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ABSTRACT    

Oral mucositis (OM) is one of the most frequent complications affecting colorectal cancer (CRC) patients receiving 

5-fluorouracil (5-FU). According to recent studies, the release of inflammatory cytokines like tumor necrosis factor-

alpha (TNF-alpha) and the generation of reactive oxygen species (ROS) may play a significant role in the 

development of mucosal injury and progression of OM. Statins have been reported to have pleiotropic effects 

including anti-inflammatory and antioxidant activity. Hence, they might play a protective role against 5-FU-induced 

OM. This review aims to discuss the evidence from preclinical and clinical studies regarding the potential benefits 

of statins in this area. The Egyptian Knowledge Bank, Google Scholar, and PubMed databases were searched for 

published preclinical and clinical articles describing the anti-inflammatory antioxidant activity of statins and their 

potential role in the prevention of 5-FU-induced OM from English sources. Research was performed using different 

keywords:  such as, ―pathophysiology of 5-FU-induced oral mucositis‖, ―inflammatory cytokine and 5-FU-induced 

oral mucositis‖, ―oxidative stress and 5-FU-induced oral mucositis‖, ―pleotropic effect of statins OR (3-hydroxy-3-

methylglutaryl-coenzyme A reductase inhibitors)‖, ―statins in 5-FU-induced oral mucositis‖.  Relevant resources 

were extracted using source source-pulling method of the references. Multiple studies have proven the anti-

inflammatory and antioxidant properties of statins as demonstrated in different inflammatory disorders models such 

as cardiovascular, renal, and pulmonary diseases. It has been shown that statins can inhibit nuclear factor kappa-B 

(NF-KB) which consequently inhibits the subsequent cascade of inflammatory cytokines release such as TNF-alpha 

in addition to the reduction of ROS such as malondialdehyde (MDA). The effects of various types of statins on 

mucositis in animal and human models have been investigated and the results were promising. Statins could be a 

potential candidate for the prevention of OM through their pleiotropic effects. Further additional clinical studies are 

required to provide evidence about the potential therapeutic benefits of statins in the prevention of 5-FU-induced 

OM in CRC patients. 
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1. Introduction 

1.1. Colorectal cancer 

Colorectal cancer (CRC) is reported to be the 

third most frequent type of cancer in the world 

and is considered one of the leading causes of 

cancer-related deaths for both sexes [1]. It 

accounts for 9.4% of deaths that occur in cancer 

patients [2]. In Egypt, it is reported that CRC 

represents about nearly 3.9% of total malignant 



Statins against 5-Flourouracil- induced Oral Mucositis in Colorectal Cancer Patients 

 

195 

solid tumors [3]. 

Pathogenesis of CRC has several phases. It 

begins with the formation of a dysplastic lesion 

then the formation of the adenomatous polyp and 

is terminated by the development of invasive 

cancer [4]. The most widely used classification 

for CRC origin consists of three pathways: 

Chromosomal instability (CIN), Microsatellite 

instability (MSI), and serrated pathways which 

may have some overlapping features [5]. 

1.1.1.Chromosomal instability pathway 

Chromosomal instability can be observed in 

about 65-70% of sporadic CRC cases [6]. It is 

associated with a mutation in the adenomatous 

polyposis coli gene (APC), TP53, KRAS, 

PI3KCA, etc. which stimulate the development 

and progression of adenomatous cells. This 

pathway is associated with worsened outcomes 

and poorer prognosis than those with MSI [4]. 

1.1.2.The microsatellite instability pathway 

Microsatellite instability occurs due to 

dysfunction of one or more of the mismatch 

repair (MMR) genes (MLH1, PMS2, MSH2, 

MSH6) [7]. Lynch syndrome which is one of the 

most common causes of hereditary cancer, is 

commonly associated with dysfunction of MMR 

proteins. It accounts for 3% of all CRCs and up 

to 15% of gene MMR dysfunction [8, 9].   

1.1.3.Serrated polyp pathway 

Approximately, 15 to 30% of all CRCs arise 

from neoplastic serrated polyps. This pathway is 

characterized by genetic mutation of KRAS or 

BRAF which stimulates the activation of the 

mitogen-activated protein kinase (MAPK) 

pathway [10]. It is associated with the worst 

prognosis [4]. 

Over 70% of CRC cases are sporadic. 

However, several risk factors might contribute to 

the development of CRC [11]. Non-modifiable 

risk factors for CRC include male sex, type 2 

diabetes, and inflammatory bowel disease (IBD). 

Also, there are modifiable risk factors such as 

alcohol consumption, obesity, physical inactivity, 

smoking, and diet [12–14]. 

Endoscopy is the main procedure for 

diagnosis of CRC [15]. It can detect polyps by 

investigating the inner wall of colon and for 

removal and biopsy [16]. Biopsy from 

colonoscopy or surgery is considered the gold 

standard for diagnosing colorectal lesions 

through histopathological examination for further 

classification and staging of tumor [16, 17]. 

The treatment of CRC is usually a 

combination of local treatment strategies such as 

surgery or radiotherapy and systemic therapy 

including conventional chemotherapy, such as 5-

FU-based chemotherapy, targeted therapy, and 

immunotherapy [18]. The management of CRC is 

hence a multi-modal approach that depends on 

tumor localization, extent, biology, and patient 

factors [19].  

1.2. 5-Fluorouracil  

5-fluorouracil-based regimen is the standard 

chemotherapy protocol for the management of 

CRC in palliative and adjuvant settings [20, 21]. 

It is an antimetabolite that acts through the 

intracellular conversion into active metabolites 

that interfere with thymidine biosynthesis and 

affect DNA and RNA-mediated processes [22].  

The overall response rate to 5-FU in 

advanced CRC is limited to 10–15%. Although 

survival is reported to be improved after the 

addition of irinotecan and oxaliplatin to the 5-FU 

regimen [23]. 

The 5-FU-based regimen is recommended in 

CRC stage III or stage II and is associated with 

high-risk factors for relapse except in positive 

biopsy for high microsatellite instability (MSI-H) 

or deficiency in DNA mismatch repair (MMR-

D). For patients with Lynch syndrome, 5-FU-
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based regimens are ineffective, and prior testing 

for MMR-D status is standard care [22]. 

The use of 5-FU is limited by many side 

effects which include myelosuppression, 

dermatitis, cardiac toxicity, diarrhea, and 

mucositis. Gastrointestinal mucositis is 

considered a major complication in about 80% of 

patients receiving 5-FU and results in abdominal 

bloating as well as vomiting and diarrhea [24]. 

1.3. 5-Fluorouracil-induced oral mucositis 

1.3.1. Epidemiology of 5-Fluorouracil- induced 

oral mucositis 

Mucositis and stomatitis are the most 

frequent adverse effects in patients receiving 

chemotherapy [25]. It was reported that the 

incidence of OM was higher in patients receiving 

a 5-FU-based regimen than those receiving any 

other regimen of chemotherapy by about 20% 

[26]. The incidence of OM with 5-FU of grades 1 

and 2 is nearly 93% [27], while more than 15% 

of patients receiving 5-FU develop grades 3 to 4 

of OM.  Oral mucositis can result in dose 

reduction or discontinuation of therapy [28].  

