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Neutron activation analysis is known to be a
sensitive analytical technique for the determination
of most chemical elements, showing high accuracy
even at very low concentration levels. This technique
has therefore appeared to be advantageous for the
study of minor and trace elements in small biological
samples (1,2).

The possible role of trace elements in cancer
formation has not been extensively studied. In the
work of Wester et al (3) a number of elements were
determined in a few samples obtained at autopsy.

In the present work another approach to this type
of research has been attempted. Small biopsies were
removed by surgical operation. If possible, cancerous
tissue as well as normal tissue from the same organ
was taken. In most cases three parallels or more were
collected. In this manner the possibility is good of
obtaining a representative sample, unaffected by sur-
face contamination.

In most previous investigations of trace elements
in soft tissue, the concentrations of the elements have
been related to the wet weight of the samples. In
the authors’ experience it is difficult to determine the
correct wet weight of samples as small as those
studied in the present work because of the continuous
loss of weight due to evaporation during the weighing
process. It was therefore decided to relate the results
to dry weight obtained as described in the experi-
mental section.

SELECTION OF ELEMENTS TO BE STUDIED

The present study was concentrated mainly on
copper and zinc, because these elements are known
to have certain biological functions in man and also
because they are readily determined by neutron acti-
vation analysis.

Copper is located predominantly in the nuclei of
the cells but is also found in the mitochondria (4).
The element participates in the cell metabolism, being
present in various enzymes such as tyroxinase, uricase
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and cytochrome oxidase—mainly those concerned
with oxidation. Excessive tissue deposition of copper
is observed in Wilson’s disease (hepatilenticular de-
generation), characterized by deficiency of cerulo-
plasmin, the copper-binding globulin of normal
plasma (5). The highest concentrations of copper
are found in the liver, particularly in newborn chil-
dren. Increased concentrations of liver copper have
been observed in connection with cirrhosis, hemo-
chromatosis and tuberculosis (6).

Zinc is a constituent of several enzymes partici-
pating in the chemical processes within the cells, such
as carbonic anhydrase, glutamic, lactic and alcoholic
dehydrogenases and alkaline phosphatase. The ele-
ment is also important in activating certain enzymes
(7,8). It is located almost entirely in the cytoplasm
of the cell (4). High concentrations of zinc in human
tissue have been measured in the prostate gland
(8), in the pancreas (8) and in the skin (9). It has
been shown that zinc deficiency during pregnancy
results in congenital malformations in rats (8). Zinc
injections in rats protect against malignant tumor
development induced by cadmium. On the other
hand, zinc has been shown under certain conditions
to have cancerogenic activity when injected in testis
of rats (10).

Because most of the known biochemical functions
of copper and zinc are concentrated within the cells,
it seemed useful to relate the results to some prop-
erty coherent with the intracellular space.

Potassium is mainly localized intracellularly, where
its concentration is high and relatively constant com-
pared to the small amounts of trace elements. The
determination of potassium was therefore included
in the analysis.
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Rubidium. Little is known about the function
of the alkali metal rubidium in human medicine.
Rubidium is easily determined simultaneous with
potassium by the analytical method used in this work.
Hence, the values for this element were also recorded.

METHODS

Collection of samples. The specimens of cancerous
and corresponding normal tissue were obtained at
surgical operations. A few normal liver samples used
for testing the method were obtained at autopsy of
persons who had died by accidents. The samples
were dissected with a thoroughly rinsed quartz knife
and placed on plastic plates for drying at a tempera-
ture of 80°C, maintained long enough to obtain
constant weight, usually 1-2 hr. Weighing was per-
formed with a Kahn balance, the samples being kept
on the plastic plates. Specimens of the plastic plates
were investigated by neutron activation analysis to
make sure that the plastic did not contain the actual
elements in concentrations sufficiently high to con-
taminate the biopsy samples significantly.

The dry weight of the samples varied from 3 to
35 mg, most of them weighing 10-20 mg.

