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Abstract

Background. Colorectal cancer (CRC) is one of the most common malignant tumors in developed countries.
Oxidative stress can cause damage to colonocytes by inducing cell cytokine synthesis and triggering the process of
carcinogenesis.

Objectives. The aim of the study was to analyze relationships between: 1) total antioxidant status (TAS) value in
CRC tissue and healthy colon tissue; 2) superoxide dismutase (SOD) activity in CRC tissue and healthy colon tis-
sue; 3) TAS value in CRC tissue and the stage of colorectal cancer; and 4) SOD activity in CRC tissue and the stage
of colorectal cancer.

Material and Methods. Adult patients undergoing colonic surgery for CRC were studied. The patients were divid-
ed into four groups according to the TNM Classification of Malignant Tumors. Spectrophotometric methods were
used to measure TAS values and SOD activity, using diagnostic kits produced by Randox Laboratories.

Results. The mean TAS value in CRC tissue was 0.0073 + 0.0038 mmol/g of tissue, which was not significantly
different from the mean value in healthy tissue (0.0067 + 0.0035 mmol/g of tissue). SOD activity was 170 + 32 U/g
of tissue and was significantly higher in CRC than in healthy tissue (107 + 25 U/g of tissue). In stages I, I and III
of CRC, SOD activity as well as TAS value were increased in tumor tissue as compared to healthy tissue. Both SOD
activity and TAS value markedly decreased in stage IV in contrast to the other stages of the disease.

Conclusions. The study results suggest that TAS and SOD monitoring could be valuable during the treatment of
CRC (Adv Clin Exp Med 2013, 22, 3, 431-437).
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Streszczenie

Wprowadzenie. Rak jelita grubego jest jednym z najbardziej rozpowszechnionych nowotworéw ztosliwych w kra-
jach wysokorozwinietych. Stres oksydacyjny moze powodowac uszkodzenia kolonocytow przez wzmozenie syntezy
cytokin komérkowych, czego nastepstwem moze by¢ proces karcynogenezy.

Cel pracy. Analiza zaleznosci miedzy: 1) warto$cia catkowitego statusu antyoksydacyjnego (TAS) w tkance nowo-
tworowej oraz zdrowej jelita grubego; 2) aktywnosécig dysmutazy ponadtlenkowej (SOD) w tkance nowotworowej
oraz zdrowej jelita grubego; 3) wartoscig TAS w tkance nowotworowej a stadium choroby; 4) aktywnoscia SOD
w tkance nowotworowej a stadium choroby.
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Material i metody. Dorosli pacjenci poddani chirurgicznemu leczeniu z powodu nowotworu jelita grubego zostali
wlaczeni do badania. Zgodnie z systemem klasyfikacji TNM pacjenci zostali podzieleni na cztery grupy. Wartos¢
TAS i aktywnos$¢ SOD zostaly oznaczone metodami spektrofotometrycznymi z zastosowaniem zestawow diagno-
stycznych firmy RANDOX.

Wyniki. Srednia wartos¢ TAS w tkance nowotworowej jelita grubego wynosita 0.0073 + 0.0038 mmol/g tkanki i nie
wykazywala istotnej réznicy w poréwnaniu z tkanka zdrowg (0.0067 + 0.0035 mmol/g tkanki). W tkance nowotwo-
rowe]j aktywnoé¢ SOD byta réwna 170 + 32 U/g tkanki i byla znaczaco statystycznie wyzsza niz w tkance zdrowej
(107 + 25 U/g tkanki). W stadium I, I i III choroby aktywno$¢ SOD oraz wartos¢ TAS byly wieksze w tkance nowo-
tworowej niz w tkance zdrowej. Zaréwno aktywno$¢ SOD, jak i warto$¢ TAS w stadium IV byly wyrazne mniejsze
niz we wczesniejszych stadiach choroby.

Whioski. Wyniki badania sugeruja, Ze monitorowanie wartosci TAS oraz aktywnosci SOD moze by¢ wartosciowe

podczas leczenia raka jelita grubego (Adv Clin Exp Med 2013, 22, 3, 431-437).

