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ABSTRACT

Introduction: Oxidative stress and lipid peroxidation are pointed as possible factors in the development of colorectal 
cancer (CRC). The aim of this study was to assess the serum malondialdehyde (MDA) and non-enzymatic antioxidants 
concentration (albumin, bilirubin, uric acid, and ferritin) and their relation with the stage and histopathologic size (pT) 
of CRC.

Methods: One hundred and twenty patients with clinically and histopathologically confirmed CRC and the need for 
surgical treatment were included in a cross-sectional study. All patients were divided into groups according to the disease 
stage and depth of tumor invasion. The control group included 30 subjects with no signs of malignant and inflammatory 
bowel disease. The patients and controls did not receive vitamin supplementation. Peripheral venous blood was sampled 
before the surgical treatment of CRC patients and on the day of the examination of control subjects for determination 
of serum MDA and the concentration of the non-enzymatic antioxidants.

Results: The serum levels of MDA were progressively increased in CRC patients with the highest level in the fourth 
stage of disease and pT4 group. Ferritin levels increased significantly with the CRC stage and decreased with the depth 
of bowel wall invasion. Serum albumin concentration significantly decreased with increasing stage and increasing depth 
of tumor invasion of the intestinal wall, while serum bilirubin level showed no change compared to the control group. 
Serum uric acid concentration was significantly higher in CRC patients, but no difference was observed with CRC pro-
gression. It was confirmed that serum albumin significantly negatively correlated with the CRC stage (rho = −0.649, 
p < 0.001), while serum MDA significantly positively correlated with the CRC stage (rho = 0.750, p < 0.001).

Conclusion: These results indicate that serum MDA concentrations are related to the progression of CRC, to which the 
imbalance in non-enzymatic antioxidants also contributes.
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INTRODUCTION
Colorectal cancer (CRC) is classified as the third most com-
mon malignancy worldwide, accounting for approximately 
9.4% of all causes of cancer death (1). Due to the ever-in-
creasing incidence, CRC is becoming an increasingly 
important diagnostic and therapeutic problem.
Several risk factors are related to the onset and progression 
of CRC, such as physical inactivity, environmental factors, 
alcohol consumption, smoking, diet, and obesity. For the 
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past 10 years, there is growing support for the concept that 
overproduction of reactive oxygen species (ROS) could 
result in mutations and promote oncogenic phenotypes 
involved in carcinogenesis, implicated in a range of diseases, 
including CRC (2,3). ROS oxidize structural proteins and 
inhibit the proteolytic system (4). ROS also have the ability 
to oxidize polyunsaturated fatty acids, which take part in 
cell membrane constitution. This reaction initiates a chain 
reaction of lipid peroxidation, that produces other free rad-
icals and substances such as malondialdehyde (MDA), to 
which a significant role in the development of cancer has 
been attributed (5).
To prevent damage from ROS, the body has an antiox-
idant protection system, which includes enzymatic and 
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non-enzymatic antioxidants. Enzymatic antioxidants belong 
to cellular antioxidants and are found in the cells of the 
arterial walls. Non-enzymatic antioxidants are present both 
extracellularly and intracellularly and represent the first line 
of defense of the body against the action of oxidizing sub-
strates. Non-enzymatic antioxidants include exogenous anti-
oxidants such as Vitamin E, Vitamin C and carotene, and 
endogenous antioxidants such as albumin, ferritin, uric acid, 
bilirubin, and ceruloplasmin. More than 70% of the plasma’s 
antioxidant capacity is albumin and uric acid. Bilirubin is 
also a strong antioxidant, which prevents lipid peroxidation.
Several studies have documented the importance of antiox-
idants in slowing down and reducing adverse effects of oxi-
dative stress and preventing colorectal carcinogenesis (6,7). 
However, data were performed mostly in vitro on cell cul-
tures, or in vivo in experimental animal models (8,9).
The aim of the study was to parallel monitoring and analyz-
ing the levels of serum MDA concentration and non-enzy-
matic antioxidants in patients with CRC and to determine 
the relationship of monitored biomarkers with the histo-
pathologic size and stage of CRC.

