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 ABSTRACT 
Statement of the Problem: Oral mucositis (OM) is a common side effect of anti-
cancer drugs and needs significant attention for its prevention. 
Purpose: This study aimed to evaluate the healing effects of olive leaf extract on 
5-fluorouracil-induced OM in golden hamster. 
Materials and Method: OM was induced in 63 male golden hamsters by the 
combination of 5-fluorouracil injections (days 0, 5 and 10) and the abrasion of the 
cheek pouch (days 3 and 4). On day 12, hamsters were received topical olive leaf 
extract ointment, base of ointment, or no treatment (control) for 5 days. Histo-
pathology evaluations, blood examinations, and tissue malondialdehyde level 
measurement were performed 1, 3 and 5 days after treatments.  
Results: Histopathology score and tissue malondialdehyde level were significantly 
lower in olive leaf extract treated group in comparison with control and base 
groups (p= 0.000). Significant decreases in white blood cell, hemoglobin, hemato-
crit , and mean corpuscular volume and an increase in mean corpuscular hemoglo-
bin concentration were observed in olive leaf extract treated group in comparison 
with control and base groups (p< 0.05).  
Conclusion: Our findings demonstrated that daily application of olive leaf extract 
ointment had healing effect on 5-fluorouracil induced OM in hamsters. Moreover, 
the beneficial effect of olive leaf extract on OM might be due to its antioxidant and 
anti-inflammatory properties. 
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Introduction  
Mucositis is a common, serious mucosal inflammatory 
reaction and clinical problems caused by the cytotoxic 
effects of cancer chemotherapeutics. [1-3] This condi-
tion may involve the entire gastrointestinal tract causing 
mouth and throat pain, ulcerations and diarrhea. The 

exact pathogenesis of mucositis is unclear. However, 
reactive oxygen species generated by cytotoxic agents 
used in cancer chemotherapy may activate the processes 
of oxidative stress leading to mucosal atrophy. This in 
turn may make the oral mucosa more susceptible to 
trauma and ulcerations. [2] Approximately 40% of pa-
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tients receiving standard cancer chemotherapy regimens 
developed mucositis. [1-3]  

Depending on the severity of injury and discom-
fort, symptoms range from moderate burning sensation 
of the mouth to sever pain associated with ulcerations. 
This can be a limiting factor for cancer chemotherapy 
leading to poor treatment outcomes and increased finan-
cial burden. Due to these issues, controlling mucositis 
has become an important concern in care of cancer pa-
tients. [2, 4] There is no effective treatment available for 
oral mucositis (OM). Various agents, which are current-
ly used for managing OM, are only palliative or infec-
tion controller including anti-microbial agents, magne-
sium hydroxide, hydroxypropyl cellulose, local anes-
thetics, corticosteroids, pentoxyfyline, supplementary 
amino acids, vitamins, growth factors, antioxidants, 
cryotherapy , and low-level laser therapy. [5-6] There-
fore, developing new treatments for OM with greater 
efficacy and fewer side effects is highly warranted.  

In recent years, ethnomedicine has appealed the 
attentions of many researchers as a potential source of 
discovering new remedies. Some herbal medicines such 
as chamomile, Aloe Vera, Calendula officinalis, Carum 
carvi, and Zizyphus jujube have been evaluated for 
treating OM. [7-12] Since oxidative stress processes and 
inflammatory reactions have been indicated in the path-
ophysiology of OM, herbs with strong antioxidant 
and/or anti-inflammatory properties such as olive can be 
a potential candidate for treating OM.  

Different parts of olive tree such as fruits, leaves 
and seeds in the forms of extracts, herbal tea and pow-
der are commonly used as remedies in European and 
Mediterranean countries and contain many potential 
bioactive compounds. [13] The main chemical constitu-
ents of olive which have pharmacological effects are 
polyphenol compounds particularly oleuropeine and 
hydroxytyrosol. Polyphenols are more abundant in leaf 
extracts than fruits of olive. In addition, olive leaves are 
inexpensive crude material with high beneficial proper-
ties. [14-15] Furthermore, earlier studies have indicated 
cardio protective, hypotensive, hypoglycemic and anti-
oxidative activities of olive leaf extract. [16-19] On the 
other hand, mucosal protective effects of olive leaf ex-
tract have been described in some studies. [20-21] 
Therefore, the aim of this study was to assess the heal-
ing effect of topical application of olive leaf extract 

ointment on OM induced by the chemotherapeutic agent 
5-fluouracil (5-FU) in golden hamsters based on clini- 
cal, histopathology, and serum biochemical evaluations. 
 
