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ABSTRACT

Objective: In this study, we evaluated whether caffeic acid phenethyl ester (CAPE) has a radioprotective effect on the damage in
the rat brain tissue induced by gamma radiation, considering that it may inhibit the ionizing radiation damage.

Methods: A total of 36 Sprague-Dawley rats were divided into four groups to test the radioprotective effect of CAPE administered
by intraperitoneal injection. An appropriate control group was also studied. On day 11, the brain tissue of all rats was removed and
homogenized in phosphate buffer, and the total antioxidant status (TAS), total oxidant status (TOS), oxidative stress index (OSI),
paraoxonase (PON), arylesterase (ARE), ceruloplasmin (CER), lipid hydroperoxide (LOOH), and total-SH parameters were measured
to determine if CAPE had a protective effect.

Results: The ARE and PON activity and the total-SH level were statistically increased compared to the IR group, whereas the LOOH,
TOS, and OSl levels were significantly decreased.

Conclusion: The data obtained in the study suggest that the CAPE administration prior to irradiation may prevent the irradiation

brain damage.
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INTRODUCTION

Brain tumors are recognized to be among the most malign tu-
mors. According to the World Health Organization’s (WHO) re-
port, being the fourth-degree diffuse-type tumors, they have
a high rate of mortality (1, 2). However, current treatment
approaches are very limited, consisting of radical surgery, ra-
diotherapy, and chemotherapy. Tumoral gliomas can diffuse
throughout the brain by infiltrating into the lymphatic drainage
system. Being effective in the brain, radiotherapy is preferred for
diffuse tumors such gliomas. Nevertheless, the selective perme-
ability of the blood-brain barrier prevents chemotherapeutic
agents from substantially accessing tumoral cells that are diffuse
throughout the brain (3, 4).

Radiotherapy, as one of the most frequent treatment methods,
can be used in all types of cancer. Radiotherapy is preferred
in 2 out of 3 patients who apply to clinics. In addition, the ra-

diotherapy dose required to establish control over cancer cells
is higher than usual, and that is why when applied, it causes
damage in normal tissues (5). As the degree of damage in nor-
mal tissues caused by radiotherapy changes depending on the
tissue radio-sensitiveness, it was shown in studies that there is
a risk up to 8 times higher when the whole-body irradiation is
used. When radiotherapy is applied to tumors located within the
head and neck, brain, or eye, it can be observed that there are
destructive effects on other nearby tissues, which depend on ra-
diotherapy. It is known that reactive oxygen species (ROS) are ac-
cumulated and that DNA fragments are generated which cause
these destructive effects following radiotherapy. Leading to the
endoplasmic reticulum and mitochondrial membrane damage,
accumulated ROS increase the damage to surrounding tissues,
which depends on radiotherapy. It is pointed out in the literature
that ROS and reactive nitrogen species (RNS) play a role in the
pathogenesis of many diseases (6-9). Furthermore, it has been

How to cite: Khayyo N, Taysi ME, Demir E, Ulusal H, Cinar K, Tarakcioglu M, et al. Radioprotective Effect of Caffeic Acid
Phenethyl Ester on the Brain Tissue in Rats Who Underwent Total-Head Irradiation. Eur J Ther 2019; 25(4): 265-72.

ORCID IDs of the authors: N.K. 0000-0003-4583-4538; M.E.T. 0000-0001-7419-5988; E.D. 0000-0003-4545-5175; H.U. 0000~
0003-3890-2088; K.C. 0000-0002-4517-3808; M.T. 0000-0002-2398-8264; S.T. 0000-0003-1251-3148

Corresponding Author: Seyithan Taysi E-mail: seytaysi@hotmail.com

Received: 17.10.2018 « Accepted: 20.03.2019
Y | Content of this journal is licensed under a Creative

Commons Attribution-NonCommercial 4.0 International License.


