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Summary: Multi element analysis of homogenised samples taken from three different areas of a single human liver
was performed for 18 elements by proton induced X-ray emission (PIXE). Small (10—20%) but statistically significant
variations between the element contents of these areas were found for Cl, K, Ca, Fe, Cu, Zn, Br, Rb and Mo. These
differences are not parallel to each other.

The variation of element content within one area of this single liver did not show any distinct correlation between
different elements, nor did it significantly exceed the methodical errors of 3—10% except for lead.

Thus we conclude from our measurements that the trace element analysis of small liver samples by PIXE is, with the
exception of lead, fairly representative for the whole organ.

Streuung des Spurenelementgehaltes innerhalb einer Leber

Zusammenfassung: Multielementanalysen (18 Elemente) homogenisierter Proben aus drei verschiedenen Regionen
einer einzelnen menschlichen Leber wurden mit der Methode der protoneninduzierten Röntgenstrahlungsemission
(PIXE) durchgeführt.
Geringe (10—20%), aber statistisch signifikante Schwankungen des Spurenelementgehaltes zwischen den drei Regio-
nen wurden bei den Elementen Cl, K, Cä, Fe, Cu, Zn, Br, Rb und Mo gefunden.
Die gefundenen Abweichungen der Spurenelementgehalte in einer Region dieser Leber zeigten keine Korrelationen
und überschritten den methodischen Fehlerbereich von 3—10% außer bei Blei nicht wesentlich. Es zeigte sich, daß —
abgesehen von Blei — die von kleinen Leberprobenmengen erhaltenen Spurenelementgehalte durchaus als repräsen-
tativ für das Gesamtorgan angesehen werden dürfen.

Introduction differences in the iron content between the left, right
, . , , A« ., or centre part of the human liver.

The aim of this investigation was to check whether the
trace element content of a single sample represents the
whole organ, and, incase of inhorhogeneously distrib-
uted element contents, whether these variations are Materials and Methods
Statistically distributed or correlated to different liver Eight closely neighbouring specimens were taken from each
lobes. Such a correlation can be expected since the <* *« *** *™ areas shown in figure l and homogenised in aiui^». uji*^*u. , /nw*« . f ,. , , · . teflon-quartzPofter-£/veA;em-homogenisator after diluting
venous input of the left and the right liver lobe originates 1: J0 with bjdistmed water. It has been found that homogenised
at least partially in different areas of the digestive samples are more suited for trace element analysis of small
organs (1). Moreover measurements of enzyme activities sample masses by PIXE than tissue sections (6). The liver wasuigoiia v «wiwvei IM j taken from a ̂  year oM patient suffenng from ghoblastoma
have shown a variation up to a factor ot 1.5 with respect complicated by bronchopneumonia who died from circulatory
to the different liver lobes in rats (2, 3). Schicha et al. and cardiac failure. Apart from signs compatible with
(4) observed a nonhomogeneous but parallel distribution centrolobular blood stasis tfce liver did not show any pathologicalyrj wur*w* YX,« u. iivuuiwAi ^ r change. 10 (containing about 250 Mg dry weight) of each
of the essential elements Co, Fe, F, Se and Zri. Van UIJK homogenised specimen were analysed by proton induced X-ray
et al. (5) concluded from their results that there are no analysis (PIXE) at two proton energies (2 and 4 MeV). In order
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Fig. 1. Sampling points within the liver
R-L: right lobe (lateral)
R-M: right lobe (medial)
L: left lobe
From each area eight specimens of about 0.8 g wet
weight were taken.

to check the reproducibility of the analytical method we
additionally measured eight samples of 10 μΐ taken from one
homogenised specimen. The analysis was done in a statistical
sequence not correlated to the point of extraction from the
liver. The distilled water was analysed both directly, run straight
from the distillation and after applying the same preparative
steps to it as to the liver samples. The measured-contaminations
were less than 1% of the trace element contents found within
the liver samples. Details of sample preparation are given in 1. c.
(6) and of analysis in 1. c. (6, 7). The precautions to avoid

contaminations published by others (8-11) were taken into
account
Statistical analysis was performed using Student's t-test.

Results

Reproducibility of the measurements

The results of the measurements testing the repro-
ducibility of the method of analysis are shown in table 1.
For all analysed elements the relative standard deviation
giving the mean error of a singje measurement is about
5% except for Cr, Sn and Cd. The contents of Cr, Sn
and, to a lesser extent, Cd are close to the detection
limit (12), which mainly determines the standard devia-
tion for these elements.

