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ABSTRACT

Background: The aim of this study was to investigate the protective potency
of melatonin, amifostine (WR-2721), and N-acetylcysteine (NAC) when
administered intraperitoneally (i.p.) 15 min before 10-Gy single-fraction
radiotherapy. Materials and Methods: In this study, 35 female Sprague
Dawley rats were divided into five groups of seven rats each. The rats in the
control group did not receive any treatments. Rats in the radiotherapy,
melatonin, amifostine, and NAC groups underwent abdomino-pelvic
irradiation with 10-Gy single fraction gamma (y) irradiation. Melatonin 50 mg/
kg, amifostine 200 mg/kg, and NAC 500 mg/kg were i.p. administered to the
rats 15 min before irradiation. Animals were sacrificed 48 h after irradiation.
Uterus samples were collected and, routine histopathological tissue
processing was performed. Sections from tissue samples were stained with
H&E and analyzed with the terminal deoxynucleotidyl transferase dUTP nick
end labelling method (TUNEL assay). Results: Severe morphological
degenerations and increases in the apoptotic index (Al) were observed in the
radiotherapy group. Tissue protection and Al reduction were observed in the
amifostine and NAC groups. Melatonin was more effective than amifostine
and NAC. Morphological damage was almost completely repaired, and the Al
of the melatonin group was quite similar to that of the control group.
Conclusion: This experiment failed to determine a more successful
administration technique of amifostine. The protective effects of amifostine
and NAC were similar. Melatonin was more successful than these two drugs,
and might be an alternative to amifostine when time, dose, or adverse effect
constraints are encountered.
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INTRODUCTION

The aim of radiotherapy is to provide the
highest possible dose to the tumor without
affecting normal tissue. However, the
radioresistance of tumor cells to administered
doses in a fractionated regimen leads to
limitations in cures (12). Fractional radiotherapy
controls tumors short-term and provides
palliative  treatment, but single-fraction
radiotherapy doses aim to increase the chances

of a cure ), Radiotherapy leads to acute or
chronic adverse effects, which are known as
normal tissue injury (4-6). The amount of normal
tissue injury is directly proportional to the
radiotherapy dose, and single fraction 10-Gy
radiotherapy is a common practice due to
symptom alleviation, tolerability, and tumor
responsiveness in patients (7-9). Skin irritation,
DNA damage, apoptosis induction, vascular
permeability, edema, vascular endothelial cell
swelling, the adhesion and infiltration of
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lymphocytes, necrosis, death and secondary
cancer formation may be listed as acute or
chronic side effects of radiotherapy (1011, In
addition, radiotherapy leads to ovarian failure,
premature menopause, and unhealthy
pregnancy in premenopausal women long after
treatment (12.13),

Natural or synthetic chemical, with
antioxidant potency can effectively alleviate or
repair normal tissue injury. One of
these chemicals is melatonin (N-acetyl-5-
methoxytryptamine), which is secreted by the
pineal gland and regulates the sleep-wake cycle,
pubertal development, and seasonal adaptation.
Melatonin effectively reduces toxicity, cellular
DNA fragmentation, and lipid peroxidation (14).
The free radical scavenger potency of melatonin
suggests that it might be used as a reliable
protective drug in radiotherapy.

Numerous studies reported the effectiveness
of different types of synthetic chemicals, in
addition to antioxidant hormones, such as
melatonin, to protect normal tissues. Amifostine
is one of these synthetic chemicals, and it is a
prodrug developed by the U.S. Army’s
Anti-Radiation Drug Development Program.
Amifostine is an inorganic thiophosphate that is
rapidly converted in vivo to its active form,
WR-1065, by alkaline phosphatase in vascular
endothelial cells (3. Some studies have
indicated that amifostine can selectively protect
normal tissue morphology from radiotherapy
(16), but tumors do not benefit from the
protective effects of amifostine (17). However, the
amount of time that has elapsed between drug
administration and radiotherapy is crucial due
to the time required for drug metabolism, and
amifostine may lead to severe adverse effects
(18),

Another synthetic radioprotective drug is
NAC. It serves as a mucoregulator with the
lowest toxicity in natural cysteine. The
radioprotective profile of NAC includes the
reduction of the malondialdehyde volume, DNA
fragmentation, and lipid peroxidation in
response to radiotherapy (19). In this study we
aimed to investigate the protective effects of
three different drugs on uterine tissue injury in
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single fraction 10-Gy radiotherapy in rats.

