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ABSTRACT
Introduction: This study aimed to investigate the possibility of treating the side effects of cytarabine on the tongue using 
vitamin E in rabbits. 
Material and Methods: Three-month-old rabbits weighing 1.5 to 2.0 kg were utilized in this investigation. A total of 18 
rabbits were separated into 3 equal groups at random, with each group containing 6 rabbits. Vitamin E was administered 
orally, and cytarabine was administered intraperitoneally. Each treatment was administered daily for one week, following 
groups distilled water was administered parenterally to a control group, and A 50 mg/kg dosage of cytarabine was 
administered to the second group. The third group was given cytarabine 50 mg/kg, and then 5 hours later, it was given 
vitamin E at a dose of 800  IU.  
Results: The result revealed The tongue Cytarabine treated group showed hyperkeratosis with hyalinization, ballooning 
degeneration, necrosis of the epithelial cells degeneration, (Zenker's) of skeletal muscle cells with atrophy, oedema 
between it, inflammation, and congestion of blood vessels, while the Cytarabine with vitamin E treated group showing 
intact mucosa with filiform and epithelial cells, and longitudinal and transverse skeletal muscles, also showing mild 
hyperkeratosis,  and degeneration of the epithelial cells and intact fungiform papillae.
Conclusions: The conclusion from this study is that vitamin E is a promising treatment for cytarabine's side effects and 
that combining them has positive effects on treating rabbits' tongue lesions.
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INTRODUCTION                                                                

A variety of types of leukaemia, including acute 
myelogenous and meningeal leukaemia, are treated with 
the anti-metabolic medication cytarabine. The DNA 
building blocks purines and pyrimidines, which are anti-
metabolites, influence the DNA of cancer cells and prevent 
them from merging during the cell cycle's "S" phase, 
halting the normal growth and division of these cells[1]. 
The regimen for hematopoietic stem cell transplantation 
(HSCT) includes high doses of cytarabine, which 
frequently result in acute oral mucositis[2].

Recent research has demonstrated that cytarabine is 
excreted in saliva by individuals taking large doses of the 
drug and that this directly and locally promotes the onset 
of oral mucositis. This finding therefore strongly implies 
a role for salivary cytarabine secretion in the emergence 
of cytarabine-associated oral mucositis[3]. Cytarabine is 
toxic to a variety of mammalian cells in vitro, showing 
specificity especially in the death of cells in the S phase, 
slowing the transition of cells from G1 to the S phase, and 
killing cells that are undergoing DNA synthesis[4].

A significant side effect of cytotoxic therapy is oral 
mucosal and tongue inflammation, which causes severe 
morbidity and elevated mortality. In addition to excruciating 
pain, cancer treatment may need to be interrupted due to 
mucosal issues, which reduce its efficacy and reduce the 
quality of life due to the inability to eat, which also affects 
recovery times and expenditures associated with health 
services[5].

Due to the high concentration of opportunistic 
bacteria in the oral cavity, the oral mucosa and tongue are 
vulnerable to cytotoxic substances, localized radiation, 
and focal or diffuse desquamation[6]. Recent findings in 
the literature imply that vitamin E might make a good 
option for cancer adjuvant therapy. Although a-tocopherol 
has been the subject of most studies. Recent research 
indicates that different vitamin E isomers have different 
proapoptotic capacities, indicating that mitochondria are 
the primary target of apoptosis induction by vitamin E 
isomers and analogues. Additionally, various signalling 
pathways regulated by vitamin E help determine the 
intrinsic apoptotic pathway that was initially triggered by 
mitochondria[7].
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According to additional research, vitamin E may 
prevent cancer in males with prostate cancer[8]. While 
another study revealed that higher circulating a-TOC 
levels within the normal range were linked to fewer deaths 
in male smokers[9], a third study revealed that dietary 
vitamins E and C were statistically protective for both 
colorectal cancers and that there was a dose-response effect 
for protection against colon cancer for both vitamins[10].

MATERIALS AND METHODS                                          

Animals

Three-month-old rabbits weighing 1.5 to 2.0 kg were 
utilized in this investigation. They were housed in a 
laboratory at a temperature of 23+ 4 °C with a 12-hour 
light/dark cycle. Before the trial, the rabbits were kept in the 
lab for six days. The animals were fed rabbit chow pellets 
with a 22% protein content. The University of Mosul's 
guidelines were followed in regard to the treatment of the 
bunnies, which was humane. This study was carried out 
at the College of Dentistry, the University of Mosul, Iraq 
with the ethical approval number UM.DENT/ A.L.72/21 at 
15/10/2021.

Experience Design

A total of 18 rabbits were separated into 3 equal 
groups at random, with each group containing 6 rabbits. 
Vitamin E was administered orally, and cytarabine was 
administered intraperitoneally (Figure 1). Each treatment 
was administered daily for one week, with the following 
groups:

• G1: Distilled water was administered parenterally 
to a control group.

