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Zinc and copper in multiple sclerosis
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SUMMARY The serum concentrations of zinc and copper were measured in 50 patients with
multiple sclerosis. Lower serum zinc levels were found compared to age- and sex-matched
controls. In younger patients low serum copper concentrations were noted. Zinc concentrations
in CSF were unchanged. The possibility that malabsorption of the metals causes the low serum
concentrations is discussed.

In the search for the aetiology and pathogenesis of
multiple sclerosis some interest has been expressed
in the role of the trace elements zinc (Zn) and cop-
per (Cu). Epidemiological data has shown a low
prevalence of the disease in seacoast towns,' where
the intake of seafood, rich in Zn, is high.2 Zinc and
copper deficiency in some animal species may lead
to hypomyelinisation.39 Conflicting reports of
serum and plasma concentrations of Zn and Cu in
multiple sclerosis have been published. Plasma Zn
has been reported to be increased in 50 patients.'0
Decreased plasma Zn levels were reported by Wong
et all" in 25 patients, 14 of whom had clinically
definite multiple sclerosis. Serum Cu has been
reported to be decreased,'2 or unchanged."'-6 In
addition, serum albumin, which binds about 80% of
the Zn in serum,'7 has been said to be decreased'8-20
or unchanged,'0 while the serum a2-macroglobulin,
which binds about 20% of the Zn in serum, has been
said to be depressed.'0 18-20 Transient elevations of
several acute-phase reactants in serum, for example
C3-pro-activator, C-reactive protein, orosomucoid
and IgM, have been found during exacerbations of
the disease.2'
The aim of the present study was to correlate

changes in the serum concentrations of Zn, Cu and
albumin in multiple sclerosis patients with the age of
the patients, the phase and duration of the disease,
and the degree of disability. In addition the concen-
trations of CSF Zn were determined, and their rela-
tionship to the CSF proteins studied.
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Patients and methods

Patients
Serum was collected from 50 patients with clinically
definite multiple sclerosis according to the criteria of
McDonald and Halliday.22 Patients from a neurological
ward and a rehabilitation centre, as well as outpatients,
were included in the study over three years. Twenty-one
were males, median age 34 years (range 22-68), and 29
females, median age 39 years (range 23-76). The median
age for the first symptoms of the disease was 26 years
(range 14-52) for the males and 29 (range 15-41) for the
females. None of the patients were on ACTH, corticos-
teroid, oestrogen, oral contraceptive or phenytoin therapy,
all of which may alter the serum concentrations of Zn and
Cu. Blood Hb was more than 115 g/l and ESR less than 25
mm/h in all patients. None of the women was pregnant. No
clinical or laboratory signs of acute or chronic infection,
malnutrition, liver disease or pressure sores were observed.
From 29 of the patients, 11 males and 18 females, CSF
samples also were obtained.
Age and sex matched control serum samples were

selected from a pool of 75 healthy volunteers from the
same geographical area as the patients. They were taking
no drugs, including oral contraceptives, and they had no
clinical or laboratory signs of infection, anaemia or liver
disease. None of the women was pregnant. Age- and sex-
matched controls for the patients who provided CSF sam-
ples were taken from a pool of 52 CSF samples assumed to
be normal. Eighteen came from healthy volunteers23 and
the remainder from patients with psychoneurosis, tension
headache and other pain syndromes in whom neurological
examination failed to define an organic CNS lesion. All
had macroscopically clear CSF with a leucocyte count of
less than 5/,l, and a CSF protein concentration of less than
500 mg/I.

Clinical parameters
The stage of disease at the time of sampling was described
as (a) acute exacerbation if the symptoms had started
within the previous ten days, or (b) remission or steady
state if new symptoms were older than ten days, had com-
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pletely or partially disappeared or if the disease was in
"steady state", or as (c) slowly progressive disease. Dura-
tion, disability levels and degree of malignancy of disease
were registered and scored according to Johnson et al.24
The duration of the disease was scored as 5 when it was
1-3 years, 4 when it was 4-6 years, 3 when it was 7-9
years, 2 when it was 10-15 years, and 1 when it was >15
years. The disability level was scored as mild, moderate or

severe: mild (score 2): the residual symptoms were slight
and the patient could work in his regular occupation; mod-
erate (score 3): the patient could perform activities of daily
living but not work regularly; severe (score 4): the patient
was severely incapacitated. The degree of malignancy of
the disease, the amount of disability of the disease in rela-
tion to the duration, was estimated by multiplying the
scores for duration and disability level. A high score meant
a severe degree of malignancy.

