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Abstract

Digestive system neoplasms pose a serious health problem both in Poland and abroad.
Neoplasms are frequently considered to be caused by impaired homeostasis in the human
body. Development of neoplasms may be linked to disturbances in concentration of ele-
ments, including magnesium as a major intracellular cation.

The objective of this study was to evaluate the concentration of magnesium in plasma
and tissue samples taken from patients suffering from neoplasms of the stomach or the
large intestine.

The study involved 35 patients, including 20 affected by stomach cancer and 15 suffe-
ring from large intestine cancer. The patients were in the age rage of 36-77.

The material included blood samples taken from patients before and seven days after
surgery, as well as samples of cancerous and healthy tissues. The colorimetric method with
a Genesis spectrophotometer was used for determination of magnesium concentration.

A statistically significant difference was observed between plasma magnesium concen-
tration in patients affected by stomach cancer and the normal range. Elevated values of ma-
gnesium concentration measured on the seventh day after the procedure as compared to
the concentration before the procedure was noted, however, the difference was statistical-
ly insignificant. No significant differences were observed in magnesium concentration me-
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asured before and after the procedure, or in comparison to the normal range in patients
with large intestine cancer. Determination of tissue magnesium showed that magnesium
concentration was higher in cancerous than in healthy tissue.

Obtained results demonstrate that magnesium homeostasis is impaired in patients,
which may be important in the pathoghenesis of digestive system neoplasms.

Key words: magnesium, stomach cancer, large intestine cancer, hypomagnesemia,
surgery.

STEZENIE MAGNEZU W OSOCZU I TKANKACH PACJENTOW LECZONYCH
OPERACYJNIE Z POWODU RAKA ZOLADKA I JELITA GRUBEGO

Abstrakt

Nowotwory przewodu pokarmowego stanowia istotny problem zdrowotny zaréwno
w Polsce, jak i na calym $wiecie. Przyczyny nowotworéw czesto upatruje si¢ w zaburze-
niach homeostazy organizmu. Rozwdj nowotworéw moze wigzaé sie z zaburzeniem steze-
nia pierwiastkow, w tym rowniez magnezu bedacego najwazniejszym kationem wewnagtrz-
komoérkowym.

Celem pracy byta ocena stezenia magnezu w osoczu i wycinkach tkanek nowotworo-
wych chorych na raka zotadka i raka jelita grubego.

Badania wykonano u 35 pacjentow, w tym u 20 chorych na raka zotadka, oraz 15
chorych na raka jelita grubego. Badani byli w przedziale wiekowym od 36 do 77 lat.

Material do badan stanowila krew chorych pobierana przed zabiegiem operacyjnym
oraz w 7. dobie po zabiegu, a takze wycinki tkanek zmienionych nowotworowo i zdrowych.
Stezenie magnezu oznaczano metoda kolorymetryczng z uzyciem spektrofotometru firmy
Genesis.

U chorych na raka zotadka wykazano istotng statystycznie réznice w stezeniu magne-
Zu W 0soczu w poréownaniu z normg. Zaobserwowano réwniez wyzsze stezenie magnezu
w 7. dobie po zabiegu w poréwnaniu ze stezeniem przed operacjg, jednak réznica ta byla
nieistotna statystycznie. Natomiast w przypadku raka jelita grubego nie wykazano réznic
istotnych statystycznie zaréwno w stezeniu magnezu przed i po zabiegu, jak i przy poréw-
naniu wynikéw stezen magnezu z normg. Badajac stezenie magnezu w tkankach, stwier-
dzono wyzsze stezenie magnezu w tkance nowotworowej w poréwnaniu z tkanka zdrowa.

Wyniki wskazuja na istnienie zaburzen homeostazy magnezu u chorych, co moze mieé
znaczenie w patogenezie nowotworow przewodu pokarmowego.

Stowa kluczowe: magnez, rak zoladka, rak jelita grubego, hipomagnezemia, leczenie
operacyjne.

INTRODUCTION

Digestive system neoplasms are one of the chief causes of death from
malignant tumors. The incidence rate of stomach and large intestine cancer
in Poland is among the highest. Both stomach cancer and large intestine
cancer are most frequently diagnosed in an advanced stage. Consequently,
the efficacy of treatment and survival rate are low. Stomach cancer usually
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affects people in the age range of 50-60, mostly female, while the incidence
of large intestine cancer among males and females is comparable (BALCERSKA
et al. 2000, BorcH et al. 2000, DEHEINZELIN et al. 2000, DARADO et al. 2005).

Surgery is the basic and the most effective treatment of digestive sys-
tem cancers. It is applied both in early and advanced stage carcinoma and
involves radical removal of tumor. Hypomagnesemia frequently occurs in
the post-surgery period, particularly following surgical treatment of stomach
cancer (HARTGRINK et al. 2002, Kmm 2002, MacuHowska, Dupa 2002, Popiera 2002,
Borawska et al. 2005).