Development and severity of OM are 

increased by several patient factors such as 

smoking, poor oral hygiene, dental health, 

younger age, female gender, nutritional status, 

and neutrophil counts before initiation of 

treatment [29–32]. Also, the dose, method of 

infusion of 5-FU, and concomitant chemotherapy 

may affect the grade of OM [31, 33–35].  For 

instance, more frequent low-dose infusions are 

less toxic to the host than less frequent higher 

doses [33]. The prevalence of mucositis in 

patients undergoing standard-dose chemotherapy 

is approximately 40%, and this ratio exceeds 

50% in high-dose 5-FU protocols [36]. In 

addition, 5-FU infusion was reported to have 

better safety than bolus 5-FU [34]. Moreover, the 

addition of folinic acid to 5-FU increases the risk 

of OM despite increasing the efficacy of 5-FU. 

Concomitant use of chemotherapy may affect the 

development of mucositis where the risk of OM 

increases when the intensity of therapy increases 

[31, 35]. 

2. Methods 

2.1. Data Sources and Searches 

The Egyptian Knowledge Bank, Google 

Scholar, and PubMed databases were searched 

for published preclinical and clinical articles 

relevant to the selected criteria. Searches were 

supplemented by a reference list review of 

relevant articles. Research was performed using 

different keywords such as, ―pathophysiology of 

5-FU-induced oral mucositis‖, ―inflammatory 

cytokine and 5-FU-induced oral mucositis‖, 

―oxidative stress and 5-FU-induced oral 

mucositis‖, ―pleotropic effect of (statins OR 3-

hydroxy-3-methylglutaryl-coenzyme A reductase 

inhibitors)‖, ―statins in 5-FU-induced oral 

mucositis‖.  Relevant resources were extracted 

using source source-pulling method of the 

references.  

The inclusion criteria were preclinical and 

clinical articles describing the anti-inflammatory 

and antioxidant activity of statins and their 

potential role in the prevention of 5-FU-induced 

OM from English-language publications.  

3. Results  

3.1. Pathophysiology of 5-Fluorouracil-

induced oral mucositis 

The development of OM comprises five 

stages; initiation of the injury, signaling, 

amplification of the inflammatory responses, 

tissue ulceration, and healing [37]. The mucosal 

injury occurs through direct DNA damage. This 

leads to a series of activations of enzyme and 

transcription factors which results in the 

upregulation of genes coding for pro-

inflammatory cytokines such as  TNF-alpha, 

interleukin -1 beta (IL-1β), and interleukin -6 
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(IL-6) [38]. These cytokines recruit immune cells 

to the injured mucosa. The immune cells produce 

more cytokines and inflammatory mediators 

causing amplification of the inflammatory 

response [39, 40].  The released TNF-alpha 

activates MAPK that sustains the activity of 

nuclear factor kappa B (NF-κB) and augments 

the production of more pro-inflammatory 

cytokines and infiltration of the oral mucosa with 

inflammatory cells [39, 41, 42]. The 

inflammatory cells such as neutrophils, 

macrophages, and lymphocytes contribute to the 

development of ulceration and disruption of the 

mucosal barrier promoting bacterial invasion for 

further secondary infection [39].   Finally, stimuli 

from the submucosal extracellular matrix and 

mesenchyme promote the healing process and 

result in the proliferation of the epithelial layer 

and cell differentiation [39,41].  The healing 

process is initiated when the pro-inflammatory 

response subsides spontaneously or with 

treatment [43]. 

 On another side, tissue damage, and 

mitochondrial dysfunction lead to the generation 

of ROS as a result of activating signaling 

pathways [43, 44]. These are highly reactive 

molecules such as hydrogen peroxide, 

superoxide, and hydroxyl radicals. Leading to an 

imbalance between prooxidants and antioxidants 

[45]. Excessive production of ROS seriously 

affects the homeostasis of the body by inducing 

tissue injury and triggering a cascade of 

inflammatory pathways [42, 46].  They activate 

the NF-kB pathway and IL-6 and cause 

amplification of the inflammatory response in 

oral mucosa [40]. This cascade of inflammatory 

pathways results in mucosal ulceration; a main 

sign of clinical presentation of OM [47].  

3.2. Clinical presentation and severity 

assessment of 5-Fluorouracil-induced oral 

mucositis 

Oral mucositis has a negative impact on the 

patient's quality of life (QOL). It can be 

manifested by different symptoms such as pain, 

erythema, and inflammation of the oral mucosa 

which consequently affect the ability to chew, 

swallow, eat, and drink leading to alterations in 

nutritional status. Severe mucositis  can lead to 

interruptions and delays in the treatment [48].  It 

can increase the risk of systemic sepsis. It may 

require dose reduction of chemotherapy or even 

treatment cessation, which in consequence affects 

the patients’ survival [48]. Oral mucositis can 

increase mortality by about 40 % [49].  

Assessment of OM is recommended 

regularly due to changes in severity over time 

[39]. The severity is usually graded using the 

National Cancer Institute Common Terminology 

Criteria for Adverse Events (NCI-CTCAE). 

These criteria grade the adverse events of OM 

from Grade I to Grade IV, with increasing 

severity based on patient manifestation and 

clinical findings [29]. Grade I OM is usually 

asymptomatic or with mild symptoms while 

grade II is associated with moderate pain or ulcer 

that does not interfere with oral intake, but the 

patient requires a modified diet [37]. Grade III is 

considered medically significant. It is associated 

with pain and interferes with oral intake. Grade 

IV is life-threatening and requires hospitalization 

and urgent interventions [50]. 

3.3. Management of 5-Fluorouracil-induced 

oral mucositis  

Management of OM pain is essential to 

improve the QOL of patients receiving 

chemotherapy [30]. Uncomplicated mucositis is 

considered asymptomatic and does not require 

more than supportive care such as viscous 

lidocaine, diet modification, and avoiding rough 

food, alcohol, and tobacco. Normal saline or 

sodium bicarbonate solutions can be used to 

relieve pain [29]. In severe mucositis, an opioid 

analgesic like fentanyl is recommended to relieve 

pain [51]. Hospital admission may be needed for 
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systemic analgesics administration, intolerability 

of oral intake, and management of secondary 

infections. Patient-controlled analgesia with 

morphine may be used to manage the pain in 

hospitalized patients [29].  

Oral cryotherapy using ice chips in the mouth 

30 min before receiving a bolus of 5-FU infusion 

chemotherapy is recommended for OM 

prevention [52]. It shows high activity in 

decreasing the incidence and severity of OM 

[53]. Palifermin is the only drug approved by the 

United States Food and Drug Administration and 

the European Medicines Agency for the 

prevention of OM. It is an intravenous 

recombinant human keratinocyte growth factor 

that acts by promoting proliferation, 

differentiation of epithelial cells, and stimulation 

of cytoprotective mechanisms [54, 55]. It 

decreases the incidence and severity of severe 

grades of OM [56]. Other preventive measures 

include oral zinc supplements for the prevention 

of OM [51]. 

Up till now, there is no definite standard 

agent proven for the treatment or prevention of 5-

FU-induced OM, and the management is based 

only on palliative and supportive protocols with 

uncertain clinical outcomes [57]. Hence, 

additional strategies are needed for discovering 

effective agents for prevention of OM. 

3.4. Statins 

Statins are a category of drugs that are used 

to lower cholesterol. Statins reduce the 

intracellular synthesis of cholesterol via 

reversible inhibition of (HMG-CoA) reductase; 

the rate-limiting enzyme in the cholesterol 

biosynthesis pathway [58, 59].  In addition to the 

lipid-lowering effect of statins, they exert many 

other activities such as improvement of 

endothelial dysfunction, stabilization of 

atherosclerotic plaques, antioxidant properties, 

and inhibition of inflammatory responses. 

