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Cancers are among the most feared diseases of modern civilization. In Poland, colorectal cancer is one
of the tumors with the worst prognosis. The ability to cure is primarily dependent on the stage of the
disease at the time of diagnosis.

The aim of the study was evaluate antioxidant response in patients with colorectal carcinoma.
Material and methods. Twenty patients (14 men and 6 women) aged 61.9+ 11.1 years with colorec-
tal cancer were included in the study. Twenty healthy subjects (4 men and 16 women) aged 64 + 15.3
years formed the control group. The erythrocyte activities of antioxidant enzymes, superoxide dismutase
(SOD), and glutathione peroxidase (GPx),

Results. A significant increase of GPx, and SOD (p < 0.05) were seen in patients compared to healthy
controls.

Conclusion. The results indicate that the tested antioxidant enzyme activity of glutathione peroxidase
and superoxide dismutase is increased in patients diagnosed with colorectal cancer compared to the

control group.
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Colorectal cancer is a malignant tumor
growing in the colon, appendix and rectum.
The large intestine and rectum are the end
portions of human digestive system. Are pri-
marily responsible for the absorption of water
and formation of stool. In terms of the inci-
dence of cancer, colorectal cancer (CRC) is
classified in second place among both women
and men. Is the second cause of death in men
(after lung cancer) and third (after breast
cancer and cervical cancer) in women (1-8). It
is now believed that certain types of tumors
arise via genetic mechanisms, and others —
epigenetic. There are also many conditions
that both of these mechanisms interact in a
complex process of carcinogenesis. Today,
there is no doubt that environmental factors
participate in the final “decision” or cells with
mutations in the DNA will neoplastic trans-

formation. Growing evidence indicates that
one of the factors responsible for the induction
of malignant transformation of cells are reac-
tive oxygen species (reactive oxygen species
— ROS). Because of their substantial reactiv-
1ty they constitute a serious threat to the in-
tegrity and proper functioning of cells.
Regardless of important biological functions
of ROS may also be damaging agents cellular
components. Imbalance between ROS genera-
tion and antioxidant systems performance lead
to oxidative stress. The formation of cancer is
a multistep process in which distinguished the
Initiation phase, promotion, and progression.
The results of numerous studies in experimen-
tal systems in vitro and in vivo studies indi-
cate that ROS are involved not only during
the initiation and promotion of carcinogene-
sis, but also its progression. Oxidative DNA
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modifications caused by ROS may be part of
the process of initiating tumor. Evidence of
this can be detected elevated levels of modi-
fied bases in tumor tissue compared to normal
tissue surrounding the tumor.

It is also expected that such changes in
DNA are converted into a factor in the change
of benign malignant and may lead to an in-
crease in metastatic potential (2, 3). Biological
strategy of defense against hydroxyl radical
precursors: superoxide anion and hydrogen
peroxide based on the fact that both are dis-
mutation reaction, which is their weak point.
The simplest measure of defense is thus speed-
ing up the process. For this purpose, living
organisms have developed a group of enzymes
that catalyze the degradation of superoxide
anion and hydrogen peroxide. Here ones in-
clude catalase (CAT), superoxide dismutase
(ZnCu-SOD), glutathione peroxidase (GSH-Px)
and glutathione reductase (3).

MATERIAL AND METHODS
Patients

The study involved 20 patients with colorec-
tal cancer including 14 men and 6 women, aged
61.9+11.1. Control group consisted of healthy
individuals without cancer lesions, 16 men and
4 women, aged 64 + 17.7. Tests were carried
out on the blood of patients hospitalized in the
Department of General and Colorectal Sur-
gery, Medical University in L6dz, research
material was blood that was collected into
vacuum tubes with anticoagulant — heparin
lithium in the amount of 4 ml. Experienced
were conducted with the consent of bioethics
committee No RNN / 693/14 / KB Medical
University in £.6dz.

Hemoglobin (Hb) (9)

The concentration of hemoglobin (Hb) in the
blood hemolysate was determined by Drabkin.
This parameter has a maximum absorbance
at a wavelength of 540 nm. The color intensity
of the resulting compound is proportional to
the concentration of hemoglobin. This param-
eter was necessary to calculate the activity of
antioxidant enzymes studied (GPx and

SOD).

