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Biologically active metals in human tissues

I. The effect of age and sex on the concentration of copper in
aorta, heart, kidney, liver, lung, pancreas and skeletal muscle

by ERKKI VUORI, M.D., M.Sc., ANTTI HUUNAN-SEPPA.LA., M.D., and
JUKKA O. KILPI<J, M.Sc.1

VUORI, E., HUUNAN-SEPPALA, A. alIld KILFIO, J. O. moIogkaHy ,a,ctive mebails
~n human hssues: 1. The eff,ect of ,age alIld sex on ,the concentra,tion of capper tn
aorta, heart, kidney, Ever, lung, pancreas and slreletal muscle. Scand. j. work
environ. & health 4 (1978) 167-175. Autopsy specimens of aorta, heart, kidney,
liver, lung, pancreas and skeletal muscle were collected from 86 accident victims.
The ,capper concentration ~n each tissue was determined w1th aJtomic absorption
spectrophotometry. The descending order of the tissues in respect to capper COTh­

cenltrartJiJon was: liver, heart, kidn'ey, pan-cr,eas, lung, muscle, and aorta. No signdfioaoIlJt
difference was found in 1Jhe oopper leV€lls of samples from male and female autopsies.
When the effect of age on the averag,e copper concentration was studied, liver and
kidney showed oa decreaffiJng concentrntiQn .up to matumy, the copper oonoenltratdon
in pancreas and s'keIetal muscle showed a <lOntinuous decline with increasing age,
and there was no clear-cut effect of age an the capper concentration of heart, lung
and ·aorta. Acoording .to the results the FoinlIlush papulartJion does not differ, on the
average, from other populations with respect to tissue copper COIIlcentr.a1lions.

Key words: copper, human ttssues.

Copper is 'an essential trace element for
animal life. Animal experiments with cop­
per deficient diets 'have shown that the
main symptoms caused by copper deficien~

cy are anemia, vascular abnormalities, ab­
normal keratinization 'and depigmentation
of hair and wool, difficulty in parturition,
neonatal ataxia, abnormalities iJn bone
formation, myocardial fibrosis, demyelina­
tion of the central nervous system and
gastrointestinal disorders (2, 6, 27). Copper
is known to ·act as a oofactor for many en­
zymes, it is 'an integral part of some pro-

1 Department of Public Health Science, UIlIi­
versity of Helsinki, Helsinki, Finland.

Reprililit requests Ita: EI1kki Vuori, M.D., De­
partment of Public Health Science, University
of Helsinki, Haartmaninkatu 3, SF-00290 Hel­
sinki 29, Finland.

teins, and it is also found in some naturally
occurring pigments (6, 27).

Since <lopper deficiency can lead to so
many pathological conditions, it is quite
natural that the role of oopper in the gen­
esis of human diseases !has been widely
discussed (2, 27), espec]aJlly in respect to
chronk illnesses such as cardiovascular
diseases (13, 21). However, human adults
hav,e never been reported to suffer from
dietary copper deficiency (28).

From earlier reports it is evident that
there is a geographical and racial variation
in the copper ooncentrations of at least
some human tissues (22). However, with
few exceptions the results concerning the
content of ,copper in human tissues are
based on studies with a very limited num­
ber of samples. Besides OI!1ly a few authors
have tried to assess the effect of age (9, 11,
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diJal i:nf,arction. In these cases the disease or
the medical treatment before death may
have ·caus'ed disturbances in trace-element
metabolism. Thus 86 cases were included
in the statistkal analysis, 64 males and 22
females. The age and sex distribution of
the series is pr,esent€d in fig. 1.

The specimens for analysis were taken
during the autopsy. Samples of aorta were
taken from areas where atherQsclerotic
chang,es, if present, were not prominent.
Specimens of m. pectoralis major were
taken to represent skeletal muscle, and
liver, lung, pancreas and kidney samples
were taken to l'epresen t the parenchyma
of each organ. A di,vision along the bron­
chial tree was not made in the lung
samples. Kidney samples were taken as a
segment which represented both cortex
and medulla in equal proportioos. All
samples wel'e put into polyethylene bags
and taken to the lahomto:ry for deep freez­
ing (-20°C) immediately after autopsy.
The procedure of taking and preparing
samples was carefully tested so thait con­
tamination would be pr,event€d.

