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Abstract

Oral mucositis is a common complication of intensive cancer chemotherapy and radiotherapy. Olive leaf extract
was investigated through microbiological, experimental animal studies and clinical trial. The results were compared
with the action of benzydamine HCI as positive control and normal saline as negative control.

Thirty patients under intensive chemotherapeutic treatment were included in the microbiological part of the
study for assessment of the oral flora changes, and the antimicrobial activity of olive leaf and benzydamine HCI
against preisolated microoganisms were studied. Oral mucositis was induced through a combination of systemic
administration of 5-fluorouracil as chemotherapeutic agent and mild abrasion of the left buccal mucosa of Forty-five
male albino rats. An evaluation of the healed buccal mucosa was performed histologically under light microscope
at days 7, 9 and 14 of the experiments. In the clinical part of the study, 62 cancer patients receiving intensive
chemotherapy were randomized to receive olive leaf extract, benzydamine HCI or placebo local treatment for two
weeks in a three period crossover design. WHO toxicity grading and OMAS mucositis score were applied at days 1,
8 and 15 of each cycle.

In Conclusion; olive leaf extract was effective in reducing the incidence and decreasing the severity of oral
mucositis when compared to benzydamine HCI and placebo groups. Accordingly we suggest using this medication

for oral mucositis as a safe (herbal) and effective treatment modality.

KCYWOI‘dS: Olive leaf; Mucositis

Introduction

Intensive cancer therapy affects malignant and normal cells with
high replication rates particularly in cells of the gastrointestinal tract,
which are commonly affected by cytotoxins. Among the clinically
important acute side effects is disruption in the function and integrity
of the oral mucosa. The consequences of this include severe ulceration
and inflammation. The term oral mucositis emerged in the late 1980s
and coined to describe the adverse effect of radiation and chemotherapy
treatments [1,2]. Oral mucositis, which leads to disruption in the
function and integrity of the oral cavity, is characterized by erythema,
oedema, bleeding, ulceration, and pseudomembrane formation [3].

The tissue alteration usually develops on non-keratinized surfaces,
such as cheek, labial mucosa, floor of the mouth, soft palate and ventral
and lateral surfaces of the tongue. Symptoms of mucositis vary from
pain and discomfort to an inability to tolerate food or fluids. The pain
associated with this condition may limit food intake and often requires
treatment with narcotic analgesics [4,5]. Sometimes modification
of the therapeutic regimen may occur such as change of the dose or
even discontinuation of chemotherapy and these of course affects the
antineoplastic treatment [6,7].

The incidence and severity of mucositis varies from patient to
patient, which also varies with different treatment regimen. The current
head and neck radiotherapy protocols have a mucositis incidence of
85-100% [8]. The incidence of mucositis can approach 90-100% in
patients receiving aggressive myeoloablative chemotherapy, and in
40% of patients with solid tumor who have chemotherapy-induced
myelosuppression [1,9].

Secondary infection of mucosal ulcers are seen in severe
mucositis and can provide a port of entry for micoorganisms into the

circulation which can lead to life-threatening septicaemia, especially in
myelosuppressed patients [1,3].

The pathogenesis of mucositis is far more complex than the
historical view that it simply results from the non-specific direct effects
of radiation or chemotherapy on rapidly dividing mucosal basal cells.
Mucositis appears to involve five biological phases [10]: (i) Initiation,
(i) Up-regulation and generation of messenger signals (iii) Signal
amplification, (iv) Ulceration and (v) Healing. With this understanding,
one can select and target particular mediators responsible for the
mucositis [5,11].