Stowa kluczowe: rak jelita grubego, calkowity status antyoksydacyjny, dysmutaza ponadtlenkowa.

Colorectal cancer (CRC) is one of the most
common malignant tumors in developed countries.
The lifetime risk of developing CRC has been esti-
mated at 5-6% [1]. In Poland, the five-year-surviv-
al rate in patients with CRC is about 30-33% (and
is slightly higher for rectal cancer in comparison
with colon cancer), whereas in Western Europe it
is almost 50%. Moreover, epidemiological studies
have shown that the differences are still increasing
between Poland and other European Union coun-
tries in terms of mortality rate due to CRC [2]. In
Poland in 2008, colorectal cancer accounted for
5385 deaths among men and 4530 deaths among
women, which represents 13% and 11% of all can-
cer deaths, respectively. Patients over 50 years of
age accounted for 93.8% of the male population di-
agnosed with CRC. The number of cases decreases
in both sexes after the age of 80 [3].

Oxidative stress is believed to be one of the
risk factors of colorectal carcinogenesis. One of the
main possible sources of oxidants in the intestine
are phagocytes, which accumulate in the mucous
membrane of patients with gut diseases and could
generate oxidants that can contribute to an in-
creased risk of cancer [4]. The gastrointestinal tract
is particularly exposed to factors such as chemicals,
bacterial and viral agents, and food antigens respon-
sible for chronic inflammatory conditions. The re-
lease of inflammatory mediators (the cytokine-de-
pendent cascade) is accompanied by the formation
of reactive oxygen species (ROS) and their reactive
derivatives, which are responsible for free radical
damage to the cells lining the gastrointestinal tract.
Free radicals affect the mucous membrane of the
colon by damaging its mucous coat, impairing mu-
cin synthesis and causing its increased disintegra-
tion. As a result, ROS cause colonocyte damage by
inducing cell cytokine synthesis and triggering the
process of carcinogenesis [5].

Total antioxidant status (TAS) is an antioxi-
dant marker, which represents the total capacity of
the antioxidant barrier of a cell, tissue or organ.
TAS comprises the total contribution from a wide

range of components, such as antioxidant enzymes
and low-molecular-weight antioxidants. It seems
that value of this parameter can be a helpful indi-
cator of the pro-oxidative/antioxidative balance of
organism and of depletion of antioxidant reserves
resulting from effort or disease [6].

Superoxide dismutase (SOD) is an important
element of cellular defense against the toxicity of
oxygen free radicals. It catalyzes the dismutation of
superoxide free radical to hydrogen peroxide and
molecular oxygen [5].

The results of numerous studies indicate that
changes in antioxidant status value or SOD activ-
ity are quite often observed in many types of can-
cer and may occur at various stages of the disease.
However, the contribution of particular enzymes
to the development of cancerous changes is di-
verse [4, 6, 7].

The aim of this study was to determine the
TAS value and SOD activity in cancer tissues and
in control samples obtained from patients under-
going curative abdominal surgery for CRC. The re-
lationships between TAS value, SOD activity and
the stage of CRC were investigated.

Material and Methods

The study was performed in accordance
with statutory bioethical standards and was ap-
proved by the First Local Ethical Commission at
the Medical University of Lublin (acceptance KE
- 0254/221/2009). Adult patients undergoing sur-
gery for CRC under general anesthesia were stud-
ied. All the patients gave their informed consent.
Patients below the age of 18, transplant recipients,
subjects with hematological, severe endocrine and
metabolic diseases, those who were HIV infected
and receiving immunosuppressive drugs, steroid
drugs or element supplementation that could af-
fect antioxidant activity were excluded from the
study, as were those with a history of smoking,
heavy alcohol intake or other conditions that can
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induce oxidative stress (diabetes mellitus, pulmo-
nary diseases, respiratory diseases, etc.).