Moreover, they have immunomodulatory actions 

and apoptotic and antiproliferative effects. These 

effects are attributed to the pleiotropic effects of 

statins [60, 61]. 

The non-lipid lowering effect of statins is 

stimulated through the inhibition of the protein 

isoprenylation process which is responsible for 

mevalonate downstream via a cascade of cellular 

responses [62]. 

3.4.1. The anti-inflammatory effect of statins 

The anti-inflammatory effect of statins 

depends on the inhibition of both ―classical‖ 

(HMGCoA–Mevalonate–FPP–cholesterol) and 

―non-classical‖ (HMGCoA– Mevalonate–FPP–

kinase) pathways [63]. This effect is based on 

inhibition of proliferation and aggregation of the 

inflammatory cells [64]. 

Mevalonic acid, synthesized by HMG-CoA 

reductase, is the precursor of numerous 

metabolites such as the isoprenoid intermediates, 

farnesyl pyrophosphate (FPP), and geranyl 

pyrophosphate (GGPP) [65]. These metabolites 

are essential for the attachment of GTPases like 

RhoA, Rac, and Ras to the cell membrane [66].  

Rho proteins stimulate the expression of the 

inflammatory cytokines while the Ras proteins 

regulate cell proliferation and hypertrophy and 

the Rac regulates the generation of ROS [62].  

Inhibition of mevalonate pathway may affect 

cytokine production and reduce inflammation by 

decreasing the production of these metabolites 

[66]. Additionally, statins stimulate the synthesis 

of Nitric oxide (NO) through nitric oxide 

synthase (NOS). Nitric oxide is considered an 

important protective factor in the endothelium 

that could eliminate free oxygen radicals and 

affect inflammatory reactions [64]. Moreover, 

statins inhibit the activity of NF-κB; prevent it 

from entering the nucleus, and consequently 

reduce the inflammatory factors expression [64]. 

The anti-inflammatory effect of statin has 



Statins against 5-Flourouracil- induced Oral Mucositis in Colorectal Cancer Patients 

 

199 

been proven in previous animal studies. A 

preclinical study conducted on male mice treated 

with mevastatin, showed a significant increase in 

the levels of endothelial nitric oxide synthase 

(eNOS) mRNA and protein [67]. Another 

experimental model revealed that the 

pretreatment of mice with pravastatin and 

simvastatin is associated with a significant 

reduction in leukocyte number in endotoxin-

induced acute lung injury and a significant 

decrease in TNF-alpha level [68]. 

The results of clinical studies came in 

accordance with the studies of animal models. It 

was previously reported that the patients 

receiving high doses of rosuvastatin before 

percutaneous coronary intervention (PCI) had 

various positive outcomes. The level of 

inflammatory markers such as vascular cell 

adhesion molecule-1 (VCAM-1), and matrix 

metalloproteinase-9 (MMP-9) was significantly 

lower in the patients who received rosuvastatin 

[69]. Also, receiving atorvastatin combined with 

remote ischemic pre-conditioning (RIPC) in 

animal and human models showed a synergistic 

cardioprotective effect against ischemia as a 

result of a significant reduction in the levels of 

TNF-alpha, cardiac troponin I (cTnI) (in patients) 

and IL-6, and CRP (in rabbits) concurrently with 

increase in the level of protective NO [70]. Peled 

et al reported that pre-heart transplantation statin 

therapy is associated with a lower incidence of 

primary graft dysfunction after surgery due to the 

immunomodulatory and anti-inflammatory effect 

of statins [71].  

In addition, statins play an important role as 

anti-inflammatory agents in several disorders 

such as pulmonary fibrosis, atherosclerosis, 

chronic heart failure, sepsis, COVID-19, diabetic 

nephropathy, gastric cancer, Alzheimer’s disease, 

bone disorders, and autoimmune diseases 

[61,72]. 

 

3.4.2. The antioxidant effect of statins 

Statins antioxidant activity is exerted through 

the inhibition of some pro-oxidant enzymes such 

as NADPH oxidase. Also, they reduce the 

synthesis of the highly reactive compound MDA 

resulting from lipid peroxidation of 

polyunsaturated fatty acids. Moreover, they 

upregulate antioxidant enzymes such as catalase, 

glutathione peroxidase (GPx), and superoxide 

dismutase (SOD) [73].  

The intrinsic activity of statins was tested in 

vitro showing anti-hydroxyl radical antioxidant 

activity with simvastatin and anti-peroxyl radical 

antioxidant activity with fluvastatin. [74]. In an 

animal model, the antioxidant activity of statin 

was proven through different mechanisms. 

Statins promote the activation of the antioxidant 

defense protein heme oxygenase-1(HO-1) in 

endothelial cells via HO-1 promoter; a target site 

of statins [75]. Another study demonstrated that 

atorvastatin decreased oxidative stress through 

direct inhibition of platelet Nox2; a marker of 

NADPH oxidase activation [76]. 

Similarly, clinical trials confirmed the 

potential activity of statins as antioxidants. In 

end-stage renal disease patients treated with 

statins a significant elevation in selenium levels 

was observed, which binds to the active sites of 

glutathione peroxidase (GSH-Pxs) promoting an 

antioxidant defense role [77].  

Taking into consideration the previously 

mentioned pathogenesis of OM and the anti-

inflammatory and antioxidant activity of statins, 

they have been suggested as a potential 

preventive strategy against OM in CRC patients. 

3.4.3. Animal evidence of statins use in oral 

mucositis 

A summary of the preclinical studies that 

provide evidence regarding statin use in 

chemotherapy-induced OM and oral toxicity is 
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presented in Table 1.  

Table 1. Summary of the experimental studies demonstrating the effect of statins on mucositis 

Study  Statin agent Animal model Findings 

[78] Atorvastatin Thirty-six male mice treated 

with intraperitoneal 5-FU to 

develop mucositis 

-Atorvastatin showed the lowest diarrhea score, reduced intestinal 

permeability, down-regulation of inflammatory cytokines (IL-6, IL-

1B, and TNF).  

-Histopathological: Atorvastatin showed significant restoration of 

the mucosa. 

-Atorvastatin reduced the loss of goblet cells at all doses 

[79] Atorvastatin Ninety-six male adult hamsters 

were  induced to develop 

mucositis  

by the administration of 5-FU. 

Atorvastatin showed intestinal permeability reduction, and 

downregulation of inflammatory markers, such as Tlr4, MyD88, 

NF-κB, TNF-alpha, IL-1β, and IL-6 dose-dependent. 

 Atorvastatin showed upregulation of the mRNA transcript levels of 

MUC2, ZO-1 and tight junction proteins as occludin enhancing the 

epithelial barrier function and reducing the intestinal permeability. 

[80] Atorvastatin Thirty -two male Wistar rats 

treated with chemotherapy to 
induce  mucositis 

No dissolution of epithelial layer in addition to modulation of serum 

level of TNF-alpha after atorvastatin administration. 

[81] Atorvastatin Fifty adult albino rats were 

induced by irinotecan for OM 

Atorvastatin showed a decrease in the expression of NF-κB mRNA 

and proteins, an increase in Nrf2 gene expression, and an increase in 

immunohistochemical and molecular gene expression of Ki-67 and 

antiapoptotic Bcl-2 levels. 

