of zinc.
These changes in serum zinc and copper nmay result in
part froma redistribution of the nmetals within the
body initiated by a hornone-like protein factor which
I's rel eased from phagocytic cells. This factor,

| eukocyti ¢ endogenous nediator (LEM), stinulates the
liver to take up zinc and iron fromseruminto the
liver and to synthesize additional quantities of

caer ul opl asmn

This work has established the normal ranges of
zinc and copper concentrations in the northern
N gerian population with relation to social class
and haenogl obin patterns, and that zinc deficiency is

not a common feature in N geri a.

The estimation of trace el enent concentrations
nmay be a useful neans of predicting the health status
of various community groups in the general popul ation;
and the changes occuring in trace elenent concentrations
may be a useful tool in follow ng the progress of patients

with malignant disease during the course of treatnent.
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CHAPTER 1

INTRCDUCTION

1.1. Definition of trace elements.

A great number of elements, including zinc and copper,
occur in living tissues in such small amounts that their
precise concentrations could not be measured with the
aralytical methods formerly available. Such elements were
therefore reported (WHO, 1973) to bwe present in "“traces"
and the term "trace elements" arose to describe them. This
term with its connotation of imprecision, has continued in
popular usage. Other pcpular designations such as "minor
elements™ have found favour with plant nutritis:ists and
"oligo elements" (from the Greek ollyos meaning scanty) is
a term frequently used by French workers. None of these
terms is fully acceptable because, with the introducticn of
the atomic absorption spectrophotometer, most of the elements
present in biological materials can now be measured with
reasonable degree of precision. Nor is the more scientifi-
cally respectable “"micronutrients elements" entirely satis-
factory, cince it implies that all tLhe clements present in
living corganisms in low concentrations and, therefore, of
biological interest, function as nutrients. The term "trace
elements" 35 retained here because i has historical associa-

tions, and because it has become hallcw.d by time end custemn.

Classific.tion of the trace e¢leuents Into essentia?,

nen-essential and toxic greups <an e Inoaccurate and



mi<leading. All the elements become toxic at sutficiently
high intakes and the margin belween levels that are benefi-

cial and those that are harmful may be small (WHO, 1973).

According to Cotzias (1957), a trace element can be
"dignified" with the formal title "essential® if it meects

the following criteria:

1. it is present in healthy tissues of living
organisms;

2. 1its concentration from one animal to the
next is fairly constant;

3. its withdrawal from the body induces repro-
ducibly the same structural and physiologi-
cal abnormalities regardless of the species
studied;

4, 1its addition either prevents or reverses
these abnormalities;

5. the abnormalities induced by deficiency are
always accompanied by pertinent, specific
biochemical changes;

6. thcse biochemical changes can be prevented
or cured when the deficiency is prevented or

curede.

At the present time 14 trace elementis are believed to
be essential for mammalian life., These ere iron, iodine,
copper, #inc, manganese, cobalt, molybdenum, celenium, chromium,
nickel, tin, s:iicon. fluorine, and vanacium., It has been the
usual practice to express concentrations of trace elemenis as

per wet weight in an animal tissue, but &: per dry weight in



e

e

plant tissue. This convention will be followed unless

.: -

otherwise stated. S e

" - In mammals including man, a trace element is defined u;
as one that makes up less than O.Gl% of the body's mass;..
Together, the 50 or more trace elements found in the body,
both normal and abnormal, make up less than 0.2% of the
total weight of the body. Iron, fluorine and zinc, the
most abundant trace elements, comprise 0.006%, 0.6037%

and 0.0033% of the body respectively, By comparison, the_
least abundant major element magnesium makes up 0.627% :

of the body.

There are two general classes of abnormalitiaes
associated with trace elements (l) specific deficiendﬁua' E
resulting from dietary inadequacies, imbalance or secondary
to other diseases and (2) accumulation of innately toxic
trace c¢lements from the environment, which can either _
disnlace essential elements from their metabolically actiﬁé
sites and cause conditioned deficiency or act directly a3
cellular toxins. Both kinds of abnormalities can be
diagnosed by analyses of trace elements in plasma or Serum,

red blood cells and urine (Schroeder and Nason, 1971).

Also, secondary changes occur as a result of systemi¢ disease.

1.2, History of the research problem. . = o ...

Zinec and copper are two of the essential elements nece-=
ssary for optimal function of the mammalian organism, for
growth, healing, and activity of many metabolic processes.

The concentrations of zinc, copper and most other trace



elements in plasma or serum are indices of ﬁﬁtabolium of

the body cells and may be increased or decreased depending
upon the physiological and pathological r*ates of che
orcanism (Schroeder and Nason, 1971; Halsted =t al 1974
Mateo et al., 1975; Kapu, 19753; Prasad et al., 1976).

Man provides a useful system for the study of essential
trace elements, because variations occur in association with
a number of clinical conditions (Halsted and Smith, 1970;
Underwood, 197 7@wkHalsted ct al., 1974; Kapu et al., 19762

and 1976b; Olatunbosun et al., 1972).

Because of growing need for the application of tracc
elements as diagnostic aids and indices for therapy in
clinical conditrons, it was found necessary to investigate
the range of concentrations of serum zinc and copper in
various socio-economic groups, and the asscciation of tns

concentrations with various diseases in Nigerians.
1.3. Review of the literature.

1.3.1. Zinc in man and other mammals.

1.3.1.1, Historical Introduction.

In 1869, Raulin (Halsted et al., 1974), a pupil of
Pasteur, discovered that zinc was indispensable for the

.
.

rowth of a black bread mould, Aspergi lus niger, Thic
] -

finding was confirmad in 1911 by Bestrand and Javillier
(Halsted et al., 1974). According to thesec authors

Aspergillus niger requires zinc in order to synthesize

phenylalanine, tryptophan,; and tyrosine as well as zeoveral
enzymes. Growth of peniciliin-producin. fungi is greatly

retarded by ninc deficlency of Lhe culturs modium, Evidence



indicating that zinc is essential to the grcwtﬁ of micro-

organisms has been summarized by Zajic (1969).

Todd et al. (1934) showed that zinc is an esser :ial
trace element for the rat. Interest in zinc in humans
followed the findings of Pories and Strain (1966) on the
relation of zinc to wound healing and of Prasad et al.
6961 and 1963 3) on the relation of zinc deficiency to
dwarfism and hypogonadism in boys in Syria, Iran, Egypt,

and Turkey (Cavdar et al. 1977).

1.3.1.2., Distribution in nature

1.3.1.201. Earthe.

Zinc makes up 0.004 to 0.01% of the earth's crust but
is unevenly distributed, averaging a2bout 50 ppm (Schroeder
et al., 1967). Rocks average 16 tc 95 ppm (Bowen, 1965).
Shales have the highest concentration and sandstone has the

lowest.

Analysis of moon samples brought back revealed a much
lower concentration of zinc in both the rocks and soils than
in materials fcund on earth. Igneous vock samples (busalt
and gabbro) contained from 0.2 to 32-0 ppm zinc (Apollo 11).
Eight rocks returned by Apollo 12 contained between 6.2 and
4,3 ppm zinc with a wean of about 4.0 ppm. Lunar scil
samples showed a range of 4,0 ~ 8.2 ppm with a mecan of 6.7
ppm, less than 15% the mean concentrotion of the earth soil

(Halsted et al. 1974).

L T



143.1.2.2, Natural water ,

Sea water cvontains 9 - 21 ppb of zinc while river
water in the United States of America contains 10 - 200
ppb, with larger amounts in acidic tha&a alkallne waters

" (Schroeder gﬁ;gi.,1967)._:-
1.3.1.2.3. Alr,

Tabor and Warren {1858) found zinc over a number of
American cities to be 0.3 - 48 Pg/cubic metre, with the

- largest amounts coming from indus:trial areas,
1.3.1.2.4. Plants. |

The zinc content of certain plan% and grass species.
 on.£ﬁé.sa§anna of northern Nigeria has been reported to be
around & mean of 46 and 43 ppm respectively in early growth
(Kapu, 1975b). The contents of land piant species found

in the United States of America vary widely around 2 mean
of 23 ppm (Halsted gt al.,1974). Vegetables and fruits
have low contents (0.2 - 0.9 mg/10C g), except legumes

which contain in the region of 3 ma/10 g,
14-301&2059 _&nima‘!ﬁ,

Marine animals have a wide range of zinc roncentra—
tions with oysters having the highes: around 74.7 mg/1C0O g

{Bowen, 1966)}.



Typicai normal vélues for zinc conéentration in
organs of several mammals are shown in Tinle 1.1, The';f'
total amount of zinc 1n the human body is in the range
1.3 - 2.3 g (Widdowson et al.,1951). Zinc is concentréﬁed
in certain specialized tissues, especlally in the prostate
of the rat, rabbit and man and in its fluids (Vallee,

1962; Underwood, 197?&} The choroid of the eye in all
species examined have high levels of zinc (Schroeder et
al., 1967). <Carnivores have 14,600 - 91,000 ppm dry weight,
" and herbivores 139 -~ 277 ppm. The iris also conﬁains high
concentrations (246 - 536 ppm). Although the reasons for
such high cencentrations of zinc in the eye have not been
advanced, it 1s possikle that zinc is needed in very high
concentrations in association with 1ts metalloprotein,
retinal dehydrogenase, for normal requlatiocn of wvisual

functions, especialily in the utilization of Vitamin A,

Hair zinc conéentratidn has been reportea to be
affected by zinc incake in rats, swine, cattle, goats and
in man (Halsted et al.;1974). Schroeder and Nason (1969) -
have reported a mean hair zinc of 167 ppm for healthy
males and a velun of 172 ppm for females. Butler et ul.
(1978) cobtained higher values iIn the hair of normal
American Negroes (220 ppm zinc) and American Caucasians
(228 ppm zinc). A lower hair value was obtained by
Baumslag et ai. (1973) for newiy delivared méthers {136 pom

zinc) in North America. These workers iiscovered +Lialt the



i

&
mean values of zinc¢ in hair decreased in mothers as parity

increased, and that zinc content of infants' hair (&25 ppm) s

wa higher than mothers' hair {136 ppm). The finding of a

-, decrease in zinc with parity seems to indicated a tendency'

to a nutritional insufficiency of zine in mothers who go
through many pregnancies. Further investigation is needed
to identify the need for supplementation for such mothers.
Strain et al. (1966) cbtained a mean hair zinc value of
119.6 ppm for North Americans and corresponding value of
1b3.3 ppm for normal Egyptians. Nigerians living in ;
western Nigeria {Ibadan) had mean zinc value of 150 ppn
ranging 75-286 ppm (Clatunbosun et al, 1977). Inter-
laboratory variations of technique may have contributed
considerably to the reported differences.

Barly studies (Underwood, 1977a) found in the zinec
content of the nails of 18 normal subjects to range from
93 to 292 ppm and to average 151 ppm., Sohler et al.
(1976) found fingernail zinc levels in healthy subjects to
_range from 68 to 145 ppm with a lower range of lﬁB ppm in
L{Bne series, and an identical mean fingernail zinc to be 150
ppm with a range from 104 to 427 ppm in another series.
*° The concentrations of zinc in plasma or serum, blood
cells, sweat, saliva and semen have been investigated, The“
values for concentrations of zin¢ in human body fluids are
presented in Table 1.2, Semen of men, boar and rams contain
high concentrations, 500 - 2930 ppm dry welight {Schroeder

et al. 1967). Zinc concentration of spermatozoa can be



_33§”._ i
dffecﬁed by tiﬁé samplihé after ejabﬁlatioﬁ,.éonditioné of.
storage, and membrane integrity (Underwood, 19775. Thus
Mauson and Fischer (Underwood, 1977a) have reported the“ '”
following average values: 2930, 1400, 910 and 1990 ppm dry
weight for first fraction of ejaculate, second fraction,
third fraction (human semen) and human spermatozoa, respece
tively. And boar spermatcezoa accumulate zinc when stored
in vitro in contact with boar seminal plasma (Underwood,
197735. o “'f' - fi   . e _I  ” ; -

The.results:of Vallee and.Gibsoﬁ (19481 indidaie.théﬁ
75 - 88% of the total zinc of normal human blood is " *"
contained in the red cells, 12 - 22% in the plasma, and 3%

in the leukocytes. The individual leukocyte contains 25

times as much zin¢ as the individual erythrocyte {Table l.2i.

1.3.1.3. Zinc metalloenzymes in mammals,

| Many metalloenzymes contain zinc, while othéé.eﬁzymés
are activated by zinc (Parisi and Vallee, 1969). Zine
metalloenzymes are of basic importance to many intracellular
biochemical mechanisms; in particular they regulate various
stages of protein and nucleic acid synthesis (Fell and ' -

Burns, 1976i.

Carbonic anhydrase was the first metalloenzyme to be
identified (Keilin and Mann, 1940), and since then over 86

such enzymes have been recognirzed (Lancet; 1978i. The common
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zinc metalloenzymes in mammalian tissues include carbonic
anhydrase (Parisi ¢nd Vallee, 1965%; Vallee oand Altschule,
1949; Vvallee et al., 1949; Keilin and Mann, 1939), ca:bo-
xypeptidases (Anon, 1973; Prasad, 1969), ¢ytochromes
(Mendiola and Price, 1969; Parisi and vallee, 1969), alka-
line phosphatases (Reinholdand Kfoury, 1969; Parisi and
vallee, 1969; Prasad, 1969), RNA polymerase (Weismann,
1976), metallothionine (Davies, 1972) and rhodanase

(Volini EE'EL')1957)'

Three forms of carbonic anhydc-ase occur in human ery-
throcytes named carbonic anhydrase A, B8, and C (Amstrong,
et al.,;1965; Laurent et al.,1965; Nyman, 1961). They are
also located in the kidney, gastric mucosa and pancreas
{Weismann, 1976). These different forms have many charac-
teristics in common: the same principal role in catalyzing
the reversible hydration of carbon dioxide, about the same
molecular weight, and one atom of zinc in the molecule

(Coleman, 1965; Nyman, 1961).

Addink (1965) examined the effect of X-rays on metallo-
protein and found that only firmly bound zinc was affc . .ted
by the releasing process. As the activity of the enzyme
after irradiation with X-rays diminished, the activity of
the enzyme */31s correlated with the content or firmly bound

zinc.
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Carboxypepridases A and B occur in pancreatic juice,
They participate in digestion. The activity of the enzymes

was lowered in zinc deficlient rats (Mills et al.,1567).

Glumatic dehydrogenase osccurs in the liver and leuro-
cytes. Tt is the principal enzyme catalyzing the metanolism
of amino acids. Retinol dehydrogenase is locited in the
retina of the eve, it converts vitamin A alcohol into vitamin
A aldehyde, and influences the visual functior (Weismann,
1976}« Alcohol dehydrogenase occurs in the liver, converts
alcohols into aldehydes and participates in the metabolism
of ethanol (Weismann, 1976). This enzyme is possibly iden-

tical to retinal dehydrcogenase,

Animal experiments have shown that the role of zinc
in nucleic acid metabolism is connected with RNA polymerase
activity (Terhune and Sandsted, 1972), as well as with DNA
sythesis. Lieberman and Ove (1962) demonstrated .:
that zinc iors are required for DNA synthezis by rat kidney
cells, Thus, inhibition of not only DNA synthesis, but also
of DNA polvmerase and thymidine klnase actlvity, occured
when zinc was removed from the growth medium, In controlled
experiments, Prasad 2t al. (1971) found a .educ=ad zinc and
RNA content in the tissue cells of pigs fed on a low zinc
diet. The concentration:s of certain zinc metallcoenzymes

were likewise reduced.



Fernandez-ﬁadrid et al., (1973) examined the signifi=-
canée of zinc for the formaticon of collagen in rats that
had polyvinyl sponges implanted subcutaneously. In the
newly formed connective tissue among the sponges, rats on

a zinc-restricted diet showed a reduction of the contents
‘of RNA, total ccllagen and nonucollagencﬁs protein, as wellu
as of the number of collagen-synthesizing polyrihosomes.

The interpretation of the results was that zinc deficiency
has a2 direct effect on the metabolism of nucleic acids.

with a resulting inhibition of the collaen and protein
synthesis. In rats fed extremely high as well as low zinc

diets; Chvapil {1%74) found a reduced activity of lysyloxid-

ase - an enzyme mediating the collzagen synthesis,

1.3.1.4. 2Zinc metabolism in man »

1.341.4.1., Dietary requirements for zinc s

. The dietary requirements for zinc are related to the
neéessity for growth, *%issue repair and. excreticon. The
amounts required changes with growth. The amounts of zinc
. whlch must be retained by the body for growth zan be esti-~
‘mated from analysis of the chemical composition cf the body
at varlous ages (WHCO, 1373). On the basis of sweat, urine
and the availabillty of xinc for absorption, it is possible
ito make a provisional estimate of the amount of the a2lement

- that the dlet must contaln in ord>r to prcvide for growth

3,



and inevitable loss by excretion. Such provisional gstie
mated levels would depend upon zine availability for .
abgsorption, which is influenced by the type of diet
ingested. Co .mst-  _ | e _

The appa;éhtﬁ entéfo?éntéritléirculation of zinc makes
precise estimation of abscrption and excretion impossible
by a simple measurement of intake and output. Ngvehthe—
less, the balance method has been the principal.iechﬁique
used in estimating zinc requirement for man. All of the
balance studies with presumably hezazlthy subjects indicated
that urinary zinc¢ excretion was low and not apparenti?
related to intake. In studies with adults, the intakes
varied from relatively low {about 5 mg/dayi to relatively
high (about 22 mg/day) (McCance and Widdeowson, 1942; Tribble
and Scoular, 19%4; Osis et al., 1969; Tipton et al., 1969;
Fox, 1970; Gommican and Catli, 1971; White and Gynne, 1971;
Abdulla and Norden, 1974}. Thls variation is probably dué
in part to the increasing use of ready-made food, when
appreciable loss of zinc takes place_during the course of
preparation. In addition, the zinc Cohtent of many crops
seems to be falling owing to an in¢reasingly acidic preci-
pitation and the use of lime fertilizers in modern agrono-
mic practices (Underwood, 1977a). S B

The recommended daily dietary zihc alloﬁéﬁceé Sf the

Food and Nutrition Board, National Academy of Sciences -

T i R



National Research Council (Harper, 1274) has been esti-
mated to be 3 - 5 mg for infants (under the age of 1
year), 10 mc for adult males and females (11 - 15 yecars
plus), 20 mg for pregnant and 25 mg for lactating wcmen,
According to Harper (1974), these are recommendations
for nutrients that should be consumed and, therefore, do
not allow for amounts lost during processing or prepar:-
tion of foods. They are recommendations for the main-
tenance of health and deo not take into account the

special needs due to illness,

These estimates are of known physiological growth
needs to ensure satisfactory rate of growth of children
and maintenance of weight and preventlion of nutrient
depletion of adults as a populaticn. They cannot be a
satisfaction basis for an "ideal"™ diet for individuals
because of differences in irdividual requirements. These
allowances were calculated for a population in the United
States of America and cannct be extrapolated justifiably
tc pupulations in Nigeria or Africa, generally because of
the differences in culture, dietary habits, agroncmic

practices, economic status and geographical area,

The utilization of dietary zinc depends upon the cor.
tents of calcium, phytate, and copper in the intestines

(Weismann, 1976).
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On the whole, nore informaticn is "equired on factors
affecting availability and utilization of dietary zinc in
order to make sound recommendations on the requirements

and dietary allowances for different population groups.

1.3.1.4.2. Dietary sources of zinc.

There is a wide range of variability of the zinc
contents of different diets probably because of the com-
position of the diet, particularly the dietary nitrogen
content, as most foods that contain a substantial amount
of zinc are also high in proteirn (0sis et al., 1972).

The wide range of values reported for the same food may
be due to differences in analysis, source and variety.
The zinc content of selected foocds is shown in Table 1.3.

Good dietary sources are seafoods (700 - 1600 Pg/s),
meats (30 - 50 pg/g). and whole grains, peaz and beans
(Zﬁ - 30 Pg/g). Bread, fat and sugar are poor in zinc and
may contain less than 10 Pg/g (Anon, 1975). Leafy vege=-
tables and fruits are also usually poor sources of dietary
sources of zinc (less than 2 pg/g fresh weight).

Human milk is reported to contain 3 - 5 ug/g (wet
weight) which is comparable to cow's milk (Table 1.3,
and WHO, 1973). Human milk contains about 10 PS/E
during the first two weeks after parturation, with the

concentration dropping sharply thereafter to about 0.5 ppm



(Anon, 1975).

The refining of foods usually results in decrease in
zinc content. Thus, bread made from white ficur has a lcwer
zinc content than the whole wheat bread (Table 1,3.). Simi-

larly, cornstarch contains less zinc than the whole kernel,

Food preparation metheds nlso affect zinc concentra-
tions. For example, the cooking water may contairn a wide
range of levels of zinc, while corrosive action of acid
foods in contact with galvanized metal increases the zinc
concentration. This source of contamination has decreasedwith
the greater use of stainless siz2el and non-metalic

coated utensils.

1.3.,1.4.3. Absorption of zinc .,

Early work on zinc absorption in man showed absorp-
tion to be approximately 20% of intake (McCance and WIddowson,
1942). Later studies suggested that the absorption of
dietary zinc may be higher, probably ir the region of 40%

from 2 mixed western diet (wHO, 1973).