https://orcid.org/0000-0003-4583-4538
https://orcid.org/0000-0001-7419-5988
https://orcid.org/0000-0003-4545-5175
https://orcid.org/0000-0003-3890-2088
https://orcid.org/0000-0002-4517-3808
https://orcid.org/0000-0002-2398-8264
https://orcid.org/0000-0003-1251-3148
https://creativecommons.org/licenses/by-nc/4.0/

266

Khayyo et al. CAPE in Irradiation

demonstrated in many studies that free radicals formed due to
radiation infest other tissues and organs through systemic circu-
lation (10, 11). In addition to the known antioxidant properties
of caffeic acid phenethyl ester (CAPE), data on the radiation-pro-
tective ability of this agent are limited (6, 12). We hypothesized
that CAPE, which antioxidant effects have been proven in many
studies, could protect the brain tissue from radiation-induced
oxidative damage. For this reason, we measured the oxidative
biomarkers, total oxidant status (TOS), oxidative stress index
(0OS)), lipid hydroperoxide (LOOH), and antioxidant biomarkers,
total antioxidant status (TAS), paraoxonase (PON), arylesterase
(ARE), ceruloplasmin (CER), and total-SH in the brain tissue of rats
with or without gamma radiation exposure to total cranium with
a single dose of 5 Gray (Gy).

METHODS

This study is conducted using 36 male Wistar Albino rats weigh-
ing 200+20 gr. The rats were divided into four groups as the
control (n=8), sham control (n=8), irradiation (IR) (n=10), and
IR+CAPE group (n=10). Prior to total cranium irradiation, all rats
except the sham control group were anesthetized with 80 mg/
kg ketamine hydrochloride (Pfizer ilag, istanbul, Turkey) and
placed on a tray in the prone position. The rats in the IR and the
IR+CAPE groups received irradiation via a cobalt-60 teletherapy
unit (Picker, C9, Maryland, NY, USA) from a source-to-surface dis-
tance of 80 cm by 5x5 ¢cm anterior fields, with the total cranium
gamma irradiation being a single dose of 5 Gy, while the rats in
the control and sham control groups received sham irradiation.
Ten days after irradiation, all animals were killed by decapitation,
and their brain tissues were removed and homogenized within a
phosphate buffer (a single volume of the tissue sample and nine
volumes of phosphate buffer as cold as ice). In the aftermath of
this homogenization procedure, the obtained supernatant was
put in five eppendorf tubes and kept at —80°C until biochemical
assessment for protection from deformations. This study spec-
trophotometrically analyzed biochemical parameters like TAS,
TOS, OSI, LOOH, PON, ARE, CER, and total SH, which have been
chosen for assessing CAPE’s antioxidant effectiveness.

The information regarding the groups can be found as following:
Group 1: Sham control group (SCG): No drug application and/or
surgical intervention was conducted in this control group.

Group 2: Control group (CG): As this group is the positive control
of the fourth group, rats in this group were injected intraperito-
neally (IP) with 0.25 ml dimethyl sulphoxide (DMSO) for 10 days.

Group 3: IR group: The head areas of the rats from this group
were applied a single dose of 5 Gy on the 1st day. Thirty minutes
prior to and throughout 10 days following this application, rats
were given physiological saline solution IP.

Group 4: IR+CAPE group: The rats within this group were given
a single dose of 5 Gy on the 1st day. Thirty minutes prior to and
throughout 10 days following this application, subjects were ap-
plied IP 10 pmol/kg/day CAPE, which was thawed in DMSO. Rats
in all groups were fed with regular food and water. At the end
of the experiment, animals were decapitated being, which was
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identical to the protocol carried out in the first group, and ad-
vanced biochemical analyses were made following the removal
of the brain tissue. CAPE was dissolved in DSMO immediately be-
fore the application. The final concentration of DMSO was 0.1%.

This study was conducted at the Department of Medical Bio-
chemistry after obtaining ethical approval from the Animal Ethics
Committee of Gaziantep University School of Medicine (2017/2).