[82] Rosuvastatin Twenty-four Wister-albino rats 

were treated with intraperitoneal 

cyclophosphamide.  

-Histological effect: Rosuvastatin significantly decreased the 

inflammatory infiltration and edema cyclophosphamide-induced 

tongue lesion.  

-Biochemical effect: Rosuvastatin decreased the expression of 

oxidative stress marker; MDA. 

[83] Simvastatin Twelve Wistar rats were treated 

with 5-FU 

 

Histopathological: Improvement of cytotoxicity signs via reduction 

of necrotic cell numbers and inflammation.  

-Biochemical: Simvastatin showed lower levels of TNF-alpha 

expression and IL-6. 

Note: MDA, malondialdehyde; CPT-11, irinotecan. 

A previous study conducted on mice to 

investigate the role of atorvastatin on 

improvement of 5-FU induced-intestinal 

mucositis; suggested that atorvastatin exerted 

anti-inflammatory and protective effects on 

mucosa. This was associated with a reduction in 

intestinal permeability and inflammatory 

infiltration and downregulations of some 

inflammatory mediators such as Tlr4, MyD88, 

NF-κB, TNF-alpha, IL-1ß, and IL-6. Also, 

atorvastatin enhanced the production of mucin 2 

(MUC2), and ZO-1 and occluding tight junction 

proteins which helped to improve epithelial 

barrier function [78]. Another animal trial 

reported that administration of atorvastatin 

showed a significant reduction in 5-FU mucosal 

damage and inflammation in hamsters. Also, 

histopathological analysis of mucosal tissue 

revealed decreased production of TNF-alpha and 

IL-1β in the atorvastatin group [79]. 

Campos et al reported that histopathological 

examination of the mucosa in Wister rats after 

induction of OM and treatment with atorvastatin 

revealed that no epithelial dissolution occurred in 

addition to the preserved thin lining layer of 

mucosa with mild diffuse inflammatory 

infiltrates. Moreover, modulation of serum level 

of TNF-alpha was detected after treatment with 
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atorvastatin. These results suggested that 

atorvastatin could inhibit the production of TNF-

alpha [80]. Also, histopathological analysis of 

albino rats’ tongues after administration of 

atorvastatin revealed a remarkable attenuation of 

irinotecan-induced OM.  Atorvastatin was 

supposed to initiate the anti-apoptotic, anti-

oxidant, and anti-inflammatory gene expression 

showing a significant decrease in NF-κB protein 

and gene expression [81]. 

Rosuvastatin showed a protective effect from 

cyclophosphamide-induced-tongue toxicity. 

Histological investigation of the rats′ tongue 

revealed reduced inflammatory infiltration, and 

edema in the rats treated with rosuvastatin. This 

was attributed to the reduction of the levels of 

oxidative stress markers; MDA with rosuvastatin 

[82]. 

Also, Simvastatin administration after 

treating Wistar rats with 5-FU showed a 

reduction in necrosis and inflammation of 

gastrointestinal tissues in histopathological 

analysis. The biochemical analysis revealed 

lower TNF-alpha expression and serum IL-6 

levels [83]. 

Hence, statins could be considered as a 

protective agent for the inner endothelium and 

mucosa and consequently, they could be used to 

control ulceration of the oral mucosa. 

3.4.4. Clinical evidence of statins uses in oral 

mucositis 

A study reported that the administration of 

atorvastatin mucoadhesive tablets showed a 

significant reduction in the wound size of 

aphthous stomatitis with minor susceptibility to 

recurrence. In addition, atorvastatin demonstrated 

a significant reduction of pain associated with 

aphthous stomatitis [84].  

The clinical trials evaluating the effect of 

statins on the development of OM in cancer 

settings were controversial. Ala et al. proved that 

the administration of atorvastatin mouthwash 

during radiotherapy for head and neck cancer 

patients was associated with a significant 

reduction in the incidence and severity of OM. 

Additionally, the intensity of pain was much 

lower in the statin group [85]. Moreover, the 

administration of lovastatin in head and neck 

cancer patients who received doxorubicin and 

ionizing radiation treatment promoted a 

protective effect on keratinocytes from cytotoxic 

agents [86].  

On the contrary, Karbasizade et al. 

demonstrated that intestinal and gastric cancer 

patients who received atorvastatin with 5-FU 

showed no added beneficial outcome when 

compared with placebo regarding the severity of 

OM [87]. The same was observed for lovastatin 

administration in addition to conventional 

radiation which showed no significant response 

regarding the incidence of OM in head and neck 

squamous cell carcinoma patients [88].  

The clinical trials discussing the statins' use 

in the management and prevention of OM are 

summarised in Table 2. 

Conclusion 

Several previous studies have reported that 

statins may play a potential role in the prevention 

and amelioration of OM whether in animal or 

human models. Statins were suggested to have 

anti-inflammatory effect and antioxidant effects 

as a result of their pleiotropic effects. They could 

play an effective in protecting against mucosal 

damage in chemotherapy-induced OM. Further 

clinical studies are needed to investigate statin 

therapy as a therapeutic candidate for the 

prevention and management of OM in cancer 

patients. 

Conflicts of Interest 

The authors declare that they have no 

conflicts of interest. 

Recommendations 



Lotfy et al., Arch Pharm Sci ASU 9(1): 194-208 
 

202 

It is recommended to conduct clinical trials 

to investigate the potential benefit of different 

types of statins on the severity of 5-FU-induced 

OM in CRC patients and other types of cancers 

and to upgrade to larger phase studies. 

Table 2. Summary of the clinical studies demonstrating the effect of statins on mucositis 

Statin  Model Enrollment Concomitant 

therapy  

Findings Ref. 

Atorvastatin 10-mg 
mucoadhesive tablets 

during the first 24 hours 
after the occurrence 

of aphthous lesions 

Aphthous 
stomatitis 

 

Forty-four patients ---------- Less size of the ulcer. 

Relief pain. 

[84] 

Atorvastatin mouthwash 
1% 3 times a day during 

the radiotherapy period 

Head & Neck 
cancer  

Thirty patients Radiotherapy Less severe grades of mucositis with 
atorvastatin. 

[85] 

Lovastatin  Head & Neck 
cancer  

------------ Doxorubicin and 
IR treatment,  

Protection of keratinocytes from the cytotoxic 
and genotoxic effects of IR and Doxorubicin 

through attenuation of pro-toxic DNA damage-
related responses of keratinocytes. 

[86] 

Atorvastatin 10 mg daily 

until 2 weeks after 
chemotherapy sessions  

Intestinal and 

gastric cancer  

One hundred and 

twenty patients 

5-FU No significant difference from the placebo 

regarding the incidence and severity of OM. 
[87] 

Lovastatin 80 mg daily in 

conjunction with 

chemoradiotherapy  

Head & Neck 

cancer 

Thirty-five 

patients 

conventional 

radiation therapy 

No significant difference from the placebo 

regarding the incidence. 

Severe mucositis (Grade 3) is reported more in 
the lovastatin group. 

[88] 

Note:  IR, ionizing radiation.  

Declarations  

Ethics Approval and Consent to Participate 

Not applicable.  

Consent to Participate  

Not applicable. 

Consent for publication  

Not applicable. 

Availability of the data and Material  

All data generated or analyzed during this 

study are included in this published article in the 

main manuscript. 

Competing interests 

The authors declare that there is no conflict of 

interest. 

Funding 

No funding source was received. 