Zinc abscorption from the gut is dependent upon 2 varie-
ty of factors. Among the factcocrs that increase the absorp-
tion and utilization of zinc are “he levels of trace elements
in the body, vitamin L, certain chelates, pregnancy and andro-
gens. Scott and Zeigler (Davies, 1972) nave shown that certain
natural foods, such as caseln and liver extract, contain

chelates which improve zinc absorption znd utilization.
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Lowering the pH of the intestines, and the changes occuring
during the final period of pregnancy both result in increased
zinc absorption (Feaster et al., 1955). Androgens markedly
increase the uptake of radioactive zinc by the prostrate and
presumably will increase intestina. abscorption (Davies, 1972).
Homeostatic control of zinc absorption operates in respect

to dietary level of zinc. Absorption of Zn65 is enhanced in
zinc deficiency and declines at higher zinc intakes
(Underwood, 1977a).

Many factors decreasing the absorption of zinc from the
intestines include phytic acid, dietary calcium and soy
protein.

Phytate (inosital hexaphosphate), which is present in all
cereal grains and most vegetablesz, can bind zinc and reduce the
biological availability of zinc (0'Dell and Savage, 1960).
Later, Oberleas et al. (1962) showed th-t phytic acid added
to an animal protein diet depressed grovth in swine. Using
rats, Hatcock and Abrahim (1978) reported that sodium phytate
decreased the absorption of zinc without changing the distribu-
tion pattern in the rest of the body. In human subjects,
Sandstrom et al. (1978) found that the absorption of zinc
from a whole meal bread made from wheat flour was lower than
from white bread. This finding might be related to earlier
studies by Reinhold (1971 and 1972) which showed that unleavened

bread consumed by Iranian villagers contains higher amounts of



18
phytate than urban bread, whici: is Qoovened and allowad to !

_ferment. .

. -~ : -
. . . . &5 . ,
Comparstive absorption ctudies with 2n in ruts showed

that zin= is absorbed morc Ly females than by males (Strain

t al., 1978).

T A ——

There are at leazt two proteins in *he intestlnal nucosa

that bind zinc (vYan Campen and Kowalski, 1972}, but the exact

[

nature of thics nc—~binding ligsnds has not heern prﬁven ecui—
vocally. However, the observatilons of Evens and Jghinzon (1%878)

implicate prestaglandin E2, gvans  (7973) showed Lhat

[

inc metabelli.m may be regulated v the metsal binding pretein
metallothionzin. When plasma cencentration 1s decreased by

‘altered metapolism or low dietary zinc intake, intestinal
metallcthlonelin synthesis is minlmal. wWhan plasme zinc concen~
tratlons becomes elevafed, zinc 1s deposited in the intestinal
cells which results in the induction of metallothionszin syntheslic.
Metallothionein sequesters newly absorbed dietary zinc and

thereby regulates the quantity of zinc which enters the body

(Evans and Johnson, 1978). S

Methfessal and Spencer (1273} using 2565 studied spaeific

[ TY

in rats by means of ligated intestinal sacse.

They cencluded thal the absorption of Zn6° was slgnificantly

aksorption sites

1

greater Irom ihe duodenum than from the more distal segments
of the small intestine ovar & 2=hour chservaiion oer’od,
absorptlon was much less from the mid j junuN and ileume Oridy

™Mlnical amounts were observed from thre stomach, caecum and




colon. The site of maximal abscrption in humans haz also been

shown to be from the ducdenum (£imes, 1978),

1.3.1.4.4, 2Zinz transport and stcrage,

Abscrbed or injected zinc is incorporated at differing
rates into different tissues., Uptake of zinc by the bones and
central nervous system ig relatively slow. 2Zinc entering the
hair is not available tc the tissuves (Underwood, 1277). The
most rapid accumulation and turnover rate ¢f absorbed zinc
occurs iIn the pancreas, liver, kidney anc spleen (Feaster et al.,
1255). The zinc in these pvgoans 2and the ncre slowly exchanging

zinc in the muscles and the red cells conszitute a soft tissue

zinc pool of varying exchange rates.

In nermal plasma in the post absorptive state, zinc is
reported to be about one-third tightly bound to®&p-mazroglobulip
and two=-thirds lcosely bound tc glbumin, with traces bound to
the aminc acids, histidire and cysteine (Frieden, 1978). However,
in the absorptive preccess, two-thirds of the zinc was observed
in a transferrin fraction in portal plasmez ﬁwans & Winter,1975),
Thus zinc appears to be carried by transferrir to the liver
prior to becoming bound to albumin or incorperated intd}é-—

macreglobu’line

1.3.1.4.5. 2Zinc excretion.

Zinc loss occurs frum the bedy mainly by way of the faeces.
Greater part of the zinc in faeces ic non~absorbed zinc from the

food, whereas a smaller part comec with ihe pancreatic juice or
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to a modest degrée, witﬁ.ﬁhe bile (Héiémann, lé?Gi. In
humans, daily faecal zinc excretion iqp°eases with dietary
intake (Greger et al., 1978).;;5}ij;:?; “"“ o

The normal 24=hour urinary zihé é#éretioﬁ"ié very ®mall
and varies between O.l and 0.9 ng (Weismann, 1976 and Table
1.2}, And unlike faecal zinc excretion urinary zing
excretion is unaffected by dietary variations {Greger et al.,
L9787 . _ L .

Sifnificant quantities of zinc are excreted in sweat,
especially in hot climates, and in milk, especially colostrunm
{Table 1.2.). The daily loss o7 zinc via the skin, nails,

and hair is approximately 0.5 mg which is similar to that in

urine (Table 1.2., Schroeder et al., 19567). = .

1.3.1.5. 2Zinc déficiéhcy in man.

Zinc deficiency has been r:portazd in children living in
North America (Hambridge et al.. 1972} +ith low hair zinc
levels of less than 70 ppm, a concentration similar to that
reported for Egyptians adults suffering from symptomatic
zing deficiency {Strain et al., 1966). Daily dietary
aupplemehtation for 1 to months with 1 to 3 ung ZnSOQ/kg body
welght restored appetite to normal and hair zinc concentrae

tions increased in 50% of the children.

1.3.1.5.1., Nutritional zinc deficiency.

1.3.1.5.1.1. Absolute zinc deficicncy ”._I

Insufficient zinc may be present in synthetic¢ amino acid

mixtures used both orally and intravenoualy in total



parenteral nutrition and consequently supplementation with

zine and other trété elements becomes cobligatory when using

 these products to avoid abnormal nutritional effects (Fell

L and Burns, 19?6}-;iff .=“.

1 3,1.5.1,2., Conditioned zinc deficiency.

Absolute dietary zinc deficiency is unlikely under
natural conditions since zinc occurs in most foodatuffg.
However, the reduced availability of zinc in a cereal diet
rich in phytates can lead to occasional zine deficiency
{Parisi and Vallee, 1969; Prasad, 1969; Halsted et al.,
1972; Reinhold et al., 1973) or from the habit of clay-
eating (geophagia) (Prasad gt al., 1961; Anon, 1973; Cavdar
et al., 1977). These authors theorized that the ingestion

of clay resulted in phelation of both iron and zinc.

1.3.1.5.2, Malabsorption. .

Malabsorpli.on of zinc can also be a feature of gagtrow
intestinal disease and an inborn error of metabolism

(acrodermatitis enteropathica) in which reduced the intestinal

absorption of zine has been postulated {Lombeck gt al., 19?5).

The defective absorption of zinc in acrodermatitis entero-

pathica can be compensated for by administration of about .
50 mg zinc a day (Nelner and Hambidge, 1975; Weismann and
Wadskov, 1975). The excretion of zinc in urine and faeces

remains normal (Lombeck et al., 1975),

1.3.1.5.3. Increased losses of zinc. f f ;Mmﬁgf;fQ
| Zinc is a component part of all biological fluids, and

AL ST
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excassive sweating, wound and skin exudates, loss of hlood,
gastrointestimal fluid, facues and urine ¢an reguli in 2inc

deficiency (Fell and Burns, 1976).

1.3.1.5.2.1.Fxecess sweat lose,

Excessive sweating could _ncreasc zine loss up te 2 - 5

mg per day (Prasad g 1. 1%23bs Prasad, 1%69; Anon, 1873),

et ——

but ay be preserved in the deficlient subject (Prasad gt al.

2o
19€3p),

1.2.1.5.3.2.Loss of blooda S -

Blood contains about 10 pg/ml (Tabled?.), so that hook-

worm and S. hzemdtobium infestations can contribute to body

depletion (Prasad, 1962; Halsted et al. _1972; Anon, 1973).

— =)

T1e3elefe3eI . Evress urine loss.

The metabolic response to injury and accompanying tissue
catabolism, results in an increased excretion in zinc in urire,
and this increase is in direct proportion te the saverity of

the orignal imjury (Feli and Burns, 1976},

Zinc excretion in urine mzy be increased up to 2 - 8 ng
per day in a8 large number of acute and chrenic illrnesses

(Prasad, 1969; Halsted and Smith, 1970; Ason, 1973; Fell

)
'

and Burns, 1976}, hepatic cirrhosis (Vallee, 1959; Fredricke

2t al. 19¢4; Boyett and Sullivan, 196%; rrassed, 1965;

Al Wt J ;(:.

Halsted and Smith, 1270; Halsted gt al. ) 18725 Uncerwood, 20778
o /
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_____ '
1972; Fell and Burns 19763 Underwood, 1977&))tissue
damage from any cause (including surgery, trauma, myo-
cavdfnblnfarctiun, and burns) (Bottomley, 1969; Halsted
ancd Smith, 19270; Fell et al., 1973), protein deprivation
{Smit and Pretorius, 1964}, chronic skin ulcers f(Halsted
and Smith, 197C; Halsted et al., 1572), and sickle cell
diseace (Frezsad et al,, 197€) although Butler et al.
11978) were unatle to confirm increased urinary zinc

in sickle cell disezse,

1.2.,1.5.4., Metabolic alteration.

Disturbances of zinc metabolism are known to occur
during a variety of other diseazse conditions leading to
alterations in plasma zinc and may result in incduced zinc
deficiency secondary to the original disease proces:., The
plasma zinc is low in patients with neoplasmg (Vallee,
1959; Fredricks et al., 1964; Davles et al., 19€8; Mathur
et 3l., 1978), unless the site is in an organ which is
rich in zinc, such as bone, when levels are high (Acdink
and Frank, 1959), Plasma zinc is low in leukaemias of
all types (Vallee, 1959; Fredricks =%t al 1964

w.i-n’
—— —

Menciola and Price , 19€9), but red cells zinc s

0N

o

reported to be elevated (Talbot and kose, 1960),

Plasma or serum zinc concentrations are r:ported
to be diuinished in megaloblastic anraemias (Fredricks

et al,, 1964} and B -thalassaemia (Prasad et al.,
5

= |
i
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IAksoy.and Erdemn, 1577). In Michigan, Hew York énd Jamaica,‘
sickle cell a~aemia patients wers found tc hav~ depressed
levels of zinc in plasma or serum (Serjeant ek al., 1570;
Karayalcin et. aj., 1974; Prasad et al.; 1376). However,
Kapu et al. (997¢a) reported frem northem Nigeria that
sickle call anaemia satients have a.gﬁod zina status,conpa-
rable to healthwv controls in rlasma. Thens workars postu-
lated that Nigerlan patients suffering frow gickle cell
anaemia may have a better zinc status than patients in North
hmerica and the West Indies, anc this might erplain why leg
vicers are less frequent in sicklie cell araamia In West
Africa than in fhe New Wo.rld. Butler et al. (1278) from
Washington D.C., have aiso reported that sickle ce21ll patients
showed zinT levels egqual to healthy Nagro control grouvpne In
clasma. Red cel}l zinc is generally unaltered (Vallee and
Gibson, 1949) or slightly raised (Vallee and Altschule, 194%)
in most anaemias, except in megaloblastic anasemia, whern 1t

is elevated in parallel with high carbonic w-hydrase activity
(Vallee and Altschule, 1%49; Vallee and Gibson, 134%; Talbot
and Rose, 19€60; Frecdricks et al., 1964). Red cell zinc in
sickle cell anzemia presents a special case similar to that
of plasma zinc in sickle cell anaemia, Some workers have
reported elevated levels (Vallee and Altschule, 192%; Talbot
and Rose, “.360), and this may have been due to complicating
folate deficiencys normal Levals have bheen reported iValies
and Gibson, 194%: Butler et 2l., 1978), but (=Ishlegel = 3

{1973) reported abnormally low re=d cell cinc in 40 out of 16
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sickle cell patients, and peinted cut that ithis could nave
bearing on ¢ low naemcakbin oxygen alffini’ly, stuntad growth
and indolent ulcers, This has been confirmed hy Prassd

rn 72 out of 34 sickle c¢oll patientsz. These

j

t al. (1576)

workers related their findiigs to the role of zinc in
decreasing hasmoglobin-hindine to red blosd ¢ell membranes
and antagonizing the effect of calciur 31 sickling

n vi

——

Prae
!O

=3 al.’ 1274, Zinc and copper

(prasad gt al., 1976; Dash
compete with each other for similar binding siltes an protelns,
and ir zinc-deficilent tissues an increase in copper has beean
observed (Prasad et al., 1967}. .- Plasma serum copper has

also been found to be elevated in sickie cell disease

CGlatunbosun et 2i., 1975a% Butler et al., 19735 Xapu et

s

’\.
e

[

976h; Prasad er 3l., 1576},

Hair zinc analysis has

1,

ceen shown Lo be 2 reliable,
:simple_ anu atraumatic method of assessing bedy zinc stores
(strain et ai. , 1968). Subsequently, Prasad et al, (1978)
determined hailr zinc in sickle cell poatients and reporicd
significantly decceased levels in comparison with normal
controls and suggested that the sicklie cell patients may have
had chronic zint depletion, 2 finding thatl was not confirmed
by Olatunbosun gt al. (1977) and Butler £t al., {12978). These
findings further land support to the ear¢i

Kapu et al, (1

\O
~1
3

621 thet Nigerian patients suffering freom
sickle cell anaemia mey have & hetter oinc stakus tharn

o patients in North America and the West Indles. Thi

m
%)
e
o 3
"‘

erplain why leg ulcer: z2re lecs freguent in sickle cell znzeomin

in West Africa thali in whe west 1oadies. whores imorevemnsnt in
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the rate of healing of leg ulcers has been reported after

the administration of oral zinc (Sergeant et 23.319703.

1.3.2. Copper in man and other mammals.

1.3.2.1. Historical introduction,

Copper was first shown to be essential in animal nutri-
tion by Hart et al. (1928). They reported that when rats
and rabbits were fed a milk diet an anaemia developed that
iron supplementation did not correct and was relieved only
when copper-~containing ash of certain foods was fed to une
animals. This work established the necessity of copper, in
addition to iron, in the formation of haemoglobin in thesc
animals. Haematopolesis was considered to be the principal
physiological activity involving copper until field studies
witq sheep and cattle revealed wider functions for this

element (Underwood, '197'?b;,

Neal et 2l. (1931) first showed that copper deficiency
occurs naturally-in grazing cattle, in Florida. Sjollema
(1933) discovered that copper deficiency was a casual factor
in a disease of sheep and cattle locally known as lechsucht
occuring in Holland. 1In 1937, Bennetts and Chapman found
that a disease of lambs in Western Australia decsignated enzo-
otic necnatal ataxia, was due to inadequate copper in the
qrazing fodder. During this period, laboratory studies dis-
closed & variety of other physiclogical functions involving

copper. Defects in the process of pigmentation, keratiniza-
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tiohldf wool, bohe fnrﬁation, raproduciibn, myelinafion of
the spinal cord, cardiac function, and connective tissue
formation, in addition tc those of growth and haematopoiesis
in several species including the rat, rabbit, cat, deoq,

goat, and sheep are found to be associated with copper defi~

ciency (Underwcod, 1377h).

 -{| A copper deficiency in humans has only:recently been
.bbserved. Sturgeon and Brubaker (1956) demonstrated the use
of correr sulphate in relieving an anaemic condition in five
young children. However, adult man does not develop a coppat
deficiency even during long periods of malnutrition
(Cartwright and Wintrobe, 1946). Two genetic defects adver-
sely affe-cting copper metabolism in man are Wilson's diséasq
in which excessive copper is retained characterized by a
deficiency of copper carrying protein caeruloplasmin
(Cummings, 1962),and Menke's steely lLair disease (panks et
al.,1972; Henkin and Grover, 1978).

1.2.2.2, Distribution of copper in nature,

1.3.2.7.1. Earth, | |

Soils contain on the average 2C ppm-copper ranging from
2 to 100 ppm. Recks contain 45 ppm on the average, with
1gﬁeous rocks having the highest concentration (5% ppm) and
sandstores the lowest {4 ppm) (Bowen, 196€),

1.3.2.2.2, Hafural wat:r,

In sea watar, copper concentration (C.003 ppm) hes
changed very littlae due tc precipitation In sez water
(Schroeder et @l., 1966), Fresh river water conitzing 0,01 pom,
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with higher levels occuring in some rivers possibly as a

result of industrial contamina'ion.

1.3.2.2.3. ir.

- ——

Air is a major source of a number of trace metals
(Tizton and Schafer, 1964)., Normal copper values in air is
0.02 Pg/m3 {(Bowens, 1966). Distribution of copper in the
air over some United States cities varied from 0.09 pq/m3 to

about 2.4 Pg/ms (Schroeder et al., 1967).
1.3.2.2.4, Plants.

Marine plants contain copper in concentrations (11 ppm)
greater than in sea water (Bowens, 1966; Schroeder et 2ail.,
1966). The average copper contert of scme of the plant and
grass species on the savannas cf northern Nigeria were reported

qto be 15.10 and 11.80 ppm, respectively during the beginning
of the rainy season in April (Kapu, 1975h). Other workers
elsewhere have reported similar figures (14 ppm) for land
plants (Bowen , 1966).

T1e3eZaZasds Animals.

Marine animals concentrate copper from sea water up to
5000 ppm and American oysters coacentrate copper up tc 1500
ppm, green oysters having as much a3 3300 ppm copper (Schroeder
et al., 1966). Wide variations reflect the prox‘mity of oyster

beds to rivers containing factory effluents.

On a normal diet the average humén body ccnteins 200 -

150 mg of copper (Suss-~Kortsak, 19€5; Daviesz, 19%2: Urncerwoud
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1977b; Butler and Daniel, 1973) although a lower range has
been reported to be 80 to 120 mg (Burch et al., 1975). Young
and newborns contain a higher tissue coi1-entration of copper
than adults.

The copper content of adult humin 5 -°'gans and tissues is
shown in Table 1.4, The liver, braii, <’ dneys, and heart
are tissues of relatively high coppe concentrations;
the spleen, pancreas, muscles, skin, an! prostate represent
organs of intermediate copper concen' rations; and the organs
(bone, pituitary, thyroid, and thymus) are examples of
tissues low in copper (Underwcod, 1977bk). In laboratory mice
or rats and most wild animals stuaied high copper concentra-
tion occurs in the spleen, brain, liver and ovary (Schroeder
et al., 1966). This has been confirmed in cattle and sheep,
with higher copper concentrations in th: liver than other
animals (Underwood, 1977b). In man (Schroeder et al.,1966),
the brain was the only organ with conc' 1tration8 increasing
from birth to about double the level at meturity. In most
other tissues the copper concentratiosn +dccreased from birth
to maturity, indicating that the "igh total body copper of
the newborn is a reflection of high coporer levels of several
organs and not merely of the liver (Underwood, 1977b). The
pigmented parts of the eye contain exccptionally high concen-
trations of copper, although therc are Zifferences among
species (Underwood, 1977b). Coppcr is associated particularly
with the melanins and is largely bound in ionic form to

protein.
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Schroeder and Nason (1962) have shown that mean copper

o

levels in nacural hair from healthy females (55,86 Fg/g) vas
higher than that from males (16.1 pg/g), declining with zge
in females to normal male values after the age of 40. Tnese
workers observed that natural hair from both zexes belcw Llhe
age of 30 years contained more copper than depigmented halr,
Baumsla;«?—t- 21. (1974) obtaiied lower ha:'= copper values

(17.9 Pg/g) for parturient mothers below 39 yvears of age, In
that study, it was reported thcc as the age of the mother
increased)the copper levels in the infants' hair decreased.,
However, the infants' hair copper values increased as the

parity of the mecthers Iincreased only in blacks. HNormal necnite

hair copper v&lues were reported to be 1C.9{Fg/g.

The concentrations of copper in bislogical fluids of
man reportec by different worikcers are shown in Table 1.5. In
normal pregnancy there is a gradual increase of both serum

copper and caeruloplasmin levels, culminating in levels about

twice the nen—-pregnant normal at term (Scheinberg et al., 1958)

Cerum copper levels vary markedly with age, with contents
of newborn infants (36 ngaoo ml) muvch lewer than adult values
(Table 1.5.), and the average value obiained in parturient
mothers (216rg/100 ml){Sass-Kortsak, 1965), Cartwright and
Wintrobe (19€4) reported significantly higher levels of serum
copper in normal adult ‘emales (114 Fg/;oo ml) compared to
males (105 Fg}loo ml). There is no sigrificant sex diffarrﬂcaﬁ

in wheole blcod or plasm2 of most animals. FPlasma copper does

not increase following meals or decrease durinc fasting.
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Fhysical cxertion in man prodiuces no change, but violent
exercise induces a sionificant increise in whole bleood copper

in sheep (Underwood, 1¢77ky.

