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Abstract

One of most frequent malignant disease in the developed countries is colorectal cancer and it is the seventh
most common cancers among population of Babylon province/Iraq. It was reported that oxidative stress status
is being play a very important roles in development of carcinogenesis. The purpose from this study was
assessment of antioxidant status in early and advanced stages of patients with sporadic colorectal cancer
whom received adjuvant chemotherapy. This investigate was done by measuring of total antioxidant
capacity(TAO-C), Ceruloplasmin and its related trace elements ,copper and Zink. All patients included in this
study were receiving adjuvant chemotherapy regimen and subdivided into two groups according to Duke’s
classification of malignant into early stages (A+B) and(C+D) advanced stages, cancer site (colon and
rectum), and according to the number of dosage of chemotherapy regimen(half dosage and total dosage).
ELISA methods were used to assess serum Cp concentration and colorimetric method for measurement of
serum TAO-C ,while concentration of Cu and Zn were determined by atomic absorption spectrophotometer (
AAS). Cu/Zn and Cu/Cp ratio were calculated mathematically. The results were showed highly significant
decreasing(p<0.05) in T-AOC and Zinc concentration in stages (C+D) subgroup compared to (A+B) and
control group. Both Ceruloplasmin and copper were found markedly increased in stages (C+D) compared to
(A+B) stages and control group. Cu/Zn ratio was increased significantly in advanced stages and controls
while Cu/Cp ratio was markedly decreased in advanced stages compared to early stages and controls. In
conclusion the results of present study suggests that TAO-C and/or Cp and its related elements are monitoring
factors and prognostic indicators could be valuable during the treatment with adjuvant regimen for sporadic
colorectal cancer patients.

Key words: Antioxidant status, Ceruloplasmin, Copper, Zinc, Sporadic colorectal cancer,
Adjuvant chemotherapy.
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Introduction

ne of most frequent malignant
Odisease in the development

countries is colorectal cancer.
The third most common cause of cancer
related death in western world is
colorectal cancer (CRC). Colorectal
cancer is the general term using to
described the cancers that occurred in the
colon and rectum. The one of a major
cause of morbidity and mortality in the
world is colorectal cancer [1, 2]. It is a
disease emanating from the epithelial
cells that lining of the colon and rectum
[3]. The expanding of colorectal cancer
either as a result from hereditary cancer
syndromes, or sporadic, or inducing by
inflammatory bowel diseases. Sporadic
CRC forms 90% of patients with cancer
of colon and rectum and the remaining
10% of patients having a family history
of CRC [4]. Western culture caused of
increasing in the incidence of sporadic
CRC in developed countries [5]. The
developing countries accounts for over
63% of all cases of colorectal cancer [6].
Iraqi population started to converted to
developing countries by shifting towards
the western- lifestyle that has probability
leads to increasing of the colon and rectal
cancer incidence [7]. In 2010, Iraqi
cancer registry team was reported that
CRC is the seven most common cancers
in Babylon province [8]. One of the most
important factors that associated with
increased risk of CRC are life style and
dietary components [9]. Some of the
epidemiological studies were showed that
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systematically high intake of dietary fats,
red meats and proteins is positively
related to the increase risk of CRC [10].
CRC is currently treated with a
chemotherapy regimen that is based on 5-
fluorouracil (5-FU), or its oral prodrug
analogue (capecitabine) in combination
with oxaliplatin or irinotecan and
rresponse rates (RR) did not exceeded 40-
50%. In general, patients with CRC who
are not treated have a median survival of
5-6 months. With the development of the
first chemotherapeutic agent, 5-
fluorouracil (5-FU), the median survival
was extended to 11-12 months [11].

An imbalance between prooxidants and
antioxidants in the cells caused by
oxidative stress which is manifested by
increased levels of free radicals [12]. The
free radical mediate peroxidation of cell
membrane lipids that leads to increasing
of membrane fluidity and permeability
with losing of its integrity and caused cell
damage [13]. The defense system against
oxidative stress is depending on the
adequacy amounts of antioxidants that are
derived either directly or indirectly from
the diet [14]. Substances that present at
low concentrations compared with that of
an oxidized substrate, is called
antioxidants that inhibits oxidation of this
substrate [15]. Antioxidants including
compounds that have a non-enzymatic
and enzymatic nature. Enzymatic
antioxidants including superoxide
dismutase (SOD 1, II, and EC), catalase
(CAT), glutathione peroxidase (GPX) and
many  supporting  enzymes  .non-
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enzymatic antioxidants including
vitamins such as E, A,C and K and some
plasma proteins such as albumin [16].