Author contribution  

Alaa Amin has collected the data for the All 

authors have read and approved the final -

manuscript. 

4. References 

1- An N, Sun Y, Ma L, Shi S, Zheng X, Feng W, et 

al. Helveticoside Exhibited P53-Dependent 

Anticancer Activity Against Colorectal Cancer. 

Archives of Medical Research. Published online 

2020. doi:10.1016/j.arcmed.2020.02.007 

2- Hossain MS, Karuniawati H, Jairoun AA, Urbi 

Z, Ooi DJ, John A, et al. Colorectal Cancer : A 

Review of Carcinogenesis , Global. Cancer. 

2022; 14(1732):1-25. 

3- Ferlay J, Colombet M, Soerjomataram I, Parkin 

DM, Piñeros M, Znaor A, et al. Cancer Statistics 

for the Year 2020: An Overview. International 

Journal of Cancer. 2021; 149(4):778-789. 

doi:10.1002/ijc.33588 

4- Kasi A, Handa S, Bhatti S, Umar S, Bansal A, 

Sun W. Molecular Pathogenesis and 

Classification of Colorectal Carcinoma. Current 



Statins against 5-Flourouracil- induced Oral Mucositis in Colorectal Cancer Patients 

 

203 

Colorectal Cancer Reports. 2020; 16(5):97-106. 

doi:10.1007/s11888-020-00458-z 

5- Currais P, Rosa I, Claro I. Colorectal Cancer 

Carcinogenesis: From Bench to Bedside. World 

Journal of Gastrointestinal Oncology. 2022; 

14(3):654-663. doi:10.4251/wjgo.v14.i3.654 

6- Pierantoni C, Cosentino L, Ricciardiello L. 

Molecular Pathways of Colorectal Cancer 

Development: Mechanisms of Action and 

Evolution of Main Systemic Therapy Compunds. 

Digestive Diseases. Published online 2024:1-6. 

doi:10.1159/000538511 

7.- Mundade R, Imperiale TF, Prabhu L, Loehrer 

PJ, Lu T. Genetic Pathways, Prevention, and 

Treatment of Sporadic Colorectal Cancer. 

Oncoscience. 2014; 1(6):400-406. 

doi:10.18632/oncoscience.59 

8- Dal Buono A, Puccini A, Franchellucci G, 

Airoldi M, Bartolini M, Bianchi P, et al. Lynch 

Syndrome: From Multidisciplinary Management 

to Precision Prevention. Cancers. 2024; 16(5). 

doi:10.3390/cancers16050849 

9- Findeis- J. Microsatellite Instability Pathway. 

Published online 2024:1-7. 

10- M-c S, C-h H, K-c C, J-r L, H-y L, Y-t F, et al. 

Identification of Early Events in Serrated 

Pathway Colorectal Tumorigenesis by Using 

Digital Spatial Profiling. Published online 2024. 

doi:10.1159/000539612 

11- Łukaszewicz‐zając M, Mroczko B. Circulating 

Biomarkers of Colorectal Cancer (Crc)—Their 

Utility in Diagnosis and Prognosis. Journal of 

Clinical Medicine. 2021; 10(11). 

doi:10.3390/jcm10112391 

12- Kelty E, Ward S V., Cadby G, McCarthy NS, 

O’Leary P, Moses EK, et al. Familial and Non-

Familial Risk Factors Associated with Incidence 

of Colorectal Cancer in Young and Middle-Aged 

Persons in Western Australia. Cancer 

Epidemiology. 2019; 62(September):101591. 

doi:10.1016/j.canep.2019.101591 

13- Safiri S, Sepanlou SG, Ikuta KS, Bisignano C, 

Salimzadeh H, Delavari A, et al. The Global, 

Regional, and National Burden of Colorectal 

Cancer and Its Attributable Risk Factors in 195 

Countries and Territories, 1990–2017: A 

Systematic Analysis for the Global Burden of 

Disease Study 2017. The Lancet 

Gastroenterology and Hepatology. 2019; 

4(12):913-933. doi:10.1016/S2468-

1253(19)30345-0 

14- Aghabozorgi AS, Bahreyni A, Soleimani A, 

Bahrami A, Khazaei M, Ferns GA, et al. Role of 

Adenomatous Polyposis Coli (APC) Gene 

Mutations in the Pathogenesis of Colorectal 

Cancer; Current Status and Perspectives. 

Biochimie. 2019; 157(961077):64-71. 

doi:10.1016/j.biochi.2018.11.003 

15.- Buccafusca G, Proserpio I, Tralongo AC, 

Rametta Giuliano S, Tralongo P. Early 

Colorectal Cancer: Diagnosis, Treatment and 

Survivorship Care. Critical Reviews in 

Oncology/Hematology. 2019; 136(January 

2019):20-30. 

doi:10.1016/j.critrevonc.2019.01.023 

16- Polyps CC, Be C, Early F, Cancer C, Tests S, 

Signs CC, et al. Colorectal Cancer Early 

Detection , Diagnosis , and Staging Can 

Colorectal Polyps and Cancer Be Found Early ? 

Published online 2017:1-40. 

17- Blanke CD, Faigel DO. Neoplasms of the Small 

and Large Intestine. Vol 1. Twenty-Six. Elsevier 

Inc.; 2011. doi:10.1016/B978-1-4377-1604-

7.00199-8 

18- Billiau A. What Is Colorectal Cancer? Let Us 

Explain It To You. Medical Oncology. Published 

online 2016. 

http://www.esmo.org/content/download/15729/2

70768/file/ESMO-ACF-EN-Colorectal-Cancer-

Guide-for-Patients.pdf 

19- Nakayama G, Tanaka C, Kodera Y. Current 

Options for the Diagnosis, Staging and 

Therapeutic Management of Colorectal Cancer. 

Gastrointestinal Tumors. 2014; 1(1):25-32. 

doi:10.1159/000354995 

20- Stintzing S. Management of Colorectal Cancer. 

F1000Prime Reports. 2014; 6(November). 



Lotfy et al., Arch Pharm Sci ASU 9(1): 194-208 
 

204 

doi:10.12703/P6-108 

21- Vodenkova S, Buchler T, Cervena K, Veskrnova 

V, Vodicka P, Vymetalkova V. 5-Fluorouracil 

and Other Fluoropyrimidines in Colorectal 

Cancer: Past, Present and Future. Pharmacology 

and Therapeutics. 2020; 206:107447. 

doi:10.1016/j.pharmthera.2019.107447 

22- Gmeiner WH, Okechukwu CC. Review of 5-FU 

Resistance Mechanisms in Colorectal Cancer: 

Clinical Significance of Attenuated on-Target 

Effects. Cancer Drug Resistance. 2023; 

6(2):257-272. doi:10.20517/cdr.2022.136 

23- Pardini B, Kumar R, Naccarati A, Novotny J, 

Prasad RB, Forsti A, et al. 5-Fluorouracil-Based 

Chemotherapy for Colorectal Cancer and 

MTHFR/MTRR Genotypes. British Journal of 

Clinical Pharmacology. 2011; 72(1):162-163. 

doi:10.1111/j.1365-2125.2010.03892.x 

24- Chang C ta, Ho T yun, Lin H, Liang J an, Huang 

H chi, Li C cheng, et al. 5-Fluorouracil Induced 

Intestinal Mucositis via Nuclear Factor- k B 

Activation by Transcriptomic Analysis and In 

Vivo Bioluminescence Imaging. 2012; 7(3):1-8. 

doi:10.1371/journal.pone.0031808 

25- Sharma A, Chorawala MR, Rawal RM, 

Shrivastava N. Integrated Blood and Organ 

Profile Analysis to Evaluate Ameliorative 

Effects of Kaempferol on 5-Fluorouracil-

Induced Toxicity. Scientific Reports. 2024; 

14(1):1-12. doi:10.1038/s41598-024-52915-6 

26- Fatimah S, Sufiawati I, Wijaya I. Characteristic 

Patients with Oral Mucositis Receiving 5-FU 

Chemotherapy at Hasan Sadikin Hospital 

Bandung. Padjadjaran Journal of Dentistry. 

