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Abstract
Objectives: Oral mucositis is a significant toxicity related to the mammalian target of rapamycin inhibitor everolimus. Oxidative stress and pro-inflammatory cytokines, which contribute to treatment-related mucositis, can be
targeted with Hippophae rhamnoides extract (HRE). Herein, we assessed the effects of HRE on everolimus-induced
mucositis in rats.
Methods: Eighteen rats were equally divided into healthy, everolimus, and everolimus plus HRE groups. Malondialdehyde (MDA) and total glutathione (tGSH) levels along with interleukin-1 beta (IL-1β) and tumor necrosis factor-alpha
(TNF-α) gene expression levels were measured in the tongue and buccal mucosa tissues of all groups, histopathological
changes were also evaluated. We tested the significance of variations with one-way variance analysis. We also analyzed
the differences between groups with Kruskal–Wallis test and Mann–Whitney U-test.
Results: HRE significantly decreased MDA and increased tGSH levels and reduced IL-1β and TNF-α gene expression in
both tissues administered everolimus (p<0.001 for each). Histological examination revealed that HRE improved epithelial formation and keratinization, disrupted by everolimus, and alleviated everolimus-related mononuclear cell infiltration (p<0.05 for each).
Conclusion: In light of these results, HRE may be a promising agent to manage oral mucositis caused by everolimus,
given the lack of effective therapeutic options for this type of adverse event.
Keywords: Everolimus, hippophae rhamnoides, oral mucositis
Cite This Article: Akagunduz B, Ozer M, Demircan NC, Ozcicek F, Semiz HS, Gezer A, et al. Everolimus-induced oral mucositis
can be prevented by hippophae rhamnoides extract in rats. EJMI 2021;5(1):81–88.

Address for correspondence: Muhammet Ozer, MD. Department of Internal Medicine, Capital Health Regional Medical Center, NJ, USA
Phone: +12816769087 E-mail: muh.ozer@gmail.com
Submitted Date: January 20, 2021 Accepted Date: March 11, 2021 Available Online Date: April 02, 2021
©
Copyright 2021 by Eurasian Journal of Medicine and Investigation - Available online at www.ejmi.org
OPEN ACCESS This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.

82

Akagunduz et al., Oral Mucositis Prevention with Antioxidant Plant / doi: 10.14744/ejmi.2021.60963

E

verolimus is an inhibitor of mammalian target of rapamycin (mTOR) kinase that controls several signaling pathways affecting cancer growth and survival and is
widely used for different types of cancers (renal cell cancer,
pancreatic neuroendocrine tumors, and breast cancer).[1,2]
Oral mucositis is a common adverse event (AE) associated
with mTOR inhibitors.[3] During everolimus treatment, the
incidence of oral mucositis was reported 58% in the general population and 81% in Asians.[4] The mechanism of
mTOR inhibitor-induced oral mucositis is unclear.[5-7] So far,
there is no experimental study in the literature showing a
relationship between everolimus-induced oral mucositis
and inflammation due to oxidative stress. However, several
studies reported that tumor necrosis factor-alpha (TNF-α)
and interleukin-1 beta (IL-1β) could contribute to mucositis
associated with conventional chemotherapy.[8] Besides, the
increase in the malondialdehyde (MDA) level, and the decrease in the total glutathione (tGSH) level in mucositis, was
found associated with oxidative stress and inflammation.
[9]
Topical, oral, intralesional, and systemic treatments may
be beneficial for oral lesions related to mTOR inhibitors.[10]
Hippophae rhamnoides extract (HRE) has anti-inflammatory, antioxidant, antiulcerogenic, antimicrobial effects. H.
rhamnoides L. plant, which belongs to the Elaeagnaceae
family, includes carotenoids (α, β, and γ), riboflavin, Vitamin
C, tocopherol, tocotrienol, folic acid, tannin, and fatty acids.[11,12] Kuduban et al. reported that HRE protects buccal
mucosa, tongue, and lip tissue through preventing an increase in oxidant and pro-inflammatory cytokines as well
as a decrease of antioxidants.[13] To the best of our knowledge, HRE’s protective effects against everolimus-induced
oral mucositis have not been studied in the literature. In
this study, we aimed to assess the histopathological and
biochemical effects of HRE on everolimus-induced oral mucositis in rats.