1.3.2.3. Copper metalloenzymes in mammals.

Copper is known to be a constituent of a number of
enzymes found ir. mammals. The active metal is firmly bound
in a constant stoichliometric ratio te the protein in these
enzymes, There are several ways of classifying metellcenzymes,
but the simplest one,; under individual metals, fails be-ause
sevaral examples are known to contain more than one metal.
Some copper enzymes like those of =inc have ne prosthetic group
and the metal is bound directly to the protein, so that one
functicn of the metal may be that of maintaining the spat.izl
arrancement of the protein chain. Table 1.€. shows the major

copper me# alloenzymes found in mammals.,

Caeruloplasmin is an ®K-globulin. It can act as an enzyme,
acting as an oxiéase towards serotonin and ascorkic acid in
vitrc. The physiclogical role of caeruloplasmin is partly te
serve as a transport vehicle and to release copper at specific
- cellular sites. This role is related to the catalvtic activity
as an coxidase in which the copper cycles from Cu (II) to
Cu (I} and back again (Freiden, 1978). Th= availability of
iror and the rate at which it ultimately ends up as Fe (III)y~
transferrin ccmplex depends on caecpuloplacmin. Thus,
caeru!oplasmin‘is a molecular lini. between copper and iron

metabolism,
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Cytochreme € oxidase is an enayme found In ail aernbic
cells, and  is mainly responcible fer the introduction of
oxygen into the oxidative machinery that produces the encrgy
which we need {or physical activity and biochemical synthesis,
vihen cyitochrome oxidase actien is blocked, as in cyanide
polsoning, all celiular activity grinds to a quick halt} in
bnly'a féw'minu.eé. Cytochrome C oxidasze may be regarded as
the ultimate in the integration of the function of ircn and
copper in blological systems. A chemically similar enzyrme,
tryptophan - 2, 3 -~ dioxygenaéé, catalyzes the insertion of
moleculer oxygen into the pyrrole rinc of tryptophan vielding

compound, N-formylkynurenine (Freiden, 1973).

Monoamine oxlidase catalymnes the oxidative deaminaticn of

lysine residues of elastin peptide chains to produce desnosine,

the compound that forms cross-links between elastin fibres in
elastic tissue (Burch et al., 1975).
| Lahey et 21. (1958) first demonstrated that tyrosinase

plays an integral role in skin pigmentation. Tyrosinase cata-
lyzes the conversion of tyrosine to 2-L-~ zlanine (dopal., Dopa

is subscquently converted to melanin,

Both metallothicnein and superoxide dismutase are impli-
cated in the mechanisms of copper absorption from the stomach
and the upper gut by providing binding sites for c¢opper which

is then released to the plasma transport mechanisms (Evans, 1273).
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1.3.2.4. Copner metabolism in man.

Wintroue (1967) summarized the process of Ingestion,
absorption, iransport and storage, and excretion of copper

in a schematic diagram (Figure 1.1.).

1.3.2.4.1. Dietary requirements for copper

The average North Americen diet has beeﬁ stiown to contain
2 - 5 mg copper per day (Cartwright and Wintrobe, 19643 and b).
The minimum daily copper requirement for the adult human has
been estimated by Chou and Adolph (1935) and by De (1949%) as
2.0 and 2.02 mg, respectively, for the male, and by Leverton
and Binkely (1944) as 2.0 mg for che female, Butler and
Daniel (1973) suggested higher daily requirement of 4.5 to
5.0 mg for young women, allowing a safety factor of 2.0 mg and
an a_lowance of 6.5 to 1.0 mg for sweat and menstrual losses,

depending upon the climatic conditions, added to the minimum

requirement of 2.0 mg.

Estimates of copper requirements of different ages of
children have been made from ba'!ance studies. Children
between the ages of 3 to 6 years weighing up to 20 kg require
1.0 to 1.6 mg copper daily (Underwood, 1977®)., Engel et al.
(1967) estimated, from balance studies carried out on 36
preadolescent girls aged 6 to 10 years, that 1.3 mg copper per

day is necessary fer equilibrium.

Copper balance studies reported by Sass-Kortack (1965)

in full term newborn infants showed minor over-2ll loss or orly
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a minimal deqreec of retention. Premalure infants, without
exception, were found to have & slightly negative balance,
These findings suggest that in this age grecup there may not
be a dependance on dictary supply of cocper. The increased
copper depots present in newborn and premature Infants are
apparently being used preferentially for growth requirements

in this age aroup.

1.3.2.4.2. Dietary sources of copper.

The amount of copper ingested daily from the diet is
dependent upon the choice cr selection of individual foods
making up the total diet. It can also be influenced by the
locality in which the foods are grown and by the degree of
contamination from extraneous copper during processing,

sterage, and treatment with copper fungicides,

Schroeder et al. (1966) has stressed the importance of
drinking soft wgter as a further source of copper. These
workers observed a progressive increase in the copper in
water from brook, to reservoir, to hospital tap, as well as
a considerable increment in soft water éompared to hard water
from private homes. In their report, it was claimed that
soft waters, because of their capacity to corrode metallic
copper, could raise copper intakes by as much as 1.4 mg/day,
whereas hard waters would reduce this source of copper to

0.05 mg/day.

The different classes of human fcods differ greatly in
copper content, with wide individucl variation within parti-

cular food iiems {(Table 1.7).



35

The richest sources of copper are crustaceans and
shellfish, especially oysters, and the o>rgan meats (liver,
kidney, and brain), followed by nuts, dried legumes, dried
vine and stone fruits and cocoa. The poorest sources of
copper are dairy products, milk, dutter and cheese, and white
sugar and honey. These foods rarely coatain more than b.S
yg/g copper. The non-leafy vegetables, nost fresh fruits,
and refined cereals including white flour and bread,
generally contain up to 2 yg/g copper (Schroeder et al.,1966).

The refining of cereals for human consumption results
in a significant loss of copper, as with most other minerals,
Thus, the mean copper content of whole grain of North
American wheats was reported tec be 5.3 pg/g, whereas the
copper content of the white flour made from these wheats
averaged only 1.7 pg/g (Underwood, 1977b).

The tolerance of most monogastric animals for copper
is high (WHO, 1973,. However, copper polsoning can occur
as an industrial hazard in worlkers engaged in mining proce-
ssing. And the report of probable copper poisoning in a
15-month-o0ld infant suggests that continuous ingestion of
copper from water supplies containing more than 8 mg/l may
constitute a potential hazard if exposure is prolonged
(WHO, 1973)., Public Health measures in most developed
countries effectively control the use of copper compounds
in the colouring and preservation of foods and copper

compounds are not now so prominent among available fungicides



and insecticides as they wore several decades ago,

1.3.2.4.3., Adsorpticn of copper.

Studies in man have given diverse fiqures for the
amount of copper normally absorbed from an average diet. As
little as 1% of the dietary intake was absorbed in one study
(Cartwright ei al., 1948) and abcout 38.6 and 49,.9% on intakes
of 3.4. and 4.2 mg, respectively (Butler and Daniel, 1973),
which were comparable to the results of Leverteon and Binkley
(1944). Ceopper absorption and retention is affected by the
chemical ferms in which the metal is ‘ingested, . by the
dietary levels of several other minerals and organic sukstances,
and by the acidity of the intestinal contents in the absorp=-

tive area.

According to Tompsett (1940) an acid pH of the intes-
tinal content facllitates dietary copper absorption in mice,
This finding has been confirmed in human studies (Underwood,
1977; Davies, 1972). The more soluble copper salts or the )
cartonate are more easily absorbed in the human than the

less soluble or the oxides (Underwood, 1977f).

High intestinal ccntents of other trace elements such
as cadmium, mercury, silver, and zinc decrease copper absorp-
tion because they compete with copper for binding sites in
the intestinal mucosa or on the metallothionein protein
(Burch et al., 1975). Calcium si)ts depress copper absorp-
tion (Tompsett, 1940), poscsibly because they form a more

alkaline medium in the uppcr intestines,’ This . woculd
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.&isédurageﬂﬁhe fdrméﬁidn.of acidic amiﬁﬁ.acids ﬁhich are
known to promote copper absorption {(Underwood, 1977b).
Dietary molybdenum and sulphate are known to adversely _
affect the storage and availability of ccpper. Both if fIg
molybdenum and sulphate reduce the uptake of radiocactive o
copper by the liver and reduce its incorporation into
caeruloplasmin as well as reducing copper solubility in
the gastrointestinal tract in animalg (Underwood, 1977b;

Davies, 1972; Burch et al., 1975), but appear unlikely ,wf;

N

to produce significant antagonistic effects upon copper % . 7.
metabolism in man (WHO, 1973). Sulphide anjons also react
with copper in the gut to form cupric sulphide, which is
insoluble. This reaction is used therapeutically in
Wilson's disease to diminish the absorption of dietary
copper (Sass-Kortsak, 1965; Burch gt al., 1975) .
Organic substances, particularly phytates in thér.” .

diet can reduce intestinal absorption of copper (Underwood,
ETQ 1977b). Buttler and Daniel (1973) studied copper ._ zgl;fﬁ -

. metabolism in young women fed on peanut flour and cﬁséin—
lactalbumin sources of protein and concluded that the lower

apparent absorption observed in those fed with peanut

-Eg flour might have been due to the relatively high content

of phytic acid in peanut flour, which is absent in casein-
lactalbumin, This is due to the formation of nonabsorbable
complexes in the gut (Burch et al., 1975).

““%.  Kirchgessner and Grassman (Underwood, 1977b) have shown that

the affinity of copper iona for inorganic and organic ligands in
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the food can reduce the rate of absorplion, depending on the

size and stability of the resulting complexes. With essenkial
amino acids forming complexes, absorption is faster than from
complexes formed by ligands with non-esscntial amino acids, in

the gut wall.

Copper is absorbed mainly from the stomach and the duode-
num in man (Sachs et al., 1943; Underwoed, 1977) 3 Durch et zl.,
1975) by at least two mechanisms. One, an energy dependent
process, is facilitated by amino acids and probably represents
the absorption of copper complexes of amino acids., A larger
portionof the copper is absorbed by the second mechanism and is
bound to two protein fractions in the intestinal muccsa. One
of these proteins is probably the copper enzyme, superoxide
dismutase. The second protein involved in copper absorption
is rich in sulphydryl groups <ind has the characteristics of
metallothionein., This protein may act to provide binding sites
for copper,which is then slowly released into the plasma trans-
port mechanisms (Underwood, 1977f; Burch et al., 1975; Freiden,

1978) .

1.3.2.4.4. Transport and storace of copper.

Abisorhed copper is transported in the blood by Cu~albumin,
Cu-~histi’ine and caeruloplasmin (Freiden, i278). Cu-albumin
and Cu-histidine arc tra~sient compounds on their way to the
liver for storage and for the biosynthesis of caeruloplasmin
or released for incorporation into erythrocuprein and vario.s
other copper-containing enzymes of tiie cells (Underweood, 19?753

Freiden, 1978).
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Injection of radiocactive copper into the blood causes
a rapid increase in plesma radloactivity as the copper is
quickly bound %> albumin, this is followed by & decline in
radicactivity as radioactive copper attached to albumin ls
distributed to the copper proteins in the i1ilver and clsewhere r
in the body. This decline is followad by a {urther rise in
plasma radioactivity as copper Incorporaled into caeruloplasirin
is released from the liver intc the blood (Davies, 1972). After
equiiibrium has occured, copper bound to caeruloplasmin consti-
tutes about 95% of that in the plasma (and is firmly bound).
The remaining 5% is loosely bound to albumin (Bush et al.,

19563;Davie5, 1972; Underwood, 1977h. Freiden, 1978) (see

Figure 1.1.).

1.362+%6 5 Excretion of coppere.

liost of the copper ingested is excreted by way of the
faeces (see Figure 1.1.). A high proportion of this normally
consists of unabsorbed copper but active excretion via the bile
occurs, and insxan.the billary system is the major pathway of
excretion (Underwocd, 19778) Of the 2-5 mg copper ingested
daily by adult man, 32% is absorbed, slightly less than this
is excreted in the bile, and a small amount passes directly into

the bcwel (Wintrobe, 1967).

The kidneys play a minor role in excretion, eliminating
only lonic or leosely bound copper (Schrocder ot al., 1966),
Reported values of copper excreted d.ily are extremely variable
(Table 1.5.). This varlability may partly reflect analytical

difficulties i1n estimating the comparatively low copper concen=
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~trations normally present in uring,

Negligible amounts of copper are losk in the sweat,
Under hot, humid conditions,Mitchell and Hamilton (1945) found
high loses of 1.C to 1.9 mg Cu per day. Under moderate con-
ditions, smaller losses in the magnitude of 0.0% tec 0.07 mg/

day occured (Butler and Daniel, 1973).

Normal menstrual losses range from 0,19 to 0.72 mg/period
(Ohlson and Daum, 1935; Leverton and Binkley, 1944) which was
equivalent to an average of 0.5 mg Cu per pericd and estimated

to be slightly less than 0.2 mg per day (Underwood, 1977;9‘

Salivary copper excretion is probably dependent upon the
volume of saliva spat out, since most of the saliva produced
in the mcuth is often swallowed. However, substantial amounts
of Cu may ke lost cduring fasting periods during which &
majority of those fasting spit out their saliva (personal

observation).

The loss of copper in the milk at the height of human
lactation is much higher (0.4 mu/per day), imposing no known

nutritional hazards (Underwood, 19?1&9-

1.3.2.5. Copper deficiency in men.

1.3.2.5.1. Nutritional copper deficiency.

Copper deficiency has been recported in fou' infants who
had fed exclusively on milk and developed malnutrition. Copper

supplementaticn reversed the ceondition (Sturgeon, 1956).
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Naturally occuring copper deficiency has net Geen proven
to occur in adult man (Sass-Kortsak, 19b5)}mosh probably because
of the low copper minimum requirements (2 mg/per day) and wide
distribution in the foods (Table 1.7.). Hovever, Lthe possible
effects on the human population of a lowered scoil copper content,
a lowered copper status in animals and consequent inadequate

concentration in Zoods has been studied in zeveral ways.

Guthrie et al. (1978) have shown that in New Zealand,
the daily intakes of copper averaged only 1.5 mg, and that most
residents studied had inadequate copper status as estimated by
their toenail, serum, erythrocyte, halir and organ levels. A
report {Klevay, 1978) from the U.S.A. stated that most of the
diets contained lower copper contents (0.8 mg). Therefore,
unless foods are chosen very wisely for their mineral contribuw
tion tc the diet, adults may be at some risk in their intakes

of copper (Hariand et al., 1978).

i (. 39700, P (e I Absclute copper deficiencye.

Cases of copper deficienfyanaemla (hypocupremia) have
been described in children. 1In kwashiokor,'the hypocuprerniia
appears to arise from the low protein and the frequently low
copper intakes “o©of the diets. The hypocupremia of infants regults
from an inability of the infants to obtain sufficient copper
from their copper-low milk-diets to prevent copper depletion in
the face of increased loss of the plasma protein into the bowel
(Cartwright and ¥Wintrobe, 1364a; 1964h). Also, normal breaste

fed infants are unable to obtain sufficient copper from the milk
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to prevent some body copper depletion (Underwood, 1977k .
However, hypocupremia of childhood does not necessarily
arise in infants on exclusive milk diets (Wintrobe ot 21l.,
1953}, A more oonvincing evidence of copper deficlency

in infants has been obtained in Peru, where severely
malnourished infants aged 8 = 15 months were recelving a
high-calorie milk diet deficient in copper {(Cordano et al.,
1964; 1966). In most cases of infant copper deficiency,
copper supplementation reversed the conditions (Cardano

et al,, 1966; Underwood, 1971f).

Naturally ocﬁuring copper deflciency has not been
proven to occur in the adult human. However, with the
advent of iIntravenous hyperalimenation fcr protracted
periods, we can expect an increased number of adults
to develop anaemla because of copper deficiency. The
copper protein, caeruloplasmin, appeers to be involved
in the catalysis of absorbed or mobilized iron from the
ferrous to the ferric state for transport of the iron to

be used in haemoglokin synthesis (Evans, 1973). C

1.3.2.5.1.2. Conditioned copper deficlency

Copner deficiency reported in infants and.youné
children may be conditioned by the unavailability of
copper i phvtate rich cereal preparations from "milk
formula" diets (Graham :nd Cordanc, 1969; WHG, 1973),
In improverished communities clay eating 1s common
among many infants {(Prasad et al., 19613 Anon, 1573

A,

Cavdar et =al., (1977). The chelatiocn op iron by
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clay may be responsible, in part, £or the disturbed
synthesis of caeruloplasmirv. and le~d to conditioned

__impailed copprar vtilization,

1.3.2.5.2. Malaksornptinn,
Malabsorption of copper is a feature of Menkels
"Kinky hair” syndrome in the infant {(WHC, 19733 Durch

et al., 1975 3., HMenke's kinky hair syndrome js a

progressive brain disease assoclated with subnormal
serum coéper and¢ caeruloplasmin levels, and nervouvs
tissue is almost devoid of the copper enzyme cytochrome
C oxidase., Faliure to absorb copper may lead to sprue

~and coeliac diseases in infants (Davies, 1972),"

1.3.2.5.3. Increased losses of CODDEr. -

1.2,2.5.3.1. Excess sweat loss.

Copper, like zinc is present in all biological
fluids. Heavy Sweuting can result in increased excretion
up to 1.9. mg copper per day {(Mitchell and Hamilton, 1949),
which is greater than sweat losses under moderate climatic
conditions (0.05 to 0.07 mg/day) reported by the same -

~authors and that reported (0.02 mg/day) by Schroeder o

et al. (1966).

1¢34245.3.2. Loss of blood,

From Table 1.5. blood contains more copper than tho
other bilolegical fluids studied, Therefore, in women the
problem of copper balance is much more precaricus,
because theyv are sublect to regular additional copper

18ss5es in the mensirual blood, raangling G.3% Lo C,72



L mg/period) (Ohlson and Daum, 1935; Levebtoh and Brinkley,
“° 1944}, apart from that lost from time to time with the

newborn infant and its adnexa (Underwood, 19?123. Less

. of at least 40 ml of blood a day from heavy hookworm

"“ {nfestation is seen not infrequently in adults in

' Nigeria (Gilles, et al., 1964; Ball, 1966}; this could

‘lead to loss of up to 40 Pg of copper per day.

1.3.2.5.3.3. Excess urine loss,

Excesasive excretion of copper occurs in Wilson's
disease, with levels of urinary copper of about 1500 ‘@?“ﬁf:
pg/day (Sass~Kortsak, 1965; Burch et al., 1975; Menke .
et al., 1978), and in Menke's kinky (steely) hair
disease (3.8 -~ 5.4, ug/24 h./kg body weight) and above
that (1.1 pg/24 h./kg body weight) of age-matched
gontrel infants (Henkin and Grover, 1978). In nephrotic. :ii
syndrome 60 - 80% of the urinary copper is excreted | R
bound to caeruloplagsmin and the remainder to albumiﬁh
(Davies, 1972). Urinary copper is also elevated in the
presence of proteinuria (Davies, 1972). An increased
excretion of copper in the urine during hepatitis (Henkin.
::ﬁnd Smith, 1972) was ascribed to a postulated increase'?“f 

in the glomerular filtration of microligands that

:; consisted of copper bound to histidine, glutamine,

.thfeonine, or cysteine. However, the studies of Beisel
et al. (1973) showed that the concentrations of histidine,
glutamine, threconine, and cysteine in urine were

generally depressed during symptomatic illness.
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1.3,2.5,4. Metabolic alteration.

Constant alteration of copper metabtolism have been
reported in a variety of pathological states. These
observations are restricted in most c2ses to a description
of the alterations in the plasma or serum levels of copper
and caeruloplasmin in the patients. The biochemical expla-
nations for these changes are still obscure, although logi-
cal reasons can be advanced in a number of cases.

Hypocupremia and hypocaeruloplasmiremia of marked
degree are found regularly in patients with kwashiorkor and
marasmus (Lahey et al., 1958; Reiff and Schnieden, 1959;
Lehmann et al., 1971). The copper content of the 11Qer is
significantly reduced in these children (Underwood, 197721.
Most of these changes have been cscribed to nutritional
copper deficiency (conditioned or alscivte), decreased
absorption from the gastrointestin-l trzct, or failure of
the synthesis of caeruloplasmin. “ut according to Underwood
(1977b), the hypocupremia of marasius ard cystic fibrosis are
often associated with low protein intakes, The low serum
copper and caeruloplasmin levels reported in coeliac disease
(Axtrup, 1946; Lahley, 1957) and in tropical (Butterworth
et al., 1958) and non-tropical sprue (Certwright, 1955) have
been shown to result from impaired copper absorption from the
gut (Sternlieb and Janowitz, 1964; Davies, 1972). Nephrotic
syndrome is constantly characterised by excess urine excre-

tion of caeruloplasmin and loss of al'umin-bound copper
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(Cartweight 2t al,, 1954), which might probably explain

the cevelnpme;rt of hypocaeruloplasminemia and hypocup-

remia of nepsirosis,

Hypocupremia and low liver copper occurs in
Menkes kinky (steely) hair syndromegknown to be

assouiated with a genetically determined defect in
copper absorption (WHC, 1973)., The hypocupremia of
Wilson's disease 135 probably due tc the faillure ‘ to
fom caeruloplasmin. There might be increased absorption
of copper which is retained because gincreased binding
of copper to hepatic protein, or decreased biliary
excretion (Cartwright et al., 1960; Sternlieb et al.,
1873).