Approximately 2 g of the tissue samples
were weighed in covered 15 ml silica
crucibles. The samples were dried over­
ni,ght at 105°C and then carbonized in a
muffle furnace at 250°C for 4-5 h. The
dry ashingcommenced at 450°C and took
approximately 48 'h to be completed. In
the middle of the ashing procedure the
crucibles were allowed to cool, and
0.1 :rol of ooncentrated nitric add (Supra­
pur4ll

, Merck) was ~dd€d. The acid was
evaporated at 250°C, and the temperature

22) and sex (14) on the copper concentra­
tion of human tissues.

When the possible role of tr,ace elements
in the etiology of diseases is studi€d, it is
essential to know the average level of the
trace elements in the tissues of heaUhy
subJects. Only one study has been pub­
lished on this topic in Finla'IlJd (8). Accord­
ing to Forss€n (8) the copper ooncentra­
tions ·of various tissues !in rtihe Fio:l·nish pop­
ulation seem to be lower than those re­
ported 'elsewhere. Recently it has been re­
ported that during the last five decades
the copper content of the average Finnish
diet has diminished (12). The morbidity
and mortality due to oardiov,ascul'ar d~s­

eases ar,e ,extmovdinarily high in Finland;
e.g., of all European countri,es Finland has
the highest annual rate 'Of acute myocar­
dial infarcti'ons in males aged 20-60 years
(29). In addition, it has been pr,oposed that
the beneficial effect of 0()pper is to main­
tain the elasticity of the blood vessels (13).
This proposal has led to the suggestion that
a low copper supply might be one of the
f.actors causing chronic cardiovascul'ar dis­
eases in F'inland (12).

In order to gain more informabon on the
copper content of human beings in Finland
and ,on the ,effect of age and sex on the
copper concentration 'of human tissues, we
have calculated the copper concentration
of the aorta, heart, kidney, liver, lung,
pancreas, and skeletal muscle of 86 sub­
jects who died accidentally.

MATERIAL AND METHODS

Autopsy specimens of aA),rta, he,art, kidney,
liver, lung, pancreas,and skeletal muscle
were collected from 96 humans who had
died in an accident. The autopsies were
performed at the Department of Forensic
Medicine, University of Helsinki, during
the autumn of 1973 and the spring of 1974.
Most of the subjects had di,ed abruptly.
T'en swbJects were excluded bater - fi~ be­
cause they had stayed alive for more than
24 h in the hospital, two because they
were known to have had diJa!hetes mellitus,
one because he had suff.er€d from hypo­
pituitarism, 'One ,because he had suffer€d
from rheumatoid arthritis since the age of
3, ~nd one because he had died of myocar-
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Table 1. Dry weight and ash weight of the
material.

specimens, for which they tended towards
lower values. If the median values are
examined, the females have lower copper
concentrati,ons for every tissue analyzed,
except aorta, but the differences between
the two sexes were not remarkable.

It can be seen (table 2) that the con­
centration -of copper is the highest in the
liver samples, and then in descending
order in the heart, kidney, pancreas, lung,
and muscle samples, and is the lowest in
the aorta. Figs. 2-8 show the effect of
age on the conc-entrations of copper, as
well as the ranges in ea,ch tissue analyzed.
Thec-oncentration of copper in liver (fig.
5) and kidney (fig. 4) decreases up to
maturity, while that in pancreas (fig. 8)
and skeletal muscle (fig. 7) show a con­
tinuous decline with increasing age. No
clelar-cut 'effed of age on 'the ,colPper con­
centration of the heart (fig. 3), lung (fig.
6), or aorta (fig. 2) can be seen. In table 3

Dry weight
("/0 of wet wt.)