2016; 28(3):205-209. 

doi:10.24198/pjd.vol28no3.13695 

27- Rosemann E, Schaefer H, Esmaty A, Stintzing S, 

Karthaus M. Incidence, Severity, and Onset of 

Oral Mucositis in 5-FU Based Chemotherapy for 

Gastrointestinal Cancer. Journal of Clinical 

Oncology. 2022; 40(4_suppl):77-77. 

doi:10.1200/jco.2022.40.4_suppl.077 

28- Yamanobe H, Yamamoto K, Kishimoto S, Nakai 

K, Oseko F, Yamamoto T, et al. Anti-

Inflammatory Effects of β-Cryptoxanthin on 5-

Fluorouracil-Induced Cytokine Expression in 

Human Oral Mucosal Keratinocytes. Molecules. 

2023; 28(7). doi:10.3390/molecules28072935 

29- Brown TJ, Gupta A. Management of Cancer 

Therapy-Associated Oral Mucositis. Journal of 

Oncology Practice. 2020; 16(3):103-109. 

doi:10.1200/JOP.19.00652 

30- Basile D, Di Nardo P, Corvaja C, Garattini SK, 

Pelizzari G, Lisanti C, et al. Mucosal Injury 

during Anti-Cancer Treatment: From 

Pathobiology to Bedside. Cancers. 2019; 

11(6):1-22. doi:10.3390/cancers11060857 

31- Shankar A, Roy S, Bhandari M, Rath GK, 

Biswas AS, Kanodia R, et al. Current Trends in 

Management of Oral Mucositis in Cancer 

Treatment. Asian Pacific Journal of Cancer 

Prevention. 2017; 18(8):2019-2026. 

doi:10.22034/APJCP.2017.18.8.2019 

32- Laheij AMGA, Kistler JO, Belibasakis GN, 

Välimaa H, de Soet JJ. Healthcare-Associated 

Viral and Bacterial Infections in Dentistry. 

Journal of Oral Microbiology. 2012; 4(2012):1-

10. doi:10.3402/jom.v4i0.17659 

33- He YC, Chen JW, Cao J, Pan DY, Qiao JG. 

Toxicities and Therapeutic Effect of 5-

Fluorouracil Controlled Release Implant on 

Tumor-Bearing Rats. World Journal of 

Gastroenterology. 2003; 9(8):1795-1798. 

doi:10.3748/wjg.v9.i8.1795 

34- Bekaii-Saab T, Wu C. Seeing the Forest through 

the Trees: A Systematic Review of the Safety 

and Efficacy of Combination Chemotherapies 

Used in the Treatment of Metastatic Colorectal 

Cancer. Critical Reviews in 

Oncology/Hematology. 2014; 91(1):9-34. 

doi:10.1016/j.critrevonc.2014.01.001 

35- Keefe DM, Schubert MM, Elting LS, Sonis ST, 

Epstein JB, Raber-Durlacher JE, et al. Updated 

Clinical Practice Guidelines for the Prevention 

and Treatment of Mucositis. Cancer. 2007; 

109(5):820-831. doi:10.1002/cncr.22484 

36- Baydar M, Dikilitas M, Sevinc A, Aydogdu I. 

Prevention of Oral Mucositis Due to 5-



Statins against 5-Flourouracil- induced Oral Mucositis in Colorectal Cancer Patients 

 

205 

Fluorouracil Treatment with Oral Cryotherapy. 

Journal of the National Medical Association. 

2005; 97(8):1161-1164. 

37- Scully C, Sonis S, Diz PD. Oral Mucositis. Oral 

Diseases. 2006; 12(3):229-241. 

doi:10.1111/j.1601-0825.2006.01258.x 

38- Georgiou M, Patapatiou G, Domoxoudis S, 

Pistevou-Gompaki K. Oral Mucositis: 

Understanding the Pathology and Management. 

Hippokratia. 2012; 16(3):215-216. 

39- R S, Pandiyan I. Unveiling the Multifaceted 

Management of Oral Mucositis in Cancer 

Patients: A Narrative Review. Cureus. 2024; 

16(2):1-9. doi:10.7759/cureus.55213 

40- Coêlho MC, Viana Filho JMC, de Souza BF, 

Valença AMG, Persuhn DC, de Oliveira NFP. 

Genetic Polymorphisms of Genes Involved in 

Oxidative Stress and Inflammatory Management 

in Oncopediatric Patients with Chemoinduced 

Oral Mucositis. Journal of Applied Oral Science. 

2022; 30:1-11. doi:10.1590/1678-7757-2021-

0490 

41- Pulito C, Cristaudo A, Porta C La, Zapperi S, 

Blandino G, Morrone A, et al. Oral Mucositis: 

The Hidden Side of Cancer Therapy. Journal of 

Experimental and Clinical Cancer Research. 

2020; 39(1):1-15. doi:10.1186/s13046-020-

01715-7 

42- Abdel Moneim AE, Guerra-Librero A, Florido J, 

Shen YQ, Fernández-Gil B, Acuña-Castroviejo 

D, et al. Oral Mucositis: Melatonin Gel an 

Effective New Treatment. International Journal 

of Molecular Sciences. 2017; 18(5). 

doi:10.3390/ijms18051003 

43- Yadav R, Verma U, Tiwari R, Article O. 

Heterogeneous Conceptualization of 

Etiopathogenesis: Oral Pyogenic Granuloma. 

National Journal of Maxillofacial Surgery. 2019; 

10(1):3-7. doi:10.4103/njms.NJMS 

44- Zavala-Valencia AC, Velasco-Hidalgo L, 

Martínez-Avalos A, Castillejos-López M, 

Torres-Espíndola LM. Effect of N-

Acetylcysteine on Cisplatin Toxicity: A Review 

of the Literature. Biologics: Targets and 

Therapy. 2024; 18(January):7-19. 

doi:10.2147/BTT.S438150 

45- Mohammed AI, Sangha S, Nguyen H, Shin DH, 

Pan M, Park H, et al. Assessment of Oxidative 

Stress-Induced Oral Epithelial Toxicity. 

Biomolecules. 2023; 13(8):1-24. 

doi:10.3390/biom13081239 

46- Dong S, Lyu X, Yuan S, Wang S, Li W, Chen Z, 

et al. Oxidative Stress: A Critical Hint in 

Ionizing Radiation Induced Pyroptosis. 

