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In vivo antioxidant and anti-inflammatory effects of
Myrtus communis against ionizing radiation-induced
gastrointestinal injury: TROD-GROG-002 study
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ABSTRACT

OBJECTIVE: This study aimed to investigate the in vivo radioprotective effects of Myrtus communis (MC) on the gastroin-
testinal system.

METHODS: A total of 30 female rats were divided into four groups: i) Control; ii) irradiation (IR) only; iii) MC-pretreated; and
iv) MC-treated. The rats received oral MC extract (100 mg/kg/day) for 4 days before exposure to 10 Gy IR or continued until
sacrifice. On the fourth day of IR exposure, the rats were sacrificed, and histopathological and biochemical analyses were
performed on the ileum, pancreas, and liver tissues.

RESULTS: Malondialdehyde and myeloperoxidase levels decreased in both MC-treated groups, while glutathione levels and
Na*-K+-ATPase activity increased (p<0.01), with significant histopathological improvements compared to the IR-only group.
CONCLUSION: The results of this study demonstrate that MC significantly decreases ionizing radiation-induced oxidative
and inflammatory damage in the gastrointestinal systems of rats. Therefore, it may be regarded as a new candidate with
radioprotective potential for future clinical application.
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Radiotherapy has been a key therapeutic interven-
tion in gastrointestinal cancer treatment, and new
treatment techniques have improved its efficacy (1,
2]. Modern techniques reduce the radiation dose re-
ceived and the volume of surrounding organs irradiat-
ed. However, the effectiveness of radiation therapy has
been associated with harmful side effects due to the
damage to healthy tissues [3-5]. Different regions of
the gastrointestinal system may be directly affected by
the primary tumor location or by organs at risk [4, 5].
Radiation-induced late effects such as ulcers, bleed-
ing, enteritis, and proctitis reduce the quality of life
of cancer survivors [5—7]. Moreover, the side effects
of radiotherapy often negatively affect tumor control,
which may lead to incomplete treatment [8]. In ab-
dominal radiotherapy, protecting normal tissues with
medical and pharmacological agents and technical ad-
vancements still require further investigation [6, 8].

Ionizing radiation directly and indirectly causes
cellular damage through reactive oxygen species, lead-
ing to cellular dysfunction and triggering inflammato-
ry responses. These effects can cause either repairable
damage to essential cellular structures or permanent
damage, which may result in cell death [9, 10]. Several
agents and interventions have been studied to decrease
normal tissue injury due to radiotherapy on gastro-
intestinal organs [8, 11, 12]. Preclinical studies have
shown that plant-derived products and their phenolic
compounds may be a potential solution for suppress-
ing radiation-induced gastrointestinal damage. These
compounds were targeted due to their antioxidant and
anti-inflammatory activities [13-20]. Hence, phenolic
compounds such as phenolic acids and flavonoids may
be potential radioprotectors for clinical usage.

Myrtus communis (MC) is a species of flowering
plant in the myrtle family, Myrtaceae, with leaves that
contain phenolic acids, flavonoids, terpenoids, tan-
nins, coumarins, and oligomeric nonprenylated acyl
phloroglucinol compounds. The leaves, berries, flow-
ers, and essential oils are already used for medicinal
properties [21, 22], and the anti-inflammatory and
anti-antioxidant effects of MC have been extensive-
ly studied. However, to date, no studies have investi-
gated the effects of MC on radioprotection [23-27].
Therefore, the present study aimed to investigate the
potential protective effect of MC on abdominal organ
damage, including the ileum, liver, and pancreas, as a
novel radioprotection intervention.

Highlight key points

e This experimental study investigates the in vivo antioxidant
and anti-inflammatory (radioprotective) effects of Myrtus
communis against ionizing radiation—induced gastrointesti-
nal damage.

e MC reduced oxidative stress markers, as indicated by low-
er levels of malondialdehyde (MDA) and myeloperoxidase
(MPO).

e MC enhances antioxidant and cellular defenses, increases
glutathione levels, and Na*-K*-ATPase activity.

e Histopathological improvements in gastrointestinal tissues
compared to the IR-only group.

e MC may be a potential new radioprotective agent for future
clinical applications.

MATERIALS AND METHODS

Experimental Animals

The present study received approval from the Marmara
University Animal Care and Use Committee (approval
no: 07.2022). A total of 30 female Rattus norvegicus rats
(age, 3 months; weight, 250-300 g) were obtained from
Istanbul Health Sciences University. The animals were
housed at 22-24°C with a 12-hour light/dark cycle at
Marmara University Experimental Animals Application
and Research Center. Each cage housed four animals,
and the rats received food and water regulatly before
and during the experiment, with no restrictions imposed
during the study. An adaptation period was provided for
the animals to acclimate to the environment before the
experiment. Throughout the experiment, the animals
were kept in a low-stress, clean, and quiet environment
where they could maintain their natural behaviors and
were protected from stressful factors such as noise and
light. The oral gavage administration of MC and irradia-
tion (IR) was painless during the experiment; therefore,
no pain-relieving treatment was administered. This ex-
perimental study was conducted in accordance with the
principles outlined in the Helsinki Declaration.