Mean SD

Ash weight
(0/0 of dry wt.)

Mean SD

1.9
0.9
0.8
0.8
1.0
0.8
1.3

4.4
4.7
5.4
3.8
5.4
4.4
4.u

2.8
4.0
2.6
4.0
2.7
4.2
7.8

28.3
22.0
20.4
28.9
20.4
25.2
26.1

Aor,ta
Hea'l't
K:tdney
Diver
Lung
Muscle
Pancreas

Material

RESULTS

was then raised again to 450°C. When
needed, the treatment with nitric acid was
repeated.

The ash was dissolved with 2 ml of 4M
hydrochloric ac1d (Suprapur®, Merck) with
gentle warming. The crucibles and covers
were rinsed sev-eral times with small
volumes of deionized water and finally
diluted to 10 ml with deionized water.

The copper concentrations of the ash
solutions were then determined with flame
atomic absorption spectrophotometry
(Perkiu,..Elmer, model 300). The instrument
wascaHbrated according to the manu­
facturer's recommendations.

The accuracy and precision of the
method were tested with standard refer­
ence material no. 1577, bovine liver, pro­
duced by the National Bureau of Stan­
dards (NBS), Washington, D.C. Our mean
result from eight determinations was 199
flg/g with a range of 190-203 flg/g. The
certWed value for copper is 193 ± 10 flg/g
as given by the NBS.

The mean dry weights (of wet weight)
and ,ash weights (of dry weight) of ibhe
tissues studied are presented in table 1.

The copper concentrathms of the analyzed
tissues are shown in table 2 for all the
subjects, and separately for the males and
females. The distributions were quite
normal in the heart and kidney samples,
but they were skewed in the rest of the

Table 2. Number of oases and tissue copper concentratiQns (fA-g/g of dry weight) of males, fe­
males and aM subjects.

Males Females All subjects

Material Number
Copper eoneen-

Number
Copper eoneen-

Number
Copper eonoen-

of
tration

of
tration

of
tration

cases Median Mlean 5D cases Median Mean SD cases Med.ian Mean SD

AOJ:1ta 64 4.40 5.26 2.40 20 4.50 4.55 1.50 84 4.40 5.09 2.23
Heart 64 17.3 17.3 4.65 22 16.9 16.7 2.97 86 17.2 17.2 4.28
Kidney 62 13.3 13.7 3.11 22 12.8 13.7 4.21 84 13.2 13.7 3.40
lJiver 64 22.7 23.8 9.51 22 20.4 21.7 6.65 86 22.3 23.3 8.88
Lung 63 6.80 7.40 2.80 22 6.50 6.75 2.70 85 6.60 7.23 2.77
Muscle 64 5.70 6.21 3.09 22 4.50 5.95 4.39 86 5.30 6.14 3.44
Pancreas 64 6.90 7.52 3.45 21 6.20 6.60 2.24 85 6.70 7.30 3.21
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Fig. 2. Median copper conoent>ra,tion of aorta
as a function of age. (p.g!g, dry weight)
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Fig. 3. MedJian copper oonoeIlJtmtion of heart
as a function of age. (p.g!g dry- weight)
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Fig. 4. Median copper concentmtion of lcidney
as a funotion of age. (p.g!g, dry weighit)

Fig. 5. MedIDan copper concentration of liver
as a function of age. (p.g/g, dry weight)
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Fig. 6.M.edian copper concentration of lung as
a funotion of ag'e. (p.g!g, dry weight)
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Fig. 7. MedilalIl copper concentration of muscle
as a funotion ofag,e. (p.g!g, dry weight)



DISCUSSION

Fig. 8. Median copper concentmtiQn of pancreas
as a function of age. (flg/g, dry weight)

the ,concentration of copper measured in
liver in the present study is oompared with
the corresponding concentrations reported
in ,earlier studies. Table 4 shows a com­
parison of our results with those of earlier
studies also for tissues other than liver.
To make the comparison possihle our re­
sults hav<e been converted to give micro­
gmms per gram in ash weight according
to the percentages given in table 1.