Radiation Medicine and Protection. 2020; 

1(4):179-185. doi:10.1016/j.radmp.2020.10.001 

47- Nguyen H, Sangha S, Pan M, Shin DH, Park H, 

Mohammed AI, et al. Oxidative Stress and 

Chemoradiation-Induced Oral Mucositis: A 

Scoping Review of In Vitro, In Vivo and 

Clinical Studies. International Journal of 

Molecular Sciences. 2022; 23(9). 

doi:10.3390/ijms23094863 

48- Al-Rudayni AHM, Gopinath D, Maharajan MK, 

Menon RK. Impact of Oral Mucositis on Quality 

of Life in Patients Undergoing Oncological 

Treatment: A Systematic Review. Translational 

Cancer Research. 2020; 9(4):3126-3134. 

doi:10.21037/tcr.2020.02.77 

49- Chaudhry S, Ehtesham Z. Treatment Options for 

Cancer Patients Suffering from Oral Mucositis-

03-28 (Version 1) (YYYY-MM-DD). 2023; 

28(version 1). https://dx.doi.org/10.33140/IJCRT 

50- Peterson DE, Bensadoun RJ, Roila F. 

Management of Oral and Gastrointestinal 

Mucositis: ESMO Clinical Practice Guidelines. 

Annals of Oncology. 2011; 22(SUPPL. 6):78-84. 

doi:10.1093/annonc/mdr391 

51- Peterson DE, Boers-Doets CB, Bensadoun RJ, 

Herrstedt J. Management of Oral and 

Gastrointestinal Mucosal Injury: ESMO Clinical 

Practice Guidelines for Diagnosis, Treatment, 

and Follow-Up. Annals of Oncology. 2015; 

26(July):v139-v151. 

doi:10.1093/annonc/mdv202 

52- Peterson DE, Bensadoun RJ, Roila F. 

Management of Oral and Gastrointestinal 

Mucositis: ESMO Clinical Practice Guidelines. 



Lotfy et al., Arch Pharm Sci ASU 9(1): 194-208 
 

206 

Annals of Oncology. 2010; 21(SUPPL. 5):v261-

v265. doi:10.1093/annonc/mdq197 

53- Buduhan V, Cashman R, Cooper E, Levy K, 

Syme A, Post M. Symptom Management 

Guidelines : ORAL MUCOSITIS * Step-Up 

Approach to Symptom Management : 

Interventions Should Be Based On Current 

Grade Level and Include Lower Level Grade. 

http://www.bccancer.bc.ca/nursing-

site/Documents/12.%20Oral%20Mucositis.pdf. 

Published online 2020:1-11. 

54- Hadid T, Al-Katib A, Binongo J, Berteotti GM, 

Fazal S, Rossetti JM, et al. Palifermin Compared 

to Supersaturated Calcium Phosphate Rinse in 

Prevention of Severe Oral Mucositis after Stem 

Cell Transplantation in Patients Receiving 

Radiotherapy-Based Myeloablative 

Conditioning. Hemato. 2023; 4(1):58-67. 

doi:10.3390/hemato4010006 

55- Lauritano D, Petruzzi M, Di Stasio D, Lucchese 

A. Clinical Effectiveness of Palifermin in 

Prevention and Treatment of Oral Mucositis in 

Children with Acute Lymphoblastic Leukaemia: 

A Case-Control Study. International Journal of 

Oral Science. 2014; 6(1):27-30. 

doi:10.1038/ijos.2013.93 

56- El Jurdi N, Fair C, Rogosheske J, Shanley R, 

Arora M, Bachanova V, et al. Effect of 

Keratinocyte Growth Factor on Hospital 

Readmission and Regimen-Related Toxicities 

after Autologous Hematopoietic Cell 

Transplantation for Lymphoma. Transplantation 

and Cellular Therapy. 2021; 27(2):179.e1-

179.e4. doi:10.1016/j.jtct.2020.11.005 

57- Colella G, Boschetti CE, Vitagliano R, Colella 

C, Jiao L, King-Smith N, et al. Interventions for 

the Prevention of Oral Mucositis in Patients 

Receiving Cancer Treatment: Evidence from 

Randomised Controlled Trials. Current 

Oncology. 2023; 30(1):967-980. 

doi:10.3390/curroncol30010074 

58- du Souich P, Roederer G, Dufour R. Myotoxicity 

of Statins: Mechanism of Action. Pharmacology 

and Therapeutics. 2017; 175:1-16. 

doi:10.1016/j.pharmthera.2017.02.029 

59- Ward NC, Watts GF, Eckel RH. Statin Toxicity: 

Mechanistic Insights and Clinical Implications. 

Circulation Research. 2019; 124(2):328-350. 

doi:10.1161/CIRCRESAHA.118.312782 

60- Paraskevas KI, Gloviczki P, Antignani PL, 

Comerota AJ, Dardik A, Davies AH, et al. 

Benefits and Drawbacks of Statins and Non-

Statin Lipid Lowering Agents in Carotid Artery 

Disease. Progress in Cardiovascular Diseases. 

2022; 73:41-47. doi:10.1016/j.pcad.2022.05.003 

61- Jiang W, Hu JW, He XR, Jin WL, He XY. 

Statins: A Repurposed Drug to Fight Cancer. 

Journal of Experimental and Clinical Cancer 

Research. 2021; 40(1):1-33. 

doi:10.1186/s13046-021-02041-2 

62- S. Antonopoulos A, Margaritis M, Lee R, 

Channon K, Antoniades C. Statins as Anti-

Inflammatory Agents in Atherogenesis: 

Molecular Mechanisms and Lessons from the 

Recent Clinical Trials. Current Pharmaceutical 

Design. 2012; 18(11):1519-1530. 

doi:10.2174/138161212799504803 

63- Montecucco F, MacH F. Update on Statin-

Mediated Anti-Inflammatory Activities in 

Atherosclerosis. Seminars in Immunopathology. 

2009; 31(1):127-142. doi:10.1007/s00281-009-

0150-y 

64- Zhang Q, Dong J, Yu Z. Pleiotropic Use of 

Statins as Non-Lipid-Lowering Drugs. 

International Journal of Biological Sciences. 

2020; 16(14):2704-2711. doi:10.7150/ijbs.42965 

65- Zivkovic S, Maric G, Cvetinovic N, Lepojevic-

stefanovic D, Cvijan BB. Anti-Inflammatory 

Effects of Lipid-Lowering Drugs and 

Supplements — A Narrative Review. Published 

online 2023:1-22. 

66- Zeiser R. Immune Modulatory Effects of Statins. 

Immunology. 2018; 154(1):69-75. 

doi:10.1111/imm.12902 

67- Amin-Hanjani S, Stagliano NE, Yamada M, 

Huang PL, Liao JK, Moskowitz MA. 

Mevastatin, an HMG-CoA Reductase Inhibitor, 

Reduces Stroke Damage and Upregulates 

Endothelial Nitric Oxide Synthase in Mice. 



Statins against 5-Flourouracil- induced Oral Mucositis in Colorectal Cancer Patients 

 

207 

Stroke. 2001; 32(4):980-985. 

doi:10.1161/01.str.32.4.980 

68- Melo AC, Valença SS, Gitirana LB, Santos JC, 

Ribeiro LM, Machado MN, et al. Redox Markers 

and Inflammation Are Differentially Affected by 

Atorvastatin, Pravastatin or Simvastatin 

Administered before Endotoxin-Induced Acute 

Lung Injury. International 

Immunopharmacology. 2013; 17(1):57-64. 

doi:10.1016/j.intimp.2013.05.016 

69- Luo J, Li J, Shen X, Hu X, Fang Z, Lv X, et al. 