Collection of MC leaves and obtaining the extract.
Myrtus communis L. subsp. communis leaves were col-
lected from the Turgutlu district of Manisa province,
Turkiye, by Dr. Gizem Bulut, an expert botanist. Vouch-
er specimens were stored in the Herbarium in the Fac-
ulty of Pharmacy, Marmara University (MARE No:
13006). MC extract was prepared according to a previ-
ously described procedure [26]. Dried powdered leaves
(100 g) were extracted with 96% ethanol using a Soxhlet
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extractor. After filtration, the extract was dried using a
rotary evaporator. The MC extract powder, with a yield
of 28.56%, was kept in a dark glass bottle in a refrigerator
(4°C) until subsequent use.

Experimental groups and procedures: Animals were
divided into four groups: i) The control group (n=6),
which received only oral saline (SF) for the duration of
the experiment (8 days); ii) the IR group (n=8), which
received oral SF for 4 days, commencing on the day
of IR exposure; iii) the MC pretreated group (n=8),
which received oral MC for 8 days, commencing 4 days
before IR exposure; and iv) the MC treatment group
(n=8), which received oral MC for 4 days, commencing
on the day of IR exposure.

A previous study described the preparation of the MC
extract, and in the present study, the same conditions were
followed, demonstrating its efficacy [26]. A total of 100
mg/kg MC extract was administered daily in the morn-
ing to the MC treatment and MC pretreated groups us-
ing an oral gavage tube, as previously described [26, 27].

Anesthesia (60 mg/kg ketamine, 10 mg/kg xylazine)
was injected intraperitoneally to immobilize the rats im-
mediately before the IR procedure. After this, the anes-
thetized rats were positioned face down on a board with
their tails and legs taped. Computed tomography images
with 1-mm slices were obtained for radiotherapy plan-
ning simulation, and 3D planning was performed. Fol-
lowing completion of 3D planning, a single fraction of 10
Gy IR was delivered with a linear accelerator using 6 MV
photons from two anteroposterior directions, at a dose
rate of 500 MU/min. After administering with ether
anesthesia, all animals were decapitated by guillotine
on the fourth day after IR exposure. After the rats were
sacrificed, appropriate methods were used to remove the
ileum, pancreas, and liver tissues.

Biochemical analysis: Tissue samples were analyzed
to determine malondialdehyde (MDA) and glutathione
(GSH) levels, and myeloperoxidase (MPO) and Na*-
K*-ATPase activity as previously described [28-33].

Histopathological ~evaluation: Histopathological
analysis with hematoxylin and eosin was performed as
previously described [34]. Samples were fixed in 2 10%
formaldehyde solution, dehydrated in an ascending al-
cohol series, cleared in toluene, and embedded in par-
affin. For histopathological evaluation, paraffin sections
(5 pm) were stained with hematoxylin and eosin and
examined under a photomicroscope (Olympus BX51;
Olympus Corporation). Histopathological evaluation

TABLE 1. Histopathological evaluation criteria

Tissue Histopathological appearance

Ileum e Normal
e Degeneration of surface epithelium and mild
inflammatory cell infiltration
¢ Degeneration of surface and crypt epithelium,
a moderate decrease in the number of goblet
cells with moderate inflammatory cell infiltration
¢ Flattened mucosal villi with a severe decrease
in the number of goblet cells and severe
inflammatory cell infiltration

Liver ¢ Hepatocyte degeneration
¢ Congested and dilated sinusoids

Pancreas e Acinar cell degeneration

e Edema
e Vascular congestion
e Langerhans islet degeneration

was performed by histologists who were blind to the
study groups. Both histologists evaluated and scored
the samples independently, and the results were the
same. In cases that were not compatible, the results were
averaged after discussion between the two researchers.
Modified semiquantitative histopathological criteria
are summarized in Table 1. Histopathological scores
were given as 0, none; 1, mild; 2, moderate; and 3, se-
vere for each criterion. Each criterion was calculated as
the sum of its scores, and in each specimen, at least 5
microscopic areas were examined. The maximum score
calculated was 3 for the ileum, 6 for the liver, and 12 for

the pancreas [35-37].

Statistical Analysis

The statistical analysis were performed using Graph-
Pad Prism 6.0 (GraphPad Software, San Diego, CA).
Groups of data were compared using a one-way analysis
of variance followed by Tukey’s post hoc test. Data were
presented as the mean+S.E.M. at the 95% confidence
level, and p<0.05 was considered statistically significant.
The resource equation method was used to calculate the
sample size [38]. Therefore, in the present study, for the
total sample size (n=30) and an effect size of 0.25, the
statistical power for independent samples was calculated
at 60.7% at the 5% significance level [39].
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FIGURE 1. Tleum tissue: (A) MDA and (B) GSH levels, and
(C) MPO and (D) Na*-K+-ATPase activity in ileum tissues
in the control (C), vehicle, MC-pretreated, and MC-treated
groups.

