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ABSTRACT

Background: We tried to reveal the relationship between the levels of some important
minerals, rare elements and heavy metals by measuring serum cobalt (Co), lead (Pb),
zinc (Zn), iron (Fe), copper (Cu), cadmium (Cd), magnesium (Mg), manganese (Mn),
catalase (CAT) and carbonic anhydrase (CA) levels in head and neck, CNS, esophagus,
stomach and breast cancers receiving radiotherapy. Materials and Methods: Serum
Cu, Fe, Pb, Zn, Co, Mg, Mn and Cd levels were measured using atomic absorption
spectrophotometry. Carbonic anhydrase activity (CA), CO, hydration measurements
were made using bromothymol blue method as indicator. Results: Catalase activity,
carbonic anhydrase activity and serum copper, lead, zinc, iron, cobalt, cadmium,
manganese, magnesium measurements for baseline and post-radiotherapy values
differ greatly in cancer patients compared to healthy subjects (p<0.05). Conclusion: As
a result, these findings have a significant impact on the pathophysiology of cancer. It
can be argued that this paper shows a preliminary study for examining the effect of
radiotherapy treatment on the activity of erythrocyte catalase, carbonic anhydrase
and serum levels of cobalt, lead (Pb), zinc, iron, copper, cadmium, magnesium and
manganese in the head and neck, CNS, stomach, esophagus and breast cancers

elements.

INTRODUCTION

Oxidative stress can cause cancer formation. In
such a situation, antioxidative activities are reduced
(1. 2), Catalase (CAT, H20% oxidoreductase, EC
1.1.11.1.6) is a metalloenzyme that decomposes
hydrogen peroxide into molecular oxygen and water.
CAT is a key enzyme effective in hydrogen peroxide
metabolism (). CAT is one of the most common
enzymes in plant, human and animal tissues. The
most efficient enzymatic antioxidant processes
involve catalase (CAT). It is a well-known plasma
antioxidant and an effective scavenger of aqueous
peroxide radicals 45). Carbonic anhydrase (CA) (E.C.
4.2.1.1) is a member of metalloenzymes containing
zinc in its active site (678). A large number of CA isoen-
zymes and related proteins have been identified in
humans and other animals. Nutritional status has a
significant impact on the management of morbidity
and entire prognosis in patients with head and neck
cancer (9. Radiation and chemotherapy are better
tolerated by cancer patients. It has also been proven
to be more effective in individuals with good

receiving radiotherapy treatment.

nutrition (1011, Research has been conducted to
obtain information about the levels of trace elements
(such as Fe, Co, Zn, Mn, and Mg) in various body fluids
in various diseases and the pathophysiology of
diseases for the presence, management, and efficacy
of diseases (1216). (Carcinogenic elements are
considered genotoxic or epigenetic carcinogens.
Mechanical studies of  metallic element
carcinogenicity and biomonitoring of subjects acting
on toxic metallic compounds are currently the main
areas of research. Environmental pollution and
cigarette smoke are risks for cancer (7).

Radiation therapy is applied on almost half of
cancer patients. Radiation therapy can be used alone.
It can also be used in conjunction with other cancer
treatments such as surgery or chemotherapy.
Although extensive research has been done on trace
elements and heavy metals in normal cancer
diseases, little research has been done on the
concentration levels of these elements in pathological
cancers such as head and neck, CNS, esophagus,
stomach and breast cancers. This study aims to
determine the importance of changes in serum trace
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element and heavy metal levels in head and neck,
central nervous system, esophagus, stomach and
breast cancers receiving radiotherapy compared to
healthy controls.

MATERIAL AND METHODS

Biochemical analysis and radiotherapy application

Subjects were recruited from the outpatient
clinics and inpatient ward of the Radiation Oncology
Department of Yuzuncu Yil University Hospital.
Simulation-purpose axial CT imaging were done on
the Siemens Somatom Sensition4 model Computed
Tomography (CT) then CT images were transferred
to CMS XIO 4.34.02 treatment planning system via
DICOM. All critical organs and target volumes
contouring were drawn by a radiation oncologist.
Treatment planning studies were controlled by a
medical physicist and radiation oncologist. All patient

groups were treated with a Cobalt-60 teletherapy
(MDS Nordion) device adapted to a 3-dimensional
(3D) conformal radiotherapy technique. The study
included a total of 52 subjects, comprising of 37
cancer patients and 15 healthy individuals, with the
characteristics shown in table 1. Blood samples were
taken from patients and healthy individuals.
Informed consent forms were obtained from patients
and healthy individuals. The study was approved by
the local ethics committee (registration number:
2009/16; date of registration: 06.05.2009).

