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ABSTRACT

The concentration of trace elements in samples of both colorec-
tal cancer tumors and normal tissues of a Mexican population were
irradiated for 30 s and 4 h and their elemental content were measured
by instrumental neutron activation analysis. Ca, Cu, Co, I, Mg, Se, Fe,
Zn, Hg, Ba, and Cr were analyzed. Alterations in Co, Fe, I, and Ba
were found in tumors with respect to normal tissues.

Index Entries: INAA; trace elements; colorectal cancer.

INTRODUCTION

An important increase in the incidence of colorectal cancer has been
detected in the industrial countries. Cancer is the second cause of mor-
bidity in Mexican population (1) and a growing incidence of colorectal
cancer has been observed in this population. This fact could be attributed
to several causes, namely the diet habits acquired from industrialized
countries.

There is a lot of important information involved in molecular stud-
ies of different biochemical pathways and different genes in colorectal
cancer (2,3). It is known that trace elements and metals are important in
the biochemistry of different diseases (4,5) because these elements could
be important in the biological mechanisms in normal and cancer tissues.
One of the trace elements studied has been selenium (6), whose diminu-
tion has been associated with the risk of acquiring cancer. However, this
field has not been extensively studied. The aim of this work was to
determine the amount of trace elements and some metals in samples of
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colorectal tumors and normal tissues from Mexican patients. The ele-
ments were studied by instrumental neutron activation analysis (INNA)
(7,8), which consists in irradiating the sample tissues with neutrons and
once the activation is produced, the gamma radiation (9) emitted is char-
acteristic of each of the elements in the sample.

MATERIALS AND METHODS

Colectomy specimens from patients aged 30-86 yr with colorectal
carcinoma were placed on ice immediately after surgical removal and
rinsed with ice-cold phosphate-buffered saline (PBS). Small portions of
all carcinomas were snap-frozen and stored in liquid nitrogen until the
study was performed. All the specimens were obtained from the Hospi-
tal de Oncologia, C. M. N,, S. XXI, I. M. S. S. (Mexico City). Patients were
surgically treated between 1992 and 1996. Seven samples were from nor-
mal tissues and 12 from tumors corresponded to sporadic colorectal ade-
nocarcinomas. After being washed three times with tridistilled water, the
samples were dried at 70°C in an oven for 24 h. Then, 50 mg of each sam-
ple were put in a high-density polyethylene container.

The samples were irradiated in a TRIGA MARK III Nuclear Reactor
with a thermal neutron flux of 9 x 1012 n/cm?/s. In order to detect short
half-life time elements, a pneumatic SINCA system was utilized. The
samples were irradiated for 30 s and counted for 90 s. The same samples
were irradiated for 4 h in the SIFCA position with a neutron flux of
2 x 1012 n/cm?/s and counted for 1 h. A HPGe (EG&G ORTEC coaxial
P type) detector was used, connected to the conventional nuclear elec-
tronic modules to an ORTEC card as a MCA plus a Maestro II software
to analyze the spectra.

RESULTS

The results of the analysis carried out with colorectal tumors and
normal tissues show differences in the amounts of Co, Ba, I, and Fe; in
contrast, variations in the amounts of Hg, Cr, Cu, Se, Zn, Mg, and Ca
were not measured. Table 1 shows the elements of short half-life time
and Table 2 shows the elements of long half-life times. Between these two
groups, there must be a series of half-life times that escape our measure-
ments. Table 3 shows the average for each element in tumor tissues as
well as in normal tissues. The overall differences are shown in Figs. 1-4.

DISCUSSION

The results of this study have shown differences in the amount of
Co, Ba, I, and Fe in the tumor tissues compared with normal tissues;
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Table 1
Quantification of Short Half-Life Time Elements in Colorectal Cancer

g“““’lr Hg/g Im | ng/g Fe pg/g Co | gl Ba- ngig Cr | pgg He

ample

1 1.1247.8% [157.0742.5% {0.01£13.2% |0.11%18.3% [0.46%12.1% 10.01£26.2%
2 7.15£82% |124.00£3.1% [0.03£14.2% 10.27£15.7% [0.70+11.5% ]0.04121.3%
3 16.2646.9%76.5414.3% [0.05+15.4% {0.24%18.2% ]0.68+11.8% [0.07£20.6%
4 1.90£9.4% [50.15+5.1% |0.04+15.4% 10.07£18.9% |0.69+11.4% [0.01+26.8%
K 8.72454% 157.1625.3% 0.04£16.8% [0.08+17.9% {0.37+14.1% |0.03£28.4%
6 4.48£6.8% [62.2344.8% [0.02£14.8% [0.09£14.5% {0.17+20.1% [0.02+24.8%
7 13.2247.6%[212.61£2.0% [0.01£15.9% [0.12415.3% |1.10£10.4% [0.02427.6%
8 6.0418.6% [125.0142.6% {0.014£15.9% 0.18+£15.5% [0.59+15.4% [0.04+24 8%
9 3.0046.9% [236.1943.1% [0.02+15.7% [0.12414.3% [1.36+10.8% [0.03+26.4%
10 10.20+8.7%[181.5343.5% 10.02+14.8% [0.31+15.6% |0.62+12.4% ]0.024+27 6%
11 $0919 1% [77.6245.1% 0.01+15.6% [0.08+183% [0.28+14.8% [0.01+28 4%
12 4.76£10.2%(38.0316.4% [0.01+16.2% [0.174£16.5% [0.59£16.4% |0.01+24.5%
13 10.8645.8%1236.8843.1% [0.02+14.9% [0.134£11.5% }0.61£16.4% [0.02+26.8%
15 4.88+£7.5% [116.7242.1% [0.01£16.8% [0.18£16.8% |1.64+12.7% |0.04426.3%
16 12.3546.5%1231.5743.6% [0.01+15.9% [0.29£16.4% |0.70£16.5% [0.01+27.8%
17 9.87+5.6% (82.2333.5% 0.01+16.4% [0.09£17.5% [0.22414.5% [0.02424.5%
18 8.8310.5% 190.2743.8% [0.01£15.6% (0.05+16.4% {0.39£15.4% |0.01+28 9%
19’ 10.1448.6% 834744 2% [0.01£18.6% [0.10£17.1% {0.23+16.3% [0.03424.7%