Itis generally accepted that oral mucositis is multifactorial in nature.
Cancer treatment factor such as type and dosage of chemotherapy
and patient’s-related factors are all thought to have a major impact
on oral mucositis [10,12, 13]. Chemotherapeutic drugs that are cell-
cycle specific interfering with either DNA, RNA, or protein synthesis
are associated with an increased risk of oral mucositis. Methotrexate,
etoposide and melphalan, that are secreted in the saliva, are also
associated with a high rate of severe oral mucositis [14].
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Many treatment options are available to prevent and treat oral
mucositis, but none of them can completely prevent or properly
treat mucositis [5]. Several studies have been developed to evaluate
a number of agents with direct action on the epithelial proliferation
of the oral mucosa such as transforming growth factor-beta 3
(TGF-B3), keratinocyte growth factor (KGF) (Palifermin) and
granulocyte macrophage colony stimulating factor (GM-CSF). Several
interventions have been evaluated with the aim of reducing the impact
of oral mucositis, these include, oral hygiene care with mouth rinses
and antimicrobial agents to prevent secondary infections; use of anti-
inflammatory drugs, topical and systemic analgesics for pain relief;
topical antioxidants; mucosal-coating agents; vitamins and cryotherapy
with ice chips. All these, however, are considered as palliative
treatments. Most of these studies do not present consistent results and
the evaluated therapies do not add significant benefits to prevention
and/ or treatment of mucositis. Therefore, the search for new therapies
that act, not only on symptoms relief, but also on the prevention and
effective reduction of oral mucositis is extremely important [15].

Olive leaf extract is a natural product with antioxidant [16], anti-
inflammotry [17], and antimicrobial activities against bacteria [18],
virus [19], fungi and mycoplasma [20,21]. Olive leaf extract have also
been traditionally used to treat and prevent hypertension and diabetes
for their hypoglycemic, antiseptic and diuretic properties [22-25]. More
recent study demonstrated the anticancer effects of olive leaf extract
[26,27] but nothing have been said about the treatment or prevention
of oral mucositis. The present study is designed to study the therapeutic
effect of olive leaf extract as regards the prevention and/ or treatment of
oral mucositis. The aims of study;

« To evaluate the effect of olive leaf extract as a local treatment for
chemotherapy induced mucositis in humans and experimental animals.

« To study the antimicrobial effects of olive leaf extract on the oral
microflora in cancer patients under chemotherapy.

« To study the anti-inflammatory effect of olive leaf extract on oral
mucositis in humans and experimental animals.

Materials and Methods

The present study consists of three parts, microbiological, animal
and clinical studies.

The microbiological study

Setting and patients: This part of the study was conducted in Hiwa
Hospital in Suliamani city from January to April 2009. Thirty patients
were included in the study; they were all consecutive cancer patients
(children and adults) who were under intensive cancer treatment. All
procedure was conducted in accordance with the guidelines approved
by our local ethical committee.

Inclusion criteria

1. Patients receiving intensive cancer treatment (high dose of single
cytotoxic drug or combinations of multiple cytotoxic drugs).

2. Absence of prophylactic local treatment for mucositis.

3. Parents or patient’s signature on an informed consent form
Exclusion criteria

1. Patients under non- intensive chemotherapeutic treatment.

2. Patient taking prophylactic local medication for oral mucositis.

Collection of mouth wash samples: To obtain mouth wash samples,
the patients was asked to rinse their mouth with 10 ml of isotonic
saline for 30 s and spit into a sterile leak proof container (disposable
cup) according to the methodology prescribed by Spijkervet et al. and
Stokman et al. [28,29]. Cool-box was used to transfer the mouthwash
immediately to the laboratory for culturing.

Four samples of mouthwash were obtained from each patient; one
sample before the start of chemotherapy and three other samples were
taken one week, two weeks and three weeks after chemotherapy.

Scoring and monitoring oral mucositis: The mucositis was scored
according to the Oral Mucositis Assessment Scale (OMAS) and World
Health Organization score [30,31] prior to taking the mouthwash. The
two scoring systems were used to be able to compare outcomes with
findings from literature, which use either scoring system.

The OMAS mucositis score measures nine sites in the mouth,
for erythema, pseudomembranes or ulcerations (mean score ranges
from 0 to 5). The WHO mucositis score is as follows: grade 0=normal,
no mucositis; grade l=soreness and erythema; grade 2=erythema,
ulcer, can eat solids; grade 3=ulcers, require liquid diet only; grade
4=alimentation not possible.