Methods
Animals
A total of 18 male albino Wistar rats, which weighed between 265 and 275 g, supplied by our institution’s Medical
Experiments Application and Research Center, were used
in the study. We equally divided the rats into three groups
and kept them in cages in a ventilated room with a 12 h
light/12 h dark period. Temperature constantly was 22°C
with free access to food and water. We performed our experiment according to the National Guidelines for the Use
and Care of Laboratory Animals. Our institution’s local animal ethics committee approved our study (Ethics Committee No.: 2020/47, dated April 16, 2020).

Chemical Agents
Everolimus supplied from Novartis-Turkey, thiopental sodium from I.E., Ulagay-Turkey, and H. rhamnoides extract
from TOV DKP Pharmaceutical Factory-Ukraine (76002, Ivano-Frankovsk st.30 Nadvirnianska).

Experimental Groups
We divided our albino Wistar rats into three equal groups
(n=6) as a healthy group (HG), everolimus group (EVR), and
everolimus + HRE group (HREL).

Experimental Procedure
Everolimus was given to EVR and HREL groups at a dose of
2 mg/kg by oral gavage into the stomach. One hour after
everolimus administration, two drops of HR extract (each
drop contain 0.57 mg of HR extract) were given to the HREL
group by gavage into the oral cavity 3 times a day. Similarly,
distilled water was given to EVR and HG groups as a solvent. We repeated this procedure once a day for 4 weeks. In
the end, all rats were sacrificed with a high dose of thiopental sodium anesthesia. Tongue and buccal mucosa tissues
of the rats were removed to measure the MDA and tGSH
levels. We also assessed the gene expression of IL-1β and
TNF-α.

Biochemical Analysis
For biochemical analysis, tongue and buccal mucosa tissue
homogenates were prepared. From each tissue, 0.2 g of the
sample was taken. We determined the tGSH and MDA levels
obtained from these homogenates based on the literature.
We homogenized the tissues in ice-cold phosphate buffers
(50 mM, pH 7.4) that were appropriate for the variable to be
measured. We centrifuged the tissue homogenates at 5000
rpm for 20 min at 4°C, and subsequently, we extracted the
supernatants to analyze tGSH and MDA. All spectrophotometric measurements were performed through a microplate reader (BioTek, USA).

Analysis of MDA
Quantitative analysis of MDA was based on the approach
used by Ohkawa et al., related to the spectrophotometrical measurement of absorbance of the pink-colored complex formed by thiobarbituric acid and MDA.[14] The tissue
homogenate sample (25 µL) was added to a solution containing 25 µL of 80 g/L sodium dodecyl sulfate and 1 mL
mixture solution (200 g/L acetic acids + 1.5 mL of 8 g/L
2-thiobarbiturate). We incubated the mixture at 95°C for
1 h. After cooling, we added 1 mL of n-butanol:pyridine
(15:1). Subsequently, we vortexed the mix for 1 min and
centrifuged for 10 min at 4000 rpm. We measured the
supernatant’s absorbance at 532 nm. The standard curve
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was obtained by the usage of 1,1,3,3-tetramethoxypropane.

Analysis of tGSH
Complete glutathione analyzes were evaluated using the
method defined by Sedlak et al.[15] 5,5'dithiobis [2nitrobenzoic acid]) disulfide (DTNB) is chromogenic in the medium,
and DTNB is reduced using sulfhydryl groups without any
problems. We measured the yellow coloration in the course
of reduction through spectrophotometry at 412 nm. For
measurement, a cocktail solution composed of 5.85 mL
100 mM Na-phosphate buffer, 2.8 mL 1 mM DTNB, 3.75 mL
1 mM NADPH, and 80 µL 625 U/L glutathione reductase
was prepared. As deproteinization, we added 0.1 mL metaphosphoric acid to 0.1 mL tissue homogenate and centrifuged for 2 min at 2000 rpm. We added the 0.15 mL cocktail
solution to 50 µL of supernatant. The standard curve was
obtained using GSSG.

for 1 h, followed by cooling at 40°C for 30 s. Quantitative
PCR analysis and quantification cycle (Cq) values for relative quantification were performed with Light Cycler 480
Software, version 1.5 (Roche). We calculated the quantitative amounts by dividing target genes by the expression
level of the reference gene. We used the reference gene for
the normalization of target gene expression.