The serum concentrations of Cu, Zn, Mg, Mn, Pb,
Co, Cd, and Fe were determined by atomic absorption
spectrophotometry (AAS) using a UNICAM-929
spectrophotometer (Unicam Ltd, York Street,
Cambridge, UK). CAT enzyme activity was measured
according to the Aebi method (18 (Shimadzu
UV-1201, Japan). CA enzyme activity was
determined according to the Rickli and
Wilbur-Anderson method (9.

Table 1. Cancer patients and healthy individuals’ characteristics

Characteristics Cancer Patients (n:37) | Healthy individuals (n:15)
Age, years
Median 58 30
Range 19-78 20-41
Sex
Male 18 13
Female 19 2
Primary sites of group
Brain 5
Head and Neck 9
Breast 10
Oesophagus 4
Stomach 9
Radiotherapy doses 45-70 Gy
Median 50 Gy
Radiotherapy duration 33-68 days
Median 39 days
Concomitant chemo radiotherapy 17
Brain 1 (Temozolamide)
Head and neck 2 (Cisplatin)
Oesophagus 4 (5Fu+Cisplatin)
Stomach 9 (5Fu+Leucoverin)

Statistical analysis

In this study, one-way ANOVA was applied. In
comparison, Student t-test was performed. Statistical
significance was accepted as P<0.05. SPSS® statistical
software package was used (SPSS for Windows
version 13.0, SPSS Inc., Chicago, Illinois, USA).

RESULTS

Serum Cu, Mg, Zn and Fe levels were lower in
head-neck and CNS cancer patients before and after
radiotherapy compared to healthy subjects (P<0.05).
In patients with head and neck cancer, serum Cd, Pb
and Co levels were higher before and after
radiotherapy compared to the control group
(P<0.05). Serum Mn level in patients with head and
neck cancer was significantly lower than in healthy

subjects before radiotherapy (P<0.05), however, it
was higher in patients with cancer after radiotherapy
than in the control group (P<0.05). The mean
activities of CAT and CA were significantly lower in
patients with head and neck and CNS cancer, both
before and after radiotherapy, compared to the
control group (P<0.05). Cu, Mg, Zn, and Fe serum
levels and CAT and CAT activities were significantly
lower in gastric cancer patients before and after
radiotherapy than in healthy individuals (P<0.05).
Serum Cd, Pb and Co levels in gastric cancer patients
were higher both before and after radiotherapy
compared to healthy individuals (P<0.05). Serum Mn
level in gastric cancer patients was significantly
lower before radiotherapy (P<0.05) and significantly
higher after radiotherapy (P<0.05). Serum Mg, Zn,
and Fe levels and CAT activity were lower in breast
cancer patients before and after radiotherapy
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(P<0.05). Serum Mn and Pb levels in breast cancer
patients were significantly lower before radiotherapy
(P<0.05) and significantly higher after radiotherapy
(P<0.05). Serum Co, Cd, and Pb levels in breast cancer
patients were much higher both before and after
radiotherapy compared to healthy individuals

(P<0.05). CA activity in breast cancer patients before
radiotherapy was significantly lower than in healthy
individuals (P<0.05), but it was not significantly
different in breast cancer patients after radiotherapy
(p>0.05). Tables 2 and 3 show a summary of the
results.

Table 2. Descriptive statistics and comparison results of healthy individuals between cancer patients before and after
radiotherapy.

barameters Healthymdnvnd:;l;)(controlgroup, Cancer Patients (initial values, n:37) o CancerPat'lentsn(;f;irradlotherapy, o o
Mean SD Maximum [Minimum| Mean SD | Maximum |[Minimum Mean SD  [Maximum|Minimum

Carbonic

anhydrase | 2,0740 | 1,8070 | 5,1868 | -4,5600 |-0,6263[0,4609| 1,3800 | -0,8107 |0,001|-0,7312|0,0380| -0,6551 | -0,8003 |0,005|0,140
(EU/gHg)"