Activation of mouth microbial flora and viable plate counting:
This part of the study was carried out in the Department of Biology,
College of Science/University of Sulaimani. One ml of the mouth
wash sample was inoculated in Brain Heart Infusion (BHI) broth
and incubated at 37°C for 24 h for activation. After activation, the
isolation was performed through streaking on Mannitol salt agar for
Staphylococci, MacConkey agar for Gram-negative bacteria, blood agar
for Streptococci and Sabauroud dextrose agar for fungi.

Standard plate count was used for counting mouth wash microbial
flora throughout tenfold dilution method; four plates were labeled as
10,10, 10° and 10°°. 1ml of each mouth wash dilution was distributed
on the respective plates as indicated. Petri plates were incubated at 37°C
for 24 h and monitored for the appearance of colonies. The plates were
counted and calculated according to the following equation:

Colony forming unit (CFU)/1 ml of mouthwash=count/plate
dilution used

Isolation and identification of bacteria

Isolation: Different culture media were used for the isolation
of each of the selected bacteria and fungi on their selective medium.
MacConkey agar for Gram-negative bacteria, Mannitol salt agar for
Staphylococci, and Blood agar for Streptococci (by using candle jar)
incubated at 3°C for 24 h while Sabouraud’s dextrose agar incubated
at 25°C for 72 h was for fungi, the grown colonies were purified and
identify.

Identification of isolates: Identification of bacterial species was
performed according to Bergey’s manual of determinative bacteriology
and other references [32-35].

Cultural characteristics: When a microorganism is grown on a
culture medium, it exhibits specific growth patterns such as consistency,
color, odor, fermentation, colony elevation and diameter, which can be
used in identifying the bacteria. The different culture medium and the
microorganism that they isolate is given below.

« MacConkey agar-Isolation and differentiation between lactose
fermenter and non-lactose fermenter.

« Blood agar- Evidence of blood hemolysis
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« Mannitol salt agar-Isolation and differentiation between mannitol
fermenter and non-mannitol fermenter (Staphylococcus sp.)

« abouraud’s dextrose agar-Isolation of Candida sp.
Microscopic examination

Gram stained technique: A small amount of bacterial culture was
taken on a glass slide by mixing a colony of tested bacterium with a drop
of distilled water, which was allowed to dry in air, and then heated to fix
them to the glass, a thin smear was made, Gram stained, and examined
underx100 power as described by Morello et al. [36].

Biochemical reactions

Biochemical tests were performed for further identification of
bacterial isolates at the levels of species and subspecies.

Oxidase test: Filter papers saturated with oxidase reagent (1%
dimethyl-p-phenylene-diamine-dihydrochloride) were placed in a Petri
dish; colony from tested organism was transferred to the filter paper
and rubbed onto the reagent with an applicator stick. The appearance of
purple color in 10 s indicates a positive reaction as described by Mahon
and Manuselis [34].

Catalase test: Wooden applicator stick was used to transfer some
of the growth from the subculture plate and rubbed on a small area of
the glass microscope slide to perform catalase test by adding a drop of
3% hydrogen peroxide (H,O,). The release of oxygen bubbles indicates
the presence of catalase according to the method described by Mahon
and Manuselis [34].

Coagulase test: This was carried out using tube methods. The
plasma was diluted to 1:10 with physiological saline and 5 ml of diluted
plasma were added to each of the two test tubes. 0.1 ml each of broth
medium and sterile medium was added to the different test tube
incubated at 37°C. Clot formation in the test tube containing tested
bacterium as described by Morello et al. [36] indicated positive result.

Optochin susceptibility test: This susceptibility test was used for
differentiating Streptococcus pneumoniae (Pneumococci) from Viridans
Streptococci, since S. pneumoniae is sensitive to this test as described by
Morello et al. [36].

Novobiocine susceptibility test: This disk susceptibility test was
used for differentiating Staphylococcus epidermidis from Staphylococcus
saprophyticus, since S. epidermidis is sensitive to this test as described
by Morello et al. [36].

