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Summary, The levels of serum copper were determined by atomic absorption spectrophotometry in
normal subjects, pregnant women, and in patients with infectious hepatitis, nephrotic syndrome and
cirrohsis. The normal range was 11 to 44.54 4 mo! 1 —! with a mean +SD (standard deviation) of 23.9
+ 9.1 & mol 171, Lower levels were seen in cirrohsis, Wilson's disease and the nephrotic syndrome
and higher levels were seen in pregnant women and in patients with hepatitis.

INTRODUCTION

It has been established that copper in the living organism is concerned with
catalytic functions.! Copper was recognised to form an essential constitutent of a
number of enzymes. Trace amounts of copper are essential for life but excess of
copper is toxic. . '

Plasma copper can be subdivided into two fractions in which a greater amount
of it is bound to the ap-globulin and known as caeruloplasmin, A small fraction
of plasma copper (2%) is bound to serum albumin andis referred to as the non-
cacruloplasmin bound copper”, or the *Direct Reacting” copper fraction since it
directly reacts with diethyl dithio carbamate®. = Caeruloplasmin-copper is known
as the “Indirect Reacting” fraction of plasma copper. There is another fraction of
serum copper bound to amino acids. This fraction is extremly small and it may
have an important function in the transport of copper across the cell membranes.’
Caeruloplasmin deficiency results in an increase of the ionic copper in plasma. The
ionic copper which cannot form a complex with the albumin is deposited in tissues
of the body and the balance excreted in the urine chelated with amino acids®. This
occurs in Wilson’s disease. ’

Normal values for cacruloplasmin have been determined® by a modified
enzymatic. method®. The present study investigated the total serum copper levels
in normal Sri Lankan subjects, in several pathological states and in pregnancy.
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MATERIALS AND METHODS

Reagents and equipment :

Hydrochloric (HCI), perchloric (HCIO,4) and nitric (HNO3) acids used in the
wet digestion of the serum were of analytical grade. Analysis of copper was carried
out using a Varian AA5 model atomic absorption spectrophotometer.

Blood Samples

1. Normal -- _

For the establishment of the clinical norm for serum copper, blood samples
were obtained from the Blood Bank, General Hospital, Colombo. Glass con-
tainers used for collection were washed with dilute HCL(2N) and rinsed with glass-
distilled water. Screening of these blood samples for haemoglobin, Wasserman
reaction, total proteins and malarial parasites were carried out by the Blood Bank
as routine procedures. :

2. Pathological
Samples of blood received by the Department of Biochemistry, Medical Research
_Institute, Colombo, from various hospitals in the island for routine assays for hepatitis
cirrohsis, Wilson's disease and -other abnormalities were used to estimate the serum

copper levels.

3. Pregnancy _

" Samples of blood from women in different stages of pregnancy were obtained
from the Castle Street Hospital for Women, Colombo. For this collection con-
tainers used wete washed with dilute HCL (2N) and glass - distilled water.

Assay of Serum Copper

‘Serum (075 - 1.5ml) diluted ten times with distilled water was wet-digested with
HCIO; (1.0ml of 70% v/v) and HNO; (Sinl of 70% v/v). The di%cst was evaporated
to expél the remaining HClO, and cooléd. To the remaining solutions HCI, (0.5ml

of 363, v/v) was added followed by distilled water to make up the volume to 10ml.
This solution was analysed using Varian AAS atomic absorption spectrophotometer.

RESULTS AND DISCUSSION

Normal Subjects - -

... Fig. 1 gives the frequency distribution.of total serum copper in normal Sri.Lankan
. subjects. ‘Out-of a total of 65 observations, normal range was found to be 11-44.5
# mol ¥ . with a mean value of 23.87. % 'mel 1-! (s.p. 9.00). :
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Fig. I. Histogram of total serum copper.
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Fig. 2 gives the ‘Box Plot diagram of the serum copper and cacruloplasmin
levels in normal Sri Lankap subjects. It is seen from the Box Plot for serum copper,
that the lower limit is 11.0 4 mol I=! with a maximum of 44.5 x mol I-! and a median
of 21.9 4 mol 1. The plot indicates that the values are distributed more towards
the lower limit rather than to the higher. The distribution seems to be log normal.
Caeruloplasmin and serum copper levels were estimated on the same normal samples
and the method of the estimation has been described®. The Box Plot for the corres-
ponding caeruloplasmin levels indicates a lower value of 1.24 mol ! with a maximum
value of 3.0 # mol I*! and a median of 2.0 # mol I-*. The values seem to be unbiased
either towards the lower limit of riormality or to the higher limit, lying almost in
the middle, against the median.