Materials and Method 
Animals 

Sixty three male golden hamsters, weighing 110±10 g 
and eight weeks old, were purchased from Laboratory 
Animals Center of Shiraz University of Medical Scienc-
es, Shiraz, Iran. Hamsters were randomly divided into 
three equal groups and were maintained under standard 
conditions (20±2 oC, 50% relative humidity and 12/12 
hr light/dark cycles) with access to a standard diet and 
water ad libitum. Every procedure was designed to min-
imize discomfort to the animals and to use the fewest 
animals needed for statistical analysis. Also, all experi-
mental protocols were approved by the Animal Care 
and Use Committee at the Shiraz University of Medical 
Sciences and were performed in accordance with the 
National Institutes of Health Guidelines for the Care and 
Use of Laboratory Animals. 
5-FU induced OM 

OM was induced according to Sonis et al. procedure. 
[22] Briefly, hamsters were injected intraperitoneally 5-
FU (60 mg/kg, IP) on days 0, 5 and 10. Three superfi-
cial vertical linear scratches were made on cheek pouch 
mucosa on days 3 and 4 with a tip of an 18-gauge sterile 
needle. On 12th day, the peak of inflammation and red-
ness of mucosa, hamsters received daily topical applica-
tion of olive leaf ointment (Zaitonex, containing 0.45% 
oleuropeine) or base of ointment for 5 days. One group 
received no treatment assigned as the control group. The 
cheek pouch mucosa of both sides of the affected area 
was completely covered once a day in the morning. 
Animals were not allowed to eat or drink for one hour 
after the application of treatments in order to make sure 
that the coverage was not swallowed.  
Histopathologic studies 

Seven hamsters from each group were randomly sacri-
ficed on days 13, 15, and 17. At the time of sacrifice, 
they were anesthetized with an overdose of pentobarbi-
tal. Excisional biopsies of the cheek pouch mucosa of 
both sides were obtained. The gross macroscopic 
changes were evaluated by an expert veterinarian and 
related lesions were reported. Tissues of right side cheek 
pouch were placed in 10 % buffered formalin, prepared  
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Figure 1: Evaluation of the healing effect of olive leaf extract ointment by clinical scoring of oral mucositis (arrows) induced by 5-
fluorouracil in hamsters on day 15. A, Score 0; B, score 1; C, score 2; D, score 3 based on related histopathological scores 
 

for histopathologic examination and stained with hema-
toxylin and eosin. The specimens were histopathologi-
cally scored based on the study of Lima et al. [6] as 
follows:  
• Score 0 represents normal epithelium and connec-

tive tissue without vasodilatation, absent or mild in-
flammatory infiltrate, absence of bleeding, ulcers 
and abscesses. 

• Score 1 signifies mild vascular hyperemia, areas of 
re-epithelialization, mild inflammatory infiltrate 
with a prevalence of mononuclear cells, no hemor-
rhagic areas, ulcerations or abscesses. 

• Score 2 characterizes moderate vascular redness 
areas of epithelial degeneration, inflammatory infil-
tration with prevalence of neutrophils, hemorrhagic 
areas, edema and occasional ulcerations, absence of 
abscesses. 

• Score 3 denotes severe hyperemia and vascular vas-
odilatation, inflammatory infiltration with preva-
lence of neutrophils, hemorrhagic areas, edema, ex-
tensive ulcerations and abscesses. 