Measurement of Antioxidant Parameters

Measurement of total antioxidant status

The method of measuring the TAS levels was as follows: This
molecule gets decolorized as all antioxidant molecules reduce
the ABTS cationic radical. The degree of decolorization is propor-
tional to the total concentration of antioxidant molecules (13).
During this procedure, Trolox, that is a water-soluble analogue
of Vitamin E, was used as a calibrator. Results were presented as
mmol Trolox equivalent/gr protein.

Measurement of Total SH

The level of total-SH groups in samples was measured accord-
ing to Ellman’s method (14). Results were presented as mmol/
gr protein.

Measurement of Paraoxonase Enzyme Activity

Attached to paraoxonase HDL-cholesterol, lipophilic is a hydro-
phobic antioxidant enzyme. This enzyme’s activity was measured
by using a kit of Real Assay. In short, in this method, the PON en-
zyme hydrolyses the paraoxon substrate (O, O-diethyl-O-pnitro-
phenylphosphate) by reacting with it. Colored p-nitrophenol is a
product of this hydrolyzing procedure. Monitored in the kinetic
mode at 412 nm, this product’s absorbance is expressed as U/g
protein (15).

Measurement of Arylesterase Activity

The ARE activity e is measured with the Real Assay commercial
kit. In this test, the enzyme contained by the sample that is to be
measured triggers an enzymatic reaction with phenylasetat sub-
strate, and hence creates phenol. The obtained phenol is mea-
sured colorimetrically, and the activity is thus determined (16).
Results are presented as U/g protein.

Measurement of Ceruloplasmin Level

The ceruloplasmin level is determined according to the method
suggested by Erel (17). Being a colorimetric method, it measures
enzymatic oxidation of the ferrous iron (Fe?*) to ferric iron (Fe3*).
Results are presented as U/gr protein.

Measurement of Oxidant Parameters

Measurement of lipid hydroperoxide level

The level of lipid hydroperoxide was measured by using the
modified FOX2 assay method (18). In this method, ferrous ions
that are in the reaction medium are oxidized to ferric ions by
lipid hydroperoxides. The generated ferric ion chromogens form
a complex molecule with xylenol orange and ferric ion and the
absorbance of this formed colored molecule is measured at 560
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Table 1. TAS, TOS, OSI, LOOH, PON, ARE, SER, and Total SH values

TAS TOS oSl LOOH PON ARE CER Total SH
Sham 0.36+0.078 25.33+2.76° 7.92+2.47° 1.31+0.076°> 0.571+0.098" 10.30+0.468 56.91+3.32 0.0669+0.003
control
group
Control 0.36+.078 28.16+3.69¢ 7.42+2.43% 1.27+0.043¢ 0.921+0.285° 10.59+0.697% 57.28+3.99 0.0666=+0.002
group
IR group 0.32+0.103 35.16+3.84 11.97+3.54 1.46+0.093 0.351+0.060 9.48+0.745 53.37+7.48 0.0606=+0.008
IR+CAPE 0.38+0.043 27.39+2.35° 7.24+1.14* 1.17+0.169¢ 0.551+0.061¢ 10.68+0.657> 58.61+5.77 0.0710+0.0052
group

2 p<0.05; *: p<0.01; < p<0.001; % p<0.005; ¢ p<0.0001 vs. IR group

TAS: mmol Trolox equivalent/ gr protein; TOS: mmol/gr protein; OSI: arbitrary unit; LOOH: umol/gr protein; PON: U/g protein; ARE: U/g protein; CER:

U/ gr protein; Total SH: mmol/gr protein

nm in the endpoint mode. It is t-butyl hydroperoxide standard,
which is freshly prepared as a calibrator used for this measure-
ment. Results are presented as pmol/gr protein.

Measurement of total oxidant status level

While measuring TOS levels of samples, an assessment was made
on the color change due to the oxidization of ferrous ion to ferric
ions by oxidant molecules that samples contain. This is a meth-
od of colorimetric TOS measurement, which has been previously
acknowledged within the scholarly literature (19). Results were
expressed as umol H,O, equivalent/gr protein.

