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Metal accumulation in human kidney
cortex: mutual interrelations and effect of

human factors
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1 Different metals were analysed in 77 post mortem
samples of human renal cortex.

2 The concentrations of the metallic ions conformed to
known distribution frequencies. In abnormal cases calcu-
lations were based on non parametric techniques.

3 There was no appreciable difference between the val-
ues found for each element and those described by other
authors in other populations.

4 Statistically established correlations indicated that Zn
was the element which was most strongly related to the
others.

Introduction

Over the years a number of investigations have been
focused on the understanding of metallic interrela-
tions in the living body. It is known that metallic
elements lie under homeostatic equilibrium which
may be shifted owing to excessive intake of some
metallic compounds.

From reference data in laboratory animals, it may
be stated that the addition of a given metal to the
diet inevitably alters the toxicokinetics of other ele-
ments. Either antagonistic or synergistic effects may
occur, giving rise to metabolic deficiences and alter-
ations in their toxicities. For instance:

e Cd/Zn interactions markedly affect Cd toxicity.
Probably due to atomic similarity, Cd decreas-
es the enzymatic activities which depend on
Zn, a constituent of several metaloenzymes.
Thus, Cd acts as an antimetabolite of Zn! and
may change the distribution pattern of Zn lead-
ing to a higher accumulation of this metal in
liver and kidney.?

® Cu levels are also affected by Cd.? Cu absorp-
tion through the intestinal mucose membrane
is inhibited by high Zn intake, which has
proven to be useful as a supplementary treat-
ment in Wilson'’s disease.*

Correlation studies performed on urine from non-
exposed people showed that the kinetic behaviour
of manganese differed according to the concentra-
tions of Cd, Cu and Zn.®
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5 The influence of individual factors on metal concentra-
tions was considered. Significant differences occurred
only in Pb between sexes, and in Cd with age. There was
no sign that drug abuse influenced the accumulation of
metals in renal cortex.
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Though most studies on Se/Hg interactions have
been carried out on animals, some have been per-
formed on humans, where correlations between
concentration values in blood and sera® and autopsy
tissue samples” have been found. The interrelation
between lead and other metals has been poorly
studied.

The aim of the present paper was to find out the
concentration of certain elements (Cu, Zn, Se, Cd,
Pb, Hg and Mn) in renal cortex samples drawn from
autopsies on inhabitants of Andalusia (Spain), and
the study of possible interrelations between them
by the application of several statistical tools. A
study was also made on the possible influence of
sex, age and drug abuse on metal concentrations.

Materials and methods

Seventy-seven renal cortex samples from autopsies
on inhabitants of Andalusia (Spain) aged from 1.5
to 80 years have been analysed. From chemico-toxi-
cological reports, the cause of death in 33 cases
(42.86%) was drug abuse. Information on tobacco-
smoking habits could not be obtained.

Kidney samples were stored at —15°C until analy-
sis. After defreezing, cortices were separated from
medullae and wet and dry weights were deter-
mined. Standard solutions of all elements were pre-
pared from stock solutions of 1000 pg ml-! (Perkin
Elmer Pure Atomic Spectroscopy Standards).
Digestion of samples were performed according to
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Samples were analysed by Inductively Coupled
Plasma-Atomic Emission Spectrometry (ICP-AES)
(Cd, Zn, Mn), Atomic Absorption Spectrophotometry-
Graphite Furnace (AAS-GF) (Cu, Pb), hydride gener-
ation technique (AAS-HG) (Se) and cold vapour
technique (AAS-CV) (Hg).

A Perkin Elmer sequential spectrometer model
Plasma 40, was used, attached to an IBM-PC com-
puter (286 Processor) and an Epson FX-800 printer.
Characteristics and operating conditions are the
same as published by Lépez-Artiguez et al.?

Atomic absorption analysis was carried out by a
Perkin-Elmer model 1100B spectrophotometer fitted
with a HG-500 graphite furnace and automatic
injector model AS-40 (both Perkin Elmer) and an
Epson FX-800 printer. In determinations by AAS-
HG and AAS-CV a Perkin-Elmer model 2380
Spectrophotometer equipped with an MHS-10
hydride system and a PRS-10 printer was used.

Statistic and chemometric procedures were car-
ried out with the CSS. Statistica™ statistical pack-
age of Statsoft™ in an IBM-PC 80386 processor and
COPIOCESSOT.

The reliability of metal analyses was validated
with Certified Reference Materials: bovine liver
1577a (NBS) for Cd, Pb and Se, and fish
homogenate MA-A-2 (TM) (IAEA) for Cu, Mn, Zn
and Hg. Both reference materials were treated under
the same conditions as the samples. In all cases the
results were in excellent agreement with the certi-
fied values showing recoveries greater than 90%.

Detection limits (LOD) were calculated according
to Miller and Miller'® from the calibration straight
line and are given below (in ug L-'): Se 3.85, Hg
8.62, Zn 33.6, Mn 67.1, Cd 68.6, Pb 8.05 and
Cu 5.48.

Table 1 Metal concentrations in human renal cortex

Results

Distribution of elements in renal cortex

Table 1 includes metal concentration values in the
77 samples of renal cortex,11-19 as well as arith-
metical and geometrical means, and ranges.

Values were widely dispersed, especially in Cd
and Zn, the range being much smaller in the other
elements. Accordingly, individual factors such as
age, sex and drug abuse have been studied for
attempting any relationship.

The concentrations of the metal ions in the sam-
ples were fitted to typical statistical distributions
(gaussian, log normal, gamma). In cases of non nor-
mality, all further statistical computations were
based on non-parametric techniques. On first exam-
ination some outliers were detected, then rejected
according to the Dean and Dixon?° test. Zn and Se
were normally distributed, Mn was log normal and
Cd, Pb, Cu and Hg were gamma.