Use of API system: Methodologies were performed in accordance
with the manufacturer’s instructions prepared by bio-Mérieux and
Remel Company.

« API20 STREDP strip: This was used for identification of Streptococci
o API Staph: This was used for identification of Staphylococci

» API 20 AUX strip: This was used for identification of Candida

« Rapid ID E: This was used for identification of Enterobacteriaceae

Antimicrobial activities of olive leaf extract and benzydamine
HCl: Study of minimal inhibitory concentration (MIC) of olive
leaf extract and benzydamine HCI in vitro was determined by two-
fold dilution method using Mueller-Hinton broth (for bacteria)
and Sabouraud’s dextrose broth (for Candida) in two replicates
as recommended by National Committee for Clinical Laboratory
Standard (NCCLS, 2003) [37]. The ratio of both olive leaf extract

and benzydamine HCI in test medium gave the following required
concentrations; 333,166.5, 83.25, 41.625 mg/ml and 1.5, 0.75, 0.375,
0.1875 mg/ml, respectively for all isolated bacteria and fungi in this
study.

Each set of test tubes contains broth and oral mouth medicament
wash inoculated with 0.1 ml of the tested bacterium and yeast which was
compared to 0.5 McFarland standard corresponding to 1.5x10° cells/
ml, then test tubes were incubated at 37°C for 24 h for bacteria and at
25°C for 72 h for the yeast. Turbidity in the broth test tube was observed
visually (MIC values were recorded as the lowest concentration of the
olive leaf and benzydamine HCI); both had no visible turbidity.

MBC and MFC are defined as the lowest concentration where no
bacterial (bactericidal concentration) and fungal growth (fungicidal
concentration) was observed. Both were determined by transferring
0.1 ml of MIC test tubes content and spread on Mueller-Hinton agar
and Sabouraud’s dextrose agar for bacteria and fungi, respectively. After
the incubation time, MBC and MFC values were recorded for bacterial
and fungal isolates as the lowest concentration of olive leaf extract and
benzydamine HCI that had bactericidal and fungicidal activity.

Statistical analysis: The collected data for the samples were
analysed by SPSS (Statistical Package for Social Sciences-13) to explore
simple analysis of variables (frequency, percentage and means). The
association between variables was done using different statistical test
these include ANOVA (analysis of variance), correlation coefficient and
chi square test. The P value<0.05 was regarded as a significant level.

The animal study
Materials
The following materials were used in this part of the study:

1. Benzydamine Hydrochloride (0.15 g/100 ml) Manufactured by
EPICO, Egypt; under Licence of E. Angelini Italy®.

2. 5-Fluorouracil (1000 mg/20 ml) “EBEWE” Pharma Untertach,
Austria.

3. Olive Leaf (333 mg/ml Olea europaea), Manufactured by St
Francis Herb Farm Inc. Combermere, Canada.

4. Normal Saline 0.9% w/v, sodium chloride B.P 500 ml
(Pharmaceutical Solutions Industry, Jeddah, Kingdom of Saudia
Arabia).

5. Diethyl ether (Grainland Chemical Company, UK).
Methods

Animal preparation: Forty-five male albino rats (Rattus
norvegicus), 70-80 days old and having an average of 250 g were housed
in a room at the Animal House, College of Science, Department of
Biology/University of Sulaimani, where ethics was approved. The room
temperature was maintained at + 24°C with 12/12 hrs light/dark cycle.
The animals were fed with diet and water ad libitum.

Oral mucositis model: The animals’ model for chemotherapy-
induced oral mucositis was based on the modified method described
by Sonis et al. [38]. The rats received two intraperitonial injections
of 5-fluorouracil (60 mg/kg) on day 0 and day 2. To induce mucosal
ulceration, rats were anesthetised with diethyl ether and their left
cheeks were exposed and lightly scratched with a small 0.8 mm gage
stainless steel orthodontic wire [2x6] strokes on day 1 and day 2 (Figure
1). The medicinal mouth washes were applied to the left cheek every
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Figure 1: Schematic representation of the oral mucositis rat trial procedure:
continuous treatment.

day from day 2 till day 14 under anaesthesia with diethyl ether. Five
drops of each mouthwash were administered into the left cheeks and
remained in contact with the abraded area for two minutes. Each
animal was weighed daily throughout the experimental period and the
ulcers were assessed daily between days 3 and 14 immediately, prior to
application of the medicinal mouth washes. Assessment of rat’s cheek
mucosa includes, measuring the length and width of the ulcer with
digital caliper (mm) and photographing the left cheek pouch. The ulcer
area was determined by multiplying the highest length with the highest
width [4,39-41].