Hypercupremia 1s more commonly found in disease
states than hypocupremia, Hypercupremia is evident in
most chronic infections of man from bacterial and viral
organisms (Beisel et al., 1973) and rheumatoid - ayth-
ritis, leukaemia, Hodgkin's disease, acute and chronic
liver disease:, multiple sclerosis, myocardial infarction,
schizophrenia, and epilepsy (Sunderman, 1973; Olatunbosun
et al., 1975b; Schwartz, 1975; Sorenson and DiTommaso,
1976; Underwood, 1977);0latunbosun et al., 1978).

“he elevations in liver disease were attributed to
interference with the excretion of copper in the
bile. ‘The 1imncreas2s in concentration of both

serum copper and |its binding protein,
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caeruloplasmin, develops at the onset of symptomatic
11lness during an infection and most connective tlissue
diseases, They are associatzsd with a redistribution or
the metal from the liver to the bleood. This redistribu-
tion is thought to be initiated by a levkocytic endocenous
mediator (LEM) which stimulates the liver to synthesize
additlional guantities of caeruloplasmin {(Beisel et al.,

1973).

In Hodg%in's disease, the raised serum copper
varies wih the activity of disease, increasing with
progression)decreasing with improvement, and returning
to within normal limits at complete remission

(Thorling, 1976).

Elevated plasma or serum copper and caeruloplasmin
concentrations have been reported in patic-ts with sickle
cell disease (Sachs et al., 1935),gd cther haemolytic
anaemas including thalassaemia, aplastic anaemia, and
pernicious anaemia (Cartwright et al.. 1948; Prasad
et al., 1965b; Butler et al., 1978). From Michigan,
Prasad et al. (1976) have reperted ralsed plasma copper
but norme: erythrocyte copper concentrations in patients
suffering from sickle ceil disease. This was confirmed
in similar patients from the Washington D.C. area (Butler
et 21., 1978). However, the report from Texas (Butler
et al., 1978) showed elevated erythrocyte levels of
sickle cell patients double the control values., From

Nigeria, Clatunbosun et al, (1275a) reported ralsed placsema



18

copper levels in sickle cell patients from Wesbern Nijge:zlo,
Kapu et al. {1976b) have confirmed this finding in siczkle
cell anaemia patients from the savannah areas in porthern

Nigeria.

The diwerse findings in erythrocyte copper levels in
American sickle cell patients may reflect differences in the
local dietary levels of copper as well as the ratio of copper
to other metals. The intakes in Texas averaged 8,1 mg/day (1,
which is higher than 1.09 mg/day in Iowa, 0.58 mg/day in the
Chicago area {both in the Midwest United States of America),
(Butler et al., 1978). The raised plasma or serum copper in
sickle cell @naemia patients is mostly dueto the increase in
caeruloplasmin activity, because of increased need fcr co,rper
in the utilization of iron during haemosynthesis (Wintrobe,
12¢7). The azcumulation of copper in plasma or serum and
red blood cells in sickle cell anaemia could be due to dis-
turbed iron metabolism in the mitochondria of normoblasts.
The hypﬂ:r(‘.upremi.a of thalassemia, aplastic anaemia and

pernicious anaemia is likely to have a similar mechanism.

However, there are no reports on copper and other trace
element erythrocyte studies in relation to dietary intakec

in this enviromment.
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JUSTIFICATION FOR THE INVESTIGATION .

Sickle cell snaemis occurs in asboubt 2% of neub;rn infants
and sickle cell trait in about 295% of the population of Garki,
Kano State, northern Nigeria (Fleming et al., 1979). Some
complications of sickle c¢ell disease, suth as growth retarde
ation, hypogonadism in man, and poor wound healing, have been
related to zinc deficiency in these patients (Prasad et al.,
1976), Zinc supplementation has been said {o be beneficial
to some individuals with sickle cell disease {(Prasad et al.,
19?6). It was considered necessary to assess the zinc status
of Nigerians with sickle cell anaemia and to see whetheg
zinc deficiency contributed to sturnted growth, poor deva%ﬁp-
ment, and leg ulcers. It was also necessary to compare -
results with respect to sickle cell disease with those
obtained from patients with leg ulcers without sickle cell
disease. o ..  -.f.:‘,;;}_” .._ HRE
Alter;ﬁions.iﬁ metalhmééébolism in siﬁkle.cell disease
may be a consequence of intercurrent infection rather than
sickle cell disease. Therefore, a group of patients with
chronic infection (pulmonary tuberculosis) was studied.
Hookworm anaemia is a common and serious problem
among Hausa farmers in northern Nigeria (Ezem ¢t al., 1977)-
It seemed necessary to discover whether the trace element
metabolism of these patients was alteted as a regult of
severe chronic blood loss. | ” el |
L The changes which have.beén fepefﬁéa iﬂ traﬁe métal
concentration in malignant conditions may be of wvalue in the

prognosis and control of treatment {Thorning and Thorning,
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1976). Primary liver cancer is a problem common in

Afriea (Edington and Gilles, 1969), Because the development
of hepatomas in African cirrhotic livers is different from
that in cirrhrosis elsewhere in the world (Versieck et al.,
1974}, it is possible that the trace meta’. metabolism might
be different in primary liver cancer from that obtained in
the rest of the world. Measurements of zinc and copper in
serum, red cells and hair is likely to be useful in the
management and treatment of cancer patients.

As a preliminary it was necessary to establish the
normal range of zinc and copper in a symptom free population
living in northern Nigeria. This may vary with socio=-
economic class due to differences in food and hygiene.
There might be physiological differences due to intake of

food and pregnancy.
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Objcctives of the Invostination,

The obvjectives of this invesiligation were:

1.

3.

to c¢stablish the range of nornal serum zinc
and copper concentrations in elite and non-
elite Nigerians and to discover 1f there
were any socio-cconomic diffcrences.
Ajaegbu (197€) defines the elite Nigerian
population as those people who have moved
up the social and economic ladder, achieving
a position in the society as well as a com-
bination of traits at given levels which are
above, and distinct from, those of the mass
(non~elite) of population. On this basis,
"elitz" and "non-elite" are used in this
study to refer to University senior staff

and rural farmers, respectively.

tc determine the changes occuring in the

serum zinc and copper after a meal.

to determine the effect of pregnancy on the

serum zinc and copper in Nigerians.

te report levels in serum, erythrocyte and
hair zinc and copper in Nigerians,
classified by their haemoglebin types, that

is, normal haemoclobin (HDAA), sickle cell
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trait (Hb.AS), sickle cell anaemia (Hb.SS)

and others.

5. to report the changes irn serum zinc and copper
in variety of diseased conditions in Nigerians,
including hookworm anaemia, pulmonary
tuberculosis, leukaemia and primary liver

cancer.
1.5. Methods.

1.5.1. Selection of subjects.

Details of subjects studied in this thesis are given

under each result chapter.

1.5.2. Precautions against contamination.

All glass and plastic-ware used in this investigation,
except the plain venoject tubes used in the collection of
blood samples, were washed with Teepol liquid detergent,
rinsed thoroughly, immersed for at least 2 hours in 1%
disodium ethylonediamine etra acetate (NazEDTA) and

finally rinsed 3 times with deionized water.

Reagents and chemicals were analytical grades or
certified highest reagent grades (British Drug Houses,

Ltd.). Deionized water was used throughout for dilution.

1.5.3, Collection and processing of blood for serum for

metallic analyses.

10 ml of venous blood was collected in plastic dispose-

ble syringes with needles and transferred into plain venojet
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tubes (Jintan Ter'mo Co. Ltd.; Tolyo, Japan) and allowed tn
cleot at rocm temperature. The clottzd blood was centri

fuged at 3,000 re.p.m. for 10 minutes, and specimen showing

even minimal signs of haemolysis were discarded., The serum

for elemental analysis was stored in plastic vials vith screw
caps, and refrigerated or frozen depending on when the analysis
was to be performed. hen the blood could not be cellected
after an overnight fast (usually at 0%.00 e ) the time rela-
tion to the last meal was noted, making certain that no

samples were collected within an hour of the last meal, except
during the investigation of serum zinc response to food when

blood was collected 60 minutes after the usual mid-day meal

(13.0’0 he )-

1.5.4. Prevaration of red blood cells.

For metallic analysis, Lhe red blocd cells were prepared
after the procedure ocutlined by Prasad et 2l. (1963;)except
that 3.8% trisodium citrate was used as the anticoagulant.
After separation of plasma, the red blced cells washed 3 times
with 20 ml of normal saline. A measured amount (usually 2 ml)
of red cells was transferred to a 25 ml volumetric flask
and made to volume with deionized water. 2 ml of this haemo-
lysate was transferred to a 10 nl glass test-tube and the
following were added to the con“ent in order: (1) 2 ml
deionized water, (2) 1 ml. €N HCl, and (3) 1 ml1 20% TCA.

The sample was then heated at 90°C for 5 minutes. The super-

natant alfter centrifuging was decanted and saved in a plastic
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vial, To the precipitate, 1 ml 10% TCA was added again.
The sample was heated and centrifuged as described before.
The precipitation with TCA was performed for a third time
and all the supernatants were combined for determination of

zinc and copper.

1l.5.5. Collection and preparation of hair samples.

Hair samples were taken from the head with stainless
steel clippers. Each sample was placed loosely in a paper
envelope, transported to the laboratory and washed carefully
(usually 3 times) with carbon tetrachloride to remove lipids
and dust. The samples were dried overnight at 65°C and
ashed in porcelain crucibles at 45000 for up to 24 hours,
until a white powder remained. They were then dissolved in

5 ml or 10 ml HC1l and stored in polyethylene bottles.

l1.5,6, Haematological techniques.

Red cell indices were measured on the Coulter ZF
counter system (Dacie and Lewis, 1975). Hb. electrophoresis
was performed on cellulose acetate, following the techniques

of Lehmann and Huntsman (1975).

1.5.7. Determination of zinc and copper.

Analyses were performed with a Perkin-Elmer Model 306
atomic absorption spectrophotometer and used in accordance
with the manufacturer's operating manual (Perkin-Elmer

Corporation, Norwalk, Connecticut, U.S.A.).
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For az:zay of gerunm zinc, seagum was diiluted four~fold
in doioni:éd water and aspirated dircctly by using stanaarus
in glycerol solutions of 5% (v/v) in deionized water. For
copper, serus was diluted 1:71 with deionized water and assaved
directly by using standards in clycerel solution of 10% (v/v)

in deionized water.

1.5.8. Cherical methods.

Total protein, albumin, alkaline phosphatase and
cacruloplasmin were determined cither on the day of collection
or within three days after the ccllection of blood. Total
protein, albumin and alkaline phosphatase were determined
according tc standard methods (Varley, 1969) and caerulo=-
plasmin after a modified procedurc of Ravin'c method described

by O'Brien et al. (1968).

1.5.9, Statistical analysis.

Statistical analyses were carried ocut at the Ahmadu
Bello University Computer Centre, Zaria. The programme used

was the SPSS-Statistical Package for the soclial sciences.

Descriptive summary statistics carried out included

measures of central tendencies such as thes

Makimum value
Mirimum Value
Mean (Arithmetic Average)

Range (Minimum - Maximum)

Measures of vaciablilily such as variance, standard deviation

and standard ecror vere considored. Studeatz "&v Last was



carried out
correlation
determined,
statistieal

interval.
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*
as required between two groups . The

coefficient between any two parameters was
and the level of significance in each

test was set at 0.05 or 95% confidence

1,5.10, Ethical considerations

Informed consent was obtained according to a protocol

approved by

the Ethical Committee on Human Research of the

Faculty of Medicine of the Ahmadu Bello University, Zaria.

The subjeects or their guardians were made to understand the

purpose eand

procedures of the investigation,

* it was

more difficult to recruit elite than non-elite

Nigerians. The HbAA is about 4 times more numerous

in the

population than HbAS. The number of patients

with various pathological conditions studied was
limited to the number of patients presenting to the
hospital during the time of study.
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Table 1.1. Zinc Concentrations of Normal Mammalian
Tissues, Wet Noight*
Tissue Human Monl ey Rat Pig
('Jq/q) (I.Jg/q} (pa/g)  (pa/g)
Adrenal 12 16 - 23
Brain 14 - 18 -
Heart 33 22 el -
Kidney 55 29 23 40
Liver 55 51 30 40
Lung 15 19 22 -
Muscle 54 24 13 -
Pancreas 29 48 33 45
Prostate 102 - 223 -
Spleen 21 21 24 28
Testis 17 17 22 -

*trom Underwood, 1977 a
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Table 1.2. Zinc Concenilrations of DBedy Pluids iIn

Normal Humans

Fluid Mean References
g/ 100 ml
+

Blcod
vhole 880 Vallee & Gikson (194}
Flasma 121 Vallee & Gibscn (124%)
Plasma 104 Prasad et al. (19653
Plasma %l Kapu et al. (.97Gg)
Plasma 105 Butler et al. (1978)
Serum 126 vikbladh (1950)
Serum 102 Pekarek et al. ¢1972)
Erythrocytes 1440 vallee & Gibson (1948)
Erythrocytes 1440 Prasad et al. (1765a)
Erythrocytes 1080 Mansouri et al. (1970)
Srythrocytes 950 Butler et al. (1278}
Leukocytes 5 Fg/g dry wt. . MWMikac-Devic (1970}

Milk 300 - 500 Underwood (197%)

Saliva 8 Sullivan (1975)

Gastric Juice ' 17 - 16 Sullivan (1975)

Bile 35 Sullivan (1973)

Sweat 115 rasad et al. 71963b)

Urine 633 pa/24 k. Prasad et al. (1976)

Urine 673 Pg/24 h.a Butler et al. (1978)
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Table 1.3, Zinc Content of Certain Foods, Wet Heigh .
Food Itéﬁ - ' Zinc Reference
——— v RE/E -
Seafoods
Oysters, fresh 1487  Schroecer et al., 1967
Shrimp, frozen 14.76 Schroeder et al., 1967
Lobster, frozen 1.48 Schroecer et al., 1967
Tuna in oil, canned 17.40 Schroeder et al., 1967
Sardines, smoked
canned 29.08 Schroeder et al., 1967
Meats
Beef, ground steak 56.61 Schroeder et al., 1967
Beef liver 39.23 Schroeder et al., 1967
Beef kidney 19.96 Schroeder et al., 1967
Lamb chop 3.61 Schroeder et al., 1967
Pork liver 36.17 Schroeder et al., 1967
Pork kidney 35.34 Schroeder et al., 1967
Chicken breast 11.0 Halsted et al., 1974
Chicken wing 23.08 Schroeder et al., 1967
Chicken leg 29.05 Schroeder et al., 1967
Dairy Products
Cows milk, whole,
raw 4.18 Schroeder et al., 1967
Cows milk 3.4 Halsted et g&., 1974
Egg white 0.27 Schroeder et al., 1967
Egg yolk 35.54 Schroeder et al., 1967
Cereals & Grains
Maize, whole 54,0 Oke, 1965
Sorghum, whole 4,4 Oke, 1965
Rice, whole 26 Oke, 1965
Wheat, whole 31.52 Halsted et al., 1974
Bread, whole wheat 5.33 Schroeder et al., 1967
Bread, whole wheat 1.04 Osis et al., 1972
Bread, white 0.6 Osis et al., 1972
Bread, white 1.21 Schroeder et al., 1967
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Ffood Item Zinc References
) po/g .
Vegetables & Fruits
Beans, strima, fresh 1.25 Schreoeder et al., 1967
Beans, string, fresh 3,10 Crecta et al., 1976
Peas, fresh 6.9 Halsted et al., 1974
Onions 0.82 Halsted et al., 1974
Onions 1.81 Cresta et al., 1976
Bananas 1.50 Cresta et al., 1976
Starchy tubers
Cassava 4.45 Cresta et al., 1976
Yam 2.40 Cresta et a 1976
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u
Table 1.4. Copper content of Human Organs and Tissues
—— ————

EEIE ash ug/g dry wt. A1 g wet wt.
Organs & Mean Range Mean Range Mean Range
Tissues
Brain 360 240-500 21.9 14.6-30.5 5.40 3.60-7.50
Kidney 260 190-340 11.9 8.75-15.6 2.86 2.,09-3.74
Heart 350 250460 14.0 10.0=1B8.4 3.85 2,75-=5.06
Muscle T4 50~120 3.11 2,10-5.05 0.89 0,60=1.44
Skin 100 80~150 1.70 1.36-2.55 0.70 0.56-1.05
Spleen 89 67-120 4,45 3.35-6.00 1,25 0.94-1.68
Pancreas 140  92-210 4,90 3.22-7.35 1,68 1,12-2.52
Adrenal 200 160~250 2.20 1.76=2.75 0.92 0.74-1.15
Testis 80 58-110 4,56 23.,30-6.27 1.10 0.63-1.54
Prostate 100 57T-140 4,50 2.56-6,30 1.10 0,63-1.54
Bone 5.0 2.0-5.0 1.45 0.58=1.£5 C.75 0.30-0.75

from Sass-Kortsak (1965)

(Adult figures)
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Table 1.5. Copper conkent of Biologicai :lulds in Man,

Fluid Coppar References
pa/100 mt o+ 5.0

Blood ‘ :

8 Whole 98 + 13 Wintrobe ok al., 1953
. Plasma 109 + 17 Wintrobe ot al,, 1953
 Plasma 108 + 26.95 Kapu et al., 1976y
" gerum . 102 + 13 Clatunbosun et 2i,

' o 197ha
Serum . . 108 | Olatunbosun et ale,
_ S T TOTEDL
Erythrocytes 115 + 22 Wintrobe et al., 1953
Erythreocyies 23 + 6.3 Butler et =1,, 1978
saliva 31.7 + 13.1 De Jorge et ai., 1964
Bile 5.6 = 205.0 Van Ravensteyn, 1944
Cerehrospinal fluid 1.6 + 0.4 Kjellin, 1963
Urine 18.0 + 7.2 Butler and Newman .
Fg/24 h:, 1956
_ (4-30 ug/24 h,)
Urine ‘Schroeder et

60 pg/24 n,

a
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Table 1.6, Copper Mebo]locnzymes

Prot~in or Enzyme

Souraon

Albocuprein I

. Alboéuprein 1z
Caeruloplaémin

Cytochrome C oxidase

3, 4—D1hydroxypheﬂy1ethylam;ne
: - J-hydroxylaee
_Dopamine B-hydroxylase-""
Férrdxidase Ix
Hepateomito chondrocuprein
L-6~D (metallothianein)
Lysyl oxidase

Mitochondrial moncamine oxidase

IPink copper protein
Plasma/serum monoamine oxidasec
Superoxide dismutase "t s
(cytocuprein) o
| Cerebrocuprein
Erythrocuprein
- Homocuprein

Hepatocuprein

Tryptophan - 2 3 - dioxygéﬁaﬁe

Tyro inase

Human, brain

Hurmar, brain

Huinan and others, plasma
Meat mammals,; heart, liver,
: etc.
Cattle, adrenals

Cattle, adrenals

Man, serum

Man and cattle, liver

Man and cattle, liver.
Chicken and rat cariilzge

Man, rat and cattle, liver
. and brain

‘Man, Erythrocytes

Man, rabbit and pig, plasma/
serum

Man, brain .
Man, eryithrocytes
Man, blood
Man, liver

Rat, liver

Man, skin, ovye

P*eHa rd from data accc;d*nr to Scheinbarg (1976},



Table 1.7. Content of Co pper in Certain food '*:‘
i
Food Item Cepper
FQ/ g
SeafoodgH .
Clams, raw 3.33
Oysters 137.00
Sardines, canned 1.12
Shrimp, frozen 3.40
Meat and Meat Products
Beef - flesh 0.20
Beef -- liver 46,00
Chickens - flesh 0,315
Meat sauce 0.60
Mutton - flesh 0.45
Pork - flesh 0.23
Pork liver 5.50
Nuts and Legumes
Beans - stringbeans 0.40
Beans - pods 0.75
Groundnut - seed 3.50
Beans - dry 2.95
Groundnut 2.70 - 5,60
Palm nut 3.00
Starchy roots and tubers
Cassava tuber - raw 0.50 =~ 0.80
Cassava tuber - boiled 1.00
Carrot 0.70
Potato 1.21
Onion i 1.12
Radish «54
Yam tuber 0.20
Yam meal 3.40
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Food Item Copper .
jra/g
Cereal Prodiucts
Barley 4,07

Maize - grain

Hlaize whole meal

i

Rice
Wheat
Wheat

whole grain

Ilour

Fruits and Vegetables - - - gﬂ

- Bananas . - .
Pineapple
Oranges

cabbager - . .1

Cassava leaves o y
Lettuce '
Okra =
Tomato

Dairy Products . .j.:ijﬂ  U
Cheese - American
Cheese -~ Cottage
Cheese - Swiss
Milk

OOSO - 2040
’]oEO - ‘J—. 70
1»10 - —1. ?0

170
1.19

1.10
0.04
0.04
0.40
1.30
0.37
0,40 - 1.30

- 0.40

1.10
©.020
0.10
0.05

Mfrom Cresta et al. (1978).

sttt

¥Rt rom Schroeder et al. (196?):
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1.2
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SCHEMATIC REPRESENTATION OF SOME
METABOLIC PATHWAYS C+ COPPER
;

The numbers in éhé boxes refer to
milligrams of copper in each pool.
The numbers next to the arrows
refer to milligrams of copper tra-

versing the pathway each day.