(ESZI:;!'l 44,0885|42,6955| 183,5000 | 1,1470 | 0,8508 |0,7850( 3,4400 | 0,2300 |0,001| 2,1880 |3,8920| 14,9100 | 0,2300 |0,001|0,186
Cd (ug/d1) | 0,0037 | 0,0025 | 0,0080 | 0,0012 | 0,0189 |0,0093| 0,0460 | 0,0100 |0,001| 0,2161 |0,1978| 0,5000 | 0,0230 [0,006|0,001
Pb (ug/dl) | 0,0197 | 0,0264 | 0,0780 | 0,0010 | 0,1180 [0,1448| 0,7600 | 0,0050 |0,005| 0,2968 [0,0597| 0,3800 | 0,1700 [0,001|0,001
Mg (ug/d1)[21,8287| 0,6994 | 22,6400 | 20,5700 [13,5950(5,6395| 18,3600 | 1,8600 [0,001[15,4600(3,2451| 18,6100 | 8,1500 |0,003]0,190
Cu (ug/dl) | 1,2447|0,2709 | 1,6300 | 0,9200 | 0,6048 |0,4200| 1,4800 | 0,1420 |0,003| 0,9620 |0,3938| 1,8700 | 0,4700 [0,004|0,021
Zn (pg/dl) | 1,5313 | 0,1946 | 1,8900 1,2200 | 0,6623 |0,1507| 0,9500 | 0,3600 [0,001| 1,0680 |0,2828| 1,7300 | 0,5400 |0,001|/0,001
Fe (ug/dl) | 2,3749 | 0,4807 | 3,0720 1,7600 | 0,9078 |0,7489| 2,7300 | 0,0700 [0,001| 2,4073 |0,8588| 4,3600 | 1,6100 |0,001|/0,001
Mn (pg/dl)[ 0,0270 | 0,0138 | 0,0490 | 0,0040 |0,0042 [0,0040| 0,0160 | 0,0003 [0,001] 0,4996 |0,2948| 0,9500 | 0,1400 [0,009/0,001
Co (pg/dl) | 0,0005 | 0,0002 | 0,0009 | 0,0002 |0,0341 |0,0312| 0,0940 | 0,0015 |0,104| 0,2952 |0,3446| 0,9700 | 0,0001 |0,404(0,001

(*)Different from control group. (1) Different from initial values. SD: Standard deviation, Catalase (CAT), Carbonic anhydrase (CA), Copper (Cu), Lead
(Pb), Zinc (Zn), Iron (Fe), Cobalt (Co), Cadmium (Cd), Manganese (Mn), Magnesium (Mg).

Table 3. Descriptive statistics and comparison results of healthy individuals between cancer patients groups before and after
radiotherapy.

Healthy individuals|Brain and Head and Neck cancer (n:14) Breast cancer (n:10) Oesophagus a(:('ilsst)omach cancer
Pal'amemn"Controlgroup(n:lS) Initially values | After Radiotherapy | Initially values |After Radiotherapy| Initially values | After Radiotherapy

Mean SD Mean SD Mean SD Mean | SD Mean SD Mean SD Mean SD
Carbonic
anhydras? 2,0740 | 1,8070 |-0,740* | 0,04 -0,740* 0,05 |-0,740*|0,030 | -0,740* | 0,030 |-0,530* | 0,62 | -0,720* 0,03
(EU/gHg)
(Eajag'sg‘;.l 44,0885| 42,6955 | 0,790* | 0,91 | 2,070 | 2,73 |0,420%|0,310| 4,760* | 6,820 | 1,010* | 0,79 | 0,580*' | 0,35
cd (ug/d1) [ 0,0037 | 0,0025 [ 0,017* [ 0,0062 | 0,028" [ 0,0023 [0,014* [0,0033] 0,257*" | 0,0427 | 0,0246* [ 0,012 [0,3800* | 0,193
Pb (ug/dl) | 0,0197 | 0,0264 | 0,090 | 0,0543 | 0,287° | 0,0686 | 0,015 [0,0102| 0,345*" | 0,0295 | 0,208* [ 0,196 | 0,278* 0,052
Mg (ug/d1) (21,8287 0,6994 | 8,193* | 5,6629 | 16,472*" | 1,9418 [17,725*[0,6280([10,295*'| 1,5757 | 16,519* [ 1,662 | 17,547* | 0,583
Cu (ug/d1) | 1,2447 | 0,2709 | 0,367* [ 0,3239 | 1,096*" | 0,0506 [ 0,395* [0,2977] 1,437" | 0,2501 | 0,9680 [0,312[0,5433* | 0,169
Zn (ug/dl) | 1,5313 | 0,1946 | 0,646* | 0,1323 | 0,830*" | 0,2372 |0,583* [0,0778] 1,279*" | 0,3279 |0,7270* [ 0,181 | 1,179*" 0,003
Fe (ug/dl) | 2,3749 | 0,4807 | 0,592* | 0,4922 | 1,903*" | 0,8634 [0,338* [0,1397| 1,835* | 0,0809 | 1,566* | 0,704 | 3,255*" 0,016
Mn (ug/dl) [ 0,0270 | 0,0138 | 0,001* | 0,0011 | 0,523*" | 0,2486 | 0,006* [0,0042| 0,820 | 0,3184 | 0,006* [0,004 | 0,284*" | 0,051
Co (pg/d1) | 0,0005 | 0,0002 | 0,023* | 0,0307 | 0,116%" [ 0,0441 | 0,018 [0,0134] 0,907*" | 0,0625 | 0,0551* [ 0,030 | 0,1080*"| 0,041