METHODS
One hundred and twenty patients both genders, 68 (56.7%) 
male and 52 (43.3%) female, with radiologically, colonos-
copically, and histopathologically confirmed CRC and with 
a need for surgical treatment of that cancer were included 
in a cross-sectional study lasting 4  years at the Clinic 
for General and Abdominal Surgery, Clinical Center of 
the University of Sarajevo. The ethical committee of the 
Clinical Centre of the University of Sarajevo approved this 
study. All patients who participated in this study gave their 
written informed consent. The mean age of CRC patients 
was 67.1 (range 49–79) years without a significant differ-
ence according to the sex of the patients (67.4-years-old in 
male vs. 64.8-years-old in female).
Exclusion criteria included evidence of neoplasm on an 
organ unrelated to colon cancer, patients undergoing onco-
logical treatment (radiotherapy or chemotherapy) before 
surgery, presence of inflammatory bowel disease, history of 
familial adenomatous polyposis, and coexistence of other 
systemic or autoimmune diseases.
The control group included 30 healthy volunteers (53.3% 
males and 46.7% females), mean age of 59.1 (45–78) years, 
who underwent preventive examination at the Counseling 
Centre for Gastroenterohepatology, Clinical Center of the 
University of Sarajevo. They had no family history of cancer 
or clinical signs of malignant or inflammatory bowel dis-
ease, comorbid conditions such as diabetes, hypertension, 
coronary heart disease or autoimmune diseases, lung, thy-
roid, liver, kidney, and infectious diseases (HCV and HIV 
infection). In addition, patients and the control group did 
not receive vitamin supplementation for the past 3 months 
before inclusion in the study and they did not smoke or use 
medications such as antibiotics, nonsteroidal anti-inflam-
matory, and steroid medications.
Informed consent was obtained from all respondents 
included in this study. The study protocol was approved by 
the local Ethics Committee and was performed in accor-
dance with the Helsinki Declaration.

Five milliliters of peripheral venous blood were sampled 
from fasting patients before the surgical treatment of CRC 
and from controls on the day of physical examination. The 
blood was collected in BD Vacutainer test tube and centri-
fuged at 5.000 rpm/min at room temperature for 10 min, 
with separation of serum into aliquots. All serum samples 
for determination of MDA concentration were stored at 
−80°C until analysis, while serum levels of albumin, uric 
acid, and bilirubin were determined on the day of the blood 
sampling as well as the level of ferritin in plasma sample.
Serum concentration of MDA was estimated using a 
commercial kit for the overall level of MDA (USCN Life 
Science Inc., Houston, USA). Reading of the results was 
carried out spectrophotometrically at 450  nm on a plate 
reader STAT FAX 2100 (Awareness Technology, Palm City, 
Florida, USA). The measured MDA concentration was 
expressed in nanograms per milliliter (ng/mL).
Serum albumin level was determined by electrophore-
sis, after spectrophotometric total protein concentration 
measurement on Dimension X Pand Plus system analyzer 
(Siemens AG, Germany), with reference value for albumin 
35.0–50.0  g/L. Plasma ferritin levels were quantified on 
Cobas 6000 analyzer (Roche Diagnostics International Ltd, 
Switzerland) using an electrochemiluminescent immunoas-
say (reference range: 21.81–274.66 ng/mL). Quantitative 
determination of serum uric acid concentration was per-
formed spectrophotometrically using a modified Kalckar 
method (URCA method) on Dimension RxL Max (Siemens 
AG, Germany; reference rank: 155–428 µmol/L). The total 
serum bilirubin concentration was also measured on the 
same analyzer by spectrophotometric method (reference 
range: 1.7–20.5 µmol/L).
CRC surgery was performed according to the princi-
ple of en bloc resection of colon cancer with associated 
lymph-vascular arcade under general anesthesia. After 
resection and macroscopic examination of surgically 
obtained tissue material, samples of tumor were fixed in 
10% phosphate-buffered formalin for further histopatho-
logical analysis. Stage of CRC was determined according 
to the TNM classification of the American Association 
of Cancer (American Joint Committee on Cancer, AJCC 
guidelines) from 2010  (10), in which “T” marks the 
depth of tumor invasion (pT), “N” lymph node metasta-
sis (pN), and “M” distal metastasis. Staging of the CRC 
was marked with numbers I–IV. All patients were divided 
into groups according to the disease stage and depth of 
tumor invasion.
Statistical analyses were performed using the MedCalc 
Software for Windows, version  12.6.1.0. Kolmogorov–
Smirnov test or Shapiro–Wilk test was used to examine 
the normal distribution of data. Variables with normal 
distribution were presented as mean ± standard deviation 
and compared using the t-test for independent samples. 
Variables not displaying normal distribution were pre-
sented as median and interquartile range and compared 
by Mann–Whitney U-test. ANOVA and Kruskal–Wallis 
test was used for statistical evaluation of more than three 
groups. The correlation between the monitored biomark-
ers of oxidative and antioxidant system and the stage and 
histopathological depth of intestinal wall invasion was 
determined by Spearman correlation coefficient. Multiple 
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regression analysis was used to examine the impact of 
MDA and non-enzymatic antioxidants (albumin, biliru-
bin, uric acid, and ferritin) on the stage of CRC and the 
depth of tumor invasion. Statistical significance was estab-
lished at p < 0.05.