Histopathological Examination
Necropsies of the rats were performed, and the tongue
and buccal mucosa samples were taken into 10% buffered
formalin solution. Samples were then routinely followed
and embedded into paraffin blocks. Sections of 5 μm taken
from blocks onto slides were examined under a light microscope after staining with hematoxylin-eosin. The epithelial
formation, keratinization, and mononuclear cell infiltration
were each assessed as absent (0), mild (1), moderate (2),
and severe (3).

Gene Expression of IL-1β and TNF-α

Statistical Analysis

RNA Isolation

We performed statistical analyses using Windows version
19.0 of the Statistical Package for the Social Sciences (IBM
Corp. Released 2010. IBM SPSS Statistics for Windows, version 19.0. Armonk, NY: IBM Corp.). We calculated the descriptive statistics for each variable. The mean±standard deviation (SD) is listed as continuous variables. We used one-way
variance analysis (ANOVA), followed by the Tukey test to determine the variations between groups. In histopathological
findings, differences between groups were determined with
the Kruskal–Wallis test and the Mann–Whitney U-test. We
used the paired t-test to analyze the statistical differences
between groups for body weight changes of the rats. P<0.05
was considered statistically significant.

We isolated the RNA from the homogenized tongue and
buccal mucosa samples using the Roche Magna Pure Compact LC device (Roche, Mannheim, Germany) with MagNA
Pure LC RNA Kit (Roche). We assessed the quantity and
quality of the isolated RNA with a nucleic acid measurement device (Maestro, Nano). We stored the RNA samples
at –80°C.

cDNA Synthesis
We synthesized cDNA from the isolated RNA samples using
the Transcriptor First Strand cDNA Synthesis Kit (Roche).
For each subject, 1 μl of ddH2O, 10 μl of RNA, and 2 μl of
random primer were combined and incubated in a thermal
cycler for 10 min at 65°C. After incubation, we added 4 μl of
reaction buffer, 0.5 μl of RNAase, 2 μl of deoxynucleotide
mix, and 0.5 μl of reverse transcriptase. The incubation period was 10 min at 25°C, 30 min at 55°C and 5 min at 85°C,
and then held at 4°C.

Evaluation of quantitative gene expression by real-time polymerase chain reaction (PCR)
The gene expression of IL-1β and TNF-α and the reference
gene (G6PD) was analyzed for each cDNA sample using the
Roche LightCycler 480 II Real-Time PCR instrument. PCRs
were recorded in a final volume of 20 μl:5 μl of cDNA, 3 μl
of distilled water, 10 μl of LightCycler 480 Probes Master
(Roche), and 2 μl primer probe set (Real-Time Ready single
assay, Roche). The relative quantitative PCRs cycle conditions were pre-incubated at 95°C for 10 min followed by
45 amplification cycles of 95°C for 10 s, 6°C for 30 s, 72°C

Results
Biochemical Results
The biochemical results of tongue tissue are shown in
Table 1. As illustrated in Figure 1, everolimus significantly increased the MDA level in rat tongue tissue than HG
(p<0.001). HRE also remarkably inhibited the everolimusrelated increase of MDA in tongue tissue (p<0.001). There
was a substantial difference in MDA levels between EVR
and HG groups, while levels of MDA were almost the same
between HREL and HG groups. Compared with HREL and
HG, everolimus substantially reduced tGSH in the tongue
tissue (p<0.001) (Fig. 1). HRE significantly inhibited the
everolimus-induced decrease of tGSH levels in rats’ tongue
tissue (p<0.001). IL-1β and TNF-α gene expression levels were higher in tongue tissue of the rats that received
everolimus than the HG and HREL (p<0.001) (Fig. 2).
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Figure 1. The effects of HRE on MDA and tGSH levels in tongue tissue
of rats given everolimus. Bars indicate mean values±standard deviation. The HG is compared with the EVR and HREL groups.