One of the glycoproteins that is
synthesized originally in the liver is
Ceruloplasmin (Cp) that have a molecular
weight of (132 KDa). Cp is the major
copper-carrying protein in the plasma
blood which transporting about 90% of
the total copper in human plasma while
albumin transport about 10% [17]. In
addition, Ceruloplasmin has been shown
to act as an enzyme (Cp ferroxidase
activity), which playing a major role in
oxidizing iron (II) (ferrous iron) to iron
(IIT) (ferric iron)in serum and at the cell
surfaces. Ceruloplasmin is converting the
toxic ferrous (II) form to its non-toxic
ferric form (III) [18]. Cp acts as an
extracellular scavenger of free radicals
and superoxide ions, and then
endogenously modulates inflammatory
responses and so synthesis and secretion
of Cp can be markedly increased during
inflammation, infection, and in many
diseases such as cancers [19].

One of the redox-active transition
metal that can participating in single
electron reactions and catalyze formation
of free radicals is a copper. It is play a
important role in producing free oxygen
metabolites due to oxidation and
regeneration activity through involving as
cofactor to enzymatic antioxidant (Cu/Zn
SOD). One of the most essential metals
in organisms is Zinc, which form Zinc-
binding proteins that play an important
roles in a variety of biological processes
such as transcription regulation, cell
metabolism and apoptosis. Zinc plays an
important role in the functions of
transcription factor, antioxidant defense
system and DNA repair system [20].

The aim of study is assess the TAO-C,
Cp and its related trace elements in serum
of early and advanced stages of patients
with sporadic colorectal cancer whom
receiving adjuvant chemotherapy
regimens.
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Materials and Methods
Subjects

This study was performed at the
laboratories of Biochemistry Department,
College of Medicine, University of
Babylon. The collection of samples was
conducted during the period from 1% of
December 2014 till 30™ of March 2015.
The patients group who subjected in this
study were (52) persons in the age group
ranging from 39 - 75 years , the mean +
standard deviation (SD) was (59.3 =+
10.68 years). This group comprised of
males (58%), with their age ranging from
39-75 years old, the mean + SD was (61.8
+ /1.4 years), and females (42%) with
age ranging from 39-73 years, and mean
+ SD was (63.1 £ 11.3 years). The ages of
patients group <50 years old were 22
(42%) and at >50 years old were 30
(58%).

All of those patients were screened
and treated with adjuvant chemotherapy
in the oncology centre of  Merjan
Teaching Hospital in Babylon province
with clinical symptoms of colorectal
cancer. The diagnosis of colorectal cancer
were performed by Sigmoidoscopy
,colonoscopy or CT-scanning and clinical
diagnosis was confirmed in all patients by
histological —examination. Fifty two
apparently healthy individuals (without
gastrointestinal diseases) were taken as a
control group with the age ranging from
37-75 years, the mean = SD was (57.8 +
11.1 years). This group comprised of
males (61%) their age ranging from 39 -
73 years, mean = SD was (60.4 £ 10.2
years), and females (39%) their age
ranging from 37-75 years, mean + SD
was (64.5 + 11.6 years).

The age and sex of this group were
matched to age and sex of patient group,
where statistical analysis showed non-
significant differences in the age and sex
between patient and control groups (p>
0.05). Each person who contributed in the
control group underwent full history and
physical examination including: address,

age, gender, smoking, education,
dwelling, past history of diseases and
medications.
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Ethical Issues
depends on the following:
a- Approval of scientific committee of the
society medicine department of faculty
Medicine (University of Babylon/Iraq).
b- The objectives and methodology was
explained to all participants in the current
study to gain their verbal acceptance.
Samples Collection

Venous blood samples were drawn
from patient and control subjects. Five
(ml) of blood were obtained from each
subjects by vein puncture and put in the
gel containing tubes, then allowed to clot
at room temperature for 10-15 minutes
and centrifuged at (2000 x g) for
approximately 2-5 minutes then the
serum were obtained was stored at -20°C
until analysis (measuring of Total
antioxidant  capacity, Ceruloplasmin,
Copper, and Zinc concentration ).
Determination of Total Antioxidant
Capacity(TAO-C)

Total antioxidant capacity TAO-C was
measured depending on FRAP (Ferric

Reducing Antioxidant Power)
colorimetric ~ assay [21]. At low pH,
reduction of ferric tripyridyltriazine