CU-ALB = direct-reacting-fraction

CERULO = caeruloplasmin

NON=-E = non=erythrocuprein fraction
of red blood cells (RBC)

E = erythrocuprein

EM

bone marrow

(from Wintrobe, 1967).
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CHAPTER 2

SERUM ZINC AND COPPER IN ELITE AND

NON-ELITE NIGERIAN ADULTS

2.1, Introduction.

2.2. Normal ranges and physiological variation.

A number of studies have established the normal range
of plasma or serum zinc in different populations (Halsted,
et al., 1974; Kapu et al., 1976a; Underwood, 1977, Butler
et al., 1978; Olatunbosun et al., 1978). Individual vari-
ability is great but differences due to age among adults,
race or sex are small or non-existent (Underwood, 1977a).
However, according to Weismann (1976), the serum zinc level
is lower in women than in men, and shows a minor fall with
age, probably owing to a falling protein content in the serum.
The normal ranges reported lie betwecen approximately TO and
120 Pg/lOO ml, mean values being approximately 95 Pg/lﬂb ml
(Davies et al., 1968; Halsted and Suith, 1970; Kapu et al.,
1976a; Olatunbosun et al., 1978). Significant regional
differences in the U.S.A. in the plasma zinc levels of
normal males have been reported (Underwood, 1977a), probably
reflecting dietary intakes. Haemolysis as well as decayed
thrombocytes may present considerable source of error in

serum zinc determinations.
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Plasma ¢r serum copoer in heallhy Nigerians (egdn:'ean,
1958; Reiff and Schnieder, 1959; Olatunbosun el al.,
1973, 1974, 1753, 1978; Kapu ek al., 19761) have been
reported to b2 in the same range as found in populations
of temperate countries (Cartwright, 1947; Cartwright et
al., 1948; wintrobe,et al.1953, Halsted et al., 1968)L°lasma
copper has been shown to be higher in human females than
in males. Normal values of plasma copper reported are
105:5 * 5.03 pg/100 ml for men and 114.0 + 4.67 Pg/ioo ml
for women (Underwood, 19771). Although no explanation has
been given for the observed sex differences, it is important
to note that plasma copper levels can be significantly

increased by the administration ofcestradial in humans.

2.2.1. Effect of social class,

In a prelimirary study, Kapu et sl. (19763) have
shown that non-elite Nigerians had significantly lower mean
plasma zinc concentrations (91.2 + 28,16 pg/100 ml) than
elite Nigerians (161.4 + 52.06 pg/100 ml) and Europeans
(134.4 + 32.75 pg/100 ml) in Nigeria. Their results show
that elite Nigerians and Eurcpeans had similar plasma zinc
levels. Spears et al. (1976) have confirmed this observa-
tion in elite and non-elite Indians in northern India. The
socioceconomic differences cobserved in Nigerians ind Indians
in their plasma zinc levels suggest differences iﬁ dietary

habits, c-cupation and environmental influences such as
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intercurrent diseases among the non~elite popula~
tion. _

There seems to be no socloeconomic difference
associated with plasma copper levelsz, Fapu et al.
(1976} reported that the mean plasina copper levels
in Nigerian elite (115.1 + 29.17 pg/100 ml) and
non~-elite (108 + 26,95 }ig/ 200 ml) and in Caucasiansg
(110.8 » 16.17 r9/100 ml} did not ciffer signifi-

cantly.

el Sickle cell trailt, ] -

Plasma or serum zinc concentrations have been
reported to be lower in sickle cell tralt (Hb.AS)
~than in normal (Hb.AA) subjects from Jamaica
(Sejeant et al., 1970) from New York State, U.S.A.
(Karayaicin et al., 1974). However, Kapu et al,
(1976a) were unable to confirm these results in
non-elite Nigerians with normal haemoglobhin pattern,
sickle c=ll trait or sickle cell anaemia (51.2 +
28,186, £%.8 + 13.95,_93.6|; @3.96 19/100 ml,

respectively).
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Olatunbosun et al, (1975a) have reported equal
serum ceopper concentrations (102 Pq/iOO mi) in
normals (Hb.AA) and individuals with sickle cell
trait (Hb.AS) living in the western area of Nigeria.
“his has been confirmed in MNigerians with normal
haemoglaobin pattern (Hb.,AA) and those with sickle
cell trait (Hb.AS) from the savannah areas of
northern Nigeria (Kapu et al., 1976b). Kapu et al.-
(1976p) discovered that the mean plasma copper
levels in normal elite Nigerians (115.1 + 29,17
pg/100 ml}, normal non-elite Nigerians (108.2 1
26,95 Pg/iOO ml), those with sickle cell trait
(117.7 + 35.84 pg/100 mi), and Caucasians (110.8

16,17 ypq/100 ml) did not differ significantly.

2. 2.3. Ef fect of fOOd.

The plasma or serum zinc levels are slightly
affected by diurnal variations with circadian rhythm
related to the ipgestion of food (Underwood, 1977h) .
It has been shown that in rormal subjects the
fasting serum valefszignificantly higher than the
value approximatel;, an hour after a meal

(Vikbladh, 19513 Davies. et al., 1968;
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Withers et al., 1968; Walker et 2l., 1973). McBean
and Halsted (1969), however, were unable to demonstrate
any statistical difference between fastirg plasma zinc
and the value one hour after a meal. These changes may
indicate that during rapid protein breakdown, plasma zinc
levels decline.

Plasma copper does not increase after meals or
decrease during fasting and there appeares to be no cyclic

pattern of variation in man (Underwood, lg??hi.

2.2.4. Effect of pregnancy

Decreased serum zinc levels have been reported in
late pregnancy (Halsted et al., 1958; Halsted and
Smith, 1970; Underwood, 1977a). It was not clear from
these reports whether these changes reflect a redistri-
bution of zinc, or an emergency call on avrilable circu-
lating zinc loosely-bound to alburmin, In a recent study
Schechter et al., (1978), attributed the significantly
reduced serun zinc levels in late prepgnancy to decreased

serum albumin and decreased zinc affinity for serum albumin.

Elevated plasma or serum copper levels during human
pregnancy have been reported from different parts of the
world (Underwood, 1977b). Nielson (Underwood, 1977b) observed

an average of 270 pg/lﬁbml in pregnant women compared with
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120 pg/ico wml in non-pregnant women. Similar findings
have been reported by Halsted et al. (1968) and in

Nigeria by ¢latunbosun et al.(1974). The significance
of the increas~d serum copper was not clear from these

reports.

This investigation was undertaken in order to study
further the nmormal ranges and physiological variations of ser-

um zinc and copper in Nigerians froum this environment.

2.3. Subjects studied

The subjects for the study of normal ranges included
127 non-elite and 18 elite male Nigerians with Hb.AA or
Hb.AS. The elite Nigerians were members of the senlor
staff of the Ahmadu Bello University, Zaria. The ncn-—elite
Nigerians ware rural farmers presenting as blood donors

from the rural areas around Zaria.

The effect of ingesting food on serum biochemical
values was determined in a group of 12 Nigerian under-
graduate students living in halls of residence on the main
campus of the Ahmadu Bello University, Zaria. 12 preanant
women were Nigerians in the third trimester of pregnancy
and were attending the ante-natal clinic of the Ahmadu
Bello University Teaching Hospital, Zaria. The control
group comprised 10 housewives of similar socioceconomic
background, from the Zaria area. They had not received any

form of coral contraception.
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Results

”fﬁhié 2,1, shows no signficant differences in the
coneentrations of almost all the serum perameters studied
between the Hb.AA and Hb.AS of both elite and non-elite
groups. The PCV in the elite with Hb.AS was statistically
signficantly reduced in comparison with that in the elite
with Hb,AA, but this was almost certainly the result of
chance, These results were thereforc combined ag shown in
Table 2.2. |

Table 2.2. shows signficantly reduced concentrations
of Ferum zine (P<£0,001}, albumin {PL,0.00li and PCV
(P£0.01) in the non-elite than ir the elite Nigerians.
The distributions of serum zinc and coppér concentrations
in elite and non-elite Nigerians are shown in Figures 2.1,
2.2., 2.3, and 2.4,

In Figure 2.5, the mean serum zinc measured at 13.00
h. (90.4 Pg/lOO ml) was significantly less (P< 0.01) than
that at 0.9.00 h. (140.8 pg/ldé ml} with a corresponding
mean ﬁercentage fall of about 35.83%. However, the mean
serum copper (Figure 2,6), serum albumin (Figure 2.7), serum
total protein (Figure 2.8) and mean serum alkaline phosphatase
(Fig. 2.9) showed only slight variationa, The serum zinc
values at b.?.OO h. were negatively correlated with the serum
albumin values measured at the same time (r = 65467, Pcb.OS)
(Table 2.3},
The results of serum zinc and copper in pregnant and

non~pregnant Nigerians are shown in Figures 2.10 and 2.11,

L e e



The mean ser'w: zinc in pregnant Nigerians (60.8 pg/ 100 ml}
was significantly reduced (P£0.0C1l) whlle the mean serum
copper (223 Fq/‘lOO ml) was significantly elevated (F<& 0.001)
compared tec the non-pregnant (Figure 2..1). The elevated
copper levels in the pregnant Nigerlans parallel the
caeruloplasmin levels (49,6 mg/200 ml), 1In the group of
pregnant Nigerians the correlation between serum zinc or

serum copper and the carrier proteins is shown in Table: 2.3.
2.5. Discussion

The finding of similar mean serum zinc levels
between individuals with Hb.AA and those with Hb.AS in the
present study does not agree with those of similar studies
from Jamaica (Serjeant et al., 1970) and from New York State,
U.S.A. (Karayalcin et al.,1974), probably because these
workers did not match their subjects with respect to socio-
economic factors including environmental differences such as
dietary habits, occupation and parasitic infestations. The
finding reported in the present study confirms the earlier
reports by Kapu et al. (19763, 1976P) that elite and non-
elite Nigerians with Hb.AA or Hb.AS had similar mean serum
zinc and copper concentrations. Hawever, the non-elite
Nigerians had significantly reduced serum zinc but not serum
copper lavels in comparison with elite Nigerians, confirming
the findings of Kapu et al. (1976a; 1976b) in similar
patients in the savannah areas of northem Nigeria, and that

by Spears et al. (1976) in Indians living in northern India,
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The reasons for these differences were probably
socioeconomic, including environmental differences in
health and dietary practices.

The mean haemoglobin concentration in the non-
elite group was similar to that of the elite group,
but the PCV was significantly lower (P<(,01).

The significantly reduced albumin in the non-
elite group (P<0.001) may be due to the low animal
protein intake, s0 common among rural African populations.
A similar finding has been reported for another rural
population in Nigeria (Edozien, 1958). However, the
mean total protein concentrations were identical,
indicating that the non-elite group had higher globulin
status, more likely as a result of increased antibody
production.

This investigation has demonstrated that in normal
Nigerians the serum zinc at 13.00 h. is significantly
reduced compared with the fasting value. It is
therefore of importance that for every estimation
specimens should be collected with the subject fasting.
Davies et al. (1958) and Walker et al. (1973) have made
similar suggestions for studies in the temperate country
of England. This turnover has been suggested to be an
essential requisite of normal metabolic activity instead

of a temporary depletion due toc loss in the exocrine
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pancreatic juice (Davies et al., 1968). However, the
serum copper and other serum contents studied showed no
such metabolic fluctuations, which agrees with the
findings of Davies et al. (1968), for plasma copper and
total protein.

A more comprehensive study utilising different
physiological loads to monitor serum zinc response in
Nigerians might prove valuable in assessing the
utilization of zinc in different g-oups of people in
this country.

Zinc absorption is increased in the latter stages of
pregnancy possibly due to pH changes in the intestine or
possibly related to the elaboration of large amounts of
hormones in which zinc metalloenzymes are involved (Daﬁiea,
1972). The mean serum zinc levels of pregnant Nigerians in
the present study was significantly lower than in non-
pregnant Nigerians, and may be secondary to the increased
metabolic demand for zinc during mammalian gravidity. This
finding is in agreement with the results of other workers
in temperate populations (Halsted et al., 1968). The signi-
ficantly raised serum copper levels in this study confirmed
other Nigerian studies (Olatunbosun et al., 1974) and those
from other parts of the world (Underwood, 1977b). The raised
copper levels in the pregnant women was possibly as a conse-

quence of increased caeruloplasmin activity as a result of



the needed cc.otrol of iron mobilization by caeruloplasmin,

a role that is creatly increased during gravidity.

2.6. Summary

Nigerians with normal haemcglobin (Hb.AA) showed trace
element levels, protein, enzyme and hacmatological Pavameters
equal to those with sickle cell trait. Ihe serum zinc,
albumin and haematocrit were much reduced in the non-elite
than in the elite Nigerians. Socloeconomic factors accounted
for most of the differences obscrved, and must be considered

in selecting normal control groups in a similar study.

The significant fall in serum zinc levels after the
ingestion of food has also been confirmed in Nigerians and
this physioclogical fluctuation must be considered in comparing
results in different groups of subjects. The negative corre-
lation between serum zinc and serum albumin in pregnant
subjects may suggest that the low serum zii.z levels may be

associated with other carrier factors other than albumin.

Significantly reduced serum zinc and elevated serum
copper levels during the third trimester of pregnancy have
been coniirmed in Nigerians. Increased caeruloplasmin
activity accounted for most of the elevatea serum copper levels
in the pregnant subjects. probably due to increased demand for

caeruloplasmin in iron mobillzation.



Table: 2.1.

- —

of Symptom=-free Nigerlans

76

according to

Haemoglobin Types (Mean *+ Standard Error)

BElite Neon-Elite

Hb.AA Hb.AS Hb.AA Hb.AS
n 12 6 84 43
Zinc
Copper
(ngioo ml) 1150 +4 104.0+ 4.7 123.6+10.6 113-0+148
Caeruloplasmin i
Alkaline
Phosphatase
(K.ALU.) 9.8+0.7 7.4: 1.3 18.8111.8 8,0+0.4

Albumin (g/1)

Total Protein
(g/1)

Haemoglobin
(g/dl)

Packed Cell
Volume (%)

47.7+1.4  48.4+ 0.9

79.3:3-2 78.91 1.6

15.3+0.4  14.2+ 0.6

47.5+1.0 43.5: 1.0™

42.8t 0.4 43"0 :0.6

14.0+0.2 14.5+0.3

42:040.6  42.9+0.6

M =

zignificant difference between Hb.AS of

«lite Nigerians (P<£0.01)

Hb.AA = Normal Haemoglobin

Hb.AS. = Sickle Cell trait

n = aumber of subjects in each group
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Table: 2.2. Serum Zinc, Copper, Proteins and

Haematological Values in Symptome-

free Nigerians (Mean + Standard Error)

Items

Elite
Mean + S.E.

Non=El.te
Mean + S.0.

Number of Subjects

Zinc (pg/100 ml)

Copper (ngioo ml)
Caeruloplasmin (mg/100 ml)
Albumin (g/1)

Total Protein (g/1)

Alkaline Phosphatase
(KOA. Units)

Haemoglobin {(g/dl)

Packed Cell Volume (%)

18
128,9+5.8™
111.7+3.5

24.6+0.7
48.0+0,9™"¥

79.2+1.4

9.0+0.7
14.8+0.4

46 .2+0,9%

127
105.3+7.3
120.2+7.0

32.8+7.6
43,0+40.3
80.3+7.3

15.2+7.8
14, 2:0. 2

42.5+0.5

Compar ison of means to non-elite

Y = P&£0.01
¥ux = P£0.001

Hb.AA + AS = Normal haemoglobin + sickle cell

trait values.
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Table: 2.3. Pearson's Coefficient of Correlation (r)

and Probability Constant (P) in

Pregnant Nigerians.

Third Trimester
of Pregnancy

5 P
Serum zinc and serum albumin -0.7460 £L0.01
Serum zinc and serum total
protein ~-0.5089 £0.05
Serum zinc and serum alkaline
phosphatase +0,.,2852 ns
Serum zinc and serum copper +0.7577 <£0.01
Serum copper and serum
albumin -0.7385 <£0.01
Serum copper and serum
caeruloplasmin -0.2128 ns

ns = non significant difference.



THE HMEAN SERUM COPPER IN 84 NON-
ELITE MALE NIGERIANS WITH Hb AA
(123.54 + 10.63 rJg/iOO ml) DID NOT
DIFFCR SICGNIFICANTLY FROM THAT 1IN
43 MALES WITH Hb 28 (113.46 + 2.27

po/100 m1),
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THE NEAN SERUI COPPER IN 127 NON-
ELIT FIALE NIGERTANS WITH Hb.AA

/N3 EDW.AS (120,19 + 7.07 }.19}100 ml)
o3 § noT DIFFER SIGNIFICANTLY FROM

THAT Il 418 ELITE MALE NIGERIANS
WITH ED.AA AND Hb.AS (111.67 + 3.5
';g/‘lOO ml).
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FIGURE

2.5.

THE SERUM ZINC MEASURED FOLLOWING
'"HE MIDDAY MEAL (13.0C hs) 1IN
JORMAL  MIGERIAN MALE UKDERGRADUATES
{Mean = 20.4 ng/'lOO. ml) WAS SIGNIFI-
CANTLY LESS (p {0.01) THAN. THAT
AT 09.00 h, AFTER AN OVERNIGHT
FAST (Mean = 140.8 ’Jg/ml). THE
LINEE CONNECT VALUES FROM INDIVI-

DUAL SUBJECTS.



83

-+
L B

02.0C h

rra

- s m——

200

190+

180 -

170 -

160
150 4
140+
130 1
1201
110
90
€0
G

100 A

W 001/ S ONIZ  WNYH3S



FIGURE: 2.6. "HE SERUM CCOPPER (mean = 106.3
Pg/iOO ml) MEASURED AFTER AN
OVERNIGHT FAST (09.00 h-) DID
NOT DIFFER SIGNIFICANTLY FROM
THAAT (mean = 109.6 Pg/ﬂoo ml)
FOLLOWING THE MIDDAY MEAL
(13.00 h.) IN NORMAL NIGERIAN
MALE UNDERGRADU&TES. THE LINES
CONNECT VALUES FROM INDIVIDUAL

SUBJECTS.
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FIGURE:

2.7.

THE SERUM ALBUMIN MEASURED AFTER AN
OVERNIGHT FAST (09.00 he) IN A

GROUP OF NORMAL NIGERIAN MALE UNDER=-
GRADUATES (mean = 46,96g/1) DID NOT
DIFFER SIGNIFICANTLY FROM THAT MEA-
SURED (mean = 45.52g/1) FOLLOWING THE
MIDDAY MEAL (13.C0 hs)}s THE LINES
COMMECT VALUES FROM INDIVIDUAL SUB-

JECTS.
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2.8,

HT SERUM TOTAL PROTEIN MEASURED
AFTSR AN OVERNIGHT AST {(C2.00 h..)
I A GROUP OF NORMAL NIGERIAN
MALE UNDERGRADUATES (mean = 71.78g/1)
DIZ NOT DIFFER SIGHIFICANTLY FROM
THAT MEASURED (mean = 71.02g9/1)
PCLLOWING THE MIDDAY MEAL (13,00 he)de
THE LINES CONNECT VALUES FROM

INDIYIDUAL SUBJECTS.,
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FIGURE:

2.9,

THE SERUM ALKALINE PHOSPHATASE
VEASURED AFTER AN OVERWIGHT pAST
(09.00 h.) IN A GROUP OF NORMAL
NIGERIA!! MALE UNDERGRADUATES (mean =
4,96 K.A.U) DID NCT DIFFCR SIGNI-
FICANTLY FROM THAT MEASURED {mean =
5.67 KeA.U.) FOLLOWING THE MIDDAY
MEAL (13.00 h.). THE LINES CONNECT

'ALUES FROIM INDIVIDUAL SUBJECTS.
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"IGURE:

2.11,

YMILE THE MEAN SBRUM 2INC IN 12
PREGNANT NIGERIANS (60.8 + 6.08 '.zg/
100 ml) WAS SIGNIFICANTLY LESS-
(r£0.001) THAN THAN IN 12 NON=-
PREGHANT FEMALE NIGERIANS (114410.00
ng/10C ml), THE SERUM COPPER 1IN THE

12 PREGNANT NIGERIANS (723,00 + 24,10

. Pg/iOO ml) WAS SIGNIFICANTLY INCREASED

(r0.,001) THAN THAT IN 12 NON=
PREGMNANT FEMALE MAIGERIANS (115.00 +

11.01 pg/100 ml).
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CHAPTER 3

wINC AND COPPER IN

SICKLE CELL DISEASE

[ [ Introduct.ion.

3.1.1., Plasma or serum zinc and copper concentrations,

Plasma or serum zinc concentrations have been report:ed
to be lower on average in sickle cell anaemia (Hb.SS) than in
normal (Hb.AA) subjects in Jamaica (Serjeant et al., 1970),
New York State (Karayalcin et al., 1974} and in Michigan
(Prasad et al., 1976). The plasma ribonuclease activity waz
significantly higher in the sickle cell patients, decreasing
but not significantly during the administration of zinc.
During this process also, the plasma zinc increased signifi-
cantly whereas only slight increases in erythrocyte zinc and
carbonic anhydrase activity were observed (Prasad et al.