• G2: A 50 mg/kg dosage of cytarabine was 
administered to the group.

• G3: This group was given cytarabine 50 mg/kg, 
and then 5 hours later, it was given vitamin E at a 
dose of 800 IU.

Following a week of therapy, the rabbits received ether 
anaesthesia for sacrifice and dissection. The tongue was 
then removed, thoroughly washed, and fixed for three 
days in a 10% formalin solution. slides were stained with 
hematoxylin-eosin and examined Under a light microscope.

Fig. 1: A representative image for the administration of vitamin E oral (A) 
and cytarabine intraperitoneal (B).

RESULTS                                                                                     

Histopathology of the experimental groups revealed 
that the rabbit's tongue of the control group showed 
normal architecture, represented by mucosa, taste buds, 
submucosa, and longitudinal and transversal skeletal 
muscles (Figure 2,Table 1). The tongues of the Cytarabine 
treated group showed necrosis and hyaline degeneration 
(Zenker's) of skeletal muscle cells with atrophy and oedema 
between it, hyperkeratosis with hyalinization, ballooning 
degeneration, necrosis of the epithelial cells, inflammation 
and congestion of blood vessels (Figure 2, Table 1). 

The rabbit's tongue of the Cytarabine with vitamin 
E treated group revealed intact mucosa with filiform 
and epithelial cells, and longitudinal and transverse 
skeletal muscles (Figure 2 and Table 1), also the other 
rabbit's tongue of the Cytarabine with vitamin E treated 
group showed mild hyperkeratosis,  and degeneration 
of the epithelial cells and intact fungiform papillae                                                                      
(Figure 2, Table 1).

Fig. 2: Representative image for the studied section of rabbits tongue for 
cytarabine-induced oral lesions with potential suppression by vitamin E. 
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DISCUSSION                                                                         

The findings of our study demonstrated that cytarabine, 
a cancer medication, can have hazardous effects in non-
target or non-cancerous tissues, including the tissues 
of the tongue and oral cavity, The tongue Cytarabine 
treated group showed hyperkeratosis with hyalinization, 
ballooning degeneration, necrosis of the epithelial cells 
degeneration, (Zenker's) of skeletal muscle cells with 
atrophy, oedema between it, inflammation and congestion 
of blood vessels. Acute side effects are common during 
or after therapy and chronic side effects can linger for a 
very long period after the end of cancer treatment. These 
treatment-related adverse effects are common in the 
mouth, pharynx, and oesophagus because these are organs 
having mucous membranes made up of epithelial cells that 
regenerate rapidly[11-13]. 

The use of anticancer medications causes lesions to 
appear on both keratinized and non-keratinized mucosa, 
whereas other studies claim that ulcers only appear in non-
keratinized areas, The buccal surfaces, labia, soft palate, 
ventral side of the tongue, and mouth floor are among the 
mucosal regions of the mouth[14-16]. The dorsal surface 
of the tongue, gums, and hard palate is less frequently 
impacted structures[17]. Clinically, mucositis and tongue 
may exhibit a variety of complicated symptoms, Redness 
and scaly spots that become mildly uncomfortable upon 
pressing are the first signs of the condition, Following 
early radiation, vascular atrophy, ulcers, increased salivary 
viscosity, dry mouth, and oral pain are the most noticeable 
oral alterations[15].

Antineoplastic agents administered into the spinal cord: 
increase the neurotoxicity of cytarabine. Digoxin: may 
reduce the absorption of digoxin from the gastrointestinal 
tract. Flucytosine: cytarabine reduces the anti-inflammatory 
effect of flucytosine. Gentamicin: cytarabine reduces 

the effect of gentamicin and the liposome (liposomal) 
cytarabine affects the result of the white cell assay. In the 
cerebrospinal fluid, the result is greater than reality[18]. Our 
study's treatment time was set at 7 days, according to prior 
research, the detrimental consequences start to manifest 
after 7 to 10 days, and oral mucositis progressively gets 
worse, peaking in 7 to 17 days[17,15]. Numerous anticancer 
medications prevent mucosal regeneration and directly 
block DNA replication from cellular proliferation[19].

Pathological tongue lesions may result from indirect 
toxicity to the mouth, which is the second mechanism, 
during the period of treatment-induced neutropenia, as 
a result of the emergence of subclinical gum infection. 
Additionally, chemotherapy-induced dry mouth reduces 
salivary mucous secretions in the mouth. As a result, 
the mucous membranes' protective barrier is partially 
compromised, making it simple for germs and fungi to 
infiltrate the body[20-22].

Lysozymes, lactoperoxidases, immunoglobulins, 
lactoferrins, and histastatins are only a few of the 
compounds in saliva that have antibacterial action and 
are important for maintaining the health of the oral 
mucosa[23,24]. Another hypothesis for the pathogenesis of 
oral and tongue mucositis is the influence of cytokines that 
play an important role in pro-inflammatory transcription 
factors in the development of mucositis[25,26].