The animals were divided into three groups (15 rats per each group
and 5 rats in each cage) as follows:

In the first group (group A), normal saline was applied, in the
second group (group B) olive leaf extract was applied and in the third
group (group C) benzydamine hydrochloride was applied. Throughout
the experimental period a total of 13 rats died.

Two rats in each group were killed on day 7, 9 and the remaining
animals were killed at day 14. All the treatment procedure was
conducted in accordance with the guidelines approved by the local
ethical committee for experimental animal use.

Preparation of tissues for histopathological examination:
Excisional biopsies from the induced lesions in the left cheek were
removed from the animals at day 7, 9 and 14 for histopathological
examination. The specimens were fixed in 10% formalin, dehydrated,
cleared and embedded in paraffin. Sections of 5 pm thickness were
obtained for H&E staining and examined by light microscopy; images
were acquired using a digital camera (Sony, Tokyo, Japan).

Statistical analysis: All measured results were represented as group
means and standard errors of the mean. Two-way analysis of variance
(two-way ANOVA) was used to find the association between variables
as follows:

1. Weight changes among the studied groups and the durations
(days) of the experiments.

2. The size of ulcer area among the studied groups on the days of the
experiments. The significance level was set at P<0.05.

The clinical study

This part of the study was carried out in Hiwa Oncology Hospital in
Sualimani City, from December 2009 to April 2010; sixty-two patients
were selected to participate in this part of the study according to the
inclusion and exclusion criteria applied for the microbiological part of
the study.

Study design: This was a prospective, randomised, double blind
placebo controlled cross over study. This design was based on the fact
that it is extremely difficult to control all therapy and patient specific
variables in a single center study and much more difficult in obtaining
sufficient number of participants in the study time period meeting all
the inclusion criteria.

Oral treatment regimen: The eligible patients were randomised
to receive benzydamine hydrochloride, olive leaf extract or placebo in
the form of mouth rinse. This oral treatment was changed in the next
chemotherapy cycle for each patient (Cross over design).

The studied drugs were self administered 3-4 times daily for
fourteen days starting from the first day of chemotherapy. The patients
were asked to rinse their mouth with water prior to application of the
oral treatment to remove any remnants of food particles after which
they were asked to maintain good oral hygiene by brushing with soft
bristle brush daily.

Evaluation of treatment: During the study period, visual evaluation
of the tested oral treatment was performed on day 1, 8 and 15 of each
cycle of chemotherapy. At these days a follow up case sheet was filled
for each patient.

Assessment of oral mucositis: The oral mucositis was assessed
weekly on day 1, 8 and 15 according to OMAS and WHO scale for oral
mucositis assessment (as prescribed in the microbiological part of the
study).

Assessment of oral pain, swallowing and feeding: On day 1, 8 and
15 of each chemotherapy cycle, the pain associated to oral mucositis and
problems in swallowing was scored subjectively [42]. Briefly, patients
overall intensity of oral mucositis related pain was rated using 10 mm
visual analog scale (VAS) ranging from 0=(no pain) to 10=(worst
possible pain) and impact on swallowing ranging from no impact in
swallowing (0 mm) to impossible swallowing (10 mm), respectively.
This method of measurement was chosen because it is regarded as
simple, specific and reliable for comparing patients’ changes within
themselves as recorded by Collins et al. [43].

The patient’s ability to take food was also assessed by having one
multiple-choice question about eating function with four levels of
functioning: normal, soft foods only, liquids only or no oral intake
possible.