Twenty seven patients with CRC, including
11 males and 16 females, from 49 to 76 years old
(mean age 62 years), who were operated on for
a histologically proven CRC at the First Depart-
ment of General and Transplant Surgery and Nu-
tritional Treatment of the University SPSK Hos-
pital No. 4 in Lublin were selected for the study
(Table 1). The treatment of choice for malignant
lesions was surgical removal. Patients whose dis-
ease was at stage I, IT or III had not received radio-
therapy or chemotherapy prior to inclusion in the
study, while patients with liver metastases had re-
ceived chemotherapy. The mean time for satisfac-
tory anesthesia was 7.5 min * 1.7 (SD). The mean
duration of surgery was 225 + 56 min. The surgery
and anesthesia were uneventful in all cases. In 12
subjects surgery was performed to remove the can-
cerous area without interrupting the continuity of
the gastrointestinal tract, whereas in 15 cases an
artificial anus was implanted. There were three pa-
tients with Dukes’ stage B1 CRC (TNM I), eight
with stage B2 (TNM II), five with stage C1 (TNM
III), seven with stage C2 (TNM III) and four pa-
tients with Dukes’ stage D (TNM IV) CRC.

Surgery

Laparotomies were performed via either trans-
verse or medial access. All the tumors were totally
excised; none of the patients required a second-
look laparotomy. All the patients were discharged
in relatively good general condition. All of them
were referred for chemotherapy.

Study Protocol and Methodology

Samples were obtained during surgery. Two
samples were collected from each subject: one from
cancerous tissue and the other from healthy tissue
as distant as possible from the tumor. The tumors
were classified according to Dukes’ staging system

as modified by Astler and Coller with correspond-
ing UICC TNM stages. On the basis of the TNM
scores, the samples were divided into four groups:
I - obtained from patients with tumors classified
as TNM stage I; II - obtained from patients with
tumors classified as TNM stage II; III - obtained
from patients with tumors classified as TNM stage
II; IV - obtained from patients with tumors clas-
sified as TNM stage IV.

The tissue samples were rinsed with 0.9% NaCl
and stored at —80°C until the analysis. Tissue ho-
mogenates (10% w/v) were prepared in 0.1 mol. ]!
Tris-HCl buffer, pH = 7.4 using a laboratory MPW-
120 homogenizer, and supernatants were obtained
by centrifugation at 5000 x g for 30 min. In the
supernatants of samples, both the TAS value and
SOD activity were determined spectrophotometri-
cally using a Randox TAS kit (Randox Laboratories
Ltd.) and a diagnostic Ransod kit (Randox Labo-
ratories Ltd.), respectively. Assays were performed
using a Specord M40 spectrophotometer (Zeiss
Jena). TAS values were expressed in mmol- g™
of wet tissue, whereas SOD activity was expressed
in U. g™ of wet tissue.

Statistics

Means and standard deviations (SD) were
calculated. Student’s unpaired t-test was used for
variables with normal distribution. For variables
with non-normal distribution, the Wilcoxon
signed-rank, U-Mann-Whitney, Kruskal-Wallis
ANOVA and post-hoc Dunnett’s multiple com-
parison tests were used. P < 0.05 was considered
significant. The power of correlation was assessed
by the G*Power test.

Results

The results of the present study indicated
that there were differences in TAS value and
SOD activity in colorectal tissue compared with

Table 1. The demographic and clinical characteristics of the patients

Tabela 1. Demograficzne i kliniczne dane pacjentéw

TNM Classification of Modified Dukes’ Clas- BMI Sex (Ple¢) Mean age - years
Malignant Tumors (n) sification (n) (Sredni wiek - lata)
(Klasyfikacja TNM) (Klasyfikacja Dukes) female (n) male (n)
Stage I (3) Stage B 1 25.7 2 1 61.5
Stage II (8) Stage B2 24.8 5 3 63.5
Stage IIT (12) Stage C1 (5) 31.2 60.4
Stage C2 (7) 8 4
Stage IV (4) Stage D 23.9 1 3 63.5
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Table 2. TAS value and SOD activity in colorectal cancer tissue