RESULTS
The most common location of CRC was the rectum, in 
47 (39.2%) patients, while the rarest location was cecum, in 
three cases (2.5%). All the CRC patients had histologically 
adenocarcinoma type of cancer, in two-thirds of cases mod-
erately differentiated (G2 grade). According to the depth 
of the intestinal wall infiltration, 23 (19.2%) patients had 
tumor with invasion of muscularis propria (pT2). Tumor 
that spread through the muscularis propria into non-peri-
tonealized pericolorectal tissues without involvement the 
other organs (pT3) was confirmed in 67 (55.8%) patients, 
while 30 (25.0%) patients had a tumor that penetrated the 
visceral peritoneum or directly affected the other organs or 
structures (pT4). The percentage of patients without lymph 
node (N0) and distant metastasis (M0) was 37.5% and 
75.0%, respectively.
According to the laboratory examination, 75  (62.5%) 
patients had decreased serum albumin concentration, 
while 45 (37.5%) cases had normal serum albumin values. 
Normal plasma ferritin levels were confirmed in about half 
of the patients (63; 52.5%), decreased in 21 (17.5%) cases 
and increased in 36 (30.0%) cases. Most patients had nor-
mal serum uric acid concentration (95; 72.2%) and serum 
bilirubin concentration (117; 97.5%). The basic informa-
tion about the study patients are summarized in Table 1.
Serum MDA concentration was significantly higher 
in patients with second stage of colorectal malignancy 
compared to controls (47.5 [16.5–58.3] vs. 26.9 [17.4-
31.2] ng/mL; p < 0.05). The results of the study indicate 
that serum MDA concentration shows a progressive increase 
through the stages (II–IV stage) of CRC (47.5 [16.5–
58.3] vs. 61.35 [54.6–69.5] vs. 66.3 [60.8–69.5] ng/mL; 
p < 0.001) (Figure 1).
According to the depth of tumor invasion (pT), there was 
no difference between the pT2 and pT3 groups in terms 
of serum MDA level (p = 0.590). The concentration of 
serum MDA was significantly higher in the pT4 group 
(66.3 [59.2–71.0] ng/mL) compared to the pT3 group of 
patients (58.3 [46.8–66.8] ng/mL, p = 0.002) and the pT2 
group of patients (57.6 [46.0–60.4] ng/mL, p = 0.012) 
(Figure 2).
Parallel monitoring of non-enzymatic parameters of the 
antioxidant system indicated a gradual decrease of serum 
albumin concentrations in patients with progression of 
CRC (Table 1). The highest reduction in serum albumin 
level was observed in the fourth stage of CRC (p < 0.001). 
The serum albumin level also decreased significantly with 
the depth of tumor invasion. A  significant difference in 
the serum albumin concentration was detected in the pT4 
group of patients with CRC compared to pT2 and pT3 
group (p = 0.014).
The decline in serum albumin level was accompanied by a 
significant increase in plasma ferritin concentration, with 
the highest level of ferritin in the fourth stage of colorectal 

malignancy (p < 0.05). While plasma ferritin levels increased 
with the increasing stage of CRC, it also showed a tendency 
to decline with depth of tumor invasion, with the lowest 
level observed in the pT4 group (Table 2). While plasma 
ferritin levels increased with the increasing stage of CRC, 
it also showed a tendency to decline with depth of tumor 
invasion, with the lowest level observed in the pT4 group 
(Table 2). Serum uric acid concentration did not change 
significantly through the CRC stages and different depth of 
malignant infiltration of the intestinal wall, but was signifi-
cantly higher in CRC patients compared to controls. Serum 
bilirubin values were indistinguishable from the control 
group and had no specific oscillations according to the stage 
or depth of tumor invasion.
It was found that serum albumin had significant negative 
correlation with CRC stage (r = −0.649, p < 0.001), while 
the negative insignificant correlation of this biomarker 
with the depth of tumor invasion was confirmed (r = 
−0.189, p = 0.062). Serum MDA had a significant positive 