**: P<0.01; ***: P<0.001 vs. control group; +: P<0.05; ++: P<0.01 vs.
saline treated-IR group. Statistical analysis was performed using ANO-
VA (the mean values with 95% confidence level). MDA: Malondialdehyde;
GSH: Glutathione; MPO: Myeloperoxidase; MC: Myrtus communis; IR: Ir-
radiation.

RESULTS

Biochemical analysis. IR groups showed increased
MDA and MPO levels and decreased GSH and Na*-
K*-ATPase activity in the ileum, pancreas, and liver tis-
sues (p<0.001 vs. control). MC-treated and pretreated
groups showed reversed effects (p<0.01 vs. IR; Fig. 1-3).

Histopathological Analysis

The histological scores among tissues of the experimen-
tal groups are shown in Table 2. Regular ileum mor-
phology of the mucosa with villus formation and not-
mal liver and pancreas parenchyma morphologies were
observed in the control group. By contrast, blunted vil-
lus damage and dilated glandular structures in the ileum
were observed in the IR group. This difference was sig-
nificant from the control (p<0.001). The damage nota-
bly decreased in the ileum tissues in the MC pretreated
(p=0.02) and treated (p=0.01) groups (Fig. 4). In the
pancreas, irregularities and cellular damage in pancreatic
acini, as well as irregularities in cellular organization and
dilatation between cells in the islets of Langerhans, were
observed in the IR group (p<0.001). However, these ef-
fects were reduced in the pretreated and MC-treatment
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FIGURE 2. Pancreatic tissue: (A) MDA and (B) GSH levels,
and (C) MPO and (D) Na+*-K*-ATPase activity in pancreat-
ic tissues in the control (C), vehicle, MC-pretreated, and
MC-treated groups.

**: P<0.01; ***: P<0.001 vs. control group; +: P<0.05; ++: P<0.01,
+++: P<0.001 vs. saline treated-IR group. Statistical analysis was per-
formed using ANOVA (the mean values with 95% confidence level). MDA:

Malondialdehyde; GSH: Glutathione; MPO: Myeloperoxidase; MC: Myrtus
communis; IR: Irradiation.
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FIGURE 3. Liver tissue: (A) MDA and (B) GSH levels, and
(C) MPO and (D) Na*-K+-ATPase activity in liver tissues
in the control (C), vehicle, MC-pretreated, and MC-treated
groups.

*: P<0.05; **: P<0.01; ***: P<0.001 vs. control group; +: P<0.05, ++:
P<0.01; +++: P<0.001 vs. saline treated-IR group. Statistical analysis
was performed using ANOVA (the mean values with 95% confidence lev-

el). MDA: Malondialdehyde; GSH: Glutathione; MPO: Myeloperoxidase; MC:
Myrtus communis; IR: Irradiation.
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TRABLE 2. Histological scores among tissues of the experimental groups

Control IR

MC-Ptx MC-tx

Ileum 0

2.87+0.12*

2.33£0.33** 1.37+0.23W%*

*p<0.001, ep=0.002 and §p=0.01 compared to control; **p=0.02 compared to IR; ***p=0.01 compared to MC-Ptx

Pancreas 0

8.16+0.16*

5.66+0.33e** 4.25+0.25™

*p<0.001, *p<0.001 and Tp<0.001 compared to control; **p=0.002 and *p=0.002 compared to IR

Liver 0

5.83%0.16%

4.5£0.22e*% 4.0+0.36™

*p<0.001, ¢p<0.001 and 'p<0.001 compared to control; **p=0.001 and *p=0.002 compared to IR

IR: Irradiation; MC-PTx: MC-pretreatment; MC-tx: MC treatment.

FIGURE 4. Histopathological results for ileum samples:
Representative photomicrographs of the ileum samples
in the control, IR, MC-pretreated, and MC-treated groups.
(A) Regular villus morphology in the control group; (B)
blunted villus morphology (arrow) and highly dilated
glandular structures (arrowhead) in the IR group; (C)
lengthened villus structures (arrow) and a small number
of dilated mucosal glands (arrowhead) in the MC-pre-
treated and (D) MC-treated groups were observed
through hematoxylin and eosin staining (scale bar, 50
pm; inset in B, 20 pm).

MC: Myrtus communis; IR: Irradiation.

groups (p=0.002) (Fig. 5). In the liver, sinusoidal con-
gestion, deterioration in the organization of the hepat-
ic cords, and hepatocyte damage were observed in the
IR group (p<0.001). A reduction in sinusoidal conges-
tion and a decreased number of damaged hepatocytes
were observed in the MC-pretreatment (p=0.001) and
MC-treatment (p=0.002) groups (Fig. 6).