Figure 3. The effects of HRE on MDA and tGSH levels in buccal mucosa tissue of rats given everolimus. Bars indicate mean values±standard deviation. The HG is compared with the EVR and HREL groups.

MDA: Malondialdehyde, tGSH: Total glutathione, HG: Healthy group, EVR: Everolim-

MDA: Malondialdehyde, tGSH: Total glutathione, HG: Healthy group, EVR: Everolim-

us group, HREL: Everolimus+Hippophae rhamnoides extract group.

us group, HREL: Everolimus+Hippophae rhamnoides extract group.

Figure 2. The effects of HRE on TNF-α and IL-1β gene expression levels in tongue tissue of rats given everolimus. Bars indicate mean values±standard deviation. The HG is compared with the EVR and HREL
groups.

Figure 4. The effects of HRE on TNF-α and IL-1β gene expression
levels in buccal mucosa tissue of rats given everolimus. Bars indicate
mean values±standard deviation. The healthy group is compared
with the EVR and HREL groups.

TNF-α: Tumor necrosis factor alpha, IL-1β: Interleukin-1 beta, HG: Healthy group,

TNF-α: Tumor necrosis factor alpha, IL-1β: Interleukin-1 beta, HG: Healthy group,

EVR: Everolimus group, HREL: Everolimus+Hippophae rhamnoides extract group.

EVR: Everolimus group, HREL: Everolimus+Hippophae rhamnoides extract group.

The biochemical results of buccal mucosa tissue are illustrated in Table 2. Everolimus increased the level of MDA
in buccal mucosa tissue compared to HG. HRE decreased
the level of MDA in the HREL group (p<0.001). We found a
significant difference in MDA levels between EVR and HG
groups (p<0.001). The MDA levels were similar between
HREL and HG groups. Everolimus significantly reduced
tGSH levels in buccal mucosa compared to HG and HREL
groups (p<0.001). HRE significantly inhibited the decrease
of tGSH levels in the HREL group (p<0.001) (Fig. 3). IL-1β
and TNF-α gene expression levels were higher in rats’ buccal mucosa tissue that received everolimus, compared to
the HG and HREL groups (p<0.001) (Fig. 4).

Histopathological Findings
At the time of sacrificing the rats, we detected that body
weight was increased from baseline in the HG group. However, bodyweight was decreased from baseline in the EVR
and HREL groups (Table 3).
The tongue and buccal mucosa tissues of rats in the HG
appeared normal on histological examination (Fig. 5). In
the tongue and buccal mucosa tissues of rats from the
EVR group, epithelial formation and keratinization were
impaired, and mononuclear cell infiltration was severe.
Epithelial formation and keratinization were normal, and
mononuclear cell infiltration was mild in the tongue and
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Table 1. Biochemical results of tongue tissue
		

HG (n=6)		

EVL (n=6)		

HREL (n=6)

		

Mean±SD

Median (Min-Max)

Mean±SD

Median (Min-Max)

Mean±SD

Median (Min-Max)

MDA (µmol/g protein)
tGSH (nmol/g protein)
TNF-α (Pg/ml)
IL-1β (Pg/ml)

2.32±0.09**
9.38±0.44**
3.22±0.09**
1.83±0.09**

2.31 (2.21–2.48)
9.45 (8.87–9.85)
3.19 (3.16–3.41)
1.82 (1.7–1.97)

6.7±0.16
3.82±0.13
8.41±0.14
4.78±0.14

6.72 (6.47–6.92)
3.83 (3.67–4)
8.37 (8.3–8.66)
4.77 (4.62–4.97)

2.96±0.12**
8.19±0.07**
3.86±0.32**
2.17±0.05**

2.91 (2.82–3.13)
8.2 (8.11–8.31)
3.76 (3.55–4.3)
2.19 (2.11–2.22)

**P<0.001 compared to EVL. HG: Healthy group, EVR: Everolimus group, HREL: Everolimus+Hippophae rhamnoides extract group,
MDA: Malondialdehyde, tGSH: Total glutathione, TNF-α: Tumor necrosis factor-α, IL-1β: Interleukin-1β.