Statistical analysis: Simple descriptive analysis was used to explore
different variables (gender, type of tumour and type of drug used).

Different statistical tests were used to find the association between
the different variables. The significance level was set at P<0.05 as follows:

1. ANOVA test was to find the mean OMAS mucositis score and
duration (days) among the tested drugs. Post hoc test was also used to
find the difference of mean OMAS mucositis score between the tested
drugs at various week intervals.

2. Kruskall-Wallis (chi square) test was used to find the association
between WHO grades and the time (days) among the tested drugs.

3. ANOVA test was used to find the association between pain and
difficulty in swallowing on the different days among the tested drugs.

4. Kruskall-Wallis (chi square) test was used to find the association
between the feeding patterns of the patients at the time (days) of
applying the tested drugs.
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Results
The animal study

Body weight: All animals were weighing daily starting from day
zero to day 14. The mean body weights for each group throughout
the trial are presented in Figure 2. There was no significant weight
difference between treatment groups across days 0 to 12. At day 14 there
was significant weight gain in the treated groups with olive leaf and
Benzydamine HCI of animals as compared with the control groups. A
peak body weight loss was recorded at day 7 for all treatment groups.
However, weight gain started gradually after day 8 till day 14.

Macroscopic appearance of the induced ulcers
P PP Figure 4: A and B show the macroscopical appearance of the ulcer in the

The ulcer area: The intraperitoneal administration of 5-FU, left buccal mucosa in the control groups of rats at day 7 (arrows indicate the
followed by mechanical trauma of the cheek mucosa of the rats caused ulcerated area).
obvious ulcerated lesions from day 3 up to day 14. Measurement of the
dimensions of the induced ulcer by digital caliper was carried out from
day 3 till day 14 (Table 1 and Figure 3). No significant difference was
detected in the dimensions of the ulcerated area in the treated groups
from day 3 to day 5, there was insignificant difference between the
groups. From day 6 till day 10, there was significant difference in the
size of ulcer area between the control groups receiving normal saline

(A) (B)

Figure 5: Macroscopical features of healed ulcers after using olive leaf at
day 7 (arrows indicate the healed buccal mucosa of the rats).

Figure 2: The bodyweight of rats throughout the experimental periods.

Figure 6: The clinical appearance of the left buccal mucosa of rats at day 7

Groups Ulcer area by mm2 in different days shows healed ulcer surface in rats treated with benzydamine HCI.

4 6 8 10 12 14
Control 29.7 £6.9* 30.7 £5.9* 30.1 £4.3** 29.1 + 8.6**|279+10.1 23.7 £ 16.2 and the olive leaf and benzydamine HCl groups; the ulcers in the treated
(Mean +£S.D)

groups were smaller than the control groups (p value was<0.001). From

%Z:fos D) 276+61) 163169 | 72:42 | 1613 000£000/0.00+0.00 day 11 till day 14, the induced ulcers were completely healed in the
Benzydamine 276+80 15164 71426 12+9 000£000 000+000  Sroups treated with olive leaf and benzydamine HCl while those in the
HCl control group showed no evidence of healing.

(Mean £ S.D)

Gross appearance of the induced ulcers in the experimental
*P value 2 0.05, **P value<0.05 animals at the day of sacrifice

Table 1: The area of ulcer in the left buccal mucosa of rats at different days.
Day 7 (5 days after induction): In the control group, the ulcer

was evident macroscopically, the ulcerated area showed loss of surface
epithelium and exposure of the underlying connective tissues (Figure
4). In the animals treated with olive leaf extract and benzydamine
HCI, there was evidence of commenced epithelialization of the surface
epithelium and granulation tissue formation in the center of the ulcers
(Figures 5 and 6).

Day 9 (7 days after induction): In the control group, the ulcerated
buccal mucosa was seen clinically with structureless exudative layer
on the ulcerated mucosa (Figure 7). The buccal mucosa of the animals
treated with olive leaf and benzydamine HCI showed conspicuous signs

of healing (Figures 8 and 9).