Calculation of Oxidative Stress Index

First, TOS and TAS units were calculated as umol for the OSI cal-
culation of samples. Then, OSI was calculated according to OSI
(AU)=[(TOS pmol/L)/(TAS umol/L)1x100 formula.

Measurement of Protein

It was the Bradford method that has been used during the pro-
tein designation conducted within this study (20). For standard
curve, 25-300 pg series solutions that contain cattle serum albu-
min were prepared. Taken 0.1 mL from the prepared solution was
added to 5 mL Coomassie Blue reactive dye. Five minutes after
the mixture was made, its absorbance was measured at 595 nm.
Calculations were made in accordance with the standard curve.

Statistical Analysis

The Kolmogorox-Smirnov test was used to check compliance
with normal distribution. For comparing three independent
group variables that have a normal distribution, analysis of
variance and LSD multi-comparison tests were used. The in-
terrelations between variables were tested using the Pearson
correlation analysis. The frequency, percentage, and average of
standard deviation values were given as introductory statistics.
For statistical analyses, the SPSS for Windows version 22 (IBM
Corp.; Armonk, NY, USA) package program was used, and a p-val-
ue <0.05 was accepted as statistically significant.

RESULTS
The TAS, TOS, OSI, LOOH, SER, total SH values, PON, and ARE
activities of four groups that have been taken into account are

Figure 1. Demonstration of the PON level distribution among
groups by Box PLOT graph
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summarized in Table 1 and Figures 1-6. When groups were as-
sessed in terms of TAS levels, no significant change was observed
in relation to control groups (p>0.05). However, when assessed
in terms of TOS levels, there were statistically significant changes.
A significant increase was observed when the TOS level of Group
3 (IR group) was compared with other groups (p<0.0001). It was
detected that there were statistical differences in terms of OSI
levels. The OSI level in Group 3 was found to be significantly in-
creased in relation to Groups 1, 2, and 4 (p<0.05). Furthermore,
there was no statistically significant difference observed be-
tween Groups 1, 2, and 4 (p>0.05).

It was observed that there were statistically significant differ-
ences when groups were assessed in terms of LOOH levels. It
was noted that there was a significant increase in the LOOH
level of Group 3 in comparison to Groups 1, 2, and 4 (p<0.01,
p<0.001, p<0.0001, respectively). In a similar vein, it was no-
ticed that there were significant differences between groups
in terms of the PON activity. As there was a significant differ-
ence between the PON activity in Group 2 and the PON activity
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Figure 2. Demonstration of the ARE level distribution among
groups by Box PLOT graph

Figure 4. Demonstration of the LOOH level distribution among
groups by Box PLOT graph
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Figure 3. Demonstration of the TOS level distribution among
groups by Box PLOT graph

Figure 5. Demonstration of the OSI level distribution among
groups by Box PLOT graph
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in Group 1, the value was higher in Group 2 (p<0.05). This in- DISCUSSION

crease in Group 2 was not only to be considered as a significant
change in relation to Group 1, but also the others (p<0.001).
Moreover, the PON activity in Group 3 decreased significant-
ly in comparison with Groups 1, 2, and 4 (p<0.01, p<0.0001,
p<0.005, respectively). By the time the total-SH assessment was
made, it was observed that there were statistically significant
differences between groups (p<0.05). The level of total SH in
Group 4 was found to be significantly higher than in Group 3.
Finally, when groups were compared in terms of the ARE activ-
ity and CER level, it was observed that there were statistically
significant differences in the ARE activity, whereas there was no
such difference in terms of the CER level. The ARE activity in
Group 3 was found to be significantly low in comparison with
that of Groups 2 and 4 (p<0.05). Yet, there were no significant
changes detected between Groups 3 and 1 (p>0.05).