FIGURE 5. Histopathological results for pancreas samples:
Representative photomicrographs of the pancreas samples
in the control, IR, MC-pretreated, and MC-treated groups.
(A) Regular pancreas parenchyma in the control group;
(B) irregularity and cellular degeneration in the pancreatic
acini (arrowhead) and irregularity and cellular dilatation in
the Langerhans islet (*) in the IR group; (C) cellular de-
generation in the pancreatic acini (arrowhead) in some ar-
eas and regular morphology of the Langerhans islets in the
MC-pretreated and (D) MC-treated groups were observed
through hematoxylin and eosin staining (scale bar, 50 pm;
inset in B, 20 pm).

MC: Myrtus communis; IR: Irradiation.

DISCUSSION

Ionizing radiation generates free radicals, causes cellular
damage through oxidizing molecules, and disrupts antioxi-
dant balance, increasing oxidative and inflammatory mark-

ers (9, 10]. MC is a medicinal plant that has been used
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FIGURE 6. Histopathological results for liver samples: Rep-
resentative photomicrographs of the liver samples in the
control, IR, MC-pretreated, and MC-treated groups. (A)
Regular liver parenchyma in the control group; (B) sinu-
soidal congestion (*) and hepatocyte damage (arrowhead)
in the IR group; (C) decreased sinusoidal congestion (*)
and hepatocyte damage (arrow) in MC-pretreated and (D)
MC-treated groups were observed through hematoxylin
and eosin staining (scale bar, 20 pm).

MC: Myrtus communis; IR: Irradiation.

for centuries due to its antioxidant and anti-inflammatory
properties, which protect against several toxins [21-27].
Previous studies have shown that MC contains high levels
of phenolics (368.68 mg/g) and flavonoids (111.35 mg/g),
including caffeic acid derivatives, ellagic acid, and various
forms of myricetin and quercetin [24, 26]. Its antioxidant
and anti-inflammatory effects have been confirmed by in
vitro and in vivo studies [24-27, 37]. In the present study,
both the pretreated and treated groups of MC decreased
ionizing radiation-induced early injury in gastrointestinal
tissues in the experimental model. It was hypothesized
that MC may protect against radiation-induced oxidative
damage by reducing lipid peroxidation and boosting tissue
GSH levels through its phenolic compounds.

MPO is a product of an increased inflammatory
response and is synthesized in neutrophils and macro-
phages. It is an essential enzyme for normal neutrophil
function, released from stimulated neutrophils and other
tissue-damaging substances [30]. MPO is released by ac-
tivated neutrophils in irradiated tissues, as previously de-
scribed [40,41]. In the present study, MC reduced MPO
activity, especially in the pretreatment group, suggesting
its anti-inflammatory and radioprotective effects. Previ-

ous experimental studies have also demonstrated that
MC reduces serum IL-6 and TNF-0, which play a role
in inflammation and MPO activity [23].

Na*-K*-ATPase is an enzyme that maintains the ho-
meostasis of sodium and potassium ions in cells and op-
erates energy-dependently. Na*-K*-ATPase also demon-
strates intracellular catabolism due to its energy-dependent
nature [42]. Following IR exposure in rats, there is im-
pairment in the function of the Na*-K*-ATPase enzyme,
manifested as decreased sodium binding capacity and a
reduced number of active enzyme molecules [43]. In the
present study, IR was shown to decrease Na*-K*-ATPase
activity. In both the MC pretreated and treated groups,
there was a similar increase in Na*-K*-ATPase activity in
all tissues compared with the control group. In addition,
decreased Na*-K*-ATPase activity is associated with en-
dothelial damage, and MC plant extract is protective [44].

In the present study, radiation-induced damage to vil-
lus and glandular structures was observed in the ileum,
as previously described [35, 40, 41]. Treatment with MC
decreased oxidative damage and histopathological alter-
ations via its strong antioxidative and anti‘inﬂammatory
effects. The radioprotective effect of MC may be due to
its high content of phenolic compounds, which confer
significant antioxidant and anti-inflammatory proper-
ties. Furthermore, as a photochemical, the mechanisms
underlying MC'’s effects may involve direct interactions

with the MAPK and PI-3K pathways [45].

The cerulein-induced pancreatitis model is the most
commonly used experimental model for acute pancreati-
tis. Ceruelin increases inflammatory factors and cellular
and oxidative damage in the pancreas [37]. In the present
study, radiation-induced irregularities and cell damage
in the exocrine pancreatic acinar structures are similar
to those in previous inflammatory models. The patho-
genesis of radiation-induced pancreas damage involves
endothelial cell injury in the microcirculation supply-
ing acinar cells, and ischemia contributes to this injury,
in addition to radiation-induced cell injury [46]. In the
present study, MC demonstrated anti-inflammatory and
protective effects against histopathological damage in the
irradiated pancreatic tissue.