Irradiation. The dry specimens were sealed in clean
separate silica ampoules and irradiated together with
an ampoule containing 0.100 ml of a standard solu-
tion with copper, zinc, potassium and rubidium in
known concentrations. Irradiations were performed
for 5 days at a neutron flux of about 1.5 x 1013
n/cm?/sec in the JEEP II reactor (Kjeller, Norway).

Radiochemical separation procedure. After a delay
of one day to allow the decay of the 2.6-hr 31Si
activity in the ampoules, the separation of the desired
activities was started. The content of the standard
ampoule was quantitatively transferred to a 100 ml
volumetric flask and diluted to the mark with dilute
nitric acid. From this solution, three aliquots of 1.00
ml each were withdrawn and treated separately in
the same manner as the biopsy samples. The approxi-
mate content of each element in a standard aliquot
was as follows: copper, 1 ug; zinc, 5 pg; rubidium,
5 ng; and potassium 100 ug.

Samples and standard aliquots were transferred to
100-ml Ehrlenmeyer flasks containing 5 ml concen-
trated HNO;, 1 ml concentrated H,SO, and 1 ml of
the standard mixture acting as carrier. These were
treated in the following manner:

1. The solution was heated on a hot plate until
white fumes of SO, occurred. If the solution
turned dark, more HNO; was added.

2. Five milliliters of H,O and 1 ml 30% hydrogen
peroxide were added, and the solution was
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again heated to incipient fumes of SO;. This
step was performed to release possible 82Br
activity.

3. After cooling, 10 ml 6 M HCl was added, and
the solution was transferred to the top of an
anion exchange column (Dowex 1-X8, 100-
200 mesh), pre-equilibrated with 6 M HCIL
The column was washed with 5 x 2 ml 6 M
HCI. Eluate and washings were combined and
set aside for the determination of potassium
and rubidium.

4. Copper was eluted with 3 x 5 ml 0.5 M HCL
The column was washed with additional 5 ml
to remove possible traces of **Fe.

5. Zinc was eluted with 3 x 5 ml 2% NH,OH.

6. The eluate from Step 2 was evaporated down
to a few milliliters and made alkaline with 1 M
NaOH. Potassium and rubidium was precipi-
tated from hot solution with 100 mg sodium-
tetraphenylborate in 10 ml 1 M NaOH. After
2 hr the precipitate was filtered onto a mem-
brane filter, washed with 1 M NaOH and
transferred to a counting vial.

Activity measurements. The gamma activity of the
separated fractions was recorded by a well 3 x 3-in.
Nal(TIl) detector connected to a 400-channel pulse-
height analyzer. The following radionuclides were
made a basis for the analyses: 12.8-hr 4Cu, 245-day
85Zn, 12.5-hr 42K and 18.6 day %¢Rb. The measure-
ments of copper and potassium were performed a
short time after the end of the separation while zinc
and rubidium were measured after 1 week. The use
of 13.8-hr #™Zn was rejected because of interference
in some samples from 2.7-day °8Au which emits
gamma rays of similar energy. The peak-area meas-
urements were performed according to the method of
Covell (11).

Chemical yield. The chemical yields of the separa-
tion procedure were tested by experiments with radio-
active tracers and found to be higher than 95% for
all four elements involved. Because of the equal
chemical treatment, the yield is not significantly dif-
ferent for samples and standards. A separate step
for chemical yield determination was therefore found
unnecessary.