(*)Significantly different from control group (p<0.05). (1) Significantly different from initially values (p<0.05). SD: Standard deviation, Catalase (CAT),
Carbonic anhydrase (CA), Copper (Cu), Lead (Pb), Zinc (Zn), Iron (Fe), Cobalt (Co), Cadmium (Cd), Manganese (Mn), Magnesium (Mg).

DISCUSSION

Radiation therapy is applied to about half of
cancer patients. Radiation therapy is used to treat
cancers of the brain, larynx, breast, esophagus,
stomach or other head and neck, and almost any type
of solid tumor. Radiation therapy alone or in
combination with other cancer treatments such as
chemotherapy or surgery has been proven to be
applicable. The goal of radiation therapy is to
completely remove the entire tumor in cancer
patients. For some cancer patients, the goal is to
shrink one more tumor and reduce symptoms. The
radiation dose used for a particular area depends on
the type of cancer and various factors that may affect
nearby tissues and organs that may be damaged by
radiation.

In cancer cells, most therapeutic drugs act by
causing increased levels of ROS production. As a

result, it causes irreversible cell damage.
Compromised antioxidant defense system causes
further damage. ROS can occur at various stages of
cellular metabolism. Cancer cells are metabolically
active. It has been determined that the effect of
oxidative stress in cancer cells is higher than in
normal cells. Catalase reduces toxic hydrogen
peroxide. Decreased CAT activity was demonstrated
in some malignant tumor cells (23). We observed
decreases in the activity of CAT in head and neck and
breast cancer patients relative to control subjects
both before and after radiotherapy (tables 2 and 3)
(P<0.05). Previous research on CAT activity in gastric
carcinoma has focused more on enzyme activity.
Increased AOE activity has been detected in CAT in
gastric cancers (26). However, patients with peptic
ulcer and gastric cancer reported decreased serum
CAT activity (27). We observed that serum CAT activity
was significantly lower (P<0.05) in patients with
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gastric and breast cancer both before and after
radiotherapy compared to healthy individuals.
Therefore, CAT is a strong enzyme antioxidant.
Carbonic anhydrase was shown to be effective in all
cancers (©), The authors observed that the activity of
serum CA in head and neck cancer patients was
lower than that of healthy subjects both before and
after radiotherapy (tables 2 and 3) (P<0.05). The
harmful effect of ionizing radiation has been
demonstrated at in vivo studies that radiotherapy is
effective in increasing reactive oxygen species in the
organism. The authors observed that erythrocyte CA
levels increased in gastric cancer patients both
before and after radiotherapy compared to the
control group (P<0.05). CA activity in breast cancer
patients before radiotherapy was significantly lower
when compared to healthy individuals. (P<0.05), but
it was not statistically different after radiotherapy
(P<0.05). CA in tumor cells is seen as a marker of acid
-base balance in head and neck, stomach and breast
cancers. Findings of this study prove this situation.
Zn fights against the harmful effects of free
radicals. Zn deficiency may increase tumor
proliferation. In one study, Zn levels decreased in
breast cancer patients receiving radiotherapy (28). In
the literature, iron levels have decreased in patients
with gastric cancer (29). In another study in the
literature, serum Zn levels in breast cancer patients
were proven to be significantly lower than in control
group 39). In this study it was proven that serum Zn
levels were significantly lower both before and after
radiotherapy in general patients with head and neck
cancer compared to healthy subjects (tables 2 and 3)
(P<0.05). Serum Zn level in gastric and breast cancer
patients was effectively lower than in healthy
subjects both before and after radiotherapy
(P<0.05). Depleted tissue-specific Zn absorption and
gastrointestinal absorption can have significant
effects and Zn is a very powerful antioxidant element.
If zinc decreases, some cancers may develop in the
body. Findings of this study confirm this situation (29).
Authors observed decreases in Fe levels before
and after radiotherapy in patients treated for head
and neck cancer compared to the control group
(Tables 2 and 3) (P<0.05). We also found that serum
levels of Fe decreased in stomach and breast cancer
patients relative to control subjects both before and
after the radiotherapy group (P<0.05). It has been
claimed that low Fe levels can play an important role
in the prevention of head and neck, stomach and
breast cancers. Cu levels have been found to be
elevated in patients with gastric cancer (29. In breast
cancer patients, serum Cu level before radiotherapy
was effectively lower than in healthy subjects
(P<0.05), but effectively higher after radiotherapy
(P<0.05). Serum Cu determinations were important
in assessing the clinical stage in head and neck,
stomach and breast cancers. The serum level of Mg in
breast cancer patients was lower than in healthy
subjects both before and after radiotherapy (tables 2