In the present study, IR induced morphological and
histopathological changes in the liver. Furthermore, pre-
vious studies have indicated that a liver biopsy may reveal
endothelial damage, sinusoidal congestion, and paren-
chymal atrophy due to IR [47]. It has been shown that
MC is protective against damage induced by toxins such



736

NorTH CLIN ISTANB

as aflatoxin and carbon tetrachloride toxicity [48]. The
results of the present study have also demonstrated that
MC applications may exhibit hepatoprotective effects
against oxidative stress.

Modern techniques allow for reducing side effects by
limiting the in-field tissues that receive doses during ra-
diotherapy. Despite that, new agents with radioprotective
properties still need to be investigated. Our research group
is currently studying potential radioprotective agents for
this purpose. A previous report from our group showed
that MC ameliorates ionizing radiation-induced oxida-
tive and inflammatory effects in brain tissue, as assessed
biochemically and histopathologically [49]. Hence, these
are the suggestions that MC may be a suitable candidate
for the radioprotection clinic of radiotherapy.

Limitations

The authors chose a single large-fraction model, which
researchers have long preferred for in vivo studies to in-
vestigate radiation-induced normal tissue injury. This
unfractionated procedure offers several advantages, in-
cluding easy set-up, shorter commitment, lower mainte-
nance and housing costs, and the avoidance of anesthesia
requirements before each fraction. However, this model
may not fully mimic fractionated radiotherapy. Another
limitation of the present study was its preclinical nature;
the drug development process must be completed before
MC can enter radiotherapy practice.

Conclusion

The present study demonstrated that MC has radiopro-
tective potential for prophylactic or therapeutic purpos-
es against damage caused by the inflammatory effects of
ionizing radiation in different gastrointestinal tissues. The
results may provide key information regarding the clinical
use of MC as a novel radioprotective agent in the future.

No study has examined the in vitro effects of MC on
irradiated gastrointestinal cells. Similarly, the effects of
MC on critical intracellular molecules in irradiated cells
warrant exploration. Moreover, investigating chronic ef-
fects that require several weeks for procedure via frac-
tionated models may be another subject. The study in-
cludes only a few biochemical markers, so it could also
be expanded to include additional inflammatory markers
such as TNF-a, IL-6, IL-1B, and CCL4. Extending the
studies to other critical tissues affected by radiation inju-
ry, such as bone marrow, lungs, or skin, may help find the
potential protective effects of MC.

The study does not explore the effects of different
doses of Myrtus communis extract, which is critical for
establishing a dose-response relationship. Since this is
the first study of the protective effects of MC against ion-
izing radiation, the main previous dose reported in the
literature was used. Future studies may examine the ra-
dioprotective effects of using MC at different doses. Our
study can be a reference for these studies.

Ethics Committee Approval: This experimental study was ap-
proved by the Marmara University Animal Experiments Local Ethics
Committee (date: 11.01.2022, number: 07.2022).

Conflict of Interest: The authors declare no conflicts of interest.

Financial Disclosure: This study was funded by a research grant
from The Turkish Radiation Oncology Society (grant no. TROD-
GROG-002/2022).

Use of AI for Writing Assistance: Not declared.

Authorship Contributions: Concept — BMA; Design — BMA; Super-
vision — BMA, TTA, FE, AS; Fundings — BMA; Materials — MBK, MPV,
OA, NO, SEP, BE, AS, CC, TTA; Data collection and/or processing —
MBK,MPV, OA; Analysis and/or interpretation — NO, SEP, BE, TTA, CC,
FE; Literature search — MBK, MPV, OA, NO, SEP, BE, AS, CC, TTA, FE,
BMA; Writing — MBK, MBV, OA, NO, SEP, BE, AS, CC, TTA, FE, BMA;
Critical review — MBK, MPV, OA, NO, SEP, BE, AS, CC, TTA, FE, BMA.

Acknowledgments: The authors thank Professor Goksel Sener
from Fenerbahge University for her valuable contributions and guid-
ance. The authors sincerely thank Gizem Bulut, PhD, for their invalu-
able assistance in identifying the plant material.

Peer-review: Externally peer-reviewed.

REFERENCES

1. Dudzinski SO, Newman NB, McIntyre J, Engineer R, Sanford NN,
WoJY, et al. Emerging evidence-based role for external-beam radiation
therapy in hepatocellular carcinoma. Lancet Gastroenterol Hepatol
2025;10:387 -98. [Crossref]

2. Case A, Williams E Prosser S, Hutchings H, Crosby T, Adams R, et al.
Reconsidering the Role of Radiotherapy for Inoperable Gastric Cancer:
A Systematic Review of Gastric Radiotherapy Given with Definitive and
Palliative Intent. Clin Oncol (R Coll Radiol) 2025;37:103693. [Crossref ]