Table 2. Biochemical results of buccal mucosa tissue
???

HG (n=6)		

EVR (n=6)		

HREL (n=6)

		

Mean±SD

Median (Min-Max)

Mean±SD

Median (Min-Max)

Mean±SD

Median (Min-Max)

MDA (µmol/g protein)
tGSH (nmol/g protein)
TNF-α (Pg/ml)
IL-1β (Pg/ml)

1.49±0.32**
5.4±0.51**
1.46±0.46**
1.84±0.11**

1.5 (1.12–1.88)
5.51 (4.66–5.95)
1.2 (1.12–2.1)
1.87 (1.69–1.98)

4.34±0.4
2.22±0.13
4.14±0.1
5.39±0.38

4.15 (4.05–5.1)
2.25 (2–2.35)
4.1 (4–4.31)
4.9 (4.78–5.79)

2.11±0.42**
4.86±0.14**
1.75±0.3**
2.09±0.19**

1.93 (1.77–2.82)
4.89 (4.66–5)
1.89 (1.31–2)
2.05 (1.83–2.31)

**P<0.001 compared to EVL. HG: Healthy group, EVR: Everolimus group, HREL: Everolimus+Hippophae rhamnoides extract group,
MDA: Malondialdehyde, tGSH: Total glutathione, TNF-α: Tumor necrosis factor-α, IL-1β: Interleukin-1β.

Table 3. Body weight changes of the rats during the study
Groups
HG
EVR
HREL

Body weight (g) – initial

Body weight (g) – end of experiment

p

268.7±2.8
270.5±1.5
269

275±1.9
264±3.2
272.5±4.5

<0.001
<0.001
0.161

HG: Healthy group, EVR: Everolimus group, HREL: Everolimus+Hippophae rhamnoides extract group.

a

b

Figure 5. Normal histological appearance of (a) tongue and (b) buccal mucosa tissue in healthy group.
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Table 4. Histopathological results. Significant statistical difference was observed between all three study groups (*,**,***p<0.05)
Group
HG
EVR
HREL

Epithelization

Keratinization

Mononuclear cell infiltration

2.83±0.40*
1.33±0.51**
2.66±0.51***

2.83±0.40*
1.33±0.51**
2.66±0.51***

0.00±0.00*
2.66±0.51**
1.16±0.40***

HG: Healthy group, EVR: Everolimus group, HREL: Everolimus+Hippophae rhamnoides extract group.

a

b

c

d

e

f

Figure 6. (a and b) Mild epithelization (e) severe mononuclear cell infiltration (arrowhead) in tongue tissue (EVR group). C. Mild keratinization
(arrow) in buccal mucosa tissue (EVR group). (d and e). Severe epithelization (e) and mild mononuclear cell infiltration (arrowhead) in tongue
tissue (HREL group). (f ) Severe keratinization (arrow) in buccal mucosa tissue (HREL group).

buccal mucosa tissues of rats from the HREL group (Fig. 6).
Statistically significant difference was found among groups
in terms of all histopathological features (p<0.05) (Table 4).

Discussion
Mucositis is an inflammatory process that is a common AE
during cytotoxic chemotherapy and radiotherapy, but it can
also be caused by targeted agents and, in particular, mTOR
inhibitors. Our study revealed that everolimus-induced oxidative stress caused an increase in the expression of pro-inflammatory cytokines and led to histopathological decomposition in the tongue and buccal mucosa tissues of rats. We
also demonstrated that these effects were antagonized by
HRE, dosed as two drops 3 times a day. To the best of our
knowledge, this is the first study showing everolimus-related
oxidative stress and the protective effect of HRE in rats. In the
literature, the pathogenesis of chemotherapy or radiothera-

