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Abstract

Gastrointestinal cancers have a complex and multifactorial etiology and their imme-
diate cause remains to be discovered. Elements such as zinc, copper or manganese, which
are important components of antioxidant enzymes, may affect malignant processes.

The objective of this study was to determine zinc, copper and manganese concentra-
tions in the blood, cancerous and healthy control tissue of patients operated on for gastro-
intestinal malignancies as well as to assess the effect of surgical removal of the tumour on
the concentration of these elements.

The study included 68 patients who underwent surgery for gastrointestinal cancers.
Patients were divided into three groups according to tumour location: group I – oesopha-
geal cancer, group II – gastric cancer and group III – colorectal cancer. Study material
consisted of venous blood samples obtained from patients before the surgery and on the
seventh day after the surgery; tissue samples were taken during the surgery.

The study has demonstrated that the malignant disease process causes changes in
trace element status both in plasma and in cancerous tissues. Copper concentrations were
elevated both in patients’ plasma and in cancerous tissues, while a decrease was observed
in zinc and manganese concentrations in comparison with control tissue. The surgery af-
fected levels of these elements to various degrees corresponding to the location of remo-
ved tumour.
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STÊ¯ENIE Zn, Cu I Mn W OSOCZU I TKANCE NOWOTWOROWEJ PACJENTÓW
LECZONYCH OPERACYJNIE Z POWODU NOWOTWORÓW Z£OŒLIWYCH

PRZEWODU POKARMOWEGO

Abstrakt

Nowotwory przewodu pokarmowego maj¹ z³o¿on¹ i wieloczynnikow¹ etiologiê, a ich
bezpoœrednia przyczyna nie jest znana. Pierwiastki, takie jak: cynk, miedŸ i mangan, mog¹
wp³ywaæ na procesy nowotworowe, gdy¿ s¹ wa¿nymi elementami sk³adowymi enzymów an-
tyoksydacyjnych.

Celem badañ by³o oznaczenie stê¿enia cynku, miedzi i manganu we krwi oraz w tkan-
ce nowotworowej i kontrolnej pacjentów operowanych z powodu nowotworów przewodu
pokarmowego, a tak¿e ocena wp³ywu operacyjnego usuniêcia nowotworu na badane stê¿e-
nia pierwiastków.

 Badaniem objêto 68 chorych operowanych z powodu nowotworów z³oœliwych przewo-
du pokarmowego. Chorych podzielono na 3 grupy, bior¹c pod uwagê umiejscowienie nowo-
tworu: I – rak prze³yku, II – rak ¿o³¹dka, III – rak jelita grubego.

Materia³ do badañ stanowi³a krew ¿ylna pobierana od chorych przed zabiegiem opera-
cyjnym oraz w 7. dobie po operacji, a tak¿e wycinki tkanek pobierane podczas zabiegu ope-
racyjnego.

Badania dowiod³y, ¿e proces nowotworowy powoduje zmiany w statusie pierwiastków
œladowych zarówno w osoczu, jak i w tkance nowotworowej. Stê¿enie miedzi w osoczu cho-
rych wzrasta³o, podobnie jak i w tkance nowotworowej, natomiast stê¿enie cynku i man-
ganu mala³o w porównaniu z kontrol¹. Zabieg operacyjny wp³ywa³ w ró¿nym zakresie na
stê¿enia pierwiastków, co by³o zale¿ne od umiejscowienia usuwanej zmiany nowotworowej.

S³owa kluczowe: cynk, miedŸ, mangan, antyoksydanty, rak prze³yku, rak ¿o³¹dka, rak
jelita grubego, leczenie operacyjne.

INTRODUCTION

Gastrointestinal cancers have a complex and multifactorial etiology and
their immediate cause remains to be discovered. Nowadays, neoplasms are
believed to be induced by DNA damage resulting in mutations and abnor-
malities of cell division. Previous studies have demonstrated that inflamma-
tory states and cancerous processes are associated with the so-called oxida-
tive stress, or imbalance between the generation of reactive oxygen species
and antioxidant concentrations as well as the response of defense enzymes
(BARTOSZ 2006, ZYSKA, KUCHARZEWSKI 2007).

Such chemical elements as for instance zinc, copper or manganese, con-
stitute important components of antioxidant enzymes; they are involved in
DNA biosynthesis and stimulate the immune system; consequently, they may
affect cancerous processes (PUZANOWSKA-TARASIEWICZ et al. 2009).
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Zinc has anticancer properties; its antiproliferative and proapoptotic ef-
fect has been demonstrated in in vitro studies. The antioxidant effect of zinc
is also relevant. Zinc ions protect protein sulfhydryl groups against oxida-
tion. Its antioxidant effect is also associated with the induction of metal-
lothioneins, i.e. proteins with the capacity to remove reactive oxygen spe-
cies (KNYCHALSKA-KARWAN et al. 1999, ZABOROWSKA et al. 2005, BARTOSZ 2006).
An essential component of Cu/Zn superoxide dismutase, zinc is involved in
the elimination of free radicals.