3. Brand DH, Briiningk SC, Wilkins A, Naismith O, Gao A, Syndikus
I, et al. Gastrointestinal Toxicity Prediction Not Influenced by Rectal
Contour or Dose-Volume Histogram Definition. Int J Radiat Oncol
Biol Phys 2023;117:1163-73. [Crossref]

4. Brunner TB, Boda-Heggemann J, Biirgy D, Corradini S, Dieckmann
UK, Gawish A, et al. Dose prescription for stereotactic body radio-
therapy: general and organ-specific consensus statement from the DE-
GRO/DGMP Working Group Stereotactic Radiotherapy and Radio-
surgery. Strahlenther Onkol 2024;200:737-50. [Crossref]

5. Berntsson H, Thien A, Hind D, Stewart L, Mahzabin M, Tung WS,
et al. Interventions for Managing Late Gastrointestinal Symptoms Fol-
lowing Pelvic Radiotherapy: A Systematic Review and Meta-analysis.
Clin Oncol (R Coll Radiol) 2024;36:318-34. [Crossref]

6. Yang Q, Qin B, Hou W, Qin H, Yin F. Pathogenesis and therapy of radi-
ation enteritis with gut microbiota. Front Pharmacol 202314:1116558.


https://doi.org/10.1016/S2468-1253(24)00267-X
https://doi.org/10.1016/j.clon.2024.103693
https://doi.org/10.1016/j.ijrobp.2023.07.002
https://doi.org/10.1007/s00066-024-02254-2
https://doi.org/10.1016/j.clon.2024.02.011

Bagci Kilic et al., Myrtus communis protects against ionizing radiation-induced gastrointestinal damage in rats

737

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23,

24.

Jooya A, Ly S, Dawson L, Moreira A, Stanescu T, Velec M, et al. Pa-
tient-Reported Quality-of-Life Outcomes After Abdominopelvic Ste-
reotactic Body Radiation Therapy (SBRT) Using an MR-Linac Sys-
tem. Int ] Radiat Oncol Biol Phys 2025;122:770-5. [Crossref]

Lawrie TA, Green JT, Beresford M, Wedlake L, Burden S, Davidson
SE, et al. Interventions to reduce acute and late adverse gastrointestinal
effects of pelvic radiotherapy for primary pelvic cancers. Cochrane Da-
tabase Syst Rev 2023;1:CD012529.

McKelvey KJ, Hudson AL, Back M, Eade T, Diakos CI. Radiation,
inflammation, and the immune response in cancer. Mamm Genome
2018;29:843-65. [Crossref]

Saini S, Gurung P. A comprehensive review of sensors of radiation-in-
duced damage, radiation-induced proximal events, and cell death. Im-
munol Rev 2025;329:e134009. [Crossref]

Hauer-Jensen M, Denham JW, Andreyev HJ. Radiation enteropa-
thy--pathogenesis, treatment, and prevention. Nat Rev Gastroenterol
Hepatol 2014;11:470-9. [Crossref]

Andreyev HJN, Muls AC, Shaw C, Jackson RR, Gee C, Vyoral S, et al.
Guide to managing persistent upper gastrointestinal symptoms during
and after treatment for cancer. Frontline Gastroenterol 2017;8:295-
323. [Crossref]

Pathak R, Shah SK, Hauer-Jensen M. Therapeutic potential of natural
plant products and their metabolites in preventing radiation enterop-
athy resulting from abdominal or pelvic irradiation. Int J Radiat Biol
2019;95:493-505. [Crossref]

Faramarzi S, Piccolella S, Manti L, Pacifico S. Could polyphenols really
be a good radioprotective strategy? Molecules 2021;26:4969. [Crossref]
Prades-Sagarra E, Yaromina A, Dubois LJ. Polyphenols as potential
protectors against radiation-induced adverse effects in patients with
thoracic cancer. Cancers (Basel) 2023;15:2412. [Crossref]

Mashadi Akbar Boojar M. An overview of the cellular mechanisms of fla-
vonoids' radioprotective effects. Adv Pharm Bull 2020;10:13-9. [Crossref ]
Haminiuk CWI, Maciel GM, Plata-Oviedo MSV, Peralta RM. Pheno-
lic compounds in fruits - an overview. Int ] Food Sci Tech 2012;47:2023-
44, [Crossref]

Lin D, Xiao M, Zhao J, Li Z, Xing B, Li X, et al. An Overview of Plant
Phenolic Compounds and Their Importance in Human Nutrition and
Management of Type 2 Diabetes. Molecules 2016;21:1374. [Crossref]
Mun GI, Kim S, Choi E, Kim CS, Lee YS. Pharmacology of natural ra-
dioprotectors, Arch Pharm Res 2018;41:1033-50. [Crossref]

Begum N, Rajendra Prasad N, Kanimozhi G, Agilan B. Apigenin pre-
vents gamma radiation-induced gastrointestinal damage by modulat-
ing inflammatory and apoptotic signalling mediators. Nat Prod Res
2022,36.1631‘5‘ [Crossref]