Determination of the activity of glutathione
peroxidase (GPx) in red blood cells (10)

As a substrate for the enzyme used cumene.
Control samples were prepared and tested in
the centrifuge tube by adding 0.1 ml of 50 fold
diluted hemolysate and 0.7 ml of Tris-HCI buf-
fer, pH 7.6. Incubated for 10 minutes in a
water bath at 37 ° C. At this time, the control
were added 0.1 ml of a solution of reduced
glutathione in Tris-HCl buffer, and test sample
0.1 ml of a solution of reduced glutathione and
0.1 ml of 0.05% solution of cumene in Tris-HCI
buffer. The tubes were once again placed for 5
minutes in a water bath at 37 ° C. After cooling
to room temperature, samples were added 1.0
ml of an aqueous solution of 20% trichloroa-
cetic acid, and the control 0.1 ml of 0.05% solu-
tion of cumene in Tris-HCIl. The tubes were
centrifuged for 10 minutes at 1400xG accel-
eration. After centrifugation, 1.0 ml of the
supernatant containing the reduced glutathi-
one, which has not been used in the reduction
reaction of cumene by the active enzyme, was
added 2 ml of 0.4 M Tris-HCI buffer pH 10.0
and 0.1 ml of an alcoholic solution of DTNB.
Test samples were measured against the con-
trol, using a spectrophotometer DU-650 at a
wavelength of 412 nm. The enzyme activity
was calculated after taking into account the
dilution and molar absorbance coefficient ex-
pressing it in the U / gHb.

Determination of the activity of superoxide
dismutase (SOD ZnCu) in red blood cells (11)

Principle of the method determining the
superoxide dismutase is based on the phenom-
enon of inhibition of the enzyme reaction of
auto-oxidation of adrenaline. To measure the
activity of CuZn-SOD in the test samples used
previously diluted hemolysate prepared twice.
To 0.1 ml of the hemolysate was added 0.9 ml
of distilled water chilled to + 4 ° C, 0.5 ml of
96% ethanol and 0.25 ml of chloroform. The
mixture was shaken for two minutes in a closed
tube stopper. The tubes were centrifuged for 10
minutes at 4200xG acceleration at +4 ° C. Then
the control sample is added to 2.9 ml of 0.05 M
carbonate buffer, pH 10.2, and 0.1 ml of a solu-
tion of adrenaline in 0.01 N HCI at pH 2.0.

Assay test contained 2.8 ml of 0.05 M car-
bonate buffer, pH 10 ml, 2, 0.1 ml of the su-



Evaluation of antioxidant defense in patients with colorectal carcinoma 359

pernatant containing the superoxide dismutase
solution of adrenaline and 0.1 in 0.01 N HCI
at pH 2.0. Measurements were made of chang-
es in absorbance at a wavelength of 480 nm on
a spectrophotometer DU-650 at 37 ° C against
the blank, which was a 0.05 M carbonate buf-
fer, pH 10.2. Superoxide dismutase activity
was determined in one-minute intervals on the
basis of changes in absorbance of the sample
containing the enzyme, the referenced to the
same time to absorb changes in the control,
where they should be 0.025 absorbance units
per min. Superoxide dismutase activity in the
test samples were expressed in units of adren-
aline (U / gHb / 100 ml).

RESULTS

For those who have not been diagnosed with
cancer of the enzyme activity was calculated
CuZn-SOD and it was 1114.72+ 17859 U/ g
/ Hb / 100 ml and GPx-25.42 = 7.79 U / Hb
Patients diagnosed with colorectal cancer ac-
tivity of CuZn-SOD was on average 1956.17 +
671.45 U/ g/ Hb /100 ml, and GPx activity-
30.01+12.44 U/ Hb (fig. 1, 2).

DISCUSSION

Danger to the structure and function of
cells, posed RFT, could not remain without an
evolutionary response. Aerobic organisms, the
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Fig. 1. Graph showing the glutathione peroxidase
activity measured in units U/ gHb in the study group
(black area) as compared to the control group (clear
area), p<0.05

possibility of using very energy efficient use of
oxygen in the breathing process (and other
metabolic processes) must also develop defense
mechanisms to protect them largely from the
effects of ROS formation and their reaction
with cellular components. Biological strategy
of defense against hydroxyl radical precursors:
superoxide anion and hydrogen peroxide based
on the fact that both are dismutation reaction,
which is their weak point. The simplest mea-
sure of defense is thus speeding up the process.
(12, 13).