Testing the method. The present method was tested
on six series of liver biopsies, each consisting of five
samples, from different persons. The results of this
investigation are summarized in Table 1. The relative
standard deviation of a single value is presented for
each element as a measure of the precision of the
method. Besides factors normally affecting the analy-
tical precision such as neutron-flux gradients, sta-
tistical counting errors, weighing errors and variation
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in chemical yield, these figures also include possible
TABLE 1. PRECISION OF METHOD IN variation due to inhomogeneous distribution of the
ACTUAL CONCENTRATION REGION® actual elements in the tissue. The precision is seen
Average to be essentially independent of the sample weight,
weight Cy In K Rb indicating that the observed spread is purely analyti-
Sample (mg) %) %) %) (%) cal. Consequently, the samples of normal liver studied
A 335 57 91 54 63 in this work are probably homogeneous with respect
s 427 38 97 38 36 to the elements studied
c 9.7 45 106 34 58 )
D 1.2 44 4.8 8.1 75 RESULTS
E 18.1 38 70 55 82
F 30.2 40 8.3 40 47 Table 2 shows a summary of results on the samples
Average 44 82 50 60 of cancerous tissue analyzed in this work. The pa-
* Expressed as relative standard deviation of single valve. tients from whom the biOPSies have been taken were
all operated upon for malignant tumors. As can be

TABLE 2. SUMMARY OF RESULTS ON MALIGNANT TUMOR PATIENTS

Sample Cu In K Rb
no. (ppm) (ppm) (%) (ppm) K/Cu K/In K/Rb Sex Age Diagnosis
N 20805 161+ 8 103007 32420 490 64 320
V1 282440 78+ 9 172+020 432465 62 219 400 M 1 Hepatoma (carcinoma hepatis)
N 28227 266+ 3 124001 214+07 440 46 580
2 t 154+55 85+ 2 180001 250414 1220 212 720 M 72  Hepatoma (carcinoma hepatis)
N 275404 17113 138001 553+25 500 81 250
3 1 155+39 213+ 1 211013 735+21 1400 99 200 M 47  Carcinoma coli
o N TIE3 2EN 083 - 90 4 — e call
T 163%21 8417 034002 — 210 42 —
s N 132245 8216 110£012 580£90 810 136 190
T 14+07 33+ 8 089009 41946 780 279 210
N 4407 76%37 098026 165+38 2200 133 59
6 T 47%04 88+ 3 193004 31110 4110 220 620 | 68  Carcinoma ventriculi
; N 112204 94£12 090008 26218 800 9 30 oo
T  82+07 3812 062+017 13950 770 153 460
N 112+07 59212 078001 18121 700 134 440
T  86%16 63+ 2 131005 300+04 155 209 440 M 60  Carcinoma pulmonis
9T 9709 40 1 056+0.11 150+24 580 140 370 M 63 Carcinoma pancreatis
10T 96+13 39+12 076 =003 226+4.8 800 200 340 F 53 Nevurofibroma maligna
puimonis
nmerT 88+10 95+25 067 =009 187 +17 770 73 360 F 70 Hepatoma (carcinoma hepatis)
12 7T 10210 7817 202+026 37842 2060 257 530 M 7 Haemangiopericytoma maligna

mesenterii

N = normal; T = tumor.

TABLE 3. CONTENT OF Cu, Zn, K AND Rb IN SAMPLES OF NORMAL LIVER

Cu In K Rb Age
Sample no. {ppm) (ppm) (%) (ppm) Sex (yr)
13 306+ 20 268 * 30 1.05 =+ 0.06 510+ 39 M 43
14 207+ 15 180 =18 0.97 + 0.04 269+ 1.2 M 70
15 282+ 1.2 184 =12 0.87 =+ 0.05 260+ 2.2 M 10
16 650+ 2.1 92+ 9 1.02 = 0.04 521+ 26 F 45
17 224+ 1.2 182+ 9 0.71 = 0.05 306+ 20 M 15
18 394+ 37 192+ 21 0.79 = 0.05 172+ 06 F 10
19 271+ 30 137 =12 0.89 == 0.04 136+ 17 M
20 270+ 1.2 228 + 4 1.00 = 0.04 340 14 F 56
Mean value, dry weight 30+ 14 183 * 52 0.91 +=0.12 310+ 14
Mean value, wet weight 66+ 28 3710 0.18 + 0.02 62+ 28
Pan and Taylor (12), wet weight 69+ 17 67 += 20 — —
Underwood (5), wet weight —_ 549 — —_—
Tipton and Cook (13), dry weight 19 130 074 —_
Yamagata (14), dry weight —_ —_ —_ 30
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seen from the table, the types and sites of the tumors
were different. In eight of 12 cases, normal as well
as malignant tissue has been analyzed. Ten of the
tumors were carcinomas while the two remaining
were sarcomas. All diagnoses have been verified by
histological examination.