Dabbaghi MM, Fadaei MS, Soleimani Roudi H, Baradaran Rahimi V,
Askari VR, A review of the biological effects of Myrtus communis. Physi-
ol REP 2023,111615770‘ [Crossref ]

Belahcene S, Kebsa W, Omoboyowa DA, Alshihri AA, Alelyani M, Bakk-
our Y, et al. Unveiling the Chemical Profiling Antioxidant and Anti-Inflam-
matory Activities of Algerian Myrtus communis L. Essential Oils and Ex-
ploring Molecular Docking to Predict the Inhibitory Compounds against
Cyclooxygenase-2. Pharmaceuticals (Basel) 2023;16:1343. [Crossref]

Maxia A, Frau MA, Falconieri D, Karchuli MS, Kasture S. Essential
oil of Myrtus communis inhibits inflammation in rats by reducing serum
IL-6 and TNF-alpha. Nat Prod Commun 2011;6:1545-8. [Crossref]
Arslan S, Ozcan O, Giirel-Gokmen B, Cevikelli-Yakut ZA, Saygi HI,
Sen A et al. Myrtle improves renovascular hypertension-induced oxida-
tive damage in heart, kidney, and aortic tissue. Biologia 2022;77:1877-
88. [Crossref]

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Kanpalta Mustafaoglu E Ertas B, Sen A, Akakin D, Sener G, Ercan F.
Myrtus communis L. Extract Ameliorates High Fat Diet-Induced Kid-
ney and Bladder Damage by Inhibiting Oxidative Stress and Inflamma-
tion. Eur J Biol 2022;81:217-30. [Crossref]

Sen A, Yiiksel M, Bulut G, Bitis L, Ercan E Ozyilmaz-Yay N, et al.
Therapeutic Potential of Myrtus communis subsp. communis Extract
Against Acetic ACID-Induced Colonic Inflammation in Rats. ] Food
Biochem 2017;41:e12297. [Crossref]

Sen A, Ozkan S, Recebova K, Cevik O, Ercan E Kervancioglu et al.
Effects of Myrtus communis extract treatment in bile duct ligated rats.J
Surg Res 2016;05:359-67. [Crossref]

Buege JA, Aust SD. Microsomal lipid peroxidation. Methods Enzymol
1978;52:302-10. [Crossref]

Beutler E. Glutathione in red cell metabolism. In: Beutler E(ed.). A
manual of biochemical methods. 2nd ed. New York: Grune & Stratton;
1975 p. 112-4.

Hillegass LM, Griswold DE, Brickson B, Albrightson-Winslow C. As-
sessment of myeloperoxidase activity in whole rat kidney. ] Pharmacol
Methods. 1990;24:285-95. [Crossref ]

Reading HW, Isbir T. The role of cation-activated AT Pase in transmit-
ter release from the art iris. Q J Exp Physiol 1980;65:105-16. [Crosstef]
Fiske CH, Subbarow Y. The colorimetric determination of phosphorus.
] Biol Chem 1925;66:375-400. [Crossref]

Lowry OH, Rosenbrough NJ, Farr AL, Randall R]. Protein measure-
ments with the folin phenol reagent. ] Biol Chem 1951;193:265-75.
[Crossref]

Bancraft JD, Gamble M. Theory and practice of histological techniques:
Hematoxylins and Eosin 6th. ed. Philadelphia: Elsevier; 2008. p.121-
34, [Crossref]

Deniz M, Atasoy BM, Dane E, Can G, Erzik C, Cetinel $, et al. Radia-
tion-induced oxidative injury of the ileum and colon is alleviated by glu-
cagon-like peptide-1 and -2.] Rad Res App Sci 2015;8:234-42. [Crossref]
()zyurt H, Ozden AS, Cevik 0O, Ozgen Z, Cadirc1 S, Elmas MA, et al.
Investigation into the role of the cholinergic system in radiation-induced
damage in the rat liver and ileum. ] Radiat Res 2014;55:866-75. [Crosstef]
Ozbeyli D, Sen A, Cilingir Kaya OT, Ertas B, Aydemir S, Ozkan N, et
al. Myrtus communis leaf extract protects against cerulein-induced acute
pancreatitis in rats. ] Food Biochem 2020;44:e13130. [Crossref]

Arifin WN, Zahiruddin WM. Sample Size Calculation in Ani-
mal Studies Using Resource Equation Approach. Malays ] Med Sci
2017;24:101-5. [Crossref]

Arslan AK, Yasar S, Colak C, Yologlu, S. WSSPAS: An Interactive
Web Application for Sample Size and Power Analysis with R Using
Shiny. Turkiye Klinikleri J Biostat 2018;10:224-46. [Crossref]

Atasoy BM, Giingor-Giilliioglu M, Abacioglu U, Deniz M, Sengéz M,
Yegen B. Granulocyte colony stimulating factor ameliorates radiation
induced morphological destruction of intestinal mucosa in rats. Mar-
mara Med ] 2008;21:1-6.