MATERIALS AND METHODS

Animals

All experimental procedures were performed
with the permission of the Local Animal
Experiments Ethics Committee of Sabahattin
Payzin Experimental Animal Center from the
University of Dicle (approval number: 2012/35).
Thirty-five adult 8-10-week-old 220-250-g
female Sprague-Dawley rats were divided into
five groups of seven rats each. The rats were
housed in polycarbonate cages at room
temperature (21 £ 3°C) and 50 * 5% humidity
with a 12-h light-dark cycle. They were fed a
laboratory standard pellet diet, and ad libitum
water was provided. The experiment was
performed after a stabilization period.

Experimental design

A vaginal smear of the rats was evaluated,
and rats in the diestrus phase were included in
the experiment. Smear tests were performed
until each group included seven animals. The
control group did not receive any treatments.
The radiotherapy, melatonin, amifostine and
NAC groups were exposed to external single
fraction 10-Gy abdomino-pelvic y-radiation at a
constant dose of 1.25 Gy/min using an Alcyon II
Co® (CGR, MeV, France) teletherapy unit.
Radiotherapy was performed in a 30x30 cm?
square area at an 80-cm distance from of the
medial abdominopelvic region of the rats.
Melatonin 25 mg/kg (Sigma-Aldrich, USA),
amifostine 200 mg/kg (Ethyol, Er-kim ilac,
Turkey) and NAC 500 mg/kg (Asist Ampul,
Turkey) were intraperitoneally (ip.)
administered to the rats 15 min before
irradiation. All rats were sacrificed 48 h after the
experiment with intracardiac blood withdrawal
and uterus tissue collection.

Histopathological examination

Uterus tissue samples were collected in
neutral buffered 10% formalin, and a routine
tissue processing protocol was performed.
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Under a rotary microtome, 5-um thick sections
were taken from the paraffin blocks and placed
on adhesive slides. Sections were stained with
hematoxylin and eosin (H&E) and were analyzed
with the TUNEL assay. Stained samples were
analyzed and micrographs were taken with a
Zeiss Axio Imager A2 (Zeiss Co. Germany) light
microscope.

TUNEL assay and statistical analysis

To evaluate the apoptotic index (Al), an In
Situ Cell Death Detection Kit-AP (Roche
Diagnostics Corp.) was used. The TUNEL assay
protocol was performed according to the
manufacturer’s instructions. The Al of the
luminal epithelium, stromal cells and uterine
gland cells of uterus samples were evaluated
separately. During the Iluminal epithelium
evaluation, cells were counted starting from a
randomly selected point. Cells were marked with
a positive or negative signal until there was a
total of 100 cells. When marking was completed,
the positive cell rate was manually calculated
from the total 100 counted cells. The positive
luminal epithelium cell rate was calculated in
each tissue sample according to this method.
During the stromal cell Al evaluation, the
stromal region of uterine tissue was divided into
48 equal squares. Stromal cell counting started
from the upper left square. Cells on the border
lines were not included. Cells were marked with
either a positive or negative signal, and marking
was complete when 100 stromal cells were
marked. Stromal cell counting was performed on
three randomly selected regions of each uterine
tissue sample, and the rate of positive signal in
the total 300 counted cells was calculated as the
positive signal rate. The uterine gland cell Al was
evaluated by randomly selecting three uterine
glands and marking gland cells as positive or
negative. The positive signal rate was manually
calculated from the total cell counts of the three
uterine glands in each tissue section. TUNEL
assay analyses were performed with Image ]
Software (LOCI, University of Wisconsin), and
statistical analyses were performed with SPSS
21.0 (IBM) with a nonparametric Kruskal Wallis
test. For multiple comparisons, p<0.05 was
considered significant, and the results were
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expressed as mean * standard error of the mean
(SEM).

RESULTS

Histopathologic results

Normal morphology was observed in the
control group sections. Normal uterine stroma,
luminal  epithelium, and uterine gland
morphology were observed. In the radiotherapy
group, luminal epithelium desquamation and
mononuclear cell infiltration in the stromal
region were observed. Dilation in the capillaries
and hemorrhage in the vascular structure were
detected. The uterine gland lumen was irregular,
and minimal proliferation was seen in the
uterine glands. No morphological changes were
observed in the myometrium of any groups,
except congestion and vasodilation in the
stratum vasculare of the radiotherapy group.
The uterine luminal epithelium integrity was
protected in the melatonin group, and normal
endometrial glands were observed. We observed
numerous lymphocyte infiltrations in the uterine
stroma. The vascular structures of the stroma
and morphology of the stratum vasculare were
similar to those of the control group. In the
amifostine group, the uterine gland damage was
limited. Minimal desquamation in the luminal
epithelium and lymphocyte infiltration was
detected. The damaged vascular structure in the
endometrial capillaries, uterine glands, and
stratum vasculare was reduced significantly
when compared with the damage in the
radiotherapy group. In the sections of the NAC
group, the luminal epithelium had minimal
desquamation. Edema and lymphocyte
infiltration in the sub-epithelial region of the
endometrium were observed (figure 1).