Blood analysis 

Heart blood was taken by cardiocentesis and used for 
complete blood count (CBC) test including white blood 
cell (WBC), red blood cell (RBC), and platelet counts 
plus hematocrite (HCT), hemoglobin, mean of corpus-
cular volume (MCV), mean corpuscular hemoglobin 
(MCH) and mean corpuscular hemoglobin concentra-
tion (MCHC). 
Measurement of tissue malonedialdehyde (MDA) level 

Tissue from the left side was kept in a cryotube under  

liquid nitrogen for subsequent measurement of MDA 
level as an index of lipid peroxidation. Briefly, 200 mg 
of tissue was homogenized with phosphate buffer solu-
tion in the ratio of 1w: 5v. The homogenized tissue 
(400 μL) was then mixed with 800 μL of trichloroace-
tic acid (TBA) and centrifuged (3000 rpm, 4° C, 30 
min). Then 600 μL of the supernatant was mixed with 
150 μL of 1% TBA and incubated in water bath for 15 
min. After cooling down, 6 ml of n-butanol was added 
and the mixture was centrifuged (3000 rpm, 4 °C, 10 
min). Subsequently the absorption of butane phase was 
measured by spectrophotometer at 532 nm. [14] Tet-
raetoxy propane was used as control. MDA tissue con-
centration was calculated with following equation:                           =  [(  −    ) + 0.0606]/0.0537 

In which, AT is absorbance of the test sample and ANC is 
absorbance of the negative control at 532 nm. 
Statistical analysis 

The data were presented as mean and standard error of 
mean. Normal distributions of the data were assessed 
by Kolmogorov-Smirnov test. Two-way ANOVA and 
post hoc test of Tukey were used for comparison of 
mean differences in tissue MDA level and blood fac-
tors between three experimental groups on different 
days (days 13, 15, and 17) . Mann-Whitney U test with 
Bonferroni correction was used for comparing histo-
pathology scores between different groups on different 
days. SPSS 16.5 software was used to analyze the data 
and p< 0.05 was considered statistically significant. 
Illustrations were made by GraphPad Prism 5.  
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Results 
Histopathology analysis 
The macroscopic scoring images of OM in the hamster's 
cheek pouches on day 15 are shown in Figure 1. Score 1 
of OM (A) in group that received topical OLE ointment 
and severe OM (score 3, D) in control group are demon-
strated. Figure 2 shows the histopathology scores of 
lesion in cheek pouches of 3experimental groups. Epi-
thelialization and wound healing were detected in the 
OLE ointment group, whereas extensive infiltration of 
inflammatory cells, hemorrhage, and ulcer were ob-
served in the control and gel base groups (Figure 2).  
 

 

 
 

Figure 2: Evaluation of the healing effect of olive leaf extract 
(OLE) ointment by histopathology scoring of the oral mucosi-
tis induced by 5-fluorouracil on day 15. A: Score 1 from the 
group treated with OLE ointment showing discrete vascular 
ingurgitation, discrete inflammatory infiltration with mononu-
clear prevalence (H&E ×200). B: Score 3from the control 
group showing inflammatory infiltration with neutrophil prev-
alence, presence of hemorrhagic areas, edema and eventual 
ulceration and abscess formation (H&E ×40). C: Score3, 
higher magnification of previous picture show abscess for-
mation (H&E ×400). 

There were no differences in histopathologic 
scores between the gel base and control groups on dif-
ferent days (p= 0.78) (Figure 3). During the whole 
treatment period, histopathology scores were lower in 
the OLE ointment group than in the gel base and control 
groups (p= 0.037) Also, the histopathologic scores de-
creased during the experimental period in OLE ointment 
treated group (Figure 3). 
 

 
 
Figure 3: Changes in histopathology scores of oral mucositis 
induced by 5-fluorouracil in hamsters for evaluation of the 
therapeutic effect of olive leaf extract ointment. During the 
whole treatment period, histopathology scores were lower in 
the treatment group than in the gel base and control groups. 
Different superscript letters in each day indicate significant 
difference (p< 0.05). 
 

Blood factors analyses 

WBC and RBC counts of studied groups were shown in 
Figure 4A and B. On day 17, WBC count was higher in 
the base gel group in comparison to control and OLE 
ointment groups (p= 0.021). Also, WBC count was 
higher in control group in comparison to the OLE oint-
ment group (p= 0.011). There were no significant dif-
ferences in RBC counts between the three studied 
groups during the study period (p= 0.68). Figure 4C and 
4D shows hemoglobin and HCT levels for the three 
studied groups. On day 13, hemoglobin and hematocrit 
levels of the OLE ointment group was less than those of 
other two groups, but these levels increased in OLE 
ointment group (p= 0.012) and decreased in base gel 
and control groups during the study period (p= 0.026). 