Figure 3: The ulcer area in the treated groups of rats at different days. . .
Day 14 (12 days after induction): In the control group, the buccal
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Figure 7: Gross appearance of ulcerated mucosa of left buccal mucosa in
the control group at day 9.

Figure 8: Gross appearance of the healed buccal mucosa after local
application of olive leaf at day 9.

healing of the ulcers. Chronic and acute inflammatory cells and dilated
blood vessels were visible in the fibrous tissue at the base of the ulcers
(Figure 13).

Olive leaf group: In the olive leaf treated group, evidence of
complete healing was seen. The sub mucosa was fully covered by
stratified squamous epithelium. However, scanty collections of chronic
inflammatory cells were visible in the underlying fibrous connective
tissue (Figure 14).

Benzydamine HCI group: In the treated groups with benzydamine

Figure 11: The appearance of healed buccal mucosa of rats at day 14 after
application of olive leaf.

Figure 9: Gross appearance of the healed buccal mucosa in rats treated
with benzydamine hydrochloride at day 9.

Figure 10: Macroscopical picture of left buccal mucosa, revealing severe
ulceration and extensive necrosis in the control groups at day 14.

mucosa showed areas of necrosis and bleeding from the ulcerated
surfaces (Figure 10) while in the animals treated with olive leaf extract
and benzydamine hydrochloride complete healing was observed
(Figures 11 and 12).

Histological appearance of the induced ulcers: Biopsies from the
site of the induced lesions on the buccal mucosa were taken from two
animals of each group at day 5, 7 and 12 after the local application of
the tested drugs (that is, 7, 9 &14 days after the start of chemotherapy).
Biopsy samples were fixed in 10% formalin and prepared for
microscopical examination.

Day 7 (5 days after local treatment)

The control group: In the control group, there was no evidence of

Figure 12: Clinical appearance of healed buccal mucosa at day 14 after
local application of benzydamine HCI.

Figure 13: (A, B and C), shows the micoroscopical features of ulcered
mucosa at day 7, the loss of epithelia is clearly evident in A (arrow indicated
the remnant of some epithelia), in B the blood vessels, nerve bundles
exposed (see the arrow), in C ulceration and poorly definition of the epithelial
layer in the control groups (see the arrow) [(H&E stain x40 for (A) and x100
for (B and C)].

Figure 14: (A and B) shows the microscopical features of animals at day 7 in
the olive leaf treaded group. The thin squamous epithelial surface, covered
by keratin and the subepithelia contain fibrous tissue and few inflammatory
cells [H&E stainx100 for (A) and %400 for (B)].
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Figure 15: Microscopical picture of the buccal mucosa of rats at day 7 after
applications of benzydamine HCI revealing the squamous epithelia covered
by thin layer of keratin, and the subepithelia contain marked fibrous tissue
[H&E stain x100 for (A) and %400 for (B)].

Figure 16: Histological appearance of the ulcerated mucosa at day 9 in the
control groups of rat, the epithelia completely denuded, the subepithelial
layer filled with fibrous tissue and blood vessels (arrows show the budding
of the blood vessels). [H&E stain x40 for (A) and %400 for (B)].

Figure 17: The microscopical appearance of the buccal mucosa at day
9 after local application of olive leaf, revealing the stratified squamous
epithelia covered by keratin with retiridge formation (See the arrows), the
subepithelia contain marked collagen fibres. (H&E stain x100).

(A) (B)

Figure 18: The histological features of the left buccal mucosa at day 9
in the animal treated with benzydamine HCI. A and B shows the stratified
squamous epithelium and formation of retiridges [H&E stain x40 for (A) and
%100 for (B)].

HCI, complete healing was observed and the histologic findings were
similar to that seen in the olive leaf treated group (Figure 15).

Day 9 (7 days after local treatment)

The control group: In the control group, the stratified squamous
mucosa appeared to be proliferating and has start covering the
exposed connective tissue. The centre of the ulcer was still not covered
by epithelium. The fibrous connective tissue showed evidence of
proliferation and vascularization. Chronic inflammatory