Results of the TUNEL assay and statistical
analysis

Micrograps and statistical analysis results for
TUNEL assay were shown in table 1, figure 2 &
figure 3. The control group had few Al values
with limited positive signal rates on the luminal
epithelium, stromal cells, and uterine gland cells.
There was a significant increase in the Al of the
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radiotherapy group for the luminal epithelium,
stromal cells and uterine gland cells. The Al
values of the amifostine, melatonin, and NAC
groups significantly decreased for the luminal
epithelium cells when compared with that of the
radiotherapy group (figure 2). In the melatonin
and NAC groups, the Al of the stromal cells was
similar to that of the control group. The Al of the
amifostine stromal cells decreased significantly
when compared with that of the radiotherapy
group. However, it was significantly higher than
that of the control, melatonin, and NAC groups.
The Al values of the uterine gland cells of the
melatonin and amifostine groups were similar to
that of the control group. There was a significant
decrease in the Al of the uterine gland cells of
the NAC group when compared with the control
group. However, the Al of the uterine gland cells
of the NAC group was significantly lower than
that of the radiotherapy group but higher than
that of the control, melatonin, and amifostine
groups.

Figure 1. Micrographs of uterine tissue samples. a) Control
group; normal uterinal tissue morphology observed, b)
Radiotherapy group; luminal epithelium (*) and uterinal gland
cells («), subepithelial edema (thick arrow) and lymphocyte
infiltration (arrowhead), c) Melatonin group; normal uterine
stroma (arrowhead), d) Amifostine group; luminal epithelium
desquamation and vacuolisation (*), subepithelial edema
(thick arrow), e) NAC group; luminal epithelium desquamation
(*), subepithelial edema (thick arrow). (Staining: H&E, Bar: 50
um at a, b, d, e, and 100 um at c).
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Table 1. TUNEL assay results.

Group e;;:::;zlm Stromal |Uterinal gland
Al (%) cells Al (%) cells Al (%)
Control 2.6+0.68° | 2.9+0.39° 2.340.56
Radiotherapy |18.7+3.61°|15.6+2.71°| 28.2+5.37"
Melatonin 4.0+1.32° | 2.7+0.79° 4.0+0.79
Amifostine 7.0+1.02° | 9.3+1.93%| 16.6+3.77°
N-acetylcysteine| 5.041.92° | 4.6+0.93°| 8.9+1.13%

Values with different superscripts in the same column are significantly
different (ab: p<0.01; cde: p<0.001; fgh: p<0.0001).

;a.- P R R
Figure 2. TUNEL assay micrographs of uterine tissue samples.
a) Control group; positive signals in stroma (curved arrow), b)
Radiotherapy group; positive signals in stromal cells (curved
arrow) and uterinal gland cells (arrow), c) Melatonin group; a
small number of positive signals in stromal (curved arrow) and
luminal epithelium (arrowhead), d) Amifostine group; positive
signals in stromal cells (curved arrow) and uterinal gland cells
(arrow) (Staining: TUNEL assay, Bar: 20 um). e) NAC group;
positive signals in stromal (curved arrow) and uterine gland
cells (arrow). (Staining: TUNEL assay, Bar: 20 um).

TUNEL Assay

1 1
- an
§ 304 &7 Control
g %% Radiotherapy
-
= 20 8 Melatonin
P
K £ Amifostine
g 104 ‘.§ SN N-acetylcysteine
<

T N

Stromal Cells

Uterinal Gland Cells

Figure 3. TUNEL assay results of groups. Different supersctipts

on each column shows significantly difference between groups
(*; p<0.01, **; p<0.001, ***; p<0.0001).
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DISCUSSION

The results of this study indicate that the
three different chemicals used successfully
alleviated or repaired radiotherapy-induced
morphological degenerations and apoptosis to
varying degrees. The protective effect of
melatonin, amifostine, and NAC on normal tissue
has been discussed in numerous studies, but this
is the first study to investigate the protective
effects of different chemicals on the
degenerative effects of radiotherapy in the
uterus.

Radiotherapy shows its degenerative effects
on cells and tissues with either DNA interaction
or toxic free radical production. However, more
than two-thirds of its degenerative effects result
from free radicals (9. Hence, a successful
radioprotective drug should have an antioxidant
profile that goes beyond DNA protection.
Radiotherapy is expected to kill cancer cells.
However, tumor surrounding tissue or distal
organs may be exposed to the degenerative
effects of radiotherapy (i.e., undergo normal
tissue injury). Normal tissue injury is
characterized by organ dysfunction, and it is a
cure-limiting property of radiotherapy. Studies
on radiotherapy-induced uterine tissue injury
are extremely limited.