Copper may impair DNA synthesis by displacing zinc necessary to the
process. Deficiency of this element also affects the elements of antioxidant
defense system in a direct as well as indirect manner (OLSZEWSKI et al. 2003,
YAMAN et al. 2007, HADI et al. 2010).

Copper is a cofactor in Cu/Zn superoxide dismutase (CuZnSOD) crucial
to the process of removing free radicals. Low copper concentrations cause
decreased activity of CuZnSOD, CAT, GPx, ceruloplasmin and glutathione
(BERGER et al. 2001, SKRZYCKI et al. 2008). Copper may be a diagnostic factor
in the cancerous process – persistent lack of changes in serum copper con-
centrations is a good prognostic factor while elevated copper levels may be
a sign of the recurrence of malignancy (DOBROWOLSKI et al. 2000, DARADÓ et
al. 2005).

A component of superoxide dismutase (Mn-SOD), manganese is involved
in the process of eliminating free radicals generated during metabolic chang-
es in cells (NOZOE et al. 2003, KOT, ZARÊBA 2005).

The objective of the study was to determine zinc, copper and manga-
nese concentrations in the blood, cancerous and healthy control tissues of
patients operated on for gastrointestinal malignancies as well as to assess
the effect of surgical removal of the tumour on the concentration of these
elements.

MATERIALS AND METHODS

The study included 68 patients operated on for gastrointestinal malig-
nancies at the Second General, Gastroenetrology and Digestive Neoplasm
Surgery Clinic in the teaching clinical hospital SPSK1 in Lublin.

Control blood samples were collected from 21 healthy people undergoing
regular checkups.

The study was approved by the Bioethics Committee at the Medical Uni-
versity in Lublin (decision no. KE-0254/222/2007).

Patients were divided into three groups according to tumour location:
group I – oesophageal cancer (10 subjects), group II – gastric cancer (35
subjects) and group III – colorectal cancer (23 subjects).
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Blood samples were collected before the surgery and on the seventh day
after the surgery. Two tissue samples were also obtained from each subject
during the surgical treatment: one from cancerous tissue and a control sam-
ple from a most distant margin of healthy tissue.

Concentrations of zinc (Zn), copper (Cu) and manganese (Mn) were de-
termined in the plasma and in tissue homogenates by the atomic absorption
spectroscopy method (AAS) with the use of a Pye-Unicam atomic absorption
spectrophotometer.

Samples of plasma or tissue (0.5 g) were placed in quartz crucibles and
dried at 80-90oC for twelve hours. Next, they were ashed in a muffle fur-
nace at 450oC. The ash was dissolved in a 5% HCl solution, placed in volu-
metric flasks and filled up to a defined volume with double-distilled water.
Quantifications were made at wavelengths specific to particular elements,
i.e. 213.856 nm for Zn; 324.754 nm for Cu; 257.610 nm for Mn. Plasma
concentrations of the elements were given in µmol l–1, and tissue concen-
trations in µg g–1 protein.

The software package Statistica v. 7.1 was used to perform statistical
analysis of the results of the study.

RESULTS AND DISCUSSION

Plasma copper concentrations in the subjects ranged between 7.66 and
11.53 µmol l–1 and they were statistically lower than in the control group
(15.40 µmol l–1) both prior to and after the surgery. Zinc concentrations
before the surgery were similar to those on the seventh day after the sur-
gery; statistically significant differences were observed in groups II and III
(Table 1). Moreover, statistically significant differences (p<0.05) were observed
in zinc concentrations in all the three groups of patients in relation to the
tumour location.

Similar results have been obtained in the study by DROZDA et al. (2008),
where characteristically lower zinc concentrations were detected in the plas-
ma of patients suffering from sigmoid colon cancer or rectal cancer com-
pared with the control group.