Serum and CSF sampling and analysis
All samples were collected at 08.00-09.00 after an over-

night fast. The blood samples were taken from an antecubi-
tal vein after minimal stasis, into acid washed glass tubes.
The vacutainer was not used, to avoid zinc contamination
from the rubber stopper. When additional blood samples
were taken, the sample for Zn and Cu analysis was taken in
the first tube. The blood was allowed to clot for about two
hours, centrifuged at 5000 r/min for 15 minutes. The
serum was transferred to acid washed plastic tubes with
Pasteur pipettes and frozen at -20'C until analysis. All
samples were analysed as a batch. Serum Zn and Cu were

analysed by flame atomic absorption spectrophotometry in
a Varian AA-6DB. The samples were diluted eleven times
with 0-1 mol/l HCI, and Zn and Cu determined at 213-9
and 324-7 nm respectively.25
CSF samples were obtained by lumbar puncturP ith the

patient in the lateral recumbent position. Samples after
approximately the 15th nil were used for the analysis of
Zn, CSF protein and CSF albumin. CSF samples which
were cloudy or coloured were rejected. CSF Zn concentra-
tions were determined by the flame atomic absorption
spectrophotometry and using a pulse nebuliser techniqLie.
The puncture technique, sample handling and analytical
procedures were described in a previous report.23 CSF pro-
tein was determined according to Lowry et al26 with
tyrosine as the standard. Albumin in serum and CSF was

analysed by electroimmunoassay according to Laurell.Y'

Statistics
The differences between group means for different vari-
ables were tested using Student's t test. The test was mod-
ified if the variances were significantly different (p < 0-01;
F test). Product moment correlation coefficients (r) were
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calculated for selected variables and tested using Student's
t test. p < 0.05*, p < 0*Olt, and p < 0-001t were chosen as

levels of statistical significance.

Results

SERUM CONCENTRATIONS (table 1)
Lower serum Zn concentrations were found in the
multiple sclerosis patients compared with the con-

trols. Also the serum Cu concentrations were

slightly lower in the patients but the difference was

not significant. The patients had more variability in
their serum Cu levels than the controls. Higher Zn
and lower Cu levels were found in the serum of
control males compared with those of females (p =

0.002 and 0.008 respectively). A slight similar dif-
ference of Zn and Cu concentrations in serum was

also found in the patients; however, it was not statis-
tically significant. The serum albumin concentration
did not differ between either the patients and the
controls, or between the sexes.

RELATION TO AGE (table 2, figs 1 and 2)
For patients younger than 45 years, lower Zn and
Cu serum levels were found in the males and lower
Cu concentrations in the females compared to the
controls. After 45 years no significant changes of
serum Zn or Cu concentrations were noted. The
serum albumin concentrations did not differ from
the controls in any of the age groups.
When serum Zn and Cu concentrations were cor-

related with age a negative correlation was found
between serum Zn and age in the control males, but
not in the multiple sclerosis patients (fig 1). For the
multiple sclerosis males a positive correlation was

found between serum Cu and age, but not in the
controls. For the females no correlations were found
between age and the serum concentrations of Zn
and Cu (fig 2).

CLINICAL PARAMETERS
Stage ofdisease (table 3) Lower serum Zn concen-

trations were found in males with slowly progressive
disease, and slightly lower serum albumin levels
were seen in males in remission or steady state.
Duration and disability (tables 4 and 5) Males with
short duration and mild residual symptoms had low

Table 1 Serum concentrations ofZn, Cu and albumin in patients with multiple sclerosis (MS) and age and sex matched
controls. The results are given as the mean ± SD. Significant differences between patients and controls are indicated

Males (n = 21) Females (n = 29)