Advanced stage of digestive system neoplasms is usually accompanied
by dysphagia and diarrhea, leading to emaciation, electrolyte disturbances
and magnesium homeostasis disturbance. However, in early stages of can-
cerogenesis, patients have no symptoms and sings or the symptoms are
non-specific (Tomatis 2000, MacHowsKa, Dupa 2002, WoLF et al. 2007).

Magnesium is a life essential intracellular macroelement, which is an
activator of over 300 enzymes. It is a cell membrane stabilizer; it is essen-
tial to the synthesis of macroergic bonds and is active in protein synthesis
as well as in nucleic acid metabolism. It plays an important role in the
transportation of calcium, sodium and potassium ions. Magnesium deficien-
¢y in a period prior to a surgery may affect the patient’s condition during
and after the procedure. Even small changes in magnesium concentration
induce changes in the cardiovascular system. Hypomagnesemia can have an
inflammatory effect as it directly affects cells of the immune system, and by
activating neuroendocrine mechanisms it produces an indirect effect. Low
magnesium concentration causes more intensive activation of neutrophils
and macrophages, increased production of inflammatory cytokines as well as
excessive production of free radicals (HARTGRINK et al. 2002, HOENDEROP et al.
2005, LarssoN et al. 2005, StarzyNska, WasiLEwicz 2007).

The objective of this study was to determine magnesium concentration
in plasma and cancerous tissue samples taken from patients suffering from
stomach or large intestine cancer.

MATERIAL AND METHODS

The study was conducted at the 204 Chair and Department of General,
Gastrointestinal and Oncological Surgery of the Alimentary Tract Medical
University of Lublin in the University Hospital SPSK No.1 in Lublin. The
group of patients included 35 people who underwent surgical treatment
of stomach cancer (20 subjects) or large intestine cancer (15 subjects). The
subjects were in the age range of 36-77. Most of them, 63%, were men.
Surgical removal of cancerous changes was the chosen treatment. About
85% of operations of stomach and large intestine cancer were planned. Most
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of the patients were in hospital a few weeks during which they were diag-
nosed and medical treatment was applied. The patients did not have any
symptoms and sings from the digestive system which could influence this
study. No chemotherapy or radiotherapy preceded the surgical procedure.
The subjects received no element supplementation. Study material included
pre- and post-surgery plasma and tissue samples from the stomach and the
large intestine.

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

Blood samples were taken before the procedure and on the seventh day
after the procedure, and transferred to test tubes with the anticoagulant
heparin.. Plasma was obtained by centrifuging whole blood samples at 3,500
rpm for 15 minutes.

Tissue material was obtained during surgery. Two samples were taken
from each subject, one of cancerous tissue and the other one of possibly
most distant healthy tissue. Tissue samples were bathed in 0.9% NaCl and
stored at -40°C until examination.

Tissue samples were defrozen and homogenized in Tris HCI (pH 7.4)
buffer. Homogenates were centrifuged at 5,000 rpm for 15 minutes. Result-
ing supernatants were used for further examinations.

Magnesium concentration was determined with the colorimetric method
using xylidyl blue which reacts with magnesium in alkaline solution to form
a purple-coloured compound. The Cormay diagnostic kit Liquick Cor-Mg 60
was used. A single beam Genesis spectrophotometer with a wavelength at
520 nm was used to determine magnesium concentration.

The following statistical methods were used: Student’s t-test, Cochran’s
C test and Cox test.

RESULTS AND DISCUSSION

The values of plasma magnesium concentration in subjects with stom-
ach cancer ranged from 0.73 to 1.01 mmol 1! before the surgery, and re-
mained similar after the procedure, i.e. from 0.70 to 1.05 mmol 1'1. The
values of plasma magnesium concentration measured before and seven days
after the surgery were consistent with the normal range (Table 1). The
mean magnesium concentration before the procedure was slightly lower than
after the procedure.

The difference between the mean magnesium concentration in plasma
of subjects suffering from stomach cancer before and after the surgery was
statistically non-significant. However, there was a statistically significant dif-
ference between the values of magnesium concentration before and after
the procedure versus the normal range.
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The values of plasma magnesium concentration in subjects with large
intestine cancer were depressed (Table 1), ranging from 0.53 to 0.78 mmol 11
before the surgery and from 0.48 to 0.62 after the surgery.

Similarly to stomach neoplasm, there was no statistical significance in
the values of magnesium concentration before and after the surgery in sub-
jects with neoplasm of the large intestine. Comparison of magnesium con-
centration before and after the procedure and the normal values did not
demonstrate statistical significance.