The Effects and Mechanisms of High Loading 

Dose Rosuvastatin Therapy before Percutaneous 

Coronary Intervention in Patients with Acute 

Coronary Syndrome. International Journal of 

Cardiology. 2013; 167(5):2350-2353. 

doi:10.1016/j.ijcard.2012.11.032 

70- EL Desoky ES, Hassan AKM, Salem SY, Fadil 

SA, Taha AF. Cardioprotective Effect of 

Atorvastatin Alone or in Combination with 

Remote Ischemic Preconditioning on the 

Biochemical Changes Induced by 

Ischemic/Reperfusion Injury in a Mutual 

Prospective Study with a Clinical and 

Experimental Animal Arm. International Journal 

of Cardiology. 2016; 222:866-873. 

doi:10.1016/j.ijcard.2016.07.178 

71- Peled Y, Klempfner R, Kassif Y, Kogan A, 

Maor E, Sternik L, et al. Transplantation 

Outcomes. Published online 2024:3-8. 

72- Sadeghdoust M, Aligolighasemabadi F, Dehesh 

T, Taefehshokr N, Sadeghdoust A, Kotfis K, et 

al. The Effects of Statins on Respiratory 

Symptoms and Pulmonary Fibrosis in COVID-

19 Patients with Diabetes Mellitus: A 

Longitudinal Multicenter Study. Archivum 

Immunologiae et Therapiae Experimentalis. 

2023; 71(1):1-10. doi:10.1007/s00005-023-

00672-1 

73- Zinellu A, Mangoni AA. A Systematic Review 

and Meta-Analysis of the Effect of Statins on 

Glutathione Peroxidase, Superoxide Dismutase, 

and Catalase. Antioxidants. 2021; 10(11). 

doi:10.3390/antiox10111841 

74- Franzoni F, Quiñones-Galvan A, Regoli F, 

Ferrannini E, Galetta F. A Comparative Study of 

the in Vitro Antioxidant Activity of Statins. 

International Journal of Cardiology. 2003; 90(2-

3):317-321. doi:10.1016/S0167-5273(02)00577-

6 

75- Grosser N, Hemmerle A, Berndt G, Erdmann K, 

Hinkelmann U, Schürgerc S, et al. The 

Antioxidant Defense Protein Heme Oxygenase 1 

Is a Novel Target for Statins in Endothelial 

Cells. Free Radical Biology and Medicine. 2004; 

37(12):2064-2071. 

doi:10.1016/j.freeradbiomed.2004.09.009 

76- Pignatelli P, Carnevale R, Pastori D, Cangemi R, 

Napoleone L, Bartimoccia S, et al. Immediate 

Antioxidant and Antiplatelet Effect of 

Atorvastatin via Inhibition of Nox2. Circulation. 

2012; 126(1):92-103. 

doi:10.1161/CIRCULATIONAHA.112.095554 

77- Taccone-Gallucci M, Noce A, Bertucci P, Fabbri 

C, Manca-di-Villahermosa S, Della-Rovere FR, 

et al. Chronic Treatment with Statins Increases 

the Availability of Selenium in the Antioxidant 

Defence Systems of Hemodialysis Patients. 

Journal of Trace Elements in Medicine and 

Biology. 2010; 24(1):27-30. 

doi:10.1016/j.jtemb.2009.06.005 

78- Pires LO, Gallotti B, Silva JL, Alvarez-leite JI, 

Ariston V, Azevedo C, et al. Atorvastatin 

Improves Intestinal Mucositis Induced by 5-

Fluorouracil in Mice by Modulating the and 

Epithelial Barrier and Inflammatory Signaling 

Pathways. 

79- Medeiros CACX, Leitão RFC, MacEdo RN, 

Barboza DRMM, Gomes AS, Nogueira NAP, et 

al. Effect of Atorvastatin on 5-Fluorouracil-

Induced Experimental Oral Mucositis. Cancer 

Chemotherapy and Pharmacology. 2011; 

67(5):1085-1100. doi:10.1007/s00280-010-

1409-7 

80- Campos MIDC, Campos CN, Corrêa JOA, 

Aarestrup FM, Aarestrup BJV. Induced Oral 

Mucositis in Wistar Rats Treated with Different 

Drugs: Preventive Potential in Cytokine 



Lotfy et al., Arch Pharm Sci ASU 9(1): 194-208 
 

208 

Production. Molecular and Clinical Oncology. 

2021; 14(6):1-10. doi:10.3892/MCO.2021.2289 

81- Arafat EA, El-Khair SMA, Elsamanoudy AZ, 

Shabaan DA. Study of the Possible Alleviated 

Role of Atorvastatin on Irinotecan-Induced 

Lingual Mucosal Damage: Histological and 

Molecular Study. Oxidative Medicine and 

Cellular Longevity. 2021; 2021. 

doi:10.1155/2021/9690047 

82- Mammdoh JK, Attarbashii RKA, Al Mola ADH. 

Protective Effect of Rosuvastatin on 

Cyclophosphamide-Induced Oral Toxicity in 

Rats: Histological and Immunohistochemical 

Study. Research Journal of Pharmacy and 

Technology. 2023; 16(2):759-762. 

doi:10.52711/0974-360X.2023.00129 

83- Medeiros A da C, Azevedo ÍM, Lima ML, Filho 

IA, Moreira MD. Effects of Simvastatin on 5-

Fluorouracil-Induced Gastrointestinal Mucositis 

in Rats. Revista do Colegio Brasileiro de 

Cirurgioes. 2018; 45(5):1-8. doi:10.1590/0100-

6991e-20181968 

84- Molania T, Akbari J, Babaei A, Lotfizadeh A, 

Moosazadeh M, Mesgarani A, et al. Atorvastatin 

Mucoadhesive Tablets in the Management of 

Recurrent Aphthous Stomatitis: A Randomized 

Clinical Study. BMC Oral Health. 2023; 23(1):1-

8. doi:10.1186/s12903-023-02846-x 

85- Ala S, Saeedi M, Ghasemi A, Namdari M, 

Koulaeinejad N. Effect of Atorvastatin 1% 

Mouthwash in the Prevention of Radiotherapy 

Induced Mucositis: A Pilot Study. Caspian 

Journal of Internal Medicine. 2022; 13(4):800-

804. doi:10.22088/cjim.13.4.800 

86- Ziegler V, Albers A, Fritz G. Lovastatin Protects 

Keratinocytes from DNA Damage-Related pro-

Apoptotic Stress Responses Stimulated by 

Anticancer Therapeutics. Biochimica et 

Biophysica Acta - Molecular Cell Research. 

2016; 1863(6):1082-1092. 

doi:10.1016/j.bbamcr.2016.02.009 

87- Karbasizade S, Ghorbani F, Ghasemi Darestani 

N, Mansouri-Tehrani MM, Kazemi AH. 

Comparison of Therapeutic Effects of Statins 

and Aloe Vera Mouthwash on Chemotherapy 

Induced Oral Mucositis. International journal of 

physiology, pathophysiology and pharmacology. 

2021; 13(4):110-116. 

http://www.ncbi.nlm.nih.gov/pubmed/34540131

%0Ahttp://www.pubmedcentral.nih.gov/articlere

nder.fcgi?artid=PMC8446774 

88- Sharifian A, Aghili M. The Role of Lovastatin in 

Curative Chemoradiotherapy for Patients with 

Head and Neck Cancer : A Randomized Trial. 

2024; 6(July 2015):117-127. 

doi:10.30476/mejc.2023.97387.1911.Abstract 

 