lonized radiation, radiology in particular, is a risk factor for the
personnel working in the radiotherapy and nuclear medicine de-
partments. Such a risk originates from used radioactive materials
such as the isotopes of radium, uranium, and thorium (21). De-
spite its detrimental effects, radiotherapy is one of the most sig-
nificantly effective treatment modalities. Hence, approximately
more than a half of patients with cancer is treated via radiother-
apy. During the radiation treatment, an effective dose is to be
determined to maximize toxicity upon cancer cells; however,
this dose may also show toxic effects on healthy tissues that re-
main within the application area of radiotherapeutic treatment.
Each tissue’s sensitivity level is different. Therefore, the extent of
damage on a tissue that has been subject to radiation depends
on that tissue’s sensitivity. These issues reflect the increasing im-
portance of the need for research on the acute effects and af-
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Figure 6. Demonstration of the total-SH level distribution
among groups by Box PLOT graph

0.075

0070~

0.065

Total-SH (mmol/gr protein
8
(o)
(P

0.055+

0.050+

T T T
Control IR IR+CAPE

Groups

ShamIControI

ter-effects of ionized radiation on tissues and cells (6, 12, 22, 23).
In accordance, among the scholarly work focusing on relevant
radiotherapy studies, the ones researching the oxidative stress
occurrence, the consequent free radical generation, and further-
more the interaction of antioxidants with this oxidative mecha-
nism bear vital importance.

It has been reported that accumulated within the cell, ROS dam-
ages its components and therefore pave the way for diseases (24,
25). One kind of radiotherapy cell damage is lipid peroxidation,
thus the deformation of the epicyte. The failure of its structure
and function causes an uncontrolled flow of free radicals coming
in and going out of the cell, resulting in damage.

When the cell and the tissue are radiated, the oxidative damage
begins within the cell. The degree of this damage changes de-
pending on the balance between the cell’s antioxidant defense
system and the ROS levels. When this balance is altered in favor
of ROS, the degree of damage within the cell increases (26, 27).
Categorized by effect types, basic antioxidants within cells are
divided into two main groups as enzymatic and non-enzymatic.
Enzymatic antioxidants operate by activating enzymes within
the cell. These, in short, can be outlined as superoxide dismutase
(SOD), glutathione peroxidase (GSH-Px), glutathione-S-transfer-
ase (GST), and glutathione reductase (GR). Non-enzymatic ones,
on the other hand, take effect through inhibiting the ROS pro-
duction. These can be exemplified as GSH, Vitamins C and E, mel-
atonin, zinc, ginkgo biloba and carotenes (28-31).

In the central nervous system, the amount of endogenic an-
tioxidants is relatively low compared to other tissues, and for
this reason, nerve cells are more sensitive to oxidative damages
that can potentially increase (32). As in all tissue types, there are
ROS cleaner enzymes within the ones in brain. Most important
among these are SOD and GSH-Px. SOD converts the superoxide
radical (0,") that is accumulated within the cell into hydrogen
peroxide (H,0,). Being different enzymatic antioxidants, GSH-Px
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and CAT prevent the harm of H,0, by converting it into H,0 and
molecular oxygen (O,).

Scholarly work within the literature reports that SOD may pro-
tect the cell from the damage caused by ROS accumulated with-
in (33, 34). In addition, thanks to the available cell culture stud-
ies, it is known that SOD shows a protective effect against ROS
caused by tumor necrosis factor, interleukin1, and ionized radi-
ation within cells (35). Many studies examined the parameters
that display the damage on the brain tissue caused by radiation
(11, 36, 37). Among these, the research conducted by Kojima et
al. (37) can be pointed out as one of the milestones within this
field. In this study, mice of different age (1, 4, and 12 week old,
and 1 year old) were subjected to whole-body radiotherapy, and
the effect of this application on the lipid peroxidation within the
mouse brain tissue was examined. In this approach, 1-week-old
mice were considered to be equivalent to newborn humans, 4
week old to adolescents, 12 week old to adults, and 1 year old
to the elderly. As a result, when compared to control groups, it
was reported that there were no statistically significant changes
in SOD, GSH-Px, and CAT activities and MDA levels in the brain
tissue of adult (12-weeks-old) mice (37, 38).