py-induced oral mucositis is well described.[16] From the perspective of chemotherapy, this involves changes in levels of
oxidant and antioxidant products MDA and tGSH in mucositis related to agents such as 5-fluorouracil and irinotecan.
[17,18]
In contrast, mTOR inhibitors were associated with a rare
form of oral mucosal injury, which is becoming frequent AEs
related to anticancer therapies.[6,19] In an experimental study,
Kezic et al. demonstrated that everolimus might decrease
cytoprotective capacity in kidneys and causing ischemic
reperfusion injury due to the promotion of oxidative stress.
[20]
Biochemical results of our study supported this view, indicating that everolimus increased levels of MDA, which is
an oxidant product, and decreased the levels of tGSH known
as an antioxidant product, in the tongue and buccal mucosa
tissues of rats. On the other hand, HRE was shown to reduce
MDA levels and augment tGSH. Thus, HRE may be a therapeutic tool for everolimus-induced oral mucositis, which un-
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derstandably impairs quality of life in treated patients and
for which interventions have only been palliative so far.
Inflammation can contribute to the mucosal damage
caused by anticancer therapies. This occurs mainly through
stimulation of pro-inflammatory cytokines TNF-α and IL-1β,
which was demonstrated with irinotecan and everolimus
in animal models.[20,21] Our results were in line with this observation as everolimus caused an increase in expression
of TNF-α and IL-1β genes in the tongue and buccal mucosa
tissues of rats. These were ameliorated with HRE, which implies that it can exert anti-inflammatory effects by decreasing pro-inflammatory cytokines and therefore carries the
therapeutic potential for everolimus-related stomatitis.
Histopathological alterations can be seen in chemotherapy- and radiation-induced mucositis, mainly in the form of
epithelial thickness change and lymphocyte infiltration.[22]
Mucositis in the oral cavity generally damages non-keratinized mucosa (i.e., cheeks and the floor of mouth), but it
can also affect keratinized mucosa (loss of filiform papillae
in dorsal tongue).[23] In our study, remarkable histological
changes associated with everolimus were impairment of
epithelization and keratinization along with severe mononuclear cell infiltration; all of them were significantly reversed by the addition of HRE.

Conclusion
We found that HRE protects buccal and tongue tissue
against mucosal damage related to everolimus, principally
reducing oxidative stress and inflammation. HRE can be a
potential treatment for everolimus-induced mucositis, especially considering that there is no effective intervention
established yet. Additional studies may be useful in understanding the generalizability of our results.
Disclosures
Ethics Committee Approval: Our institution’s local animal ethics
committee approved our study (Ethics Committee No: 2020/47,
dated April 16, 2020).
Peer-review: Externally peer-reviewed.
Conflict of Interest: The authors have no conflicts of interest.
Authorship Contributions: Concept – B.A., M.O., N.C.D., F.O.,
H.S.S., A.G.; Design – B.A., M.O., I.C., B.S., H.S.; Supervision – B.A.,
M.O., B.S, H.S.; Materials – B.A., M.O.; Data collection &/or processing – B.A., M.O., N.C.D.; Analysis and/or interpretation – B.A., M.O.,
F.O.; Literature search – B.A., M.O., Writing – B.A., M.O., N.C.D., F.O.,
H.S.S., A.G.; Critical review – B.A., M.O., B.S, H.S.

References
1. Perl A. mTOR activation is a biomarker and a central pathway
to autoimmune disorders, cancer, obesity, and aging. Ann N Y