Figure 4E and F show the MCV and MCH chang-
es in three groups during the study. On day 15, MCV of 
the control group was more than that of the treatment 
and base gel groups (p= 0.91). On day 17, MCV of the 
control and base gel groups was higher than that of 
treatment group (p= 0.78). Considering the MCH level, 
hamsters in base gel group had higher MCH than that of 
control group on day 13 (p= 0.033). There were no sig-
nificant differences on the other days between other gro-   
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Figure 4: Effects of olive leaf extract ointment on blood parameter level changes in oral mucositis induced by 5-fluorouracil in hamsters. 
Data presented as mean±SEM (n=21/group) for (A) White blood cell count; (B) red blood cell count; (C) haemoglobin; (D) haematocrit; 
(E) mean corpuscular volume; (F) mean corpuscular haemoglobin; (G) mean corpuscular haemoglobin concentration; (H) platelet count. 
Different superscript letters in each day indicate significant difference (p< 0.05). 
 
ups (p= 0.82). MCHC differences between three groups 
were shown in Figure 4G. On day 13, MCHC was high-
er in base gel group than in control group (p= 0.017). 
On days 15 and 17, MCHC was lower in control than in 
gel base group (p= 0.013). Platelet counts for studied 

groups were shown in Figure 4H. There was no signifi-
cant differences in platelet counts between three studied  
groups during the study period (p= 0.64). 
Tissue MDA level analysis 

Tissue MDA levels of studied groups on different days  
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were shown in Figure 5. 
There was no difference in MDA concentrations 

between the gel base and control groups on different 
days (p= 0.56). MDA concentration was higher in the 
control and gel base groups than in the treatment group 
on all days (p= 0.000). Tissue MDA concentration rap-
idly decreased on day 15 in the treatment group (p= 
0.031). 
 

 
 
Figure 5: Tissue malondialdehyde (MDA) concentration 
changes in oral mucositis induced by 5-fluorouracil in ham-
sters for evaluation of the antioxidant effect of olive leaf ex-
tract ointment (mean and SEM). MDA concentration was 
higher in the control and gel base groups than in the treatment 
group on all days. Tissue MDA concentration rapidly de-
creased on day 15 in the treatment group. Different superscript 
letters in each day indicate significant difference (p< 0.05). 
 
Discussion 
This study evaluated and compared the healing effects of 
OLE on the 5-FU induced OM in golden hamsters. Our 
findings indicated that the daily application of OLE oint-
ment was effective in the treatment of OM. These benefi-
cial effects may be through its antioxidant and anti-
inflammatory activities. In the present study, OLE de-
creased histopathologic scores of OM. The reduction in 
histopathologic scores was started one day after begin-
ning the OLE treatment and progressively continued until 
the end of treatment. This suggests that OLE might have 
decreased inflammatory responses that peaked 12 days 
following 5-FU-induced mucositis. In addition, it might 
reflect the healing properties of OLE as reported previ-
ously. [23-25] Increased collagen concentration and fi-
bers’ stabilization have been attributed to the wound heal-
ing effect of OLE. [25] Furthermore, olive extract have 
antimicrobial activity [26-28] which can be other effec-
tive mechanism by which OLE may exert its wound heal-
ing effect. OM ulcers are commonly infected with bacte-
ria and fungi delaying the healing of ulcers with the dam-
aging effects of their byproducts. The antimicrobial prop- 

erties of OLE by reducing the impact of microorganisms 
may have beneficial effect for OM ulcers. 