(Fe3+ -TPTZ) complex to ferrous form
(Fe2+-TPTZ),that can be monitored by
measuring the change in absorbance at
520 nm.
Determination of Ceruloplasmin
Human Ceruloplasmin assay was
based on standard sandwich enzyme-
linked immune-sorbent assay technology
(ELISA)kit. This kit was provided from
Elabscience®/USA (cat# E-EL-H0152)
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and the assay performed depending on the
manufactured instructions .
Determination of Copper and Zink
levels

Copper and Zinc concentration were
determined by using Atomic Absorption
Spectrometer (AAS). A SpectrAA-40
atomic absorption spectrometer, PSC-56
programmable sample changer, Epson
LX-80 printer, Cu and Zn hollow cathode
lamps from Varian were used in the
procedure.
Copper /Ceruloplasmin ratio(Cu/Cp) was
calculated mathematically as follows:
Cu/Cp ratio = Cu conc.*0.132/Cp conc.
where Cu was in pumol/l and Cp in g/l
[22].

Statistical Analysis

The results were analyzed by
Student’s t-test using Statistical Package
for the Social Sciences (SPSS) version
18. All data were expressed as mean =+
SD. The comparison between groups was
perfected with one way analysis of
variance ANOVA. P-Value < 0.05 was
considered significant and < 0.001 was
highly significant.

Results

Clinic-pathological characteristics of
patients with colorectal cancer whose
included in this study were classified into
two groups depending on (age, gender,
chemotherapy treatment status, Dukes’
stages of cancer, tumor location, smoking
status, obesity status, dwelling, and
education status) (Table 1).
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Table 1: Clinic-pathological characteristics of patients with sporadic CRC included in this
study

Clinicopathological NO. (%)
variables
Total No. of patients 52 100
- Age
- <50 22 42
- =50 30 58
- Sex
- Male 30 58
- Female 22 42
- Dukes” stage
- AfB 19 36.5
- C+D 33 63.5
- Cancer site
- Colon 37 71.1
- Rectum 15 28.9
- Chemotherapy
status
- Total dosage 30 57.6
- Half dosage 22 42.4
- Smoking status
-  Ever 30 57.6
- Never 22 42.4
- Obesity status
- Over weight 24 46.2
- Normal weight 28 53.8
- Dwelling
- Rural 19 36.5
- Urban 33 63.5
- Education status
- Educated 29 55.7
- Illiterate 23 44.3
The results in table 2 showed that there concentration and significant increase of
were a significant decrease in the mean- serum Cp, Cu , Cu/Zn and Cu/Cp ratio of
/+SD of serum TAO-C and Zn all patients group compared to controls.
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Table 2: Comparison of mean-/+ SD of TAO-C, Cp, Cu, Zn, Cu/Zn and Cu/Cp between all

patients with sporadic CRC and controls.

T-AOC Cp Cu Zn Cu/Zn Cu/CP
Paxameters U/ml mg/1 pg/dl pg/dl pmol/g
groups
patients 9.6+3.6%* | 605+£120* | 187+49* | 68+16* 1.7+£0.3* 6+1.7*%
N=52
control 17.3£2.1 | 419+89 137£19 114+14 1.0£0.1 7.5€1.5
N=52

*significant at p-value <0.05
** highly significant at p-value <0.001

In the current study the patients were
divided into three subgroups depending
on stage of colorectal cancer (A+B)
and(C+D), chemotherapy status(half dose
and total dose), and the site of cancer

(colon and rectum). The mean and
standard deviation of all parameters that
studied were compared between theses
subgroups (Table 3).

Table 3: Comparison of (mean-/+ SD) of TAO-C, Cp, Cu, Zn, Cu/Zn and Cu/Cp between

subgroups of patients with CRC.

T-AOC Cp Cu Zn Cu/Zn Cu/Cp
Parameters mean SD | mean+ SD meant | mean+ SD | mean+ SD mean= SD
U/ml mg/1 SD pg/dl pmol/g
subgroups pg/dl
A+B  n=19 | 12.5+4.1 456193 139+29 67+13 2.4+1.0 7.2+1.4
C+D 1n=33 | 7.8+1.6** 760+70%% | 220+17* | 77+18* 3.9+1.3* 6.0+0.4*
*
Half  dose | 7.7+1.2 744+56 215+14 60+22 3.7+0.9 5.9+0.7
n=22
7.8+1.1 748+44 218412 61+24 3.840.7 6.0+0.5
Total dose
n=30
Colon 7.7+0.6 7094279 185+53 107£26 1.8+0.4 7.9+1.2
n=37
7.8+0.5 695+258 193+83 119+19 1.6+0.3 7.1£0.2
Rectum
n=15
*Significant p- < 0.05
** highly significant at p <0.001
The correlation between Cp and copper found positive (r=0.624 and 0.353
levels in serum of subgroups A+B and respectively) (fig.1 and 2).