In our work, we study the activity of super-
oxide dismutase and glutathione peroxidase.
Superoxide dismutase include in their active
centers metal ions that participate in the reac-
tions dismutation of superoxide anion. In
mammals there are three types of superoxide
dismutase superoxide.

In mammals there are three types of su-
peroxide dismutase superoxide. The cytoplas-
mic enzyme is in its composition comprising
copper and zinc (Cu, ZnSOD, SOD 1) (12, 13,
14).

This protein molecule is composed of two
identical subunits. In the mitochondrial matrix
is present containing manganese superoxide
dismutase (MnSOD, SOD,). It is composed of
four subunits. On the outside of the cells is
present extracellular superoxide dismutase
(EC-SOD). The second enzyme described an-
tioxidant is glutathione peroxidase (GSH-Px)
is a key enzyme which in the presence of re-
duced glutathione (GSH) catalyzes the reduc-

5000

4000 1

3000 1

2000 {

1000 1

800 1000 1200 1400 1600 1800 2000 2200 2400

Fig. 2. A graph showing the activity of superoxide
dismutase, measured in units U/ gHb / 100 ml in the
test group (black area) as compared to the control
group (clear area), p<0.05
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tion of hydrogen peroxide (H,0,) into water or
organic peroxides (ROOH), and further to the
corresponding alcohols (ROH). The molecule
of glutathione peroxidase contains four identi-
cal subunits, forming a flat structure. Gluta-
thione peroxidase does not contain heme or
any other prosthetic group outside of selenium.
Also acts as storage protein selenium. Besides,
there are other forms of classical glutathione
peroxidase, including not contain selenium.
Selenium contained in the various forms of
glutathione peroxidase is approx. 30% of the
total pool of this element in the body. In hu-
mans, there are four types of glutathione
peroxidase (GSH-Px1-4), which serve different
physiological functions. Type I Glutathione
peroxidase (GSH-Px 1) is defined as classical
or cell, as occurs in almost all cells. The second
type of peroxidase (GSH-Px 2) is called gastro-
intestinal glutathione peroxidase. The third
type discussed peroxidase (GSH-Px extracel-
lular) is present in the plasma. The type IV
glutathione peroxidase (GSH-Px 4) is called.
glutathione peroxidase phospholipid peroxides
which, like GSH-Px 1 is expressed in most tis-
sues (12-17).

In cancer there are marked differences be-
tween the activity of GPx and SOD in human
tumor cells in the body and in normal cells (18).
Depending on the types of tumors observed
decrease in SOD activity, both Cu-ZnSOD and
MnSOD in various processes of tumor forma-
tion in relation to the activity in normal cells.
Studies of SOD and GPx activity in vitro and
in vivo studies demonstrated that tumor cells
have been transformed and have a different
level of superoxide dismutase activity and
peroxidase than for normal cells. (19, 20) In

colorectal cancers, it was found increased activ-
ity of antioxidant enzymes CuZn SOD GPx as
compared to the normal epithelium (19-20).
Janssen et al. showed that the development of
colon cancer may be associated with increased
expression of MnSOD. Also shown is the su-
perior activity of epithelial cells in colorectal
cancer compared to the activity and amount of
MnSOD of healthy epithelium (21-24).

We can therefore conclude that the growth
of colon cancer enzyme activity occurs at an
early stage of cancer.

Literature describes a positive relationship
between MnSOD mRNA and vascular invasion
in these types of tumors. These data indicate
that over expression of MnSOD mRNA, may
be attached to the colorectal cancer with in-
creased tumor aggressiveness. This type of
assumption is confirmed by other researchers
Satoni et al have also shown that the activity
of the enzyme in tumor tissues increases with
the various stages and severity of disease (18-
29).

In conclusion we can say that our studies
confirm the assumptions listed in the work of
researchers and determine increase in the
activity of antioxidant enzymes people diag-
nosed with colorectal cancer compared to
healthy subjects.

CONCLUSIONS

The results indicate that the tested anti-
oxidant enzyme activity of glutathione per-
oxidase and superoxide dismutase is increased
in patients diagnosed with colorectal cancer
compared to the control group.
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