FIGURE 2. Serum malondialdehyde concentration in CRC patients with 
different depth of tumor invasion. The data are presented as median, with 
minimum–maximum values. p<0.001  -  significance  difference  between 
pT3 and pT4, *p<0.05 - significance difference between pT2 and pT4, NS: 
No  significance  between  pT2  and  pT3.  CRC:  Colorectal  cancer, MDA: 
Malondialdehyde, pT: Depth of tumor invasion.

FIGURE 1. Serum malondialdehyde concentration in patients with different 
stages of CRC. The data are presented as median, with minimum–max-
imum values. *p<0.05 - difference between control and stage II of CRC, 
**p<0.001- difference between II and III stage of CRC, ***p<0.001 - differ-
ence between II and IV stage of CRC. NS: No significance between III and 
IV stage of CRC. CRC: colorectal cancer, MDA: Malondialdehyde.
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while albumin was an independent negative predictor of 
CRC stage (Table 3). In addition, an independent positive 
predictor of tumor size or depth of tumor invasion (pT) 
was serum MDA concentration (Table 4).

DISCUSSION
The oxidative stress usually results either due to excessive 
ROS production or impaired antioxidant system, or a 
combination of these factors. The pro-oxidative/antioxi-
dative imbalance between the ROS formation and ability 
of the several antioxidant defense mechanisms (including 
enzymes and non-enzymatic antioxidants) to eliminate 
that disturbances leads to various pathophysiological con-
ditions. ROS overproduction associated with insufficient 
antioxidant defense lead to protein, DNA and lipid oxi-
dation and oxidative cell damage, which can trigger cancer 
initiation and progression, including CRC (2).
Several published studies suggest that ROS overproduction, 
including also MDA as a product of lipid peroxidation, may 
play a significant role in all stages of carcinogenesis (11,12). 
Increased concentrations of MDA in plasma or urine have 
been observed in patients with various neoplasms, includ-
ing gastric cancer (13), breast cancer (14), and bladder 
cancer (15). The study by Zinczuk et al. also indicated sig-
nificantly higher plasma concentrations of MDA in CRC 
patients compared to healthy controls (16). In addition, 
the research of Janion et al. demonstrated differentiation 
in the intensity of lipid peroxidation process in relation to 
the location of the primary tumor on the right side of the 
colon  (17). In this study, serum MDA levels reached the 
highest values in patients with stage IV CRC, but these 
results were not statistically significant.
Branković et al. proved the significant presence of oxidative 
stress in tumor tissue samples from resected colon prepa-
ration with a highly significant increase of MDA concen-
tration in both tumor and adjacent tissue compared to the 
values in healthy tissue specimens (18).
In the study by Leung et al., it was shown that the patients 
with advanced inoperable CRC had a much higher con-
centration of MDA serum compared to those with primary 
localized CRC (19). Our research demonstrated statistically 
significant differences in serum MDA levels in the third 
and the fourth stage of the CRC compared to the second 
stage of CRC. Similar results were reported by Surinenaite 
et al. (20), who also found that MDA levels decreased sig-
nificantly after surgical treatment compared to preoperative 
status.
Our study also confirmed significantly higher serum MDA 
concentrations in patients in whom the tumor perforated 
the visceral peritoneum or involved adjacent organs (pT4) 
compared to the group in which the tumor spread through 
the muscularis propria to non-peritonealized pericolorectal 
tissues without involvement of other organs (pT3) and to 
the group in which the tumor invaded muscularis propria 
(pT2). Serum MDA concentration significantly positively 
correlated with CRC stage and depth of intestinal wall infil-
tration. These findings indicate the carcinogenic potential 
of MDA and its association with the progression of CRC. 
In recently published study, Zinczuk et al. observed a link 