Another important study is the one by Collins-Underwood et al.
(39), where rats were subjected to cranial radiation therapy, and
primary neuronal culture was shown. When cells within the cul-
ture reach a sufficient number, the NADPH oxidase activity that
converts O,to O,~, an oxidative type, was studied, and as a re-
sult, a decrease was observed. When rats were given a NADPH
oxidase inhibitor IP before irradiation to verify this finding, it was
demonstrated that a ROS increase was substantially prevented
within the cell induced with radiation. Moreover, Kojima et al.
(37) show that irradiating the mouse brain with a low-dose (50
cGy) gamma ray induces endogenic antioxidant potential. In line
with this finding, it is thought that low-dose irradiation can be
used in the treatment of neurodegenerative diseases that are
induced with ROS accumulated within nerve cells. This issue re-
mains as a new research question.

There are some parameters found in the literature used to as-
sess the oxidative level and lipid peroxidation in the brain tissue.
Whereas the MDA level is used to assess lipid peroxidation, SOD,
GSH-Px, CAT, and XO activities are acknowledged as valid param-
eters for the evaluation of oxidative damage. Accordingly, in our
study, TAS, TOS, OSI, PON, ARE, CER, and SH parameters in the
brain tissue are measured and assessed to detect whether there
are any protective effects of CAPE, which has antitumoral and an-
tiinflammatory and antioxidant effects, in averting the impact of
locally applied radiotherapy on the oxidant-antioxidant system.

In their study with rabbits, Ilhan et al. (40) researched the pro-
tective effect of CAPE and methyl prednisolone on the irradiat-
ed spinal cord. The study assessed the spinal cord’s post-irradi-
ation MDA level, SOD and CAT activities, and histopathological
changes. It is reported that MDA levels are significantly low in
the group that was applied CAPE in comparison with the meth-
yl prednisolone group, and compared with the control group,
there was no observed tissue damage in the CAPE group. Con-
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ducted by Yilmaz et al. (41), in another study, the MDA levels
and SOD and CAT activities in the liver of rats with diabetes in-
duced with streptozotocin were researched. As a result, it was
reported that MDA levels increased in diabetic rats compared
to the control group, and in the group injected with CAPE, it re-
mained on the same level with the control group. Hence there
was no significant change observed. Moreover, it is detected
that CAPE reduces the SOD and CAT activities in these rats. This
is because of CAPE's cleansing of ROS and pressure on the SOD
and CAT activities.

To the best of our knowledge, there are no existing studies on
TAS, TOS, OSI, PON, ARE, CER, LOOH, and SH parameters in the
brain tissue of rats subjected to ionized radiation. In our study
where these parameters were assessed in the case of rats sub-
jected to total-head irradiation for the first time, it was observed
that there was no significant difference on TAS levels among rat
groups. In line with the existing literature, it has been verified
that radiotherapy does not affect the anti-oxidative mechanism
in the brain tissue. In addition, it has also been verified with a
significant increase in the TOS level that radiotherapy generated
oxidative damage in rats.

One of the most important outcomes of the ROS damage on tis-
sues is lipid peroxidation. In the recent years, lipid peroxidation
has been emphasized as an important topic. LOOHs that emerge
at the chain stage of lipid peroxidation are weak outputs, and
they form aldehydes, ketones, carboxylic acids, alkanes, alkenes,
and various polymerization products as breaks and dissolutions
occur on the chain. As a result of this reaction, products such as
MDA emerge and determine the degree of peroxidation (42).
When assessing our working groups in terms of LOOH levels, a
significant difference was detected between Group 4 injected
with CAPE and Group 3 subjected to radiotherapy (p<0.05). The
LOOH level in Group 4 was lower. This finding indicates that CAPE
plays a protective role against oxidative damage on rats induced
by radiotherapy. The MDA levels increase in Group 3 and a signif-
icant decrease in the CAPE+R group supports the claim of CAPE’s
antioxidant properties.