1 0 20 30 40 5.0 50 70 year

When one attempts to assess the levels of
trace-elements in human beings, there are
sev·eral difficulties, e.g., obtaining samples
which repr,esent ,a normal healthy popula­
tion. Most authors have taken samples for
analysis from subjects who have died ab­
ruptly in accidents, but they hav,e also
included subjects with 'known diseases (1,
9, 25). Even subjects with dissimilar dis­
eases have been used as control groups in
studies concerning tissue copper concen­
trations in certain other diseases (11, 14,
15). In our study we collected samples
from autopsy subjects who were obviously
healthy prior to death and who at autopsy
were verified to have been kiJled acci­
dentally. Most subjects had di,ed instantly
and all within 24 h of the time of the
a,ceident. Deaths caused by violence were
about three times more oommon among
males than females in Finland in 1973 (3).
This phenomenon is the main reason for
the pr,eponderance of males in our ma­
terial, since the subjects who died in acci­
dents involving violence and were sent for
autopsy to the Department of Forensic
Medicine were included in our study in
the order of autopsies performed.

• mean
• median
rn range

pancreas, copper 119/9

5

20

15

10

Table 3. Mean copper coooentration of human liv,er according to different authors. (flg/g dry
weight)

Mean Number MethodS Reference Geographic
(flg/g) of cases aTea

28 199 ES Butt et a1. 1954 (1) United Sta.tes
28 634 C+S Griffith et al. 1954 (9) United Sta,tes
25 b 148 ES Tipton and Cook 1963 (24) United States
20 b 6 NAA Parr and Taylor 1964 (19) Unlited Sta,tes
15 b 4 C+S Cartwmgbt aoo WmtTobe 1964 (2) United States
23 7 NAA Todd et a1. 1967 (26) England
35 40 NAA Smallwood et al. 1968 (23) England
33 8 NAA Danielsen and Steinnes 1970 (5) Norway
15 b 36 AAS Morgan 1972 (15) United States
24 92 ES Indl"aprasit et a1. 1974 (11) Un~ted Sta,tes
30 19 AAS McKenzie 1974 (14) New Zealand
26 16 AAS Evenson and Anderson 1975 (7) United Sta,tes
23 86 AAS Present study Finland

a AAS atomic absorpbion ,spectroscopy; C + S = chemi,cal or spectrographic analysis; ES
emission spectroscopy; NAA = neutron actlivation anoaJysis.

b Ca,lculaJted value ,to give micrograms per gram of dry weight on the assumpbion that the mean
ash weight of dTy weight and dry weight of wet weight average 3.7°10 and 35 °/0, respec­
tively (24).
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Table 4. Comparison of copper concentr<lJtions of tissues in different geographic areas. (p.g/g ash
weight)

Geographic
Aorta Heart

Kid-
Liver Lung Muscle

Pan- Method a Referencearea ney oreas

Unit€d States
Median C+S Griffi·th et al.
Mean 446 377 746 247 1954 (9) b
Cases 137 201 199 72

United States
Median 90 350 260 510 120 74 140 ES T,ipton and Cook
Mean 97 350 270 680 130 85 150 1963 (24)
Cases 103 140 143 148 141 136 138

United States
Median Cartwright a,nd Wintrobe
Mean 273 182 392 75 C+S 1964 (2) b
Cases 5 5 5 5

Africa
Median 110 320 270 700 150 150 ES Tipton et al.
Mean 120 350 400 870 1'70 140 1965 (25)
Cases 16 43 48 45 44 6

Far East

Median, 170 350 410 1200 230 180 ES Tipton et al.
Mean 250 410 700 1700 420 260 1965 (25)
Cases 65 62 66 67 69 58

Near East
Median 150 290 340 710 200 180 ES Tipton et al.
Mean 200 320 510 990 350 190 1'965 (25)
Cases 15 20 31 33 33 26