MS Controls MS Controls

Zn Cumol/l) 13-0 + 1-9t 14-8 ± 1-6 12-1 + 2-1* 13-2 ± 1-6
Cu (,Lmol/l) 14-7 ± 3-7 15-3 ± 1-6 15-7 ± 3.3 16-8 ± 2-1
Albumin (g/l) 42 ± 3 43 ± 4 41 ± 4 41 ± 3

* = p < 0-05, t = p < 0-01, = p < 0-001
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Table 2 Serum concentratons ofZn, Cu and albumin in patients with muldple sclerosis (MS) and controls in two different
age groups. All results are given as the mean + SD. Significant differences between patients and controls are indicated

Males

< 45 years (n = 14) 2 45 years (n = 7)

MS Controls MS Controls

Mean age (years) 33 ± 6 33 ± 6 53 ± 9 52 ± 7
Zn lmol/l) 13-5 + 2-1t 15-4 + 1-3 12-1 ± 1-2 13-5 ± 1-2
Cu ,umol/l) 13-8 ± 2-3t 15-8 ± 1.4 16-5 ± 5-3 14-2 ± 1-7
Albumin (g/l) 43 ± 4 43 ± 4 41 ± 2 45 ± 4

Females

< 45 years (n =19) 3 45 years (n =IO)

MS Controls MS Controls

Mean age (ears) 31 ± 6 31 ±6 55 ±9 54 ± 7
Zn (ImoI/l) 12-6 ± 1*9 13-4 ± 1-4 11-0 ± 2.3 12-9 ± 1-9
Cu (jmol/1) 15-1 ± 3-2* 16-9 ± 2-1 16-7 ± 34 16-6 ± 2.3
Albumin (g/l) 41 ± 4 40 ±4 40 ±4 41 ± 3

* = p < 005, t = p < 0*01, t = p < 0001
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Table 3 Serum concentrations ofZn, Cu and albumin in patients with multiple sclerosis (MS) and controls in relation to
the stage ofthe disease. Zn and Cu are expressed in ,umolll, albumin in gil. The results are expressed as the mean ± SD.
Significant differences between patients and controls are indicated

Males Females

MS Controls MS Controls

Exacerbation Mean age 28 (n = 1) 28 38 - 10 (n = 6) 39 ± 11
Zn 16-4 14-4 12-6 + 2-3 13.2 + 0-9
Cu 13-1 15.0 14-9 + 2-7 15*9 + 2-1
Albumin 44 49 42 ± 3 42 4

Remission or steady state Mean age 36 ± 13 (n = 8) 36 ± 12 41 + 14 (n = 15) 40 + 12
Zn 13-8 + 1-6 15-1 + 1.2 12-4 + 2.4 13.7 + 1-6
Cu 13.7 + 3-9 15*3 + 1-4 16-0+ 3-5 17-0 + 1-9
Albumin 41 ± 3* 45 2 41 ± 4 41 3

Slowly progressive Mean age 42 + 14 (n = 12) 42 + 13 39 ± 10 (n = 8) 39 + 9
Zn 12-2 + 1-6t 14-6 + 1-9 11-0 + 1-2 12-4 + 1-9
Cu 15-5 ± 3-6 15.3 ± 1-9 15-6 + 3-5 17-1 + 2-6
Albumin 43 ± 3 42 ± 4 39 ± 5 40 ± 3

* = p<005, t = p < 0-01, = p < 0.001

Table 4 Serum concentrations ofZn, Cu and albumin in patients with multiple sclerosis (MS) and controls in relation to
the duration ofthe disease. Zn and Cu are expressed in pamolll, albumin in gll. The results are given as the mean ± SD.
Significant differences between patients and controls are indicated

Duration Males Females

MS Controls MS Controls

1-6 years Mean age 30 ± 6 (n = 10) 31 ± 6 32 + 8 (n = 14) 33 ± 7
Zn 13-8 ± 2.2 15-1 ± 1-3 12-6 + 2-0 13-7 - 1-4
Cu 13.2 + 2-4* 15-7 ± 1-4 15.0 + 3.5 16-9 ± 1*9
Albumin 42 ± 4 44 3 42 ± 3 41 ± 4