Tabela 2. Warto$¢ TAS i aktywno$¢ SOD w tkance raka jelita grubego

Specification (Rodzaj) TAS SOD
(mmol - g! of wet tissue) (U - g! of wet tissue)
x+SD x+SD

Control tissue (Tkanka kontrolna) 0.0067 + 0.0035 107 + 25

Cancerous tissue (Tkanka nowotworowa) 0.0073 + 0.00387 170+ 32T

* statistically significant difference in comparison with the healthy tissue (p < 0.05).

x + SD - mean + standard deviation

* réznica istotna statystycznie w stosunku do zdrowych tkanek (p < 0,05)

x = SD - $rednia + odchylenie standardowe

TAS [mmol/g of tissue]

Fig. 1. TAS values in cancer and normal tissue
depending on cancer stage
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healthy one. The mean value of TAS in CRC tis-
sue (0.0073 + 0.0038 mmol/g of tissue) was in-
significantly higher than in the control tissue
(0.0067 * 0.0035 mmol/g of tissue). There was
a statistically significant increase (p < 0.05) in SOD
activity in colon tumor tissue (170 + 32 U/g of tis-
sue) versus healthy tissue (107 + 25 U/g of tissue)
(Table 2).

In stage I, IT and III CRC, SOD activity as well
as TAS values were increased in tumor tissue in
comparison with control tissue. Among the cancer
samples, both SOD activity and TAS value were
the highest in stage II and markedly decreased in
stage IV. Additionally, the TAS value was lower
in stage I'V cancer tissues than in healthy samples,
and SOD activity was almost equal in both (Figs. 1
and 2).

Discussion

The present study documented differences in
TAS values and SOD activity between tumor tissue
and healthy tissue from CRC patients.

Studies found in the available literature most
often investigate the concentrations of each partic-
ular antioxidant contained in a sample [4, 8-10],
while TAS determination seems to be a better
marker of the antioxidant properties of complex
biological systems (such as blood plasma or tis-
sue homogenates). The measurement of all known
antioxidants in biological fluid is time consum-
ing. Many antioxidants may be undiscovered as
yet, and the total activity may be greater than the
sum of the individual antioxidants because of their
cooperative interaction. It is noteworthy that oxi-
dative stress and total antioxidant status correlate
with each other [11].

Yuvaraj et al. showed decreased levels of vari-
ous circulating enzymatic and non-enzymatic an-
tioxidants in untreated breast cancer patients as
compared with healthy subjects. The researchers
also demonstrated that co-administration of anti-
oxidants such as coenzyme Q, niacin and ribofla-
vin along with tamoxifen decreased oxidative stress
and increased the antioxidant status [12]. Other
authors have also found decreased TAS in breast
cancer and in colorectal tumor tissues compared
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to healthy tissue [13, 14]. In contrast, Rajneesh et
al. reported significant elevation of both enzymatic
and non-enzymatic antioxidants in serum samples
from breast cancer patients [8], and there are other
studies that are consistent with those findings [4,
9]. Goneng et al. showed an elevated TAS value
in breast cancer tissue compared to benign breast
diseases [15]. Skrzydlewska et al. reported that the
activity of SOD, glutathione peroxidase and glu-
tathione reductase were significantly increased in
all clinical stages of cancer patients as compared
with the control group, and that maximum values
were observed in G3-grade adenocarcinoma and
mucinous adenocarcinoma and in clinical stage IV
colorectal cancers [4]. Another study revealed in-
creased activity of all enzymes in esophageal cancer
compared with normal mucous; stomach tumors
were also characterized by an increase in SOD and
catalase activities, whereas glutathione peroxidase
and reductase activities were decreased [9]. The
current study showed that CRC tissue samples
are characterized by higher values of TAS in com-
parison to healthy tissues, which might indicate
a high level of oxidative stress in cancer cells. The
insignificant changes noted in TAS values might
be caused by the fact that TAS represents the total
contribution of both antioxidant enzymes and low-
molecular-weight antioxidants. There are papers
reporting significant increases in SOD, glutathi-
one peroxidase and glutathione reductase activity
in colorectal cancer tissue, while catalase activity
and concentrations of nonenzymatic antioxidant
parameters (glutathione, vitamin C, and vitamin
E) were significantly decreased [4, 10].
Zowczak-Drabarczyk et al. found that the
mean TAS value did not differ significantly be-
tween breast cancer tissue samples depending to
the progress of the disease [13], whereas the cur-
rent study demonstrated the lowest level of anti-
oxidant capacity in stage IV of disease. This seems