Blood evaluations may be beneficial in assessing 
the level of immunosuppression and inflammation and 
can be attributed to the overall healing process of mu-
cositis. A high RBC count was observed on day 13 in 
all studied groups. This can be attributed to high in-
flammation and less eating and drinking of animals 
leading to dehydration and haemoconcentration. A de-
cline to a normal RBC count during treatment period 
was observed in OLE-treated group. In addition, hema-
tocrit which is dependent on the RBC count was higher 
during treatment period in control than OLE group. 
These findings indicate superior healing process and 
less inflammation in OLE than control group. Bone 
marrow suppression caused by chemotherapeutic agents 
and the inflammatory disease itself can lead to anemia. 
Anemia will cause a drop in hemoglobin followed by 
increased water flow into cells leading to a decrease in 
MCHC. In the present study, MCHC was lower in the 
control than OLE group which is suggestive of more 
inflammation in control group. The influx of water into 
RBCs and increased erythropoietin level due to bone 
marrow suppression causes macrocyte production in-
creasing the MCV level. A declined MCV level in OLE 
group and an increased MCV level in the control group 
were observed during treatment period in this study. 
This indicates a decrease in inflammatory response by 
OLE. During inflammation the platelet count increases 
and declines after inflammation subsides. However, the 
platelet count was low during the whole treatment peri-
od in the OLE treatment group. This may be due to an 
inhibitory effect of OLE on platelet as reported in nu-
merous studies. [19] 

In the current study, a reduction in tissue MDA 
levels was observed in the group treated with OLE 
ointment. As MDA level is an index of lipid peroxida-
tion, the reduction in MDA level seen two days after 
treatment in OLE group suggests that OLE prevents 
oxidative processes in oral tissue leading to mucosal 
protection. This is in agreement with previous studies 
shown the mucosal protective effect of OLE. [20, 29-
30] The MDA reduction in oral mucosa in OLE treated 
group reflects antioxidant activity of OLE. The antioxi-
dant property of OLE has been shown in previous stud-
ies and can be related to its various phytochemicals, 
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mainly oleuropein or flavonoids. [26, 31-32] This study 
demonstrated that OLE is effective in treating mucositis 
in hamster. This finding is in agreement with a study 
that reported the mouthwash of olive leaf extract has 
been useful in decreasing the incidence and severity of 
OM caused by 5-FU in rats. However, in the previous 
study blood examinations and tissue MDA measure-
ment were not assessed to compare our results with.   

The mechanism by which OLE exerts its therapeu-
tic effect in OM is not clear. However, several mecha-
nisms can be proposed for OLE healing effect in OM. 
Pro-inflammatory cytokines such as IL1β and TNFα have 
shown to play an important role in the pathophysiology of 
OM in developing the lesions and mediating injury. The 
anti-inflammatory properties of OLE have been demon-
strated to be due to its ability to reduce the expression of 
pro-inflammatory cytokines. [29] We did not evaluate the 
effect of OLE on cytokines; however, the indirect 
measures of inflammation obtained from blood examina-
tions showed that OLE has anti-inflammatory property in 
the current study. Anti-inflammatory effect of OLE may 
contribute to its therapeutic effect in OM. Future studies 
should measure IL-1 and TNF-α following OLE treat-
ment to address this possibility. In addition, an antioxi-
dant activity of OLE may contribute to its beneficial ef-
fect in OM. The MDA reduction in oral mucosa observed 
in OLE treated groups supports this possibility. Further-
more, olive leaves contain variety of compounds with 
antibacterial, antifungal, antiviral, anti-inflammatory and 
anti-oxidant activities including verbascoside, luteolin-7-
glucoside, apigenin-7-glucoside, diosmetin-7-glucoside, 
luteolin, diosmetin, vanillin, vanillic acid, caffeic acid, 
tyrosol and hydroxytyrosol. [26, 29-32] These compo-
nents may have synergic effects on the wound healing of 
mucositis ulcers in addition to its main component 
oleouropein. 
 
Conclusion 
In conclusion, this study demonstrated that daily appli-
cation of OLE ointment have a healing effect on chemo-
induced OM in hamsters possibly by reducing mucosal 
inflammation and oxidative stress as suggested by the 
histopathology and tissue MDA findings and systemic 
evaluations. Despite of some side effects on platelet 
count and MCV, OLE is a suitable choice for the treat-
ment of OM based on the anti-inflammatory, antioxida- 

nt, and wound healing properties. 
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