Interrelations between elements in renal cortex

A chemometric analysis was performed in order to
find out the possible interrelations between metal
concentrations in renal cortex; non-parametric cor-
relation methods were also used.

We built a data matrix where rows are the sam-
ples and columns are the variables, here the metal-
lic content. From this matrix, the sample correlation
matrix is easily obtained. The sample correlation
matrix indicates the degree of correlation between
the several pairs of variables at a glance. However,
in order to statistically prove the observed correla-
tion, the non-parametric technique of Spearman??
was applied. The most important correlations (with
a probability (P) of error level less than 0.001) are
indicated in Table 2.

Metal n Mean + s.d. Median Range
gg) hgg?) ug g
Mn 77 1.51 £ 0.88 1.26 ).37 - 8 0.5¢
cd 75 35.18 + 26.44 30.87 0.45 - 119.09 0.4 - 94.3%
15.211
Pb 76 0.26 + 0.20 0.20 0.02 -0.94 0.15 - 1.914
Cu 76 4.74 + 2.39 4.49 0.68 - 10.30 1.2 -3.1%%
0.5 - 8.713
Zn 77 44.50 + 20.18 42.07 8.38 - 116.72 5516
46.817
36.10!
Se 77 0.35+0.18 0.37 0.02 - 0.84 0.5 - 4.818
1.18 - 8"1°
Hg 74 0.63 + 0.44 0.53 0.04 -1.82 02-261

‘Dry weight.
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Table 2 Correlation matrix between metals in human renal cortex (Spearman’s correlation)

Mn

Cd R=0.42

Pb

Cu

Zn R=0.65 R=0.72 R =0.40

R=0.54

Se

R=0.52

Hg

R=0.43 R=0.55

Metal Mn Cd Pb

Cu Zn Se Hg

The remarkable correlation existing between zinc
and the remaining metals is very clear; also that
between Se/Hg, and Cd/Mn. However, considering
the correlations with a Spearman coefficient r
greater than 0.5, the remaining correlated pairs are:

120 —
1" -
‘Tm‘ -
=] L
=2 [
o ..
© o
L 0
L of
0 o]
g
_20 /I 1 1 I i 1 1 | 1 1 1 ‘ 1 1 1 1 i 1 1 |
0 20 40 60 80 100
Zn(pg g™
12 —
L © y
- “ o
r 00 9/
o
8f o N
T
o
o
3
>
o
0 1L 1 l ] ] 14 1 ] 1 1 1 | 1l 1 1 | | - I L1 1 |
0 20 40 60 80 100 120 140

Zn(pg g™
Figure 1

MN (ug g™

Zn/Cd; Zn/Mn; Zn/Cu and Zn/Se. All correlations
are positive (levels increase or decrease similarly, in
the same direction) and the sequence of correlation
with zinc is Cd > Mn > Cu > Se. Although typical
linear correlations are inappropriate due to the non
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normality of the distribution of Zn partners, from a
pictorial viewpoint these correlations can be
observed in Figure 1.

Influence of individual factors

The third stage of our study considered the influ-
ence of three individual factors on the metal levels
found in renal cortex. These factors were sex, age
and drug abuse. The following age groups were
compared (years): 0-20, 21-30, 31-40, 41-50, and
over 50.

The data corresponding to each variable were
grouped in sets associated to the levels of the fac-
tors considered. Therefore, when the variables fol-
lowed normal distribution, the Student t-test was
applied. Otherwise, the non parametric tests of
Mann-Whitney and Kolmogorov-Smirnof?® were
applied.

Significant differences between the sexes were
only seen in the renal concentrations of Pb, which
were found to be greater in men (Mean = 0.22)
than in women (Meangeom =0.13).

We have not found any significant difference
between addicts and non consumers on the accu-
mulation of metals in renal cortex.

The evolution of the renal burden of the different
elements with age depended on each metal. The
medians of the metal content for each age group are
depicted in Figure 2. Significant differences in Cd
content existed among the first three age groups but
not after 40. We had already seen that maximum
accumulation of Cd in renal cortex in our popula-
tion occurred at 40 years of age, descending there-
after.z!

In spite of the results obtained after statistical
analysis, some trends could be seen in the evolution
of renal burden with age. For instance Zn tends to
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Figure 2 Evolution of renal burden of metals with age.

accumulate in kidney cortex as does Cd, with peaks
of maximum concentration up to 40 years, then
diminish.

Discussion

Human exposure to metals is characterised by their
accumulation, particularly in the liver and renal
cortex. We have studied the accumulation of differ-
ent elements in renal cortex from people who died
in the Andalusian community, of which 42.86%
were drug abusers.

Our mean Zn concentration (44.50 pg g!) showed
great similarity with values found in the litera-
ture’1%17 in non-exposed people. However, three
excessively high results (>100 pg g-!) were found,
coinciding with high cadmium values. This is in
agreement with some authors??> who indicate that
increased concentration of cadmium in the body
gives rise to equimolecular increase in zinc concen-
tration.

The average value found for Se, 0.35 pgg-,
which expressed in dry weight is 1.75 pg g™, was
within the interval found by other authors.18:19
However, the mean value for Mn, 1.51 ug g, was
greater than the upper limit recorded by some
researchers.'''? Nevertheless, it should be stressed
that more than 50% of the values may be consid-
ered normal, similar to those found in other popula-
tions. Analysis of Mn results indicated that high
values were not correlated with age, sex or addic-
tion.

On comparing our Cd levels with those found by
other authors in recent studies made on other popu-
lations who had not been occupationally exposed,
the results were seen to be very similar;132324 except
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