Being a serum enzyme, PON is related to HDL, and in addi-
tion, it was reported that it has an antioxidant function (43).
Although PON and ARE activities are considered to be two dis-
tinct enzymes within the scholarly literature, advanced molec-
ular studies suggest that the PON enzyme in the human serum
shows both the ARE and PON activity (44). These two enzymes
are components of the antioxidant enzymatic system that plays
a role against oxidant accumulation. Therefore, when oxidative
damage increases, to put another way, the balance is altered to-
ward ROS, and it is expected that there will be a decrease in PON
and ARE activities. In our study, we aimed to determine whether
CAPE had a protective effect by assessing whether there was any
significant increase in the IR+CAPE group in relation to IR group.
In this sense, examining Figure 4, it can be observed that the
PON activity in Group 3 decreased significantly in comparison
with its control group (Group 1). Although a dramatic increase
was observed in the IR+CAPE group contrary to expectations,
the difference between the IR+CAPE and IR groups is statistically
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significant. Moreover, when groups are evaluated in terms of the
ARE activity, whereas the ARE activity in the IR group decreased
significantly in relation to control groups, the ARE activity in the
IR+CAPE group is found to be significantly high in comparison
with the IR group. The ARE finding indicates that CAPE is protec-
tive against ROS induced by radiotherapy.

Finally, this study assessed CER and total SH levels for exam-
ining whether CAPE is protective against ROS accumulation
induced by total-head irradiation. Being an important anti-
oxidant, CER resembles SOD in terms of its mechanism of ac-
tion. In sum, its most important physiological task within the
organism is to transform the ferrous iron (Fe?") into ferric iron
(Fe*). In doing so, it prevents the hydroxyl radical (OH') gener-
ation through halting the Fenton reaction within the cell (45,
46). Hence, the decrease in the CER level increases the free OH'
oscillation. In this study, whereas there is no significant differ-
ence between groups in terms of CER, the total SH level in the
IR+CAPE group was found to be significantly higher than in the
IR group (p<0.05).

Many agents that decrease the cellular toxicity of ionized radia-
tion within the normal tissue have been used before the appli-
cation in organs such as the brain, heart, bladder, kidney, etc. to
prevent early and late complications caused by ionized radiation
(47).In these studies, it was reported that enzymatic and non-en-
zymatic antioxidants decreased as a result of overproduction of
free radicals within the brain tissue, linked to ionized radiation.
For this reason, studies suggest either a treatment aiming to
raise the antioxidant enzyme activity of the tissues subjected to
ionized radiation or using agents that increase the antioxidant
enzyme activity to avert the rise of oxidative stress seen in pa-
tients receiving radiotherapy (48).

There are many studies conducted with a variety of antioxidant
materials believed to have preventive or reducing effects regard-
ing the tissue or organ damage in radiotherapy. The preventive
role of CAPE on the development of tissue and organ damage
might be inferred because of the antioxidant effect.

One of the major limitations of this study is the lack of histo-
logical evaluation. Although biochemical analyses suggest that
CAPE exhibits radioprotective effects against oxidative damage
in the brain tissue of irradiated rats, it may be reasonable to sup-
port these data with histological evaluations. Moreover, radi-
oprotectors are ideally expected to have selectivity for normal
tissues, but not for tumor tissues from the effect of radiotherapy.
However, the study does not provide any data for such compari-
son with CAPE. This is another limitation of our study.

CONCLUSION

By reducing the formation of TOS, LOOH, and OSlI, oxidant stress
parameters, and increasing the ARE and PON activity, total-SH
levels, and antioxidant parameters, CAPE reduces irradiation-in-
duced oxidative stress in the rat brain tissue. Since free radicals
are the major mediators for radiation-induced damage, a treat-
ment combining radiation with an antioxidant might provide a
strategy for preventing radiation injury to normal tissues.
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