SwiJtz€rland
Median 58 340 200 700 130 160 ES Tipton et al.
Mean 110 350 240 810 130 140 1965 (25)
Cases 5 8 9 9 7 4

Finland
Median 40 240 140 340 60c Od 90 X-ray FOrSSE!ll
Mean 1972 (8)
Cases 18 20 19 20 19 19 19

New Zealand
Median AAS McK€nzie
Mean 320 656 155 L974 (14)
Cases 19 19 10

Finland
Median 100 366 244 587 122 120 146 AAS Present study
Mean U6 366 254 613 134 140 159
Cases 84 86 84 86 85 86 85

c AAS = atomic absorption spectoscopy; C + S = chemical or spectrographic analysis; ES =
emission spectroscopy; X-ray = X-ray fluorescence spectrOtffietry.

b Ca.}culail;ed values to give micrograms per gram of ash weight by usIng mean values of per-
centages for ash weight of wet weight and ash weight of dry weight given by Tipton and
Cook (24)·

C Middle lobe.
d < 20 flg/g.

There are several reports in the litera­
ture on chang.ed tissue copper con-centra...
t10ns in patients with certain diseases. For
example, it has been reported that the
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ooncentration of copper is low in the aortas
and high in the hearts of atherosclerotic
patients (21). High liver copper concentra­
titons have heen noted in Wilson's disease,



pvimary biliary cirrhosis, other types of
intrahepaticcholestasis, large duct ob­
struction, and in chroni,c hepatitis (23).
Elevated hepatic copper oontent has also
been reported in subjects with ischemic
heart disease, if the patients were not suf­
fering simultaneously from diahetes or
hypertension (16). No differences in liver
oopper levels have been found between
subjects who died from hypertensive dis­
ease or neoplastic disease and subjects
dying from other causes (14). However,
these findings are not unif.orm; a decreased
liver ,oopper concentration has been re­
ported to occur in hypertensive patients
(11). Low hepaticcopperoontent has been
reported in patients with a hepatic neo­
plasm or with diabetes mellitus (20).
Normal hepatic copper oontent has been
reported in other types of carcinomas (16),
and no significant difference has been
found between the oopper concentrations
of normal and malignant tissues (5).

When the role of tra,oe elements in
various diseases is discussed, it is not only
essential to know the concentrations of
these elements in tissues under normal and
disease conditions, but also to try to inter­
pret that information into the known role
of tra,ce elements :in the metabolic pro­
cesses. For example it has been reported
that the copper content is low in athero­
sclerotic aortas (21), and, at the same time,
it is known that copper deficient pigs and
chickens develop abnormal elastin (6), due
to reduced amine oxidase activity caused
by copper defici,ency. Abnormal elastin
oontains less desmosine and isodesmosine
and has fewer cross-linkages than normal
elastin. This phenomenon was first noted
in copper deficient animals, but also
human elastin of aorta and skin from a
copper deficient patient (Menkes's diseas,e)
showed the same structural abnormalities
(4, 17, 18). This same situation might exist
in atherosclerotic anrtas where copper con­
centrations have been reported to be low
(21). It should be remembered, however,
that the analysis and interaction of the
findings from grossly sclerotic aortas are
highly difficult. Copper metabolism is also
known to be changed in patients with
rheumatoid arthritis (10).

Although the literature on the copper
content of human tissues is extensive, only

a few studies have evaluated the effect of
age (9, 11, 22) and sex (14). In our study
the order of tissues with respect to des­
oending copper concentrations was liver,
heart, kidney, pancreas, lung, musde and
aorta. This order is the same as that re~

ported earlier (8, 24). According to the
median values in our study, females ha,ve
lower c,opper concentrations for every
tissue investigated, except the aorta. How­
ever, when the mean values are examined,
there are no significant differences be­
tween the sexes. Neither did McKenzie
find differences in copper concentrations
in male and female autopsies (14).