* Samples corresponding to normal tissue.

Table 2
Quantification of Long Half-Life Time Elements in Colorectal Cancer

Tumor Mg ug/g I gy Se ugg Ca ugjg Cu pgyg
Sample

1 24.0143 4% 1.23£5.4% 0.78+15.2% 3.13£8.2% 0.45+15.2%
2 19.71£3.8% ]0.93+6.1% 0.53215.9% | 4.7446.2% 0.05£16.1%
3 30.9943.4% 3.5245.6% 2.44+16.1% 32.9948.4% 0.01+14 5%
4 11.97+4.3% 3.0215.4% 1.66£15.4% 20.1749.1% 1.92413.8%
5 22.9243 8% 4.05+5.0% 3.48+17.4% 10.10+10.4% 0.21£16.5%
6 29.7843.0% [3.4245.9% 3.08+15.8% | 5.5049.5% 1.99+12 8%
7 14.3945.5% |0.6546.4% 1.36+15.6% 16.11+£10.2% 0.23+15.7%
8 3.50+4.6% 1.504+6.2% 1.29+16.4% 8.48748.4% 0.02+16.5%
9 31.3343.6% 5.144+5.4% 0.83+17.1% 44.9549.2% 0.09+15.4%
10 30.1343.8% 2.06+5.7% 0.79+16.4% 2.91+12.0% 0.03+£14.3%
11 29.6443.9% 2.09+5.8% 0.50+15.4% 12.8117.9% 0.01+13.6%
12 15.85+4.2% 1.60+4.9% 1.64£16.8% 2.229.2% 0.06+14.8%
13’ 21.9544.6% |2.4245.6% 1.90+16.1% 33.37+8.6% 0.05+16.1%
14 19.31458% {2.19+6.1% 1.61+17.0% 16.1046.8% 0.03£16.4%
16 28.68+4.6% |3.4846.4% 1.59+18.1% | 5.15£8.9% 0.30+15.7%
17 14.53+3.5% 2.6316.9% 1.17£15.6% | 4.03£7.5% 0.04+17.9%
18 101143 4%  12.5145.2% 0.80+16.2% | 3.04+11.0% 0.02+16.4%
19 8.43+4.1% 1.31+5.4% 0.78+18.1% 4.321+8.9% 0.05+14.8%

* Samples of a normal tissue.
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Table 3
Average of the Concentration of Colorectal Tumor and Normal Tissue
Element 1g/9 Zn 1g/g Fe ug/g Co 19/g Ba ng/g Cr
Average of]7.534£6.7% |131.4543.2% [0.01+14.5% |0.10£17.4% 10.46116.4%
Normal tissue
Average of18.08+7.4% 120.2443.4% [0.02+15.1% [0.18416.6% 10.44£15.8%
Tumour tissue
Element Mg ugg I g/ Se uglg Ca ugg Cu ug/g
Average of|19.76+3.7% [1.95+5.4% 1.31+£15.6% |11.1848.3% |0.40£15.1%
Normal tissue
Average 0f]20.9613.9% [2.79+6.8% 1.54416.2% {9.0749.1% 0.27+15.6%
Tumour tissue
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Fig. 1. Composition of Co, Ba, and Hg.
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Fig. 2. Composition of Cr, I, Cu, and Se.
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Fig. 4. Composition of Fe.

however, changes in the amounts of Hg, Cr, Cu, Se, Zn, Mg, and Ca have
not been found. Previous studies suggest that iron induces carcinogene-
sis (10, 11) and colorectal cancer in animals (12) and raises the risk of
human colorectal cancer (13,14). It has been reported that the generation
of hydroxyl radicals by iron-catalyzed reactions and the iron dietary
enrichment enhances the incidence of tumor induction (11).

Interestingly, in this study, it was found that about 9% lower levels
of iron as compared to control tissues, suggesting that in this particular
type of cancer, this microelement has no influence on the etiology for the
development of the disease as it was suggested in colorectal tumours in
animals (12) or in other types of cancer (10,13).
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In contrast, our results show elevated levels of iodine, an increase of

30% in colorectal tumors in relation to control tissues. An increase in
iodine intake has been established as a risk factor for the development of
thyroid cancer (15,16).

The concentrations of barium detected in the analysis of colorectal

cancer samples compared with normal tissues were higher in 56%.
Whether the alteration in iodine and barium may have a significance in
the etiology of this cancer deserves further investigation.
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