7-15 years Mean age 46 + 14 (n = 6) 45 12 42 + 9 (n = 9) 42 ± 9
Zn 13.1 ± 0.8* 15-0 ± 1.4 11-1 + 2-6 12-9 ± 1.2
Cu 15.8 + 4-7 14.4 ± 1-9 15-5 ± 2.9 16.9 ± 2-6
Albumin 42 ± 2 45 4 41 ± 4 41 ± 3

> 15 years Mean age 50 + 15 (n = 5) 50 12 53 ± 14 (n = 6) 51 ± 11
Zn 11-5 + 1.4* 13.8 ± 2-1 12-2 ± 1-4 12-8 ± 2-4
Cu 16-4 ± 3.9 15.4 ± 1.5 17.6 ± 3-1 16-5 + 2-1
Albumin 43 ± 3 42 ± 5 38 ± 4 39 ± 2

* = p < 0-05

Table 5 Serum concentrations ofZn, Cu and albumin in patients with multiple sclerosis (MS) and controls in relaton to
the disability level ofthe disease. Zn and Cu are expressed in ,umolll, albumin in gll. The results are given as the mean t SD.
Significant differences between patients and controls are indicated

Disability Males Females

MS Controls MS Controls

Mild Mean age 34 + 11 (n = 8) 35 ± 11 36 + 10 (n = 15) 36 ± 10
Zn 13.8 + 1-7 14-8 ± 1.4 12.4 + 2-2 13-3 + 1-6
Cu 12-1 ± 2-1t 15-1 ± 1.3 15-6 + 3.3 16-4 ± 2-2
Albumin 41 ± 3t 45 ± 3 41 3 41 ± 4

Moderate Mean age 37 + 11 (n = 8) 38 ± 9 47 12 (n = 10) 45 ± 9
Zn 13-0 ± 2-2* 15-2 ± 1.4 11.7 - 2.5 13-0 + 1.9
Cu 16-0 + 3-1 16-3 ± 1-1 15.5 + 2.2 17.1 + 2-3
Albumin 44 ± 4 43 5 42 4 41 ± 3

Severe- Mean age 50 + 17 (n = 5) 50 15 37 16 (n = 4) 38 ± 15
Zn 11-8 ± 1-3* 14.0 ± 2-0 11-8 + 1-4 13-6 + 07
Cu 16-8 ± 4-6 14-0 ± 2-0 16.2 ± 5-8 17-5 + 1-3
Albumin 42 ± 3 42 ± 3 36 ± 2* 39 ± 1

* = p<O05,t = p < 0-01
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Zinc and copper in multiple sclerosis

Table 6 Serum concentrations ofZn, Cu and albumin in patients with multiple sclerosis (MS) and controls in relation to
the degree ofmalignancy (duration score x disability level) Zn and Cu are expressed in ,unolll, albumin in gil. The results
are given as the mean ± SD. Significant differences between patients and controls are indicated

Score Males Females

MS Controls MS Controls
1-8 Mean age 44 + 15 (n = 13) 44 ± 13 47 + 12 (n = 15) 46 ± 10

Zn 12-4 + 1-40 14-3 + 1-6 11-6 ± 2-3 13-0 + 1-8
Cu 15-2 + 4-2 14-9 ± 1-8 16-1 + 2-9 17-1 ± 2-2Albumin 41 ± 3 43 ± 4 40 ± 4 40 ± 3

9-20 Mean age 30 + 6 (n = 8) 31 ± 7 32 + 7 (n = 14) 32 ± 7
Zn 14-0 + 2-2 15-5 + 1-3 12-6 ± 2-0 13-5 ± 1-4
Cu 13-9 ± 2-5 15-9 ± 1.1 15-2 + 3-7 16-4 + 2.0
Albumin 44 ± 4 43 ± 4 42 ± 3 41 ± 4

= p < 0-001

Table 7 CSF concentrations ofZn, protein, albumin and
the ratio CSF/serum albumin x 103 in patients with multiple
sclerosis (MS) and controls. All results are given as the
mean + SD. Significant differences between patients and
controls are indicated

Males (n = 11)