——— teaea &
1976).

Contrary, to the Qbove : findings, Kapu et al. (1975d)
observed no significant difference in mean plasma zinc concen~
trations between ncn-elite Nigerians with normal haemoglobin
pattern, sickle cell tralt or sickle cell anaemia. According
“o Butler et z2l. (1978) sickle cell anaemia subjects in the
Washington metropolitan area had pl:uma zinc concentrations

comparable to healthy Negro contrels.
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Sachs < al. (1935) first reported railsed secum copper
levels in a patient with sickle ¢al) snaemia. This observatlon
has been confirmed in patients from the feorest area of
Western Nigeria (Olatunbosun et al,, 19752), in similar
patients frum the savannah areas of northern Nigeria (Kapu
et al., 19723) and in sickle ceall patients from the U.S.A.

(Prasad et zl., 1976; Butler et al,, i978),

Elevated caeruloplasmin accounted for most of the
increzsed plasma copper (Butler et al., 1979), and was
likely needed because of the increased n:2ed for iron and
its fast turnover rate in sickle cell anaemia. The diverse
findings in plasma zinc concentrations in sickle cell patients
may reflect differences in local dietary habits which might
lead to mild zinc deficiency in some cases due to the anore-

xia in these patients compared with normal controls.

3.1.2. Ervthrocyte zinc and copper levels.

In Michigan, sickle cell patients were found to have
depressed levels of zinc in erythrocytes accompanied with
high urinary zinc excretion (Prasad gt al., 1976)., Butler
at al. (19783 were unable to confirm these findings in
sickle cell anaemia patients from the Washington metropolitan
area. 'These workers reported that their patients showed
zinc levels egqual to the healthy Negro control group in red
cell and urin€.y .. :, although the urinary zinc levels wew-e

higher than the cancasian controls. Prasad ct al. (1976)



argued on the basis cof their findings that the raised
urinary ziuc in their patients may have bheen respon-

sible for the depressed plasma and red cell zinc.

From Texas, (Butler et al., 1978) there is a
report of high erythrocyte copper with values about
double in sickle cell anaemia patients compared to
healthy controls. In Michigan and the Washington
metropolitan area, sickle cell anaemia patients showed
normal erythrocyte copper concentrations (Prasad et al.,
1976; Butler et al., 1978)., These differences in thc
local dietary copper intakes, which is about 8.1 mg/day
in Texas, 1.09 mg/day in Iowa and 0.58 mg/day in the

Chlcago area (Butler et al., 1978).

3,1.3. Zinc and copper in hair.

Hair ziné levels have been reported to be signifi-
cantly lower ttan normal in sickle cell patients
(Prasad et al., 1976), Olatunbosun et al. (1977) were
unable to tonfirm this finding in Nigerian patients
with sickle cell anaemia. Butler et al. (1978) have
also reported that sickle cell anaemia patients showeil
zinc levels equal to healthy Negro controls in hair,

although values were lower than the caucasian controls.

To the knowledge of the author, however, there are no
previous reports on copper in hair from sickle <ell patients,

5
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There seems to be very little, if any, avallable data

" on 2inc and copper metabolism in sickle cell snaemia,

~ Moreover, in view of the seemingly conflicting reports

from various areas of the U.S.A. and the world over the
zine and copper metabolism in sickle cell anaemia, it
was found necessary to investigate zinc and copper

metabolism in sickle cell patients in Nigeria.
3.2; Subjects Studied.

Thirty two sickle cell male patients (31 #b,S8 and
l Hb.sci were aged 11-25 years. 3Sex was matched becauae
women are reported to have higher blood copper 1evela
than men (Wintrobe, 1967)., The sickle cell patients
were probably comparable to elite controls than non- v’ .

elite as most non~elite children with sickle cell

disease die before the age of 2 years (Fleming, 19755._55%ﬁkﬁ
3,3. Results.

| Tablé 3.1. shows signifi&antly reduced concentration
of zinc¢ in serum and hair between sickle cell anaemia -
patients and elite controla. Erythrocyte zinc and

total protein levels showed no significant differences.
The serum albumin, and alkaline phosphatase le#els |

showed significant differences.

The serum copper and caeruloplasmin values were 8igm

nificantly elevated (Pt-b.dﬁl) in patients with sickle cell
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snaemin » The ery:nrocyte and hair comper
levels did net differ significantly between the sickle cell

anacmia and elite control groups.

The haemoglobin and packed cell volume were signiricantly
loulev in the zickle cell anaemia patients than slite control

groups (P 0.001).

However, the serum zinc (105.3 + 7.3 Pg/loo ml), serum
albumin (43.0 + 0.3 g/l), serum total protein (80,3 + 7.3 q/l)
and serum aikaline phosphatase (15.2 + 7.8 K.,A. Units) in non-
elite Nigerians (Tables 2.3. and 4.1.) did not differ signifi-
cantly from thuse observed in patients with sickle cell

anaemia (Table 3.1.).

3.4. Discussiom

The significantly reduced serum zinc levels in the sickle
cell anaemia patients in comparison with elite controls agrees
with the reports from Jamaica (Serjeant et 2l1., 1974) and
Michigan (Prasad et al., 1976). The reduced hair zinc in
sickle cell anaemia patients in this study cowpared to elite
controls agrees-with the observation of Presad et al. (1978).
It must be noted,; however, that theue reports did not consider
scciceconomic and other environments’l factors which are known

to affect plasma or serum zinc values.

The non-significant difference in the serum zinc between

patients with sickle cell anaemia and non-clite Nigerians in




the present study 1s In agreement with the reports of

Kapu et al. (:¢76a) and those of Butler et al. (1978)

who studied zickle cell patients from the same ethnic back-
ground as the control groups. The seemingly diverse
findings may be due to differences in socioeconomic and
other cnvirormental factors which operate in each study
area. Although our sickle cell patients were probably
comparable to elite Nigerians, it ls possible that the
anorexia and iIntercurrent discase factors were prokably
responsible for *“he significant difference between these
patients and elite contrels. These diverse findings point
to the importance of Uging sociloeconomic and ethnic matched

groups.

The significantly reduced hair zinc levels in the

sickle cell anaemia patients does not agree with the obser-

vation of Olatunbosun et al. (1977) who studied similar patients

While the present study compared sickle cell anaemia

patients to elite Nigerians, Olatunbosun et al. (1977did not
consider socioeconcmic factors. Further study would be
needed to ccrpare hair zinc in sickle cell anaemia patients
with non-elite and elite groups to discover any socioceconc-
mic effects, as it has been shown for plasma or serum zinc

(Kapu et al., 19762; Spears et al,, 1976).

The reduced albumin levels in the sickle cell patients

may in part be responsible for the reduced plasma zinc levels




96

Low plasma albumin levels are usually associated with 1dw.f'
protein intake. The inereased alkaline phosphatase
activity in sickle cell anaemia was most probably a
reflection of liver function. “

It has been said that sickle cell arnaemia patients
with leg ulcers are zinc deficient, and l2g ulcers present
in about 75% of patients with zsickle c¢ell anaemia have been
reported (Serjeant et al.,, 1970) to respcond to oral zinc
sulphate. In the present study none of the sickle cell
anaemia patients had leg ulcers, but they did have lower
zinc levels. It has been reported that patients with leg
ulcers from other causes showed lowered 2inc levels |
" (Halsted and Smith, 1670). In both conditions the
reduced serum zinc may be reflecting an immobilization
rather than an absolute deficiency. It has been suggested,
however, that Nigerians with sickle cell anzemia may have
better zinc status than sickle cell patients in Jamaica or
America, and this may protect them from leg ulcers {Kapu
':ZEE al., 1976a; Olatunbosun gt al., 1977), which are rarely
" seen in active sickle cell anaemia clinics in rural West
._Africa (Kendall et al., 1973; Kapu et al., 19765}.

The findings of raised serum copper concentrations
in sickle cell anaemia patients in the present study agreeé
with the observations of Olatunmbosun gt al. (1975a), Kapu
et al. (1976b), Prasad et al. (1976) and Butler et al.
(1978). The elevation in serum copper in the sickle cell

anaemia patients in this study waz due mainly to the increase

' ’ =
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in caeruloplasmin activity because of the increesed necd
for iron and iu.s fest turncover rate in severe anzemias
such as sickle2 cell anaemia. On the other hana, the
accuomulation of copper in plasma or serum and red cells in
sickle cell anaemia and other haematologlcal disorders -
could e secondary to disturbed iron metabolism in the ni-

tochondria of normoblasts (Kapu et al.,1976R).

The diff=zrences in zinc and copper concentrations
opserved in HbSE from various parts of the world may reflect
socioeconomic arn< other environmental factors such as
dietary differences, "anorexia and inta.current disease

factors.

3.5. Summary

Nigerian sickle cell anasmia patients had erythrocyte
zinc, erythrocyte copper and hair copper levels comparable
to elite Nigerians, but had significantly lower serum and
hair zinc levels than elite Nigerians, Sickle cell anaemia
patients and non-elite Nigerians with normal haemoglobin
pattern did n?t differ significantly in their serum zinc.
The zerum copper with the caeruloplasmin levels wera
significantly increased in sickle cell anaemia patients in

comparison with elite or ncon~elite Nigerilans.

The differences in serum and hair zinc between sickile

cell anaemia patients and elite Nigerians may have been due
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to the ancrexia and intercurrent disease factors -

associated with sickle cell discease and iacreased loss of
zin¢ in urine. Caeruloplasmin activity accounted for
most of the elevated serum copper probably becaulSe of
the increased need for iron and its fast turnover rate
in this severe anaemia, and/or because of the role copper

‘is known to play in hasmosynthesis.
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Table: 3.1, Zing and copper levels in sickle coll anaemla

and celite Nigeciun groups (Mean + Standard Errbrl

variaole Slickle Cell Elite Frobability
Hb. 88 controls
Number of subiects 32 18
Zine |
Sf.“/“."n zn’ Pg/“tﬂo ml 90080;‘:1.9 1289 90‘5‘5-)80 ‘:0000‘1
Serum alkalina2 13.57+1.19 2.91+1.19 £0,001
phosphatase K.A.U. - B
Serum albumin, g/1 44.80+1.20 48.00+0,90 &L£0.05
Serum total proteln
g/1 77.70+1.30 79.20+1.40 N5 ®
- Erythrocyte Zo, pg/mi 11.7140.40b 11.91+0,53 NS
Hair zn, pg/g 130.80+14.4¢ 155.78+19.52 <£0.01
Copper
Serum Cu, pg/1%0 mi 175.2046,.30 111.70%3.50  #£0.001
Serum caeruloprasmin
mg/100 ml 50.3042,10 24.60+0.70 £0.001
Erythrocyte Cu, )
’_‘.g;‘_’LOO ml 134.07+1.67% 127.9340,72 NS
Haiv Cu, Pg/g 16.9730.93b 17.18+1.09 NS
Hacrnatology
Haemoglobin, #7100 mn) 9.5?:0.28 14.80+0,40 <£0.001
Packed cell volume, % 28.60+1.09 46,20+0,90 <€0.COo1
- -
WS = non-significant
- S :
dunber of subjects studied = 12



 FIGURE: 3.1. THE SERUM ZINC AND COPPER ~ -~ .~
IN NORMAL NIGERIANS AND B

THOSE WITH VARIOUS DISORDERS, - . .

EN = symptomefrec elite o
Nigerians (18) | =
NEN = symptom=free non~elite B  221
Nigerians (127) ”'.:if
. 'F_fh-f :

LU = leg ulcer (27)

SCD = sickle cell disease (32) .-

_Jff _  - PLC = primary liver cancer (20) 1

. HWA = hookworm anaemia (14) ._”;~ .:
TB = tuberculosis (22) ;

LK = leukaemia (12) f

The number of subjects in each group is H?
indicated in brackets. L - - ;**fﬁ
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CHAPTER _ 4

ZINC _AND _COPPER _ IN

NISCELLANECUS DISEASES

4,1, Introduction

The rocle cf trace metals in a variety of disease con~
ditions has Laen the subject of conjecture, and reports of
different authors are often conflicting and contradiciovy.
A major reason four these discrepancies is the difficulty
of analyzing trace elements and the problems associated

with collecting specimens without contamination.

However, the use of highly sophisticated analytical
procedures that involve absorption cr emission activation
have permittsd the documentation cf even smz’1l alteraticns
in the trace element content of biological fluids, giving
rise tc new concépts concerning the regulatory mechanisms
which influence trace element metabolism in both health

and disease (Zelsel et al., 1973).
4.1.3. Zinc

Low extracellular zinc levels are seen in many chrce.
nic diseases such as infections, liver and pancreas dis-
orders, varicus forms of anaemia, neoplastic disorders,

and leq ulcerntion (Halsted 2nd Smith, 1970; Sirsin et
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gl.) 1978), 1In most casas, low extrocellulo- zinc must
be considerad o be due o low serum protein concentra-
tion, especially low albumin concentrations, However,

thic has not been adequately investigated (Weismann, 1976),

In Acrodermatitis enteropathica, the low serum zinc levels

are most probablv due te defective intestinal absorption.
Except in diabetcs mellitus (Mateo et al., 1975), increased
serum values have rarely been reported in patholegical

conditions.

Elevated serum zinc values reported in 12 patients
suffering from primary liver cancer (Karlinsky and Roomer',
1967) were not substantiated in 31 similar patients (Dunn

21:- ﬂ-‘ 1969,0

The wide range of these conditions suggests that
these changes may be non-specific effects of systemic ill-
ness (Greaves and Boyde, 1967). Furthermore, other workers
have been unable to confirm some of these results (Davies
et al,, 1968; Withers et al., 1968) apparently due to the
problems conirected with collecting specimens without con-

-

taminaticn.

However, it is generally accepted (Walker et al., 1973)
that a more specific abnormality of zinc metabolism occurs
in patients with hepatic cirrhosis, resulting in low serum

zinc levels and increased urlnary zinc; and these values
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may be returnad to normal by coral zine supplementation.

According to uWalker et al. (1973}, there is ecvidence of
a cerrelation between serum zinc level and serum albumin
level. It is thecefore possible tnat the reduced plesma
levels of zinc found in patients with cirrhosis may be a
reflection of the reduced albumin concentration commonly

found in such patients.
4.1.2. Coppec

There is also general agreement that copper metabo-
lism 1is altered in hepateolenticular degeneration or
Wilson's discase and in Menke's steely halir disease, In
Wilson's disease, levels of copper in body fluids are lower
than normal, between 40 and 60 pg per 100 ml, while the
urine copper is raised to over 100 P9 in a 24 hourly sum=-
ple (Cummings, 1968). One of the most striking features
in Wilson's disease is the very great reduction in caeru-
le-lasmin in blood. Serum copper is also depressed in
Mcrke's steely hair disease. The treatment of this discase
with a complex of ccpper with nitilcacetic acid (CUNTA)
suggests the dafect in the disease may relate to the genetic
absence of a waitable ligand by wnich copper is transported

across cell manbranes (Henkin and Grover, 1978).

Only a single study reported depressed

serum copper walues in patients with urcgenital tuberculo=-
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sisn; and inconslaten’ changes we:r~ noted in syphilis

{Borisenko, 1985; Tumasheva and Borlsenko, 1363),

Increased plasma or sarum copper concentraticns
have been reported in acute and chronic liver disease
{Sundermani, 1973) and & varlety of other lymphomas

(Hrgoveéic et 1.,1373). The elevatlons in Hodgkin's

disease were related to increases in caeruleplasmin.
The raised zopper levels in Hedgkin's disease are ragus
lariy reduced %o within normal limits at complete .
remission {Thorling and Theorling, 1976)., Increased
serum copper levels have been confirmed in Nigerién
patients with epilepsy (Olatunbosun 22.33*)1978)r
schizophrenia (Olatunbosun et al.,1973)and those with
kwashiorkoer (Relff and Schnileden, 1959),. Iﬁcreased
plasma or serum levels have also been reported in chrdnic
bacterial infections end In viral illnesses in man
{Beisel ggﬂgl.;1973) although depressed serum copper

concentrations have been reported in patients with tlck-

1., 1973).

—

borne encephalicis (Beisel et a

The present lnvestigatlon was undertaken to
document the effect ¢of a variety of disecases on tha
serum zinc and copper concentratlons in Nigerians, and
the correlatlons of these levels te serum albumin, alka.-

line phosphatase and caeruloplasmin,
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.E&.Z. Subjects studied

Ninety=-five adult male Nigerians (rural farmers from

the Zaria area) with proven cascs of miscellaneous

. disecases were studied. These included hookworm anaemia

{14), primary liver cancer (205, various leukaemias (12},
active pulmonary tuberculosis (22} and venous leg
ulceration (27). Diagnosis was reached following
appropriate clinical examinations, hacmatological,
hiatopathological or mierobioclogical investigations,

| The controls were symptom~frec adult non-elite
Nigerian males (127} living in the Zaria area. Sex and
socioeconomic background were matched since women have
higher serum copper levels than men (Wintrobe, 19675 and
plasma zinc has been shown to be higher in the elite than
non-elite Nigerians (Kapu et al., 19761), a finding that
has been confirmed in elite and non-elite Indians .

(Spears et al., 1976).
4;3. Results

4,3.1. Hookworm anaemia

From Table 4.)l. there were significantly decreased
 serum zinc and albumin (P{LO.bS), hacmoglobin and .
haematocrit levels (P4QC.01) in hookworm patients in.
comparison with non-elite Nigerians., The mean serum
copper level was significantly increased in hookworm

patients {(P{ 0.05).
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However, the alkalins phosphatass and the caerulo-
plasmin levels in hookworm patients and non-elite Migerians
did not differ significantly. There was significant corre-
lation betweesa tihe serum copper and the serum caeruloe

plasmin (r = « 0.5877, P& 0.05).

4,3.2, Pulingnary tuberculosis

The serum zinc, albumin and haemcglobin in patients
with active tmberculosis were significantly lower (p &
0.001) than mon-elite controls (table 4.1.). The corre-
lation between the serum zinc and serom alkaline phospha-
tase was sigmificant (r = + 0.49C7, P£0.01). The serum
copper was significantly correlated with the serum

caeruloplasmin {r = + 0.6467, P& 0.001).

4.,3.3. Leukaemia

Patients with leukaemia had significantiy lower zinc
(P £0.01), alsmin (P £0.05), haematocrit and haemoglobin
levels (PL C.O1), but significantly higher copper and
caeruloplasmin values (P £0.01) thaen normal non-elite
controls (table 4.1.). There was a significant correiation
between the serum copper and the serum caeruloplasmin

(r = + 0.9331, P £0.01),

4,3.4. Leg ulceration

Pati=its with leg uvlcers had similiar biochemical
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values studiecd with non-elite controls (table 4.1.).

The correlation between the serum zinc and serun
alkaline phosphatase was slightly significant (r = - 0.380%,

P£0C.05).

4.3,5. Primz=ry liver cancer

Patients with primary liver cancer showed significantly
lowver zinc &lbumin, haemoglobin and haematocrit levels, but
showed significantly higher copper and caerulopiasmin levels
(P £0.001) than non=-elite controls (table 4.1,). The alka-
line phosphatase and total protein did not differ signifi-
cantly. There was a slight significant correlation between
the serur. zinc and serum alkaline phosphatase (r = - 0,3816,
P£L0.05). Tha correlation between the serum albumin was

also slightly significant (r = + 0.4613, P& 0.05).

4.4, Discussion

4e4.1. Hookworm anaemia

The significantly reduced serum zinc levels with the
serum albumin and alkaline phosphatase values in patients
with hookworm in this study may be due to excessive blood
loss because blood contalns about 10 pg/ml of zinc,

meaning that fawokworm infestation, like Schistosoma haema-

tobium infestation, can ~ontribute to body zinc depletion

(Prasad, 19¢3; Halsted e& al., 1972; Anon, 1973), The
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significantly reduced haemoglobin and haematocrit values
wag due to iron deficiency.

Caeruloplasmin accounted for the elevated serum
gopper because caeruloplasmin is the majo» copper carrier
protein whose function may be accelerated in response to
the need for copper in the utilization of iron during
haemosynthesis (Wintrobe, 1967).

The accumulation of copper in red cells and plasma
in Hb.SS may have similar mechanism to that in hookworm
anaemia, thalassaemia, aplastic anaemia and pernicious
anaemia, secondary to disturbed iron metabolism in mito-
chondria of normoblasts. The significant correlation
between serum copper and serum caeruloplasmin might reflect
that serum copper is directly related to caeruloplasmin
levels not depending solely on latcration in hepatic

function.

4.4,2, Pulmonary tuberculosis

The reduced plasma zinc noted in the present study
in patients with pulmonary tuberculosis is in agreement
with the findings of Halsted and Smith (1970). This re-
duction could be the result of loss through sputum, and
altered concentration of albumin and alkaline phosphatase.
Another reason that has been advanced to be responsible
for a depression of serum zinc in inflammatory conditions,

as in iron, is thought to be mediated by Leukocytic
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Mediater
Endog&nousL{LEM) after its release from phagoaytic cells

{Beisel et al., 1973). The significar: correlation
between the sorum zinc and serum alkeline phosphatase
Coafirmé. that zinc is an essential metal for the function

of alkaline phospnalase,
4,4,3, Lomtaemia

The rodeced serum zinc levels in this study agrees
with reported studies by Davies (1972). The same author
reported elevated erythrocyte levels in leukaemia, These
changes sugcwst a re-distribution phenomenon with respect
to zinc. 1I%* is possibly that in view of an increased
metabolic activity of the erythrocyte as a result of
haemorrhage, the requirement of zinc by the red blood cells
might increase, thus causing a shift from the plasma pool
to the red bklood cells., However, low zinc values in serum
cannot be explained by a movement of zinc into areas of

tissue injury (Beisel et al., 1973).