87

Acad Sci 2015;1346:33–44.
2. Boers-Doets CB, Raber-Durlacher JE, Treister NS, Epstein JB,
Arends AB, Wiersma DR, et al. Mammalian target of rapamycin inhibitor-associated stomatitis. Futur Oncol 2013;9:1883–
92.
3. Martins F, de Oliveira MA, Wang Q, Sonis S, Gallottini M,
George S, et al. A review of oral toxicity associated with
mTOR inhibitor therapy in cancer patients. Oral Oncol
2013;49:293–8.
4. Niikura N, Nakatukasa K, Amemiya T, Watanabe KI, Hata H, Kikawa Y, et al. Oral care evaluation to prevent oral mucositis in
estrogen receptor-positive metastatic breast cancer patients
treated with everolimus (Oral Care-BC): A randomized controlled phase III trial. Oncologist 2019;25:e223–30.
5. Parkhill AL. Oral mucositis and stomatitis associated with conventional and targeted anticancer therapy. J Pharmacovigil
2013;1:1000112.
6. Sonis S, Treister N, Chawla S, Demetri G, Haluska F. Preliminary
characterization of oral lesions associated with inhibitors of
mammalian target of rapamycin in cancer patients. Cancer
2010;116:210–5.
7. Kwon Y. Mechanism-based management for mucositis: Option for treating side effects without compromising the efficacy of cancer therapy. Onco Targets Ther 2016;9:2007–16.
8. Niscola P, Romani C, Cupelli L, Scaramucci L, Tendas A, Dentamaro T, et al. mucositis in patients with hematologic malignancies: An overview. Haematologica 2007;92:222–31.
9. Erhan E, Terzi S, Celiker M, Yarali O, Cankaya M, Cimen FK, et al.
Effect of Hippophae rhamnoides extract on oxidative oropharyngeal mucosal damage induced in rats using methotrexate.
Clin Exp Otorhinolaryngol 2017;10:181–7.
10. Peterson DE, O’Shaughnessy JA, Rugo HS, Elad S, Schubert
MM, Viet CT, et al. Oral mucosal injury caused by mammalian target of rapamycin inhibitors: Emerging perspectives
on pathobiology and impact on clinical practice. Cancer Med
2016;5:1897–907.
11. Andersson SC, Rumpunen K, Johansson E, Olsson ME. Tocopherols and tocotrienols in sea buckthorn (Hippophae
rhamnoides L.) berries during ripening. J Agric Food Chem
2008;56:6701–6.
12. Kwon DJ, Bae YS, Ju SM, Goh AR, Choi SY, Park J. Casuarinin
suppresses TNF-α-induced ICAM-1 expression via blockade of
NF-κB activation in HaCaT cells. Biochem Biophys Res Commun 2011;409:780–5.
13. Kuduban O, Mazlumoglu MR, Kuduban SD, Erhan E, Cetin N,
Kukula O, et al. The effect of Hippophae rhamnoides extract
on oral mucositis induced in rats with methotrexate. J Appl
Oral Sci 2016;24:423–30.
14. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal tissues by thiobarbituric acid reaction. Anal Biochem

88

Akagunduz et al., Oral Mucositis Prevention with Antioxidant Plant / doi: 10.14744/ejmi.2021.60963

1979;95:351–8.
15. Sedlak J, Lindsay RH. Estimation of total, protein-bound, and
nonprotein sulfhydryl groups in tissue with Ellman’s reagent.
Anal Biochem 1968;25:192–205.
16. Sonis ST. Oral mucositis. Anticancer Drugs 2011;22:607–12.
17. Anderson PM, Lalla RV. Glutamine for amelioration of radiation and chemotherapy associated mucositis during cancer
therapy. Nutrients 2020;12:1675.
18. Mafra CA, Vasconcelos RC, de Medeiros CA, Leitão RF, Brito GA,
Costa DV, et al. Gliclazide prevents 5-FU-induced oral mucositis by reducing oxidative stress, inflammation, and P-selectin
adhesion molecules. Front Physiol 2019;10:327.
19. Yardley DA. Adverse event management of mTOR inhibitors
during treatment of hormone receptor-positive advanced
breast cancer: Considerations for oncologists. Clin Breast Cancer 2014;14:297–308.

20. Kezic A, Thaiss F, Becker JU, Tsui TY, Bajcetic M. Effects of everolimus on oxidative stress in kidney model of ischemia/reperfusion injury. Am J Nephrol 2013;37:291–301.
21. Melo ML, Brito GA, Soares RC, Carvalho SB, Silva JV, Soares
PM, et al. Role of cytokines (TNF-alpha, IL-1beta and KC) in the
pathogenesis of CPT-11-induced intestinal mucositis in mice:
Effect of pentoxifylline and thalidomide. Cancer Chemother
Pharmacol 2008;61:775–84.
22. Patel A, Rajesh S, Chandrashekhar VM, Rathnam S, Shah K,
Mallikarjuna Rao C, et al. A rat model against chemotherapy plus radiation-induced oral mucositis. Saudi Pharm J
2013;21:399–403.
23. Duncan M, Grant G. Oral and intestinal mucositis-causes and
possible treatments. Aliment Pharmacol Ther 2003;18:853–
74.