Comparison of trace element contents
between different liver areas

The results of our analysis comparing different liver
areas are shown in figure 2a and b. The variation of
the element from one area to another is almost
comparable to the indicated error bars. Therefore, this
variation cannot be determined from a single measure-
ment.

But comparing the-entire groups of 8 specimens from
each area, statistically significant differences are
observed (tab. 3). The p-val es given in table 3 are

Tab. 1. Standard deviation (in percent) calculated for eight samples taken from one homogenised specimen. The contents of Cr and
Sn are close to the detection limit Therefore the large standard deviations are due to the analytical method.

Element

σ(%)

Ρ

7.2

S

5.3

Cl K

6.2 4.6

Ca

4.1

Cr Μη

207 10

Fe Cu

2.8 3.6

Zn Se

3.1 6.6

Br Rb

3.9 5.0

Mo

7.2

Cd Sn

15.5 75

Pb

7.1

Tab. 2. Standard deviation (in percent) calculated for eight different samples of each of the three liver areas (for explanation see

Element

σ(%) R-L
R-M
L

P

6.1
6.9
4.7

S

4.2
6.8
4.0

Cl

4.1
8.8
6.0

K

3.4
6.3
4.6

Ca

7.5
9.5
4.2

Μη Fe

8.8 2.5
14.9 4.6
15.6 2.4

Cu Zn

4.6 5.1
11.3 4.0
4.7 3.2

Se Br

17.4 5.5
13.8 4.5
13.0 8.1

Rb

4.0
3.3
6.2

Mo Cd Pb

15.9 17.8 74.4
11.8 21.3 34.6
11.9 12.7 66.7

Tab. 3. Comparison of trace element contents between different liver areas by applying the t-test for two independent sample gproups.
p-values are given only in case of p < 5 %.
Δχ: relative differences between the mean values of two sample groups.

Sample groups
(8 samples/
group)

R-L^ Δχ (%)
^-^R-M p (%)

R-L^ " Δχ(%)

R-M^^- Δχ (%)
^^L ρ (%)

R-L+R-M^, Δχ (%)
^^^ P(%)

Element

P Cl K Ca

- 8.4
1.6

-15 +8.5 -10
0.002 0.6 0.2

+ 5.6 - 6.9
4.1 4.3

-11 +6.0 - 8.0
0.06 0.7 0.4

Fe Cu

-4.5 -17
1.5 1.0

-12
7-10"6

- 7.4 +17
Ο.Θ5 0.9

- 9.7
2 · 10~5

Zn

-io
0.02

- 4.5
3.0

+ 6.1
0.3

Br

-8.1
0.4

-7.8 ·
0.5

-7.9
0.3·

Rb

+ 3.3
3.7

+ 9.1
0.2

+ 5.8
1.6.

+ 7.4
0.2

Mo

-19
0.7

+ 19
0.3
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Fig. 2a and b. Mean value and standard deviation of trace element contents in different liver areas. R-L: right lobe (lateral), R-M:
right lobe (medial), L: left lobe. For Fe, Cu, Zn the results of measurements at 2 and 4 MeV proton energy are given
separately. The other results are obtained from measurements at only one energy. The mass contents of Ni, Sb, Sn
are near the detection limit Therefore, the large standard deviations are due to the analytical method.

calculated by integrating the t-distribution between
Itl and °P. Further evidence for the significance of the
small changes in concentrations is given for all those
elements (Mn, Fe, Cu, Zn, Br, Rb, Pb), which were
analysed at both proton energies, showing the same
behaviour in the two independent measurements. Since
the contents of Ni, Sri and Sb dp not exceed the detec-
tion limit in all samples, the local differences are subject
to large errors. Except for these three elements the
measured variations of contents between the analysed
liver areas (in general 5-15%) do not surpass 20% (Cu,
Mo).

The relative standard deviations of the measured trace
element contents are given in table 2 for each of the

three liver areas. For most elements these values did
not exceed significantly those obtained in the test of
reproducibility (table 1). Only in the case of lead the
relative standard deviation is distinctly higher in all three
areas. In addition to lead, an increase in the standard
deviation is also observed for Se and Mo by a factor of
2. For these two elements the standard deviation is
strongly affected by methodical errors due to data
analysis in the presence of a high and distinctly varying
lead content. A correlation between the contents of
different elements for samples from the same liver area
was not observed. Nevertheless, the lowest and highest
contents measured within one area were found in the
same sample for most of the elements. The maximum
deviation from the mean values are given in table 4 for
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Tab. 4. Deviation (in percent) of the lowest and highest values from the mean value measured within one liver area (for explanation
see fig. 1).