C+D of colorectal cancer patients was
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Figure 1: correlation between Cp and
levels Cu levels in Dukes (A+B) of
Patients with CRC.

The correlation between Cp and Zinc
concentration in serum of A+B group of

Figure 2: correlation between Cp and Cu
in Dukes (C+D) of patients with CRC.

negative (r =- 654) and returned to be
positive correlation in serum of C+D

colorectal cancer patients was found to be group (r=0.113) (fig.3 and 4).
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Figure 3: Correlation between Cp and Zn levels

levels in Dukes (A+B) of patients with CRC.

The TAO-C and Cp concentrations in all
groups in this study are illustrate in table
(2) and (3) and showed in figure (4) and
(5). The results of present study showed a
significant decrease in serum TAO-C in
all groups of patients (p<0.05) compared
with controls. While serum Cp was
increased in all patients and C+D groups
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Figure 4: Correlation between Cp and Zn
in Dukes (C+D) of patients with CRC.

but the results showed decreased in serum
Cp concentration in A+B group compared
to control. Also the results showed the
concentration of serum Zn in advanced
stages returned to be elevated and become
significant compared to early stages (p <
0.05) but remain very low compared to
control group (Table-3).
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in all patients C+D compared to control.

Discussion

One of the most common cancers
worldwide is colorectal cancer. It was
reported that the highest incidence rates
of CRC occurred in western countries.
Sporadic CRC is caused by different
factors such as environmental conditions,
lifestyle, dietary habits, obesity, smoking,
and lowest physical activity [23]. The
antioxidant defense system is consist of
numerous antioxidants (enzymatic and
nonenzymatic) which works together
[24]. The total antioxidant capacity that
measured in the present study represent of
all enzymatic and  nonenzymatic
antioxidant agents. It was reported that
the imbalance between oxidant and
antioxidant agents and increasing of
production of reactive oxygen species
(ROS) and free radicals as a cellular
macromolecules can leading to cancer
[25]. Girgin et al found that the oxygen
free radicals can be formed in excess in
chronic disease of gastrointestinal tract
system (GIT) [26]. Noah ef al reported
that the main source of free radicals and
oxidant agents in the gut is probably
phagocytes, which are accumulated in the
mucus of subjects with bowel disease and
could form free radicals that might cause
of DNA damage and increased risk of
cancer [27]. The defect in antioxidant
defense system within and outside the
cells can leads to full of protection to
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oxidative damage of cells components
such as membrane phospholipids [28,29].

The results of present study showed a
markedly decrease in concentration of
TAO-C in serum of all patients with
sporadic CRC compared to control
(p<0.001) and found the TAO-C in sera
of combination of advanced stage (C+D)
of CRC patients was highly significant
decreased compare to early stages (A+B)
(p< 0.001). This difference in the levels
of TAO-C indicate the oxidative stress
and free radical in early stages are less
than in advanced stages, consequence the
consumption of antioxidants will increase
to balance the effect of damage that result
from oxidative stress that caused by
cancer . It was known that high levels of
oxidative stress as a results of increasing
of production of free radicals or reactive
oxygen species (ROS) and reactive
nitrogen species (RNS) which can leads
to colorectal cancer. This results is in
agreement with several studies [30-33].
The current study was found a markedly
increase in concentration of Cp in serum
of all patients compared to healthy
control group (p<0.001). Ceruloplasmin
is a blue alpha-2 glycoprotein with
molecular weight of 132 KDa . Cp bind
and transfer to 90-95% of blood copper,
therefore 6-7 copper ions binds with one
molecule of Cp and acts as copper
transport and has ferroxidase activity
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(convert of Fet+2 to Fetl), thus it has
homeostasis function [34]. In the present
study, Cp concentration was found
markedly increased in advanced stages
(C+D) of sporadic CRC patients compare
to Cp in early stages (A+B) (p<0.001).
The recent studies found change in the

levels of Cp activity (ferroxidase
activity). Malathi, et al. found that
decreasing in Cp activity(enzymatic