TABLE 1. Basic characteristics of the study group
Parameter Patient number (%)
Age (years)

>60 31 (25.8%)
<60 89 (74.2%)

Gender
Male 68 (56.7%)
Female 52 (43.3%)

Tumor location
Cecum 3 (2.5%)
Ascending colon 18 (15.0%)
Transverse colon 3 (2.5%)
Descending colon 9 (7.5%)
Sigmoid colon 40 (33.3%)
Rectum 47 (39.2%)

Histological type
Adenocarcinoma 120 (100.0%)
Grade I 14 (11.6%)
Grade II 80 (66.7%)
Grade III 20 (16.7%)
Grade IV 6 (5.0%)

Depth of tumor invasion (pT)
pT1 0 (0.0%)
pT2 23 (19.2%)
pT3 67 (55.8%)
pT4 30 (25.0%)

Lymph node metastasis (pN)
N0 45 (37.5%)
N1 39 (32.5%)
N2 36 (30.0%)

Distant metastasis (pM)
M0 90 (75.0%)
M1 30 (25.0%)

Stage of CRC
I 0 (0.0%)
II 23 (19.2%)
III 67 (55.8%)
IV 30 (25.0%)

Serum concentration of albumin
Normal 45 (37.5%)
Decreased 75 (62.5%)
Increased 0 (0.0%)

Plasma ferritin concentration
Normal 63 (52.5%)
Decreased 21 (17.5%)
Increased 36 (30.0%)

Serum uric acid concentration
Normal 95 (72.2%)
Decreased 5 (4.2%)
Increased 20 (16.6%

Serum bilirubin concentration
Normal 117 (97.5%)
Decreased 0 (0.0%)
Increased 3 (2.5%)

CRC: Colorectal cancer

correlation with CRC stage (r = 0.750, p < 0.001) and 
intestinal wall infiltration (r = 0.380, p < 0.001) (Table 3).
In the linear regression analysis model, an independent pos-
itive predictor of CRC stage was serum MDA concentration, 
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between oxidative stress index, MDA and colon tumor 
budding, which suggest the participation of oxidative stress 
in the remodeling of tumor (21). In addition, this study 
observed significantly higher MDA level in patients with 
lymph node metastasis in comparison to those without 
metastasis.
Oxidative stress may arise from an imbalance between the 
production of ROS and the mechanisms of cellular anti-
oxidant defense (7). Ozgonul et al. found that patients 
with CRC have lower levels of total antioxidative capacity 
compared to healthy controls (22). However, information 
on biochemical alterations in tissue and blood, especially 
antioxidant status, and their correlation with the clinical 
stage of the disease are lacking. Due to the increase in 
oxidative stress in these patients, the classification of oxi-
dative-antioxidant specificities of different stages of CRC 
is of particular importance. In our study, serum albumin 
concentration showed a gradual decrease in higher stages 
of CRC, while plasma ferritin concentrations showed 
irregular oscillations in different stages of the disease. 
A significant decrease in serum albumin in the fourth stage 
of CRC compared to the second and third stages of this 
disease was accompanied by a significant increase in serum 
ferritin concentration. Some authors have suggested that 

hypoalbuminemia is a systemic inflammatory response 
to malignancy (23,24). However, the results of our study 
indicated that CRC progression was associated with a pro-
gressive decrease in serum albumin as a reflection of dis-
orders of the antioxidant system. In a systematic review 
of 927 participants from seven case–control studies, Feng 
et al. found that patients with CRC had lower serum fer-
ritin levels than healthy controls (25). Ferritin is a protein 
that binds to iron and belongs to the antioxidant system. 
Based on in vitro evidence, it is assumed that iron facil-
itates DNA mutation through augmentation of oxygen 
radical synthesis through the Haber-Weiss reaction, as well 
as suppresses tumoricidal activity of macrophages.
The results of our study suggest that the antioxidant imbal-
ance present in patients with CRC contributes to the 
increase in MDA concentration and progression of colorec-
tal carcinoma. Furthermore, serum MDA was found to be 
in significant positive correlation with CRC stage, whereas 
serum albumin was in significantly negative correlation 
with CRC stage, indicating the association of these param-
eters with CRC.
The research of Gopcevic et al. confirmed that lipid peroxi-
dation is higher in all stages of CRC compared to the con-
trol group, but with no significant differences among the 
stages of the disease (26). At the same time, these authors 
found a significantly lower activity of superoxide dismutase 
and glutathione reductase as enzymatic indicators of anti-
oxidant status in all stages of CRC compared to the control 
group, but with a significant increase in stage IV disease, 
concluding that CRC was associated with an increase in 
oxidative stress followed by increase in antioxidant imbal-
ance. The results by Stone et al. point out that the oxidative 
status expression is caused by a reduction of the potential 
antioxidant defense (27), which is also consistent with our 
results.
Several studies have found some genetic factors that may 
affect susceptibility to CRC, which relate to several sin-
gle-nucleotide polymorphisms in genes implicated in 
antioxidative protective system, such as eosinophil perox-
idase, myeloperoxidase, and selenoprotein (28,29). It is 
considered that genetic variation of antioxidative protec-
tive proteins can be associated with CRC risk and survival 
after diagnosis. All these studies and their results highlight 
the complexity of the pathogenetic basis of CRC and the 