Following exposure to cytotoxic agents, the production 
of reactive oxygen species causes immediate damage to 
tissues and mucous membrane components. This is followed 
by the stage of regulation and message generation, one of 
which is the activation of transcription factors, in particular 
nuclear factor jB (NFjB). This transcription factor, which 
is activated in response to chemotherapy and radiation 
therapy, controls up to 200 genes that affect the integrity 
of the mucosa by inducing clonal cell death, apoptosis, 

Table 1: Histopathological findings of rabbit tongue after exposure to cytarabine and potential suppression by vitamin E.

Groups Control +Cytarabine +Cytarabine
+Vitamin E

Histological Findings • Normal architecture is 
represented by mucosa, 
taste buds, submucosa and 
longitudinal and transverse 
skeletal muscles.

• Necrosis and hyaline 
degeneration (Zenker's) 
of skeletal muscle cells 
with atrophy and oedema 
between it.

• Hyperkeratosis with 
hyalinization, ballooning 
degeneration and necrosis 
of the epithelial cells.

• Hyperkeratosis with 
hyalinization, ballooning 
degeneration and necrosis 
of the inflammation of the 
epithelial cells.

• Necrosis and hyaline 
degeneration (Zenker's) of 
skeletal muscle cells with 
atrophy, oedema between 
it and congestion of blood 
vessels.

• Intact mucosa with filiform 
and epithelial cells, and 
longitudinal and transverse 
skeletal muscles.

• Mild hyperkeratosis, 
and degeneration of the 
epithelial cells and intact 
fungiform papillae.
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and tissue injury across the mucosa. jB mucositis-
related production of pro-inflammatory cytokines such 
as tumour necrosis factor (TNF), interleukin-1b (IL-1b), 
and interleukin-6 (IL-6)[27], The third stage involves signal 
amplification and arises from proinflammatory cytokines 
acting through positive feedback mechanisms that further 
activate NF-kB cause an increase in the production of 
other bioactive cytokines or pro-inflammatory mediators, 
like cyclooxygenase-2 COX-2[28,29]. These mediators also 
start an inflammatory stimulation that results in matrix 
activation of proteins producing more tissue that develops 
the ulcerative stage[30].

One of the ways that many chemotherapy drugs kill 
cancer cells is by oxidative stress. Chemotherapy-induced 
ROS types and concurrent oxidative damage to proteins 
(including antioxidants and energy-generating enzymes), 
lipids, nucleic acids, and cellular components (such as 
membranes and mitochondria are responsible for the acute 
or chronic toxic side effects of chemotherapy. Laterally 
affecting non-target tissues (i.e., non-cancerous) under 
conditions of oxidative stress[31].

To prevent ROS formation and maintain a stable 
cellular redox state, cellular antioxidants and antioxidant 
enzymes are essential. Cellular antioxidants are consumed 
by the ROS -induced chemotherapeutic drug, which results 
in an oxidative action[32]. Reactive chemical production can 
severely affect cell integrity by changing the permeability 
and fluidity of the lipid bilayer membrane[33].

Given that vitamin E is a potent antioxidant and 
that tocotrienols are proapoptotic agents, investigations 
have shown that vitamin E administration improved the 
histopathological lesions of the tongue[34]. When vitamin 
E analogues were used, the synergistic effects of vitamin 
E with anticarcinogens were investigated. The researchers 
looked at daily supplementation with 50 mg of tocopherol 
acetate and/or 20 mg of b-carotene decreased the number of 
fatalities from laryngeal, oesophagal, and oral cancers[35,36].

Isomers of vitamin E have been demonstrated to 
have cytotoxic and anticancer properties in research 
studies involving cancer cell lines, animal models, and 
clinical trials[37]. The literature's data support vitamin E 
and its equivalents' ability to induce caspase-independent 
apoptosis.

Initially, it was believed that vitamin E's 
chemopreventive effects resulted from its capacity to 
scavenge free radicals produced by faecal bacteria in the 
colon and so prevent DNA damage. However, research 
shows that signal transduction activities are unrelated 
to vitamin E's antioxidant properties[7]. Despite these 
protective effects of vitamin E, the endogenous milieu of 
the extracellular compartment is highly sensitive to local 
factors of inflammatory/proinflammatory markers[38,39], 
cellular integrity[40], and oxygen supply[41,42].

We think that all of the mentioned factors discussed 
in this study explain why the histopathological changes 
of the tongue were improved in the animals treated with 
cytarabine and given vitamin E doses. The difference is 
also apparent when comparing the pathological effects and 
looking at the outcomes.

CONCLUSION                                                                      

We found in this study that vitamin E is a promising 
treatment for Cytarabine's side effects and that combining 
them has positive effects on treating rabbits' tongue lesions.
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