and 3) (P<0.05). In a study conducted in the
literature, it was proven that serum Cu levels in
breast cancer patients are effectively higher than in
control group 9. High Zn and Cu homeostasis can be
seen in head and neck cancer 31),

Mg consumption can be prophylactic against the
onset of some cancers or neoplasms. In a study
conducted in the literature, it was proven that serum
Mg levels in breast cancer patients are effectively
lower than in controls (32 33). Serum Mg levels in
gastric cancer patients were extremely low both
before and after radiotherapy compared to healthy
individuals (P<0.05). In addition, serum Mg levels
were significantly lower at patients with head and
neck and CNS cancer before and after radiotherapy
(P<0.05). Having a normal Mg level in the body can
reduce the risk of developing cancer.

In one study, scalp Cd levels were decreased in
gastric cancer (34). Authors of this study proved that
serum Cd levels in patients with head and neck,
stomach and breast cancers were higher both before
and after radiotherapy compared to healthy
individuals (tables 2 and 3) (P<0.05). Further
increase in serum Cd in cancer patients following
radiotherapy may be due to Cd released from cells
destroyed by the treatment. It has been proven in the
literature that serum Co levels in breast cancer
patients are effectively higher than in control group
(32.33), Authors of this study observed that serum Co
levels before and after radiotherapy were higher in
patients with head-neck, stomach and breast cancers
compared to the control group (P<0.05) (tables 2 and
3). Higher Co levels in head and neck, stomach and
breast cancer patients can be a cause or the result of
another unknown parameter.

In a study, the Mn level in the scalp decreased in
stomach cancer (34. Authors of this study observed
that the serum level Mn was lower in head and neck,
stomach, and breast cancer patients than in healthy
individuals prior to radiotherapy, but was higher
after radiotherapy (Table 2 and 3) (P<0.05). It has
been proven in the literature that serum Mn levels in
breast cancer patients are effectively higher than in
control group (2 33). Also it was studied that the
oxidative DNA damage (8-OHdG/106 dG rate) in the
liver significantly increased with 5Gy radiation
application in rats (35).

In a study, the Fe level in the scalp decreased in
stomach cancer 4. In another study, Fe levels were
found to be high in gastric cancer ©9. This study
proved that serum Fe levels before and after
radiotherapy in patients with head-neck, stomach and
breast cancers were lower than the control group
(P<0.05) (tables 2 and 3).

In a study in the literature, Pb level was found to
be high in gastric cancer, but not in statistically
significant levels (3¢). Authors of this study observed
that serum Pb levels in patients with head and neck,
stomach and breast cancers were higher both before
and after radiotherapy than in healthy individuals
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(tables 2 and 3) (P<0.05). In addition, esophagus,
head and neck, CNS, esophagus, stomach, breast
cancers and stomach cancers are common worldwide
B7). Therefore, nutrition and diet play an important
role in preventing cancer disease.

CONCLUSIONS

Zn may be protective against head and neck, CNS,
esophagus, stomach and breast cancers. Authors
propose that the changed heavy metal and trace
element status of patients suffering from head and
neck, CNS, esophagus, stomach and breast cancers
may arise from increased requirements of cancerous
serums for elements such as Cu, Mn, Pb, Cd, Fe, Zn, Co
and Mg. Authors also suggest that carbonic
anhydrase (CA) level in tumor cells can be a marker
of acid-base balance in head and neck, stomach and
breast cancers.

This study is the first to demonstrate the effect of
radiotherapy in patients suffering from head and
neck, CNS, esophagus, stomach and breast cancers.
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