Liver area

R-L

R-M

L

Element
P S

Max (%)
Min (%)

Max (%)
Min (%)

Max (%)
Min (%)

6.3
11.1

6.9
11.8

9.9
5.0

4.9
7.8.

9.0
14

7.8
5.5

α
5.1
6.3

10.4
17

10
8.4

Κ

4.9
5.7

8.7
13.6

5.7
9.9

Ca

14.4
9.0

11.9
15.9

5.0
5.1

Μη

15.6
13.3

29
21

22.2
22.9

Fe

4.3
2.1

4.5
8.5

3.4
3.4

Cu

6.2
7.9

16
13

5.2
7.1

Zn

7.8
8.3

5.2
5.4

3.5
5.8

Se

28.6
25

10.7
25

11
22

Br

11.3
5.6

8.1
5

6.4
12.7

Rb

4.5
7.6

4.5
2.8

10.4
6.7

Mo

23.0
23.0

20.6
19.0

19.2
19.2

Pb

44
93

55
45

129
84

each of the three liver areas. Even these deviations are
about 10% for most of the elements.

Discussion

From the results of this study it can be concluded that
small but significant differences in the element contents
exist between different liver areas. These variations are
only in some cases parallel to each other especially for
chemically similar elements (S-Se, K-Rb, Cl-Br). How-
ever, for other elements the differences are antiparallel
or not correlated and less than observed for other consth
tuents of the hepatocyte, such as reported for enzyme
activities (2, 3).
Nevertheless, more pronounced differences in the trace
element content may exist for other nutritional condi-
tions or diseases of the intestine. Especially in the case
of pathological changes in the liver, local scans through
the liver might be of interest. Since data of this kind
are lacking for most of the essential elements, the
sampling area within the liver should always be defined
in order to avoid possible misinterpretation.
In addition, it can be concluded that within the same
area of the liver no statistical variation of the element
content exists, which might be of biological interest,
except in the case of lead.
The results reported here do not agree with those of
Schicha et al. (4,13). These authors observed larger
deviations for P, Fe, Zn statistically distributed within
the liver, leading to twofold higher standard deviations.
In addition, the range of the element contents given
by Schicha et al. is two to four times larger than most
of those given in table 4. The latter point is especially
important for the interpretation of a single sample
analysis. We could not confirm the parallel variation
of the element content found by Schicha, either for
the variation within one liver area, or for the significant
changes in the element contents between different
areas (e. g. see P, Fe, Zn in fig. 2 and 3). One should
note at this point that the normalization of trace
element masses to the analysed liver mass gives rise to
problems, due to the deposition of fat within and
connective tissue between the cells. Therefore, a
parallel variation of the contents of nearly all trace

elements points to an incorrect normalization to the
parenchyma cells.
The large variation in the lead content (max/min =
30/1) points to a problem in analysis of accumulated
nonessential but toxic elements. It should be mentioned
that the total content of lead within the investigated
liver is remarkably high. Obviously, the strong variation
in the lead content of this liver is not due to analytical
errors, but shows real inhornogeneities, statistically
distributed. It therefore has to be considered that even
pathological accumulations of lead may not be detected
by a determination within a single liver sample up to l g
of tissue. This is in accordance with findings of Schicha
et al. who observed a similar behaviour for antimony,
another nonessential element. A relation between the
high lead content and the disease of this patient
(malignant tumor of the brain) seems possible especially
since Tietz et al. (14) have found an increase of the
lead content in the liver of patients with neoplastic
diseases.
For the elements P, S, Cl, K, Ca, Mn, Fe, Cu, Zn, Se, fir,
Rb, Mo, Cd the measured variation within the liver even
between different liver lobes is small enough, so that
a single sample analysis gives reliable results for diagnostic
purposes. This becomes especially clear, if one takes
into account the individual variations between different
livers, which are in the range of a factor of two to four,
even for essential elements (5, 15,16). The statements
above are only true for homogenised samples, which
contain enough liver material to average out the micro-
scopic substructure of the liver due to liver lobules and
their substructure. As investigations have shown, this
seems to be the case even for homogenised biopsy
specimen, but it could not be verified for thin sections
of biopsy specimen (6). Nevertheless, a more detailed
multielement analysis of trace element distributions
within the liver for a large number of patients and
with exact knowledge of case history (environmental
conditions and clinical findings) is necessary to
definitely clarify the problem of element variation within
the liver.

This investigation was supported by the Deutsche Forschuhgs1

gemeinschaft It contains major parts of the thesis of A Meinel.
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