MS patients Controls

Mean age 39 ± 14 39 ± 10
CSF Zn (i.mol/l) 0-14 ± 0-03 0-17 ± 0-05
CSF protein (mg/i) 345 ± 87 376 ± 64
CSF albumin (mg/i) 166 ± 53 206 ± 50
CSF/serum albumin x 103 3.9 +1-2 5-1 ± 1-3

Females (n = 18)

MS patients Controls

Mean age 37 ± 11 37 ± 11
CSFZn (Amol/1) 0-15 ± 0-06 0-16 ± 0*04
CSF protein (mg/i) 370 ± 97 327 ± 66
CSF albumin (mg/i) 185 ± 72 165 ± 56
CSF/serum albumin x 103 4-8 + 1-8 4-2 ± 1-2
* - p < 0-05

serum Cu concentrations. The males with moderate
or severe disability and a duration of more than six
years had lower serum Zn concentrations than the
controls. Lower serum albumin levels were found in
males with mild disability and in females with severe
disability.
Degree of malignancy (table 6) Lower serum Zn
concentrations were found in males with a low score
(less than 9).

CSF-ANALYSIS (tables 7 and 8, fig 3)
Slightly lower CSF Zn, CSF protein and CSF albu-
min concentrations and CSF/serum albumin ratio

were found in the males with multiple sclerosis com-
pared with the controls. In the females with multiple
sclerosis these parameters were slightly higher than
in the controls. When CSF Zn concentrations were
related to CSF protein, CSF albumin and serum Zn
concentrations and to CSF serum albumin ratio no
correlations were found in the patients. In the
controls, however, positive correlations were noted
except between CSF Zn and serum Zn. The best
correlation was found between CSF Zn and CSF
protein.
Discussion
The serum concentrations of Zn and Cu in the con-
trols were within the normal range.28 The sex differ-
ence in the controls with higher serum Zn and lower
serum Cu concentrations in the males also has been
reported by some authors,'529 30 but not by
others.31" The decreasing serum Zn levels with
increasing age found in the control males are in
accordance with the reports by Lindeman et al,29 in
which this age-dependence also was found for both
sexes. In another report this relationship was not
found.34 The serum Zn concentrations are about
16% higher than the plasma Zn levels, mainly
because zinc is released from disintegrating platelets
during the clotting process.35 The increasing serum
Cu concentrations with increasing age described by
Yunice et a132 was not confirmed in the present
study. Controls for studies on serum Zn and Cu
should be matched as to age and sex.
Lower serum Zn concentrations were found in the

patients with multiple sclerosis, which compares

Table 8 Correlation coefficients between CSFZn and CSFprotein, CSFalbumin, CSFlserum albumin ratio and serum Zn
in 29 patients with multiple sclerosis (MS) and controls. In both groups there are 1I males and 18 females

CSF Zn-CSFprotein CSF Zn-CSF alb. CSF Zn-CSF/serum alb. CSF Zn-serum Zn
MS patients r = 0-27 r = 0-31 r = 0-27 r = - 0-02

p = 0-145 p = 0-102 p = 0-163 p = 0.895Controls r = 0-52 r= 0-48 r = 0-48 r= -0.17
p = 0.004, p = 0-009 p = 0012 p = 0-417
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with multiple sclerosis and controls (n = 29).

with the lower plasma Zn levels reported by Wong et
al." Their study is the only one which has reported
low plasma Zn levels in multiple sclerosis. They did
not find any apparent relationship between the
plasma Zn concentration and the clinical
classification of the disease. The decreases in plasma
Zn levels was related to age; lower plasma Zn levels
were found under the age of 50 years. No difference
in plasma Zn concentrations between males and
females was found in the patients or controls. The
depressed serum Zn levels noted in the present
study are in contrast to the reports by Dore-Duffy et
al,10 who reported increased plasma Zn levels in 50
patients with multiple sclerosis.
The female patients in the present study had a less

pronounced depression of the serum Zn level than
the males. One explanation may be that most female
patients and controls were in the fertile age, and
variation of the serum Zn level is seen during the
menstrual cycle.36 The lower serum Zn concen-

trations found in the younger males is in accordance
with earlier reports."
The unchanged serum Cu concentration in the

group of patients with multiple sclerosis is in accor-

dance with most other reports. 13-16 The patients,
however, had more variable concentrations than the

controls, as has been reported by Plum and Han-
sen.'s Depressed serum Cu levels, however, were
found in younger patients of both sexes in the pres-
ent study.