Box Plot for Serum Copper Levels
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Pig. 2. Box Plots for serum copper and caeruloplasmin levels



_SERUM COPPER LEVELS ' 9
Other Subjects

Table 1. gives the total serum copper and the corresponding calculated crerulop-
lasmin copper levels in certain pathological states and during all stages-of pregnancy.
“The copper content in caeruloplasmin was calculated assuming a-molecular weight
as 151000 and’ that one molecule contains 8 atoms of copper’.

.TAbLE |, Total serum copper and corresponding calculated caervloplasmin
copper levels in certain discases and during all stages pregnancy

- tt Calculated- Extimated :
Case . . No:of Cacruloplasmin Caéruloplas;in Serum Copper Diﬂ'czmce :a;een
" L 3
Specmens Lovel i moleslL  Coppet ) ()i molggt, . ¥ @

Lowest Highest Lowest Highest Lowest Highest I.owest Highest

Pregnintmothens 12 227 342 1816 2736 183 2839 014 - 0.03
Cihois 07 01 110 08 88 09 92 01 04
Nephrotic Syndrome 01 048 — 3.84 - 39 - . 0.06 -
.Hepatitls ' 04 187 277 1496 2226 162 244 124 . 214

Wilson®s Disease 02 038 .78 304 - 624 - 32t 668 - 0.7 044

The copper content of cacruloplasmin was calewlated assuming the molecular weight as 151060 and t.hat
onc molecule of the enzyme protein contains 8 atoms, of copper. .

It is scen that the level of serum copper does not differ much from the calculated
cacruloplasmin copper levels both in the normal subjects, in pathological specimens .
" or during all stages of pregnancy, which is in agreement with the previously published
results’. The serum copper levels estimated and those calculated from the caeru-
loplasmin levels on the samples received from the Blood Bank and Castle Street
Hospital forWomen in our containers, and the results obtained from the pathological
random samples sent in other containers indicate that there was hardly any contami-
nation of copper in the blood samples received from the out-station hospitals.

The normal range for serum copper was found to be within the limits 11 to
44.5 p mol I'. Cartwright and Wintrobe? report values ranging from 11.8 to 24.9
# mol It Our values are higher than the reported values which could be attributed
to the sensitivity of the atomic absorption spectrometric assay. This method esti-
mates the copper attached to the albumin, to @,- globulin which is caeruloplasmin
and serum copper bound to amino acids. In Wilson’s discase jestimated copper
content and the calculated copper eontent of the caeruloplasmin are much reduced
and ranged ftom 3.21 ro 6.68 4 mol 1! and 3.04 to 6.24 4 mol I}, respectively.
The' differences between them were 0.17 to 0.44  mol I-1.
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During pregneacy there is hypercupracmia in the region of 28 # mol - the
copper being contributed by the caeruloplasmin which is elevated in pregnancy.
However, in cirrohsis, the highest value obtained was less than 10 mol L.-! A similar
pattern is seen in the nephrotic syndrome. In cicrohsis the diseased liver cells release
the caeruloplamin - copper, giving rise to ionised copper which is excreted in the
urine.

The estimated' serum copper was found to differ very marginally in the case of
cirrohsis, nephrotic syndrome, Wilson’s disease, in the range 0.1 - 0.4, 0.06, 0.17-0.44
# mol I, respectively, from the calculated caeruloplasmin copper. However in the
case of hepatitis the lowest value for the difference between the estimated serum
copper and that of copper calculated from the caeruloplasmin content is 0.1% and
the highest value is 11.1%, most of the values being greater than 5.  Therefore esti-
mation of the copper from the cacruloplasmin content gives an approximate index
of the serum copper. For clincal purposes this may be sufficient when considering
the labour involved in the determination of the serum copper and the need for an
atomic absorption spectrophotometer.
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