Zn concentrations in cancerous tissues ranged between 1.39 and 2.79 µg g–1

protein and were lower than in control tissues (1.43-3.22 µg g–1 protein). No
appreciable differences were observed in cases of oesophageal cancer, while
Zn levels in cancerous tissues were lower than in control tissues in colorec-
tal cancer in a statistically significant way (Table 2). This confirms the re-
sults obtained by REDDY et al. (2000, 2003) for gastric and kidney malignan-
cies. Lower zinc concentrations in laryngeal cancer were also detected by
NIEDZIELSKA et al. (2000).
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As a component of Cu/Zn superoxide dismutase, zinc is involved in the
process of inactivation of reactive oxygen species. Plasma zinc concentra-
tions change when metabolic activity of the body is increased; a decline is
observed in malignancies in various locations (NIEDZIELSKA et al. 2000, DROZ-
DA et al. 2008). Low zinc levels both in plasma and in cancerous tissues may
be linked to partial depletion of antioxidant barrier in oxidative stress, i.e.
cancer.

Plasma copper concentrations in subjects were within the normal range
except for group I, in which the average plasma copper concentration before
the surgery was markedly lower and amounted to 44.7 µmol l–1. Plasma
copper concentrations in patients suffering from gastrointestinal cancers were
lower (13.7-15.9 µmol l–1) compared with the control group (17.1 µmol l–1).
Plasma copper concentrations (44.7 µmol l–1) were nearly three-fold as high
as in the control group only in patients suffering from oesophageal cancer.

A comparison of copper concentrations before and after the surgery dem-
onstrated that there was a statistically significant decrease after surgical
treatment of oesophageal cancer. Statistically significant differences between
copper concentrations in all the three groups were observed with regard to
tumour location (Table 3).
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Copper concentrations in cancerous tissues ranged between 10.3 and
36.7 µg g–1 protein, and in control tissue between 6.3 and 22.6 µg g–1 pro-
tein. In the cancerous tissue of the oesophagus, copper levels were twice as
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low as in control tissues, while in the other cancers, tissue copper concen-
trations were higher. The differences were statistically significant (p<0.05).
Statistically significant differences between copper levels were also observed
in regard to tumour location (Table 4).

The study carried out by WITKOWSKI et al. (1993) and NIEDZIELSKA et al.
(2000, 2004) has also demonstrated that copper concentrations were lowered
in the cancerous tissue of the larynx and oesophageal. However, the study
conducted by DARADÓ et al. (2005) has shown that copper levels were higher
in cancerous tissues than in healthy tissues in the large bowel and, as ob-
served by YAMAN et al. (2007), also in the stomach.

Low plasma copper concentrations and high tissue copper concentrations
may be associated with the repositioning of copper from blood to tissues as
a result of malignant processes. Elevated plasma copper concentrations cor-
relating with its low concentrations in cancerous tissues in oesophageal can-
cer remain to be explained.

Plasma manganese concentrations in subjects suffering from cancer
ranged between 1.27 and 1.81 µmol l–1 and were lower than its concentra-
tions in the control group (3.03 µmol l–1), which was statistically significant.

Mn levels before the surgery did not significantly differ from its levels
on the seventh day after the surgical treatment, but there was a statistical-
ly significant (p<0.05) increase in manganese concentrations on the seventh
day after the surgery in comparison to its values before the surgery in
group II. Moreover, statistically significant differences in manganese levels
prior to the surgery between groups I, II and III were observed (Table 5).
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Manganese concentrations in cancerous tissues ranged between 0.23 and
1.72 µg g-1 protein and were similar to its concentrations in control tissues
(0.30-1.33 µg g–1). Statistically significant differences were observed only in
manganese concentrations in cancerous tissues depending on the location of
cancer (Table 6).
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As a component of superoxide dismutase (MnSOD), manganese is in-
volved in the process of eliminating free radicals generated in metabolic
changes. Its low plasma levels may be linked to low MnSOD activity in the
course of malignant disease processes caused by intense oxidative stress
and overproduction of free radicals.

CONCLUSIONS

1. Malignant disease processes cause changes in trace element status
both in plasma and in cancerous tissue.

2. Copper concentrations are elevated in plasma and in cancerous tissue
of the patients, while zinc and manganese concentrations are low compared
with the control group.

3. Surgery affects concentrations of the elements to various degrees,
depending on the location of removed cancer (oesophageal cancer, gastric
cancer, colorectal cancer).

REFERENCES

BARTOSZ G. 2006. Another face of oxygen. Free radicals in nature. PWN, Warszawa. (in
Polish)

BERGER M., BAINES M., CHIOLERO R.L., WARDLE C.A., CAYEUX CH., SHENKIN A. 2001. Influence
of early trace element and vitamin E supplements on antioxidant status after major
trauma: a controlled trial. Nutr. Res., 21: 41-54.