Earlier reports of serum or plasma concentrations
of Zn and Cu in multiple sclerosis have been discor-
dant. Non-standardised blood sampling, contamina-
tion problems and the lack of age and sex matched
controls may account for the differences.
A low serum Zn concentration may indicate a zinc

deficiency or reflect a shift of Zn from the blood to
another body pool.37 Acute or chronic infections,
liver disease, neoplastic diseases, stress, corticos-
teroids, ACTH, oestrogens, oral contraceptives and
chelating drugs such as penicillamine are known to
cause low serum Zn levels. In these cases the serum
Cu concentration is, as a rule, increased. In malab-
sorption states low serum Zn3839 as well as low
serum Cu40 levels have been found.

In patients with multiple sclerosis evidence of
malabsorption has been found by Gupta et al.4 They
described, in many of their 52 patients, abnor-
malities in fat excretion, the digestion of meat fibres,
the excretion of d-xylose and the absorption of vit-
amin B 12. Histological examination of the intestinal
mucosa was normal in all except seven cases, who
had increased inflammatory infiltration. Lange and
Shiner,42 in 12 patients with multiple sclerosis, found
normal jejunal biopsies in seven cases, increased
inflammatory cell infiltration in three, partial villous
atrophy in one and a subtotal villous atrophy in the
remaining patient. Fine structural abnormalities
were seen in six out of eight patients studied. Other
authors43 " have not found any changes of the
jejunal morphology in patients with multiple
sclerosis.

Malabsorption may be an explanation for the low
serum Zn levels found in some of our patients, espe-
cially the males with slowly progressive disease,
those with long duration of the disease and those
with moderate or severe disability. The slightly
lower serum Cu levels would also support a malab-
sorption hypothesis. The other causes of low serum
Zn concentration for example inflammation and
infection, are less probable since all patients and
normal Hb and ESR and no fever or pressure sores
were observed.
Lower serum albumin levels were found in males

in remission or steady state and mild disability, and
in females with severe disability. However, as a
group the multiple sclerosis patients did not have
low serum albumin concentrations, which have been
reported by others.'8-20 Unchanged serum albumin
levels also were found by Dore-Duffy et al.-l In the
present study the serum concentrations of Zn and
albumin were not found to be related, and it is not
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Zinc and copper in multiple sclerosis

probable that low serum Zn concentrations in the
patients reflect an albumin deficiency.
The CSF Zn levels measured by our method were

considerably lower than in previous reports.23
Slightly lower CSF Zn levels were found in the
males with multiple sclerosis compared to the con-
trols. The low CSF Zn levels may reflect a zinc defi-
ciency in the CNS. Significant correlations were
found between the CSF concentrations of Zn, pro-
tein and albumin and the CSF/serum albumin ratio
in the controls. The latter ratio is considered to be a
good test of the blood-brain barrier function.45 The
lack of correlations in the patients with multiple
sclerosis was unexpected and may indicate a
changed zinc metabolism within the CNS. The
importance of the low serum Zn concentrations in
patients with multiple sclerosis is still unknown. The
decrease in serum Zn, the lack of correlation be-
tween serum Zn and age in the male patients, the
lack of correlation between CSF Zn and protein
parameters in CSF indicate that some changes in
zinc metabolism does occur in patients with multiple
sclerosis.
Mickel" has presented the following speculative

hypothesis to explain the aetiology of multiple
sclerosis. An enteric inflammation increases the
absorption of lipid peroxides and these peroxides
initiate a chain reaction propagation resulting in
peroxidative attacks on poly-unsaturated fatty acids
such as arachidonic acid in the platelets. Enhanced
platelet aggregation occurs with release of peroxi-
dised lipid and subsequent damage to endothelial
cells and oligodendroglial cells. Zinc inhibits lipid
peroxidation in vivo as well as in vitro.4 It is con-
ceivable that zinc deficiency could increase the pos-
tulated peroxidative damage in multiple sclerosis.
The value of zinc therapy in slowing or stopping the
progress of multiple sclerosis might be worth
evaluating.
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