In subjects with stomach cancer, the mean magnesium concentration
reached 5.41 pg gl in healthy tissue and 6.18 pg gl in cancerous tissue.
Analogously, in subjects with large intestine cancer, the mean concentration
was 6.40 pg gl in healthy tissue and 6.77 ng g'l. The study demonstrated
that magnesium concentration was slightly higher in cancerous tissue
(Table 2). The difference between magnesium concentration in cancerous
and healthy tissue was statistically non-significant.

Table 2
Mean magnesium concentration in cancerous tissue
Specifica- . From - to Arithmetic Median Star.ld?rd .StaFlstlcal
tion Tissue No ( 1 mean M deviation | significance
ne g x SD IS*
Stomach | healthy 20 3.20 - 7.00 541 5.05 141
. 0.75
tissue | cancerous| 20 | 3.40-11.40 6.18 5.00 2.60
Large healthy 15 5.10 - 6.80 6.40 5.90 1.7
intestine 0.70
tissue cancerous 15 4.50 - 10.10 6.77 6.20 2.40

*level of statistical significance by comparing Mg concentration in cancerous and healthy
tissue

The etiopathogenesis of digestive system neoplasms is complex and not
fully known yet. Neoplastic disease is often accompanied by disturbances in
the concentration of macro- and microelements. Further disturbances may
occur during treatment, especially when it involves surgery without accom-
panying element supplementation.

The body of a healthy adult contains approximately 24 g magnesium.
More than 50% of the element is in the bones, ca 27% in the muscles and
19% in other soft tissues. Only 1% of the magnesium contained in the hu-
man body is found in blood, and its concentration in blood cells is almost
three times as high as in serum. The latter ranges in a healthy person
from 0.60 — 1.1 mmol 1! (Growania, Growania 2000, Larsson et al. 2005, Lin
et al. 2006).

Depressed magnesium concentration affects bone mineralization, the di-
gestive system, the cardiovascular system, the reproductive organs, the im-
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mune system as well as the muscular and the nervous system. Low concen-
tration of magnesium in the human body may promote oncogenic activity
of carcinogenic substances leading to an increase in the number of muta-
tions responsible for neoplasm formation (DEHEINZELIN et al. 2000, OGRODNIK
et al. 2004, Dar et al. 2007).

Numerous studies have been conducted on plasma magnesium concen-
tration in subjects with neoplasms. There have been, however, fewer stud-
ies on its concentration in cancerous tissues.

This study has demonstrated the lack of significant differences between
plasma magnesium concentration measured before the surgery and on the
seventh day after the procedure. In stomach cancer, pre-surgery values were
consistent with the normal range. On the seventh day after the procedure,
magnesium concentration was slightly elevated but still consistent with nor-
mal values.

However, magnesium concentration in subjects suffering from large in-
testine cancer was below the normal range or took borderline values. The
results obtained on the seventh day after the procedure showed that the
concentration of magnesium was slightly lower in comparison to the pre-
surgery values. This confirms the results of a study reported by MacHOWSKA
and Dupa, who examined plasma in subjects with stomach or large intestine
cancer. They found out that in subjects who were not given magnesium
intravenously its concentration decreased and half of the patients developed
postoperative hypomagnesemia persisting until the examination was com-
pleted, which happened on the fourth day (MacHowska, Dubpa 2002).

It has been found out that in subjects with digestive neoplasms the
mean magnesium concentration was higher in cancerous than in healthy
tissue. Similar results were obtained by NIEDZIELSKA et al. and Borawska et al.
in their studies on magnesium concentration in cancerous larynx tissue
(N1EDZIELSKA et al. 2000, Borawska et al. 2005). Increased magnesium concen-
tration in cancerous tissue may be indicative of intensive metabolic process-
es in tumorous tissue.

Yaman et al. pointed out to the lack of significant differences between
magnesium concentration in healthy and cancerous stomach tissue (YAMAN
2006, Yaman et al. 2007, 2003). Olszewski et al. obtained similar results.

To sum up, disturbances in magnesium homeostasis, or even hypomag-
nesemia, occur in patients who undergo surgery for malignant tumor. Low
magnesium concentration is found in plasma, while its concentration in can-
cerous tissues, where intensive metabolic process occur, is elevated.

Surgical procedure is an additional stress for the human body, therefore
some researchers recommend magnesium supplementation in the pre- and
post-surgery period. MacHOowskA and Dupa (2002) noted beneficial influence
of magnesium supply on the condition of patients after the procedure.
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CONCLUSIONS

1. Large intestine neoplasms are accompanied by hypomagnesemia
before and after a surgery.

2. Magnesium concentration is higher in cancerous than in healthy
tissue.

3. Complete evaluation of interdependences between magnesium concen-
tration and neoplasm formation requires further studies including more sub-
jects.
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