The elzvated serum ccopper with the serum caerulo-
plasmin levels 1s in agreement with the findings reported
by Davies (1272) and Beisel ef al. (1973), The hiqqﬂsigni-
ficant correlation between the serum copper and serum
caeruloplasmin in this study indicates that increase serum
copper accomzanies an i-creased hepatlic secretlon of
caeruloplasmin in response to the need for copper in

haemopolesis.
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4,4,4, Leg uiceration

The findina of non-gignificant reduction in the
serum zinc concentration of patients with vencus leg
ulceration with controls does not agree with the eariier
reports of Greaves and Boyde (1967), Withers et al.,
(1968), Halsten and Smith (1970) and Greaves and Skillen
(1970). Myers and Cherry (1970) were also unable to
demonstrate any reduction of plasma zinc concentrations
in their patients with leg ulceraticn. The slightly
raised alkaline phosphatase in the leg ulcer patients in
this study may have originated from the bones, liver or
kidney to provide phosphate for growth and tissue repair,
or participate in bone metabolism. The slight negative
but cignificant correlation between the serum zinc and
serum alkaline phosphatase might mean that the low zinc
levels were not influenced by the alkaline phosphatase
activity. Raisea serum alkaline phosphatase in a similar
study was mainly of the intestinal form (Greaves and

Skillen, 1270).

4.4,5. Primary liver cancer

The significantly reduced serum zinc in patients
with primary liver cancer in this study does not agree
with the firding of elevated serum zinc concentrations in

assoclation with liver cancer repr:ted by Karlinsky and
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Romere (1967) in South African Bantus. Dunn et al.
(1969) were unable to substantiate any statistically
significant differences in serum zinc concentrations
between 31 male Bantus. Although it is reported that
normal liver tissue contains considerable amounts of
zinc and that this is increased in liver cancer

(Dunn et al., 1968), Butt and Higginson (1957) have found
mean hepatic zinc to be subnormal in Bantu cirrhotics.
And decreased serum zinc levels have been found in
cirrhosis (Versieck et al., 1974). According to Dunn
et al. (1969), local epidemiological studies have
established that between 80 and 106% of hepatomas in
South African Bantu develop in such cirrhotic livers,
and a change of similar magnitude cccur in other areas
of the tropics where liver-cell carcinoma is common
(Edington and Gilles, 1969).

While low plasma zinc is a notable feature of
cirrhosis (Versieck et al., 1974) increased urinary
zinc is associated with cirrhosis (Vallee et al., 1957;
Sullivan, 1965; Kahn et al., 1965; Walker et al., 1973;
Schwartz, 1975), with the serum zinc in liiver disease
correlating particularly with the serum zlbumin level
(Kahn et al., 1965). 1In the present study, the slight but

significant correlation between the serum zinc and serum
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albumin levetz indicatas that the reduced zince Jevals
found in patients with primary llver cracer may be a
reflection of reduced albumin concentreftions as commonly
found in patjents with hepatic circhosis (Walker et al.,

1973).

The <significantly raised serum coprer obtained in
the present study is similar to that usually found in
acute and chrunic liver disease (Sunderman, 1973), although
a similar finding has not been reported in.prkmary liver
cancer. The &levated mean serum copper !xvels in patients
with primary Iiver cancer in this study was associzted
with elevated caeruloplasmin levels, probably as a result
of disturbarce in hepatic copper metabeolism, Alsc, the
increased serum copper may be attributed to interference
with the evc¢retion of copper in the bile, independent of
caeruloplasmin activity (Schwarktz, 1973). The latter 1s
the likely exmlanation since the serum copper and serum
caeruloplasmim were found to be uncorrelated in this
study. . | : .

The findings of elevated serum copper lavels with
the serum cacruloplasmin levels in this study requires
further comprefiensive study to determine the difference
in serum coopper levels in relation to disease activity,
as 1s in Yodgkin's diseunse (Thorling and Thorling, 1976)
and in a varietj of other lymphomas (Hrgovcic et zl., -

1973).
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4,5, Summary -

Serum zinc, copper,caeruloplacwin, a’bumin, total
protein ,alkaline phosphatase, haemcglobin and packed
cell volume were measured in 95 rural fariers with a
;ariety of diseases from the Zaria area in northern
Nigeria. While abnormally low values of zinc,albumin
and haemoglobin wWere obtained in hookworm anaemia, active
pulmonary tuberculosis, leukaemia and primary liver cancer,
the copper with the caeruloplasmin values were abnormally
elevated, except in active pulmonary tuberculosis. In
venous leg ulceration there were no sifnificant changes
in all biochemical parameters estimated.

These observed changes could be the reault of excess
loss through sputum, urine and blood; or altered concentra-
tions of albumin, alkaline phosphatase and caeruloplasmin,
since signficant correlations occured between the elements

and their carrier proteins. In inflammatory conditions a

depression of serum zinc, as in ircn, is thought to be. - ..

mediated by leukocytic endogenous nediator factor {Lﬁﬂﬁ
after its release from phagocytic cells. The accumulaw~
tion of copper in red cells and serum in haematological
disorders could be secondary to disturbed irom metaboliamiffk

in the mitochondria of normoblasts.
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ADDENDUM

Since the preparation of this thesis, Prasad et al.
(1378) have reported copper deficiency in an adult patient
!E@¥th gickle cell disease who had received oral zinc l5dmg E
{'d;iiy in divided doses of 15mg daily for nearly two years.
.. The oral administration of lmg of copper per day corrected
the deficiency.
| Zinc affects membranes in several wéys'(Prasad; 19795.
.It prevents induced histamine release from mast cells, an
effect believed to be due to its action on cell membrane.
Zinc controls the activities of many plasma membranes.
. Adenosine triphosphatase (ATPase) and phospholipase A are
known to be inhibited by zinc, and it is believed that this
_3éffect may result in immobilization of energy - dependent
activity plasma membrane or increase integrity of the
membrane structure (Prasad, 1979). Zinc alsc binds to
haemoglobin, and it is possible that the antisickling
effect of zinc is not only due to its effects on red cell
membrane but in part is related to its binding to the o
f‘haemoglobin molecule (Prasad, 1979;. |
Iron abscorption is impaired in copper deficient animals
and this defect represents impaired transfer of iren from
' mucosa to plasma, rather than from duodenal lumen to mucosa
i(Prasad, 1979), It is believed that caeruloplasmin, a copper
protein, catalyzes the oxidation of ferrous iron. This step
1s essential before iron can be bound to transferrin and . -
circulate in the plasma for marrow utilization (Prasad, 1979;

Imbembo, 1979).
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It isnbelieVed.(Paimisano, 1979) that all the patients
will develop the clinical picture of anaenia, leukopenia and
neutropenia if thelr sole ncurishment is copper-free
parentenal hyperalimentation given for a long period of time.

About six cases of such copper deficiency have now been

"~ peported (Palmisano, 19795. During total parenteral nutrition

therapy, decreased levels of trace elements can occur by a
q  number of mechanisms:
hTf {1) decreazed intake in the solution itself;
(2) increased need secondary to ;nabolic processes;
(3) 4increased excretion due to concomitant physical
| conditions (Imbembo, 1979).
éopper déficiency may be corrected by a daily dosage of
506 Fe of copper to restore tisszue stores, or by the coral
adninistration of 5Smg of copper sulphate in water solution

daily.
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SUMMARY

THE mineral status of nine native grass species
aod ten hrowse species from the Northern Guinea
Savanna Vegetation was investigated together with
the mineral Compaosition of standing hays from
Daura and Kano arens of the Sudan Savanna,
Bawchi ranch of the sub-Sudam, Samaru (Shika
Fadama) of the Northern Guinea Savanna and .Jos
area of the Plateau vegetation, in Northern Nigeria.
All forage types (grasses, browse and standing hays)
which were sampled in April of 1975 were analysed
for mitrogen (N), Fhosphorus (), poiassinm (K,
calcium (Ca), magnesium (Mg). sodium (Na),
zing (Zn) and copper (Cu), The grass species
inchwded:  Andropagcr gavanus, A. ascinodis,
Brachiaria jubata, Cynodon dactylon, Hyparthelia
dissplita, Poucium phragmitoides, Setaria gneeps,
Sporobalies pyramidalis and Urelytram muricatum,
while the browse consisted of Adenodolichos panicie-
latics, Amirageissis leacarpus, Briddelia ferruginea,
Crossopteryx  febrifug,  Dichrostackys cenerea
(glometata), Khaya senegalensis, Mimesa pigra,
Parinari curare!.’rfo!fs. Psorospermum  guineense,
and Pterocarpus erinacets. Both grass and browse
species were leafy materials from among those
Species considered to be highly consumed by cattlle,
in general, the average values for Na, P, amd
Zn in the grasses, browse and standipg lays were
inadequate for the nutritional needs of cattle
one standing hays from all ocations contained
snboptimum amounts of N, Ca, P, K, Mg, Na and
The Cu eqntent of all three forage types was
adequate for cattle nutrition The grass and browse
species contnined ndequate amounts of N, K, Mg
and Cu.  The frace clements and Ca and Mg
tended {0 be more comcentrated in fhe browse
species than in the grass species The opposite
was frue of K. Grasses, browse and sianding
hays contained equal amounts oi Na. Similarly,
the grass and browse species contained identical
amounts of P. Supplementation of miperal concent-
rates to incinde Na, P, K, Ca and Zn was suggested,

INTRODUCTION

Tue vast majority of Nigerian cattle are
found in the Northern States of Nigeria

{Oyenuga, 1968) and are mostly kept
under traditional systems of management.
The major fodder resources include grasses,
browse, crop residues and the standing
hays (Miller and Blair Rains, 1963a;
Miller, Blair Rains and Thorpe, 1963b
and 1964; Van Raay and de Lecuw, (974).
However, very little is known of the
chemical constituents of these fodder
resources {Oyenuga, 1968; Loosli, 1974).
Any study that provides information on
the mineral compaosition of the indjgenous
forage species of Northern Nigeria would
contribute significantly to the progress
of systematic nutritional work in Nigeria
and possibly serve as a basis for appro-
priate formulation of feeds for livestock.
This study was undertaken to find out the
levels of nitrogen and some Impertant
minerzals in the local forage species found
in Northern Nigeria.

EXPERIMENTAL METHODS

Materials

Nine grass and ten browse species and
standing hays were sampled during the
month of April of 1975, The grass and
browse species were leafy materials native
to Northern Nigeria, and were collected
from the Samaru area (on the Shika Fa-
dama) of the Northern Guinea Savanna
about 11° 11° north of the equator and
07° 38" east of the prime meridian at an

Nigerian Journal of Animal Production 2, (2), 1975 : - L o 235
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altitude of about 685.8m (2250f1) above
sea level. The annual rainfall of the area
is 111.40cm (43.86in) The standing hays
were whole materials and were collected
from Daura and Kano areas of the Sudan
Savanna, Samaru in the Northern Guinea
Savanna, Bauchi ranch of the sub-Sudan
and Jos area of the Plateau vegetation
Daura is about N13° 02" and longitude
E08° 13" and Kano is about latitude N12°
03" and longitude EO8” 32°, The altitudes
of Daura and Kano are 426.72m ( 1400f1)
and 472.14m (1549ft) above sea level,
with annual rainfall of 67.56cm (26.6in)
and 88.42cm (34.81in), respectively. Bau-
chi is about latitude N10o 11" and longi-
tude FO9° 49" with an altitude of 609.30m
(199911) above sea level and an annual
rainfall of 110.19¢m (43.38in).  Jos is
about lLongitude E080 54" and latitude
N09° 52" with an altitude of 1284.73m
(421531) above sea level and an annual
rainfall of 141.02em  (55.52in) (Fig. I.
after Clayton, 1957).

A representative sample of each forage
type was collected according to the sampl-
ing procedures for field hay, pasture or
forage grasses (Jones, Large, Pfeidere,

and Klosky. 1971).  All samples were
washed several times in distilled water to
avoid any contamination from accumula-
ted dust and soil particles. They were
air dried under the shade and later in an
oven at about 85°C, cooled and then gro-
und in a stainless Microhammer mill.
The samples were then stored in plastic
jars after oven drying at about 104°C
prior to digestion.

Analytical Methods

One gram of the oven-dried sample was
wel digested in Kjeldahl flask in duplicate
as described by Sandell (1950), The digest
was washed with distilled water into 100m
volumetric flask and made to mark., The
concentrations of K, Ca, Mg, Zn and Cu
were determined with a  Perkin-Flemer
Model 290B atomic absorption speciro-
photometer.* P was determined by the
Vanadomolybdate colorimetric  method
(Cavell, 1955). The Standard flame photo-
metric method was used to estimate the
concentration of Na, while the micro-
Kjeldahl method was used for N deter-
mination.  All results were expressed on
an oven-dry basis.

Tapee |

Nitragen and Mineral Composition of Grasses from the Northern Guinea Zone of Nigeria

3 N P K

Species v b4 »
Andropogon gayanus 1.78 011 1.43
Andropogon ascinodis 231 009 249
Brachiaria jubata 284 028 349
Cynodon dactylon 230 032 1.99
Hyparthelia dissoluta 1.50 013 1.62

287 028 253
264 021 554
3
1

Panicum phragmitoides
Setaria anceps

Sporobolus pyramidalis 31 022 2.07
Urelytram muricatum 092 021 1.86
Average Values 239 022 256
Standand Deviations 059 007 1.27

0.16

Ca Mg Na n Cu Cato P

/e % 7% ppm ppm ralio
0.30 0.14 0.013 28 17 273
0.32 0.25 0.052 42 20 1.68
0.29 0.32 0.043 40 2 1.04
0.75 0.20 0.024 43 10 2.34
0.28 0.16 0011 an 12 2.15
0.24 045 0.024 54 24 0.86
0.26 015 0,020 42 10 1.24
0.35 0.26 (0.019 17 5 1.59
0.25 018 0.013 27 12 1.19
0.34 0,23 .02 42,50 14,44 1.55

0.10 0.01 15.56 6.13

*  The Perkin-Elmer Corporation (1971), Norwalk, Connecticnt, U S A,
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Mineral Composition of Natwral Forages in Nigeria
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TapLe 2

Nitrogen and Mineral Composition of Browse from the Northern Guinea Savamma of Nigeria

N P K Ca My Na In Cu
Species % % % % % %o ppm. ppm  ratio
Adenodolichos paniculatus 331 039 249 031 021 0018 16 0 079
Anogeissus leocarpus L6 020 1.09 1.34 0.31 0,023 22 14 670
Briddetia ferruginea .64 G012 233 .70 41 0.028 53 i5 5.83
Crossoptervx febrifuga 1.82 016 140 0.53 0.20 0.017 48 20 3.31
Dichrostachys cinerea 261 019 1.30 0.79 0,39 0.24 43 16 4.16
Kyava Senegalensis 1.51 0.15 1.37 0.90 0:27 0.021 31 11 £.00
Mimosa pigra 272 027 1.50 Q.08 0.22 0,026 70 25 3,63
Parimari curatellifolia 1.39 0,12 1.05 0.33 019 0.021 19 10 4.42
Psorospermum guineense 1,25 0,08 1.47 .48 8 0.017 49 10 2.67
Prerocarpus erinaceus 356 030 258 0.43 0.45 0.019 63 20 1.43
Average Values 217 021 I.66 0.70 0.28 0.021 45.90 15.10 333
Standard Deviations 082 009 078 0,31 1.10 0,003  17.29 520
Tame 3
Nitrogen and VMineral Content of Standing Hays from the Savanna Zones of Northern Nigeria
N o K o] My No Vi Cu CanbP
Vegetation Zone e 4 oy % % % o ppm pom ratio
Sudan .
Daura — Northern Sudan 032 002 0.65 0.12 0.12 0,015 42 15 6.00
Kano — Southern Sudan 045 005 017 0.31 ol 0.029 43 10 56.20
Sub-Sudan
Bauchi — ranch 026 002 045 0.20 0.12 0.016 35 11 10,060
Northern Guinea
Samaru (Shika-Fadama) 0.29 003 036 0.23 0.10 0.020 36 10 7.67
Plateau
Jos 0.22 001 0.20 0.22 0.07 0.027 29 13 22.0
Average Values 031 003 037 0.22 0.11 0.02 37.00 11,80 F.33
009 002 020 0.07 0.n2 001 5.70 2.17

Standard Deviations

CaiolP

RESULTS AND DISCUSSION

The average values of nitrogen and the
seven mineral elements in each forage
type are presented in tables 1, 2 and 3.
Figures 2, 3, 4, 5 and 6 show the mean
protein and mineral values.

In all three forage types, the concentra-
tion of N (or protein) was directly pro-

portional to the concentration of Zn
(P <2 0.05), while in the standing hays
afone, the K concentration was inversely
proportional to the concentrations of Ga
and Na (P < 0.05). The N concentration
in Browse species was directly related Lo
the concentrations of P < 0,05) and K
(P < 0.01). Similarly, the concentration
of N in the standing hays was directly
related to the concentration of P (P=>0.05.)
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Major Elements

The crude protein values for each grass
and browse species and the standing hays
were calculated from the nitrogen figures
(Figs. 2 and 3). According to the A.R.C.
(1963) recommendations, 87, crude pro-
tein which is equivalent to 1,287 nitrogen
was adequate for milk production.  On
this basis all the grass and browse species
provided adequate amounts of nitrogen.
The standing hays from all locations con-
tained inadequate amounts of nitrogen.
The mean crude protein values of tem-
perate zone pastures (Wienmann, 1955)
and Uganda grasses (Long, Thornton and
Marshall, 1969a) were 209, and 6.24 res-
pectively, compared with 14.91 + 3.66",
for grasses, 13.55 - 5,159, for browse and
1.93 = 0.547, for standing hays obtained
in this study. There was no significant
difference between the average protein
(or nitrogen) contents of the grass and
browse species. The average protein con-
tent of the standing hays was significantly
lower (P << 0.01) that those of the grass
or browse species.

All forage types sampled contained low
concentrations of Na. with equal values
of 0.02%, (Fig. 4), which were lower than
the A.R.C. (1965) recommendations of
0.137, or good United Kingdom pastures
which normally contained 0.1679, Na
(Orr, 1929). Long, Ndvanabo, Marshall
and Thornton (1969b) obtained a higher
Na value of 0.044 % for grasses in Uganda
while lower values of 0.015", were ob-
tained by Howard, Burdin and Lampkin
(1962) for Kenya highland pastures.

Since the requirements of beef cattle
are reported to be lower than dairy cattle,
the amounts of Na found in the present
study may be barely adequate for beef
grazing but deflinitely deficient for dairy
production.

The average K values were 2.56 -1 1.27,
1.66 -+ 0.78 and 0.37 -1 0.207, for grasses,

browse and the standing hays respectively.
K intended to be more concentrated in the
orasses than in the browse or the field hays
(P < 0.01) (Figure 5). K contents of grass
and browse species were within the range
of 1 to 47, reported for temperate grasses.
The field hays [rom all locations were
deficient in K. The differences between
forage and types may be due to dilferences
in age at sampling, since K concentration
drops with in creasing maturity (Widdow-
son Penny and Willams *1965).

The average P levels of the grasses and
browse were about identical and were
significantly higher (P < 0.01) than that
of the field hays (Fig. 4) In general. the
P levels of all forage types were below the
ARC (1965) recommendations of 0367
necessary for dairy cattle. It is interesting
to note that the grass species Cynodon dac-
tvfon contained a very high amount of
P (table 1). This is in agreement with the
finding of Long et al (1969) for the same
grass found in Uganda. The browse spec-
ies Adenodolichos panieulatus (table2) con-
tained 0.39%, of P which was higher that
the ARC (1965) recommended require-
ments. 1t s concluded that P is deficient
in all forage types.

The Ca level tended to be more concen-
trated in the browse than in the grass
or standing hays (P <2 0.01) and more in
the grass (P 4 0.01) than in the hays Fig.
4). The Ca concentration of most of the
browse exceeded the A.R.C. (1965) sug-
gested value of 0437, for dairy cattle
(table2), while the Ca values for all hays
and grasses with the notable exception of
Cynodon dactyion were well below the
A.R.C. (1965) stipulations (table 1).

The average Mg values in the grasses,
browse and field hays were 0.23 L 0.10,
0.28 - 0.10 and 0.11 -+ 0.02, respectively
The A.R.C. (1965) has recommended a
Mg requirement of 0.18%., On this basis,
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the grass and browse species contained
adequate amounts of Mg while the havs
were deficient. There was no significant
difference between the average Mg con-
tents of grasses and browse. The average
Mg level in the field hays was significantly
lower (P <= 0.01) than in the grasses or
the standing hays (Fig. 4). Calcium:
Phosphorus ratio.