Besides data for copper, zinc, potassium and
rubidium, Table 2 also shows the ratios K/Cu, K/Zn
and K/Rb. The figures are mean values of 2-5
single samples. The limits of error quoted for each
value is standard deviation calculated from the ob-
served range. The limits of error have been included
in the table to emphasize the fact that in some cases,
especially in some of the tumors, the observed
scattering of single values is considerably higher than
the corresponding spread obtained in the normal
material tests. This indicates an inhomogeneous dis-
tribution of the actual element in the tissue from
which the samples have been taken.

In Table 3, abundance data for the four elements
on normal liver from eight individuals are presented.
These samples were obtained either at autopsy or at
operations on patients assumed to have normal liver
function. The mean values of this table have been
transformed to wet weight basis assuming that the
dry weight constitutes about 20% of the wet weight
(3) to facilitate a comparison with previous litera-
ture data on human liver related to wet weight
(5,12) as well as dry weight (13,14). The present
data appear to be in reasonable agreement with the
literature values in most cases.

DISCUSSION

The basis for comparison of normal and cancerous
tissue is not the same in all kinds of tumors. For
some of the tumors, such as hepatomas and pan-
creatic cancer, the cells and structure of tumor tissue
and normal tissue are so similar that they can be
directly compared. The specimens of normal tissue
from the wall of colon and ventricle, however, do
not contain only epithelial or glandular cells from
which the tumor cells are developed. The wall also
contains different amounts of other cells, such as
muscle cells and fibrous tissue. Furthermore, the inner
surface of colon and ventricle may have been con-
taminated by food rests. These assumptions are sup-
ported by the spread of parallels observed in analysis
of the normal samples of colon and ventricle. For the
other types of organs, the results for tumor samples
generally show higher scattering of single values than
do the corresponding results for normal tissue.

By examining the data presented in Table 2 and
Table 3, some characteristic features become apparent
for each of the elements studied:
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Zinc. It appears that the concentration of zinc is
in general lower in cancerous tissue than in corre-
sponding normal tissue. This difference becomes still
more significant if the ratio K/Zn is looked at. In the
normal liver samples (for example), with only one
exception, this ratio is in the range 40-75, while
the figures for cancerous samples are of the order
of 200. In all samples except those of colon, this trend
is evident.

Copper. No significant difference is observed by
examining the ppm values of normal and cancerous
tissue. If the results are related to potassium, how-
ever, the same trend is found as for zinc, although
less pronounced.

Potassium. The potassium content is significantly
different in cancerous and noncancerous tissue in all
cases where comparison can be made. The most
probable reason for this is perhaps a different content
of fibrous tissue in the two types of samples. The
possibility of a real difference in electrolyte concen-
tration within the cells, however, cannot be excluded.

Rubidium. The ratio K/Rb does not show ap-
preciable difference in tumor and corresponding tis-
sue, thus making the possible role of rubidium in
cancer formation unlikely. It should be noted, how-
ever, that the individual variation of this ratio in
the same organ is appreciable; for example, the range
for normal liver is 220-660.

As far as zinc is concerned, it has been previously
shown experimentally that this element is associated
with cell reproduction and wound healing (15).
Furthermore, the leukocyte zinc concentration is
markedly depressed in leukemias (16).

It must be emphasized that the present investiga-
tion is of a preliminary nature and that the experi-
mental material is not sufficiently extensive to permit
a statistical evaluation of the data. Nevertheless, cer-
tain trends in the results indicate that further research
in this area might be worth while.
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