Atasoy BM, Deniz M, Dane E Ozen Z, Turan P, Ercan F et al. Pro-
phylactic feeding with immune-enhanced diet ameliorates chemo-
radiation-induced gastrointestinal injury in rats. Int J Radiat Biol
2010;86:867-79. [Crossref]

Fedosova NU, Habeck M, Nissen P. Structure and Function of
Na K-ATPase-The Sodium-Potassium Pump. Compr Physiol.
2021,12:2659‘79. [Crossref]

Kalo¢ayovd B, Kovaticovd I, Radosinskd J, Téthovd i, Jag-
masevié-Mézesovd L, Fiilsp M, et al. Alteration of renal Na*K*-AT-
Pase in rats following the mediastinal y-irradiation. Physiol Rep
2019}72613969. [Crossref]


https://doi.org/10.1016/j.ijrobp.2025.03.052
https://doi.org/10.1007/s00335-018-9777-0
https://doi.org/10.1111/imr.13409
https://doi.org/10.1038/nrgastro.2014.46
https://doi.org/10.1136/flgastro-2016-100714
https://doi.org/10.1080/09553002.2018.1552374
https://doi.org/10.3390/molecules26164969
https://doi.org/10.3390/cancers15092412
https://doi.org/10.15171/apb.2020.002
https://doi.org/10.1111/j.1365-2621.2012.03067.x
https://doi.org/10.3390/molecules21101374
https://doi.org/10.1007/s12272-018-1083-6
https://doi.org/10.1080/14786419.2021.1893316
https://doi.org/10.14814/phy2.15770
https://doi.org/10.3390/ph16101343
https://doi.org/10.1177/1934578X1100601034
https://doi.org/10.1007/s11756-022-01039-1
https://doi.org/10.26650/EurJBiol.2022.1111191
https://doi.org/10.1111/jfbc.12297
https://doi.org/10.1016/j.jss.2016.06.094
https://doi.org/10.1016/S0076-6879(78)52032-6
https://doi.org/10.1016/0160-5402(90)90013-B
https://doi.org/10.1113/expphysiol.1980.sp002495
https://doi.org/10.1016/S0021-9258(18)84756-1
https://doi.org/10.1016/S0021-9258(19)52451-6
https://doi.org/10.1016/B978-0-443-10279-0.50016-6
https://doi.org/10.1016/j.jrras.2015.01.010
https://doi.org/10.1093/jrr/rru039
https://doi.org/10.1111/jfbc.13130
https://doi.org/10.21315/mjms2017.24.5.11
https://doi.org/10.5336/biostatic.2018-62787
https://doi.org/10.3109/09553002.2010.487026
https://doi.org/10.1002/cphy.c200018
https://doi.org/10.14814/phy2.13969

738

NorTH CLIN ISTANB

44.

45.

46.

47.

Cevikelli-Yakut ZA, Ertas B, Sen A, Koyuncuoglu T, Yegen BC,
Sener G. Myrtus communis improves cognitive impairment in reno-
vascular hypertensive rats. ] Physiol Pharmacol 2020;5:665-77.
Garg AK, Buchholz TA, Aggarwal BB. Chemosensitization and
radiosensitization of tumors by plant polyphenols. Antioxid Redox
Signal 2005;7‘1630‘47. [Crossref]

Yilmaz H, Mercantepe F, Tumkaya L, Mercantepe T, Yilmaz A,
Yilmaz Rakici S. The potential antioxidant effect of N-acetylcyste-
ine on X-ray ionizing radiation-induced pancreas islet cell toxicity.
Biochem Biophys Res Commun 2023;10:149154. [Crossref]

Kim J, Jung Y. Radiation-induced liver disease: current understand-

48.

49.

ing and future perspectives. Exp Mol Med 2017;49:e359. [Crossref]
Ben Hsouna A, Dhibi S, Dhifi W, Mnif W, Ben Nasr H, Hfaiedh
N, et al. Chemical composition and hepatoprotective effect of es-
sential oil from Myrtus communis L. flowers against CCL(4)-in-
duced acute hepatotoxicity in rats. RSC Adv 2019;9:3777-87.
[Crossref]

Aslan D, Alan B, Ozyllmaz Yay N, Yilmaz Karaoglu S, Ertas B, Sen
A, et al. Neuroprotective effect of Myrtus communis against ioniz-
ing radiation-induced brain injury: Insights from histopathological
and biochemical analysis in rats: TROD-GROG 005. ] Rad Res
APP Sci 2024;17:4. [Crossref]


https://doi.org/10.1089/ars.2005.7.1630
https://doi.org/10.1016/j.bbrc.2023.149154
https://doi.org/10.1038/emm.2017.85
https://doi.org/10.1039/C8RA08204A
https://doi.org/10.1016/j.jrras.2024.101082