activity) in head and neck cancer patients
suggested that is an increased in oxidative
stress being involved in pathogenesis of
head and neck cancer [35]. Narjis et al.
found increased in Cp activity but not
significant (p-value is 0.4) in colon
cancer patients [36]. The present study
showed increasing of Cp concentration in
serum of sporadic CRC patients and this
results may be due to increasing of
copper levels in serum of sporadic CRC
(copper intoxication). Other study
agreement with our investigation, that Cp
concentration  increased in serum of
patients with lung cancer compared to
healthy controls [37]. One of the acute
phase proteins that increased response to
infections, inflammations and the tumors
is Ceruloplasmin. The concentration of
these proteins is markedly increased in
plasma after tissue injury. Acute phase
proteins acts protecting the organism
from free radicals that products after
infections. Cp here not only as
antioxidant protein and increased its level
may be associated with increased
synthesis of Cp in the liver as one of the
positive acute phase proteins [38]. From
our results, TAO-C and/or Cp levels may
be useful as indicator to differentiation
between early stages(A+B) and advanced
stages (C+D) in patients with sporadic
CRC. The results from current study were
showed increased of copper levels in
serum of patients with sporadic CRC
compare to healthy control group.

Copper is an essential trace eclement, a
redox-active metal that is mainly playing
role to keep blood vessels, bones, nerves,
and the immune system healthy [39].
Because of redox-active phenomena of
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copper, it is can share with a single
electron  reactions  that  catalyzed
formation of free radicals. Copper is an
essential for synthesis of many proteins
such as myelin, collagen, melanin, and
hemoglobin and many enzymes such as
Cu/Zn SOD and electron transport chain
enzymes such as cytochrome c oxidase
and other copper —binding proteins [40].
The increment in copper levels in serum
of patients with cancer may be induced
migration of endothelial cells and
angiogenesis [41] and this in agreement
with the results of the present study. The
elevated levels of copper in advanced
stages is markedly than early stages and
the results agreement with many studies
in variety cancers such as breast, ovarian,
gastric, bladder, and leukemia [42,43].
The recent studies suggested that using of
copper-chelating and  antiangiogenic
agents is useful in cancer therapy
because of this agents can bind with
copper and prevent angiogenesis [44].
Copper and Zinc concentration were
found inversely status, this may be due to
changes in mobilization and decreased
absorption of copper in colon cells. The
results in current study also showed
markedly decreased in Zinc levels in
serum of all patients of sporadic CRC
compare to healthy control and the full of
Zinc levels in early stages is appear more
than levels in advanced stages. Zinc is an
essential mineral that involved in many
enzymes and transcription factors and
DNA damage repair system [45]. Many

studies suggested that Zinc might
essential for prevent cancer through its
effect on angiogenesis and tumor

progression. Zinc is essential to bind with
angiogenesis inhibitors (both in vivo and
in vitro) and increased of antiangiogenic
activity of endostatin  [46]. Zinc
concentration found decreased in present
study and the decreasing of zinc will
induced cell proliferation in many cancers
such as prostate, lung, esophageal,
leukemia, GIT, and breast cancers and
these results go hand in hand with
previous study [47]. In present study, the
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decreased serum Zn concentration was
may be due to defects in mobilization of
circulating Zink because of higher
oxidative stress applied on patients with
sporadic CRC. Zowezak et al found that
an increasing of serum Cu/Zn ratio in
patients with cancers of lung, breast, GIT,
and gynecological malignancy [37]. This
in agreement with the present study that
showed increased level of Cu/Zn ratio in
all CRC patients and advanced stages
compare to control and early stages,
respectively. In current study, we found
no statistically difference in levels of
TAO-C, Cp, Cu, Zn, Cu/Zn, and Cu/Cp
ratio between subgroup of patients have
received half and total dose of adjuvant
chemotherapy. This may be due to the
drawing of blood from patients occur
before receiving of treatment or due to
prolonged duration between dose and
other dose. The statistical difference in
above parameters was not significant in
site of cancer between colon and rectum
patients. This may be due to same effect
of malignant although the difference in
site of tumor.

Conclusion
The antioxidant capacity,

Ceruloplasmin, and its related elements
can be used as prognostic indicators to
assessment of early and advanced stages
of patients with sporadic CRC whom
received adjuvant chemotherapy. Further
studies are require to investigate of TAO-
C, Cp and its related elements to
determine whether changes in these
parameters represent independent risk
factors for the developingt of sporadic
colorectal cancer. The management of
antioxidant capacity along with
ceruloplasmin and related trace elements
in order to reduce the extent of oxidative
damage and the related complications in
sporadic colorectal cancer patients major
still need further evaluation.
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