No ,effect of age could he found on the
copper ooncentration of heart, lung and
aorta. The copper concentration of pan­
creas and skeletal muscle showed a de­
crease wi th increasing age. The copper
concentration of liv,er and kidney showed
a decrease up to maturity. Our results
diff'er from those reported by Schroeder
et al. (22) in two main respects. Schroeder
and coworkers demonstrated a consider­
able de,cline in ,the oopper concentration of
liver and aorta in their two oldest age
gr,oups, but we did not. According to
Indraprasit et al. (11) the trace-element
content of kidney oortex showed the most
apparent relationship to age; copper con­
oentra,tion readhes a rpeak in the age group
40-60 years and then subsequently de­
cr,eases. Griffith et al. (9) noticed elevated
liver copper oonoentrations in children,
and in the age group 40-60 years the
oopper concentrations were above the
mean of the total material. In our material
the copper ooncentrations of aorta and
lung in the age group 50-60 years were
somewhat higher than the mean of all the
age groups.

According to Underwood (27) liver cop­
per ooncentrations are sensitive to low
copper intakes, and determinations of
hepatic copper are useful aids in the
diagnosis ,of copper deficiency. It is also
known that in ,certain diseases copper ac­
cumulates in high quantities in the liver
(20, 23). As can be seen from table 3, the
liver ,oopper concentrations found in our
study seems to be quite eomparable with
earlier data from different geographical
areas. Table 4 allows an even more com­
prehensive comparison of tissue copper
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concentrations between the present study
and previous ones. However, cautious
interpretation is needed since different
analytical procedures 'have been used. All
authors do not girve iheage structure of
their material, and the number of cases in
their studies vary. Moreover, the interval
between the first and the latest report
presented in table 4 is more than 20 years.
Besides, some materilals comprise not only
healthy persons who had died :in .aocidents,
but also chronically ill, hospitalized pa­
tients (1, 7, 9, 11, 14, 16, 25).

Our results do not agree w~th those pre­
viously presented by Forssen. According
to her results the Finnish population has
a below-average tissue concentration of
copper (8). The difference is probably due
to the limited number of cases inv,estigated
in the earlIer study, as well as to differ­
ences in the methodology. Forssen used a
less sensitive m~tfu.od (X-r,ay fluorescence
spectI1ometry), and thus only 66.3 Ofo of the
samples were above the detection limit for
copper.

Our results are based on acddentaHy
killed healthy subjects, and the tissue con­
centrations presented reflect normal cop­
per metabolism as closely as possible. This
information is pertinent when certain
chronic diseases are studied in Finland in
·the future, 'and the role of oopper as a
possible etiologic :liactor is evaluated.
Although the present results indi,cate that,
on the av,erage, Finns do not suffer from
copper deficiency, there remains a pos­
sibility that subjects wi'th chronic dis­
eases, e.g., caroiovascular disease, may
have a marginal or relative copper defid­
ency. But this seems rather improbable
to us since the human body as an organism
is capable of regulating certain basic
metabolic processes. In addition when the
mechanism regulating copper intake does
not function, the copper accumulates in
certain target organs, especially in the
liv·er (23). If the copper tissue concentra­
tions of those subjects exduded because of
known disease from the statistical analysis
in this study, i.e., two cases of diabetes
mellitus, one case of myocardial infarction,
one of juvenile rheumatoid arthritis and
one of hypopituitarism, are compared with
the corresponding concentrations of the
rest, no differences are observed; the
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copper concentrations of all the excluded
cases were well within the ranges found
for normal subjects.

If a defidency of any trace element has
a role in the etiology of a disease in man,
the changes in metabolism caused by this
defidency are neither instant nor total,
due to the fact th'at the deficiency is not
absolute but only marginal (or partial),
and thus the changes in ibody metabolism
(enzyme synthesis and a,ctivity, transport
processes, etc.) brought about by this kind
of deficiency, Le., marginal absorption and
utilization, can only lead to clinical
manifestations of a chronic nature.
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