Numerous studies have been performed to
determine the most successful adjuvant to avoid
the degenerative effects and toxicity of
radiotherapy treatment. The morphological
degenerative effects of radiotherapy on the
uterus show the ability of radiotherapy to cause
some morphological damage and induce
apoptosis. Irradiated uterine cells express fewer
mitosis-processing proteins (21.22), Interestingly,
related studies have reported that the most
affected site of uterine tissue is the luminal
epithelium followed by the uterine glands. These
degenerations manifest as vacuolation in the
luminal epithelium, increased apoptotic protein
expression, and TUNEL assay positivity, which
are strong signs of DNA fragmentation and
apoptosis (23). Qur results are consistent with
those of previous studies. However, we
observed more severe degenerations and an
increase in TUNEL positivity in all parts of the
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uterine tissue. We estimate that these findings
may be a result of a higher radiotherapy dose.
The Al provides information on the
radiosensitivity of cells 24, The Al results of this
study indicate that the luminal epithelium might
be the most radiosensitive region of the uterine
tissue.

Since the introduction of radiotherapy in
cancer treatment, adverse effects have been a
limitation of treatment. Fractioned radiotherapy
is used as a way to avoid this limitation, but low
doses of radiation may lead to tumor survival
and may not go beyond tumor control and
palliative treatment. Recently, however, critical
evidence indicates that high-dose radiotherapy
(i.e., above 8-10 Gy) may be more successful than
fractional radiotherapy in tumor treatment. High
-dose single-fraction radiotherapy induces
tumor endothelial apoptosis, depletes the tumor
vasculature, and directly kills tumor cells (25.26),
These results increase the significance of the
radioprotective drug activity, dose, and
administration route.

Amifostine is standardly administered as an
intravenous infusion to rapidly reach the
maximal tissue concentration. Studies have
demonstrated that amifostine selectively
protects normal tissues, but it has some severe
adverse effects that may lead to discontinuation
of radiotherapy (7). With intraperitoneal
administration, a maximal tissue concentration
of amifostine is observed between 10 and 30 min
(28), Numerous studies have discussed the
protective potency of amifostine. Some of these
studies reported failures of this drug (29, but
most of them reported successful results when
administered at doses of 200 mg/kg via the
intraperitoneal route (30-33). [n addition, the
failures were believed to be a result of low-dose
administration. Our results were consistent with
the studies that reported success with amifostine
in radiotherapy, but more studies are required to
further determine the protective potency of
amifostine. In a previous study, the
radioprotective  potency of NAC was
demonstrated to be as successful as that of
amifostine 34, In addition to being
radioprotective, NAC has been reported to be
cytoprotective when administered at doses of
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500 mg/kg via the intraperitoneal route 5.
However, different doses of NAC have
successfully reduced apoptosis and tissue injury
when administered i.p. prior to radiotherapy
[36]. These results indicate that our study and
previous studies are consistent because we
observed a significant reduction in apoptosis
and tissue injury in the NAC group compared
with the radiotherapy group. Our results
showed that the protective potency of
amifostine and NAC were similar, as reported in
previous studies

Radioprotective drugs aim to alleviate
normal tissue injury and reduce tumor
resistance while providing radiosensitivity to
tumor cells (7). In recent years, it was believed
that melatonin might be wused as a
radioprotective drug in radiotherapy. In
addition, melatonin was reported to sensitize
tumor cells to radiotherapy 38). Hence, due to
low toxicity and selective radioprotective
activity, melatonin has been reported and
discussed in many studies (39). It was reported to
have substantial free radical scavenging activity
that protects against tissue injury and apoptosis
(40-42), In addition, both 25 and 50 mg/kg doses
of intraperitoneal melatonin 15 min before
radiotherapy protected bone structure. This
study indicated that melatonin and amifostine
similarly  protected bone structure in
radiotherapy (3).

We observed that melatonin protected
against uterine tissue injury and significantly
reduced the Al. Moreover, the tissue injury level
and Al of the melatonin group was similar to
those in the control group, and melatonin was
more  successful when compared with
amifostine and NAC. However, radioprotection
is very broad topic, and these drugs should be
evaluated in new, well-designed, sufficiently
powered, experimental and clinical trials.

CONCLUSIONS

This is the first study to explore radiotherapy
-induced uterine tissue damage and the
protective potency of different substances in
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detail. Our results demonstrate that both
amifostine and NAC alleviated morphological
degenerations from radiotherapy, but melatonin
was more successful. We estimate that
amifostine may require more doses to reach
maximal protection or the current dose may
require more time to undergo sufficient
metabolism after i.p. administration. In addition,
melatonin might be an alternative to amifostine
in clinics.
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