DARADÓ A., RZETECKI T., DZIKI A., SAPOTA A. 2005. Biological levels of cadmium, zinc, copper
and selenium in patients with colorectal cancer. Bromatol. Chem. Toksykol., 4 (38):
371-376. (in Polish)

DOBROWOLSKI Z., DREWNIAK T., CICHOCKI T., KWIATEK W. 2000. Concentrations of copper and zinc
and the Cu/Zn ratio in blood plasma and tissue of clear ell carcinoma of the kidney.
Urol. Pol., 53(1): 51-63. (in Polish)

DROZDA R., TRZCIÑSKI R., RUTKOWSKI M., GRZEGORCZYK K., DZIKI £., SYGUT A., KO£OMECKI K., DZIKI A.
2008. Concentrations of anti-oxidant trace elements – selenium and zinc – in patients
with the cancer of the sigmoid colon or rectum. Gastroenterol. Pol., 15(6): 391-395. (in
Polish)

HADI S.M., ULLAH M.F., SHAMIM U., BHATT S.H, AZMI A.S. 2010. Catalytic therapy
of cancer by ascorbic acid involves redox cycling of exogenous/endogenous copper ions
and generation of reactive oxygen species. Chemotherapy, 56(4): 280-284.

KNYCHALSKA-KARWAN Z., PANAŒ M., KRAWCZYK K. 1999. Presence of trace elements in carcinous
tissue. Mag. Stomatol., 9(7): 17-19. (in Polish)

KOT A., ZARÊBA S. 2005. Produkty zbo¿owe Ÿród³em ¿elaza i manganu [Cereal products as
a source of iron and manganese]. Rocz. Pañst. Zak³. Hig., 56 (1): 91-96 (in Polish.

NIEDZIELSKA G., CARUK K., PASTERNAK K., SZCZEPAÑSKI P 2004. Trace elements in inflammatory
processes in the larynx]. J. Elementol., 9(4): 639-645. (in Polish)

NIEDZIELSKA G., CARUK K., PASTERNAK K. 2000. Trace elements in tissues of a larynxs attacked
by a neoplastic disease. Otolaryngol. Pol., 54 (Suppl. 31): 200-202. (in Polish)



144

NOZOE T., HONDA M., INUTSUKA S., YASUDA M., KORENAGA D. 2003. Significance of immunohisto-
chemical expression of manganese superoxide dismutase as a marker of malignant
potential in colorectal carcinoma. Oncol. Rep., 10(1): 39-43.

OLSZEWSKI J., LATUSIÑSKI J., KITA A. 2003. A comparative evaluation of concentrations of antio-
xidant elements in blood plamsa and tissue bioptates in patients with papilloma or
carcinoma of the larynx. Otolaryngologia, 2(2): 90-93. (in Polish)

PUZANOWSKA-TARASIEWICZ H., KU•MICKA L., TARASIEWICZ M. 2009. Biological functions of selected
elements. Pol. Merk. Lek., 27(161): 419-422. (in Polish)

REDDY S.B., CHARLES A.J., RAJU G.J., VIJAYAN V., REDDY B.S., KUMAR M.R., SUNDARESWAR B. 2003.
Trace elemental analysis of carcinoma kidney and stomach by PIXE method. Nucl.
Instr. Meth. Phys. Res. B., 207: 345-355.

REDDY S.B., HIROSE Y., COHEN L.A., SIMI B., COOMA I., RAO C.V. 2000. Preventive potential of
wheat bran fractions against experimental colon carcinogenesis: implications for hu-
man coclon cancer prevention. Cancer Res., 60: 4792-4797.

SKRZYCKI M., ŒCIBIOR D., PODSIAD M., CZECZOT H. 2008. Activity and protein level of CuZnSOD
and MnSOD in benign and malignant liver tumors. Clin. Biochem., 41 (1-2): 91-96.

WITKOWSKI K., KOZ£OWSKI A., PARDELA M., PIECUCH J., WALICHIEWICZ P. 1993. The level of copper in
plasma and tissues of patients with carcinoma of the esophagus and carcinoma of the
large intestine. Wiad. Lek., 46(15-16): 586-588. (in Polish)

YAMAN M., KAYA G., YEKELER H. 2007. Distribution of trace metal concentrations in paired
cancerous and non-cancerous human stomach tissues. World J. Gastroenterol, 13(4):
612 -618.

ZABOROWSKA M., WYSZKOWSKA KUCHARSKI J. 2005. Role of zinc in plant and animal organisms.
J. Elementol., 10(3): 653-664. (in Polish)

ZYSKA A., KUCHARZEWSKI M. 2007. Effect of a diet on concentrations of iron, zinc, copper and
selenium in carcinous tissue of the large intestine and polyps of this organ. Ann. Acad.
Med. Siles., 61(4): 309-312. (in Polish)