Hignett and Hignett (1951 and 1953)
and Hignett (1959) have suggested that the
Ca:Pratio was a factor influencing animal
fertility. They proposed an optimal ratio
of between 1 and 2.1 which was later
disputed by Little John and Lewis (1960).
Long ¢t al (1969) obtained a ratio between
1:1 and 2:1 for grasses in Uganda. The
Ca: P ratios obtained in this study are
presented in tables 1, 2 and 3 The Ca:
P ratio for grasses varied between 1:1 and
1.

Trace clements

Cu levels were about within the range
of 12 to 18 ppm reported by Oyenuga and
Olubajo (1974)for forages grown at Ibadan
(tables 1. 2 and 3). The grass species
Sporobolus pyramidalis had the lowest Cu
level (table 1). Lower average Cu levels of
6.0 -+ 3.6, have been reported for Dairy
farms in Uganda {(Long, Marshall, Ndya-
nabo and Thornton, 1972). There were
no significant differences in average Cu
level between the difierent forage types
(Fig. 6). It is suggested that all three
natural forage types provided adequale
amounts of Cu for cattle production.
According to Kapu (1975) Native North-
ern Nigerian Zebus had normal serum Cu
status which were above Cu levels of Zebus
in Senegal or temperate breeds of catile.

The average Zn levels in all three forage
types were below the A.R.C. (1963) re-
commendations of 50 ppm, but were with-

245

in the range of 36 to 52 ppm reported by
Oyenuga and Olubajo (1974) for forages
grown at Ibadan (tables 1, 2 and 3),
There were no significant differences in
Zn levels of the three forage types. Both
Cu and Zn tended to be more concentrated
in the browse species than in the grasses
or hays (Fig. 6).

Mineral supplementation containing Na-
cl, P, K, Ca and Zn is suggested. Cu is
unlikely to be deficient and should not
be included.
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.Mineral Composition of Serum from and Dermatophilus Infected
Zebu Cattle Under Grazing Conditions in Nigeria

By
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Depariment of Bivlogical Scienves,
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Zaria, Nigeria,

SUMMARY

SERUM zine (Zn), copper (Cu), caleium (Ca),
magnesium (Mg) and potassivm (K} were deter-
mined by atomic absorption spectrophotometry in
Zebu cattle with dermatophilosis and in normal
cattle under grazing conditions during the rainy
season in Northern Nigeria. The mean serum Zn,
Ca, Mg and K Jevels in catile with dermatophilosis
were fonnd to be significantly lower than in normal
caftle. The serum Zn, Ca and Mg values in Nigerian
Zebu cattle during the rainy season appear to he
Jower than values found by most other workers
for eaitle found elsewhere. The converse is true
for Cu and K. The differences in serum mineral
valugs between Nigerian Zebu cattle and cattle
in other couniries may be due, among other reasons,
to differences in the nutrient quality of the natural
forages upon which grazing cattle subsist.

INTRODUCTION

MiNerAL elements found in the body
of animals are of importange in a number
of physiological activities and may be
found in either increased or decrease
quantities in  association with certain
diseases (Coles, 1974).  Garner (1950)
reported that average serum Ca value in
osteophagic Zebu cattle was significantly
higher, while the average serum Ca value
in similar cattle with trvpanosomiasis
was significantly lower, in comparison
with the normal Zebu cattle.  Bonomi
(1964) suggested that an incidence of

infectious pododermatitis in cattle may
be related to a low Zn siatus of animals
and Dermerizis and Mills (1973) found
oral Zn therapy as an ellective agent in
the control of the disease in young bulls.

This paper reports findings on the level
and variability of five minerals in serum
from Zebu cattle with dermatophilosis
and from normal cattle,

MATERIALS AND METHODS

Blood samples of 98 normal Zebu cattle
and 43 Zebu cattle with dermatophilosis
were obtained from grazing fields during
the months of July, Augusi—September
and October of 1974, Venous blood was
collected in disposable syringes and trans-
ferred 10 deionized glass test tubes. The
blood was allowed to clot at room (emper-
ature, centrifuged and serum  decanted in
deionized plastic vials and stored ai 4° C
prior to analysis.  All elements were
determined by a Perkin-Elmer Model
200 B atomic absorption spectrophoto-
meter in accordance with the manufact-
urer's operating manual,

Diagnosis of the disease was based on
lessions and demonstration of the presences
of D. conglolensis (Kelley and Bida, 1970)

Nigerian Journal of Animal Production 2, (2), 1975 247
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RESULTS AND DISCUSSION
Serum mineral concentrations are pre-
sented in Table I,

KAPU

tions and receiving concentrates at the
Shika Research Station in Northern Nige-
tia, The higher Ca value obtained by

Tame |

Serum Minerals (mg/l) in Normal and Dermatophilus infected Zebu caitle in Nigeria

Zn Cu
N D N D

Calile
Maximum 1.ER 1.28 1.56 1.41
Minimum 0.72 0.45 0.67 0.77
Mean 1,28 .89 1.05 1.08
Standard
Deviation 0.28 0.18 0.16 .16
Significance " NS

NS Non Significant Difference (P <0.01)
N Normal cattle
D — Cattle with dermatophilosis
Figs | and 2 show the mean serum

mineral variability. A comparison of the
levels of serum minerals obtained in this
study with those reported by other wor-
kers in Africa and in temperate countries
is presented in Table 2.

There was no significant difference (P >
0.05) in serum Cu between Dermatophilies
infected cattle and normal animals. The
average Zn, Ca, Mg and K levels in Zebu
cattle with dermatophilosis were signifi-
cantly lower (P > f_').(lll than in normal
ca'tle (Table 1, Figs 1 and 2).

From Table 2 it is evident that the figures
for Cu and K in normal Zebus in this
study are higher than reported for cattle
in Western Nigeria (Oduye and Fansami,
1971), but lower than that for Zebu cattle
in Senegal (Friot and Calvet, 1973) and
Uganda (Jones, 1943) or for temperate
cattle (Underwood, 1971).  Anderson
(1933} reported a mean Ca value of 114
mg/l for Zebu cattle under grazing condi-

Ca Mg K
N D N D N D
158 117 39 2% 727 298
83 72 17 14 182 1204
9782 8984 2383  20.86 2000 221.84
(124 1061 423 268 8936 3818
o a8 - =

Garner (1950) was from similar cattle from
the YVom Livestock Improvement Centre
and Laboratory cattle.

The mean Mg level is similar to that for
English cattle, but lower than those for
similar cattle from the Livestock Improve-
ment Centre and Laboratory caitle at Vom
and for similar cattle under grazing condi-
tions in Uganda or in Senegal (Table 2).

The mean Zn level was Jower than that
for Zebu cattle in Senegal (Friot and Calvet
1973) or for temperate cattle (Underwood,
1971). The importance of reduced serum
mineral levels in dermatophilosis is yet
to be established.
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Serun Minerals (mg/1) in Normal and Dormatopkilus infected Zebu cattle in Nigeria

N - o i
Neximmn 1.88 1.28 156 141 158 17 39 28 7.27 298
Mipdmun 0.72 0.45 0,67 0.77 & 72 17 1 18 121
Hoan 1.28 0,83 105 1.08 97.82 89,64 23.85 20,8 290,0 221.94
Standard
Devistion Q.28 Qa8 Qaif 016 1124 1061 _4a25 2468 8B 3518
Significence - ES . »e we

» ¢u Highly significant differonce (P <0,01) -

¥ 5w Boweignificant difference

¥ = Normal oattle (98 sampled)

D = Cattle vith dermatophilonis (43 sampled)



Comparison of Nean Serum Xineral Levels of lebu cattle in Nigeria, Senegal, Uganda and of temperate cattle,

Breed of Cattle ¥o, of Sex Age Zine mg/l Copper mg/1 Caloium % fum Potassimm Literstwe
Aningls Group ng/l a%nu sg/l Reference
Tnglish Cattle - - - - - 100 24 - Alleroft
(1947)
Temperate - - - 1.50=1.80 0.93 - - - Underwood
(1971)
inkole,& Zebu, Uganda - - 115¢ 1,38 28 L 046 - Jonos
. (1943)
Zebu, Senegal - XaP - 1.8050.5 0.68t0,02 1141521 51.2% 0.6 277.6% .4 wﬁ% ~d
alvet
(19713)
Zebu, Figeria (Vom) - - - - 0.77 105%1.07 26 * 0,30 - Garner
: (1950)
sbu, Nigeria (Ibadan) 147 X&TF 1 mth - - 98,1t 15,2 - 174 .33%533.54 Oduye ~nd
- {1 yrs Famenni
(1971)
sbu, Nigeria (Forth) 98 M&F  Adult 1.2880,28 1.05%0,1¢ 97.86% 11.2¢ 25,00t 4,28  200,96%89,% Table 1
obu®, Nigeria (North) 43 N &F At o.08f0.18 1,0650,16 89,8t% 10,61 20.86% 2,68  221.04238,18 Tadle 1

# Cattle with dermatophilosis.



Meitin. Kupar s

their experiments, if expressed as specific responses and not as
stimulation indices. | think that the capacity of neonatal lym-
phocytes to proliferate spontanously as well as in response to
allogencic stimulation has to be considered when their mitosis-
inhibiting effect’ '2 is swudied, especially when neonatal lym-
phocytes are cultured together with unrelated cells. It may
have an effect on maternal neonatal lymphocyte interactions,
100, as the M.L.C. responses of maternal cells to related neo-
natal cells are in some instances either very weak or absent.
Mitosis inhibition may be caused by simple overgrowth or by
some kind of crowding effect or factor known to inhibit the
proliferation of lymphocytes in vitro!’ and even shown to be
produced by crowded lymphocytoblasts.'* This suggestion does
not, of course, exclude the existence of more specific miosis in-
hibitor(s) perhaps produced by neonatal lymphocytes.

1 thank Dy P, Jouppila, department of obstetrics and gynecology,
University of Ouly, for help in collecting the material, This study was
supported by the Sigrid Juselius Foundation and Piesident |, K. Pas-
sikivi Foundation.

State Public Health Laboratory,

90104 Oulu 10,

Finland E. HErva

PLASMA-ZINC IN SICKLE-CELL ANEMIA
Sig,—Plasma or serum zinc concentratiops have been

4 reported to be lower on average in sickle-cell trait (Hb AS) and

&

sickle-cell anemia (Hb SS) than in normal (Hb AA) subjects in
Jamaica® and New York State.!® Oral zinc therapy was said
to improve the healing of sickle-cell ulcers in Jamaicans with
low plasma-zinc.)*

Rural workers in developing countrics way have luw plas-
ma-zinc concentrations as the result of poor absorption due to
phytates in the diet,!” excessive loss in sweat,'™ increased excre-
tion in urine associated with acute and chronic diseases includ-
ing infection,*® and loss in feces associaied with hookworm or
Schistosoma hematobium infestations, *® 2

We measured plasma-zinc by atomic-absorplion spectropho-
tometry in 10 élite Nigerians (university senior stafl), 38 non-
élite Nigerians (farmers who were voluntary blood-donors), 13
adult patients with sickle-cell angemia (Hb §5), and 10 Euro-
peans (university senior staff) (see accompanying table).

Similar plasma-zing levels were found in Nigerian élite ana
Europeans, which agrees with the finding that differences due
to race are small or non-existent.** Non-€lite Nigerians had sig-
nificantly lower mean plasma-zinc concentrations than élite
Nigerians and Europeans (p<0:001), but noae had levels sug-
gesting deficiency; further study would be necessary to ascribe
the lower levels 1o diet, sweat loss, chronic inflammation, or in-
testinal parasites, '’ 42

No significant difference in mean plasma-zinc was observed
between non-élite Nigerians with normal hemoglobin pattern,
sickle-cell trait, or sicklecell anmmia. However, the only
sickle-cell patient with leg ulcers had the lowest observed
plasma-zinc value (65 pg/dl),

Nigerians with sickle-cell anamia may have better zinc

_Status than patients in Jamaica or America, and this may pro-
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PLASMA-ZING LEVELS IN NIGERIANS AND EUROPEANS

Mo, of Plasme-ninc pg/dl)
individuals mean st §.p
Nigernan éhite (Hb AA) 10 lb]. 4 -52.06
Nigerian non-€lite | Hb AA) 20 91.2:28.16
Nigerian non-€lice (Hb AS) 18 86.8+13.95
Nigerian sicklecell (Hb 58) 13 93.6+13.96
Europeans {Hh AA) 10 134,4+32.7%

tect them against leg ulcers, which are rarely seen in active
sickle-cell clinics in rural West Africa, Alternatively, low plas-
ma-zinc may be the result of chronic ulcers from any cause,'® 2%
and not reflect a deficiency. Further study is required of pa-
tients with leg ulcers, with or without sickle-cell anemia.

Moses M, Kary
A. F. FLEMING
B.U. Ezem

Depariment of Biological Sciences and .
Deparument of Hematology, Ahmadu Bello
University. £ana, Nigeria

DEVELOPMENTAL MIXOPLOIDY AND TRISOMY-20
SYNDROME

StrR,—Dr Benn and Professor Harnden (March 6, p. 541) res-
ponded to our letter (Feb. 21, p. 431) about two patients with
trisomy-20 mosaicism by pointing out that cytogenetically
abnormal fibroblasts may alsa be found in carly passages of
cultures from normal persons. They suggest that such changes
may be present in vivo without resulting in phenotypic abnor-
mality, but that they may also arise early in vitro, and that
duplicate lines should therefore be studied to guard against
attributing the patient’s abnormal phenotype to a tissuecul-
ture urtefact. This precaution cannoct be emphasized too
strongly, for we have also observed several chromosomally
abnormal lines arising early in fibroblast culture; whenever we
observe such a cell line, we routinely repeat the biopsy and cul-
ture,

From our 1wo patients, three biopsies with two duplicate
cultures cach were grown at three different times. This makes
it highly unlikely that the repeated finding of F-trisomy mosai-
cism was a culture-related change. Also, the fact that the two
patients have the same rare and highly abnormal phenotype
and are the only two who have ever been found to have F-tri-
somy it this laboratory makes it highly probable that the chro-
mosome abnormality is causally related to their syndrome. In-
deed the findings in these patients emphasise the importance
of doing chromosome studies on fibroblast cultures in all pa-
tients with “idiopathic” multiple congenital-anomaly/mental-
retardation syndrome who were previously found to have nor-
mal chromosomes in lymphocyte cultures,

The finding of tissue mosaicism in malformed individuals or
in apparently normal individuals' emphasises that mitotic non-
disjunction can occur at any time during prenatal or postnatal
life. Although it may be insignificant once development is com-
plete, somatic chromosome mutation is suspected of playing an
inportant role in the cause and/or pathogenesis of many
cancers (e.g., chronic myelogenous leukemia). Our two pa-
tients with F-trisomy mosaicism again illustrate that develop-
mental mixoploidy is also a well-documented, aibeit poorly un-
derstood, cause of malformation syndromes. The remarkable
distribution of their two cell lines is not unprecedented: we
have studied other patients with malformation syndromes who
repeatedly demonstrated abnormal chromosomes in one tissue
and normal chromosomes in another.? *

L. F. MEISNER
. — S— P. D. PALLISTER
TUversity isconsin er s- 1” IHHO‘N
Health Sciences and Medical Schoal,
Madison, Wisconsin 13706, and J. HERRMANN
Boulder, Montana 59632, U.S.A. J. M. OrrTz
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During the second three months patients crossing over trom
wstrogen to placebo showed a stnking increase in flushes o
pre-treatment levels. Several patients, including two odphorec-
tomised women, who had been nearly free of flushes for sevegal
years, suddenly developed severe flushes on stopping aestrogen
treatment. This would seem to provide some evidence that
flushes occar when cestrogen levels are falling, especially if exo-
genous aestrogen 1s withdrawn suddenly in patients whose
endogenous asirogen production 1s lacking. Women left with-
out treatment finally setiled at their pre-treatment level of
flushes.

Thus the results of this small tnal would suggest that
estrogens are effectve in the treatment of flushes and that
withdrawal of @strogen causes flushing, but that placebo given
de novo 15 also effective, possibly by stimulating production of
endogenous estrogen. It is difficult 1o measure the therapeutic
value of exogenous cestrogen when the body manufactures s
own supply, which varies in response to excitement and sexual
stumuli and also shows diurnal changes. 1 agree with Mulley
and Mitchell that eestrogens should not be prescribed routinely
for all patients with hot flushes, especially n situations where
there are increased nisk factors for senous condiions
The Waterhouse,

HBatlingron
near Macclesheld

Iras K. M. Coopy

Stk Lhe survey of Mulley and Mitchell’ questioming an
@strogen-gonadotrophin  cause  for menopausal  Hushing
prompts the following comments. In our chmcal expenence of
about 200 adrenalectomies for the treatment of advanced
breast cancer in women post-menopausc or post-oophorec
tomy,” hot flushes and sweating identical with the menopausal
syndrome occurred in 2-3% of cases. The true figure may have
been higher since no specific attempt was made to record the
disturbance, None of the women showed overt psychological
symptoms assumed 1o be part of the menopausal complex.

Mulley and Mutchell rightly question the wstrogen-gonado-
trophin dogma. Both ovary and'adrenal secrete or provide pre-
cursors for a number of sieroids withun the C18 (eestrogen),
C19 famdrogen), and C21 (progestagen) series. Within each
category are many substances without known biological pro
perties of the classical type. Any of these could be related o
the odd vasomotor disturbance.

Likewise, the pituitary secretes more hormones than just the
gonadotrophins. Prolactin, with vascular effects,” 1s one such
compound, and, like the gonadotrophins, 1t 1s wstrogen regu-
lated.* However, my group has poted that prolactin falls alter
the menopause and cophorectomy and nises after adrenalec-
tomy.* These data confound the idea that prolactin may be a
primary mediator for menopausal flushing.

Since deprivation of both ovarian and adrenal steroids can
produce the sympioms, one or other of their secretory products
or metabolites seems to occupy a primary role, with perhaps
secondary effects from pituitary peptides.

It 1s time for a serious study of the menopause; this, besides
giving an jnsight into breast cancer,® could provide informa-
tion on the relauons between the endocrine system and vascu-
lar discases.

New South Wales State Cancer Council,

Sydney, N.S.W 2000, Australa GORDON SARFATY
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PLASMA-COPPER IN SICKLE-CELL ANEMIA

Sir,——Sachs et al.! first reported rased serum-copper levels
in & patient with sickle-cell anemia. This observation has been
confirmed in patients from the forest area of wt:{l:rn Nigeniat,
the mean serum concentration {115 ug/dl) in those with hemo
globin (Hb)SC discase was intermediate between the mean in
HbSS patents (136 ug/dl} and normals (HbAA or HbAS sub-
jects) (102 pg/dly. Schaeffer er al.? described copper-contamning
granules n sickled erythrocytes which were aot present in nor-
mal cells,

Raised serum-copper concentrations have been reported in
other hamatological disorders, including thalassemia, aplastc
anemia, pernicious anama, leukemia, and lymphomas,* *

We have measured plasma-copper by atomuc absorption
spectrophotometry in patients with sickle—cell anemia (HbSS),
in élite Nigerians (university senior staff, in non-<€lite
Nigerians (Hausa farmers presenting as blood-donors: who
were either normal HbAA) or had sicklecell trant (HbAS),
and in Caucasians (umiversity senior staff’ living in northern
Nigeria. The mean plasma-copper concentrations in patients
with sickle-cell anemia were significantly higher than in other
groups (P<0-001) (see accompanying table . The mean plas-
ma-copper levels in Nigerian élite and non-€lite, with or with-
out sickle-cell traut, and in Caucasians did not duler sigmfi-
cantly.

PLASMA-COPPER CONUENTRATIONS IN NIGERIANS AND CAUCASIANG

Plasma- copper

Ne. o I v dl
Subjects stuhicd subjecrs | Mcan sp
ST | .
Nigerian éhte HbAA | 13 115.1 4 29.17
Nigerian non-élne HbAA 20 I 1082 + 26.9%
Nigerian non<lite HbAS 1K 117-7 « 35.84
Sicklecell anenma HbSS 17 | 1644+ 3340
Caucasians HBAA 5 Y I 1108 ¢ 1617

Qur finding of raised plasma-copper concentrations in
sickle-cell anemia confirms the observations of Olatunbosun et
al.? They suggested that copper, with zinc. calcium, sodium,
and porassium, were involved in the maintenance of the struc-
tural integrity of the red-cell membrane, and that changes in
the serum levels of these merals were an index ol irreversible
sickling. This explanation does not account for the similarly
raised plasma-copper in thalassemia, aplasuc anenia, and
pernicious ansmia, nor does it relate these findings to the
essential role which copper is known to play in erythropoiesis.’

Copper deficiency in animals leads to changes in many sys-
tems of the body, including the development of hypochromic
microcytic anemia. Coppercontaiming enzymes or co-factors
seeém to be necessary for the uptake of iron by the intestinal
mucosa, the transfer of iron into the blood, and its uptake by
normeblasts and other tissue cells; and copper is also required
in iron utihsation during hemosynthesis.” The accumulation of
copper in red cells and plasma in sickle-cell angmia could be
secondary to disturbed iron metabolism in the mitochondria or
normoblasts. The hypercupramia of other hamatological dis-
orders is likely to have a similar mechanism.
Depariment of Bislogical Saiences and
Pepartment of Hemaology,

Abmadu Bello University,
ZLana, Kaduoa State, Nigena

Moses M. Karv
A. F. FLEMING
B. U. Ezem
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