Fig. 2. SOD activity in cancer and normal tissue
depending on cancer stage

Ryc. 2. Aktywno$¢ SOD w tkance nowotworowej
i zdrowej w zaleznosci od stadium raka

to be consistent with the fact that long-term oxi-
dative stress occurred in those patients and their
organisms exhausted the antioxidant compo-
nents of the body, leading to low antioxidant sta-
tus. On the other hand, the decreased TAS value
could result simply from the fact that the patients
with stage IV CRC received chemotherapy. It is
known that chemotherapy can cause a significant
decrease in the efficiency of the body’s defense
mechanisms [16].

Oxidants, including hydrogen peroxide
(H,0,), may enhance the expression of genes cod-
ing enzymes of the antioxidative system. This kind
of induction of antioxidative endogenic enzymes
caused by hydrogen peroxide has been found in
human fibroblast cultures [4]. Another study re-
ported that an increased level of ROS in colorec-
tal cancer development could probably act as an
autocrine factor to induce MnSOD in the carci-
noma [17]. Increased total SOD activity in colon
cancer cells indicates a greater need for protection
against the toxic effects of ROS; but on the other
hand, MnSOD also protects cells against cytotoxic
effects [7]. There are similar reports showing that
total SOD activity may be significantly higher in
cancer cells than in adjacent non-cancerous re-
gions [4, 9]. As Skrzydlewska et al. wrote: “In-
creased superoxide dismutase activity could aug-
ment superoxide radical dismutation, thus leading
to intensification of hydrogen peroxide genera-
tion” [10], which plays a particularly important
role in regulating cell proliferation and apoptosis;
depending on the H,0O, concentration, the cell can
divide, undergo apoptosis or necrosis [18]. It has
been found that alkyl peroxyl radicals as well as
superoxide anion radicals could cause a signifi-
cant increase in endogenous H,O,, by reducing
catalase activity [10, 19]. Some cancer lines have
been shown to produce a large amount of hydro-
gen peroxide [4]. In stomach and liver tumors
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a decrease in CuZnSOD activity and an increase
in MnSOD activity was observed in the primary
cancer, whereas in CRC and its liver metastases,
increases in CuZnSOD and MnSOD activity were
noticed [7].

Skrzydlewska et al. reported that superoxide
dismutase activity was significantly increased in all
clinical stages of cancer patients compared to the
control group, and that the highest level of SOD
was found in the clinical stage IV cancer group [4].
However, in the current study the data showed
that SOD activity was the highest in stage II co-
lon cancer, and was also high in stages I and III,
but markedly decreased in stage IV. It should be
noted that in the current study patients with stage
IV had received chemotherapy prior to surgery,
which could cause a significant decrease in SOD

activity. It could also be that a high level of super-
oxide dismutase in cancer tissue leads to enhanced
H,0, accumulation, thereby reducing SOD activi-
ty through a feedback system. One might postulate
that it indicates depletion of antioxidant mecha-
nisms in a highly advanced stage of disease.

The authors concluded that patients with CRC
displayed disordered functions of the antioxidant
system. This is demonstrated by changes in both
TAS values and SOD activity in tumor tissue. The
results observed were dependent on the stage of
cancer development. The results obtained may
suggest that TAS and SOD monitoring could be ad-
visable in colorectal cancer therapy, which is con-
sistent with other scientists’ suggestions [20, 21].
Further studies with a larger number of patients
may be needed to confirm these results.
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