TABLE 2. The serum concentration of non-enzymatic antioxidants in relation to the stage and histopathological features of CRC
Variabe Control Stage of CRC

II III IV p
Albumin (g/L) 42.0 (39.0–44.0) a 38.0 (32.0–40.0) b 37.0 (32.0–39.0) b 29.5 (25.0–33.0) c <0.001
Bilirubin (µmol/L) 8.7 (6.6–10.2) 8.1 (6.9–11.9) 10.7 (7.6–13.1) 9.5 (5.8–12.1) NS
Uric acid (µmol/L) 272.0 (220.0–288.0) a 288.5 (237.0–362) b 281.5 (204.0–363.0) b 263.0 (215.0–340.0) b <0.05
Ferritin (ng/mL) 49.54 (38.0–115.0) a 84.7 (39.7–189.3) b 80.3 (32.2–150.1) b 95.2 (50.9–226.6) c <0.05

pT
pT2 pT3 pT4 p

Albumin (g/L) 33.8±6.5a 34.5±6.2a 29.8±7.3b <0.05
Bilirubin (µmol/L) 11.6 (10.5–12.8) a 9.2 (6.9–12.9) a 9.4 (6.7–11.9) a NS
Uric acid (µmol/L) 281.8±105.1 309.3±111.5 275.5±88.8 NS
Ferritin (ng/mL) 99.2 (54.7–116.2) a 71.0 (28.6–150.9) b 66.1 (38.8–136.6) b <0.05
Data are presented as mean±standard deviation (SD) or median and interquartile range q1-q3.abcValues in the same row that do not contain a same letter 
differ significantly. NS: Insignificantly, CRC: Colorectal cancer, pT: Depth of tumor invasion

TABLE 3. Correlation of monitored biomarkers with stage of CRC and 
depth of tumor invasion
Biomarkers Stage pT
Albumin

rho −0.649** −0.189
p 0.000 0.062

Bilirubin
rho 0.106 −0.121
p 0.247 0.236

Uric acid
rho 0.062 −0.011
p 0.500 0.916

Ferritin
rho 0.137 0.022
p 0.136 0.830

MDA (ng/mL)
rho 0.750** 0.380**
p 0.000 0.000

pT:  Depth  of  tumor  invasion,  rho:  Correlation  coefficient,  *p<0.05, 
**p<0.01. MDA: Malondialdehyde, CRC: Colorectal cancer
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presence of complex disharmony in the balance of oxidative 
stress and the antioxidant barrier.

CONCLUSION
A significant increase in serum MDA concentration rela-
tive to the CRC stage and depth of tumor invasion suggests 
that MDA plays a significant role in the carcinogenesis and 
progression of CRC. The changes found in the selected 
non-enzymatic parameters of the antioxidant system indi-
cate an imbalance in the network of non-enzymatic activity 
of system, especially emphasizing the association of hypo-
albuminemia with the progression of colorectal carcinoma.
Although our study has certain limitations regarding the 
lack of enzyme parameters of the antioxidant system and 
the relatively small sample of patients with CRC, the results 
of this study can be the starting point for further clinical 
research in a large population of colon cancer patients to 
assess diagnostic values of these biomarkers in CRC and for 
potential strengthening of the antioxidant protection sys-
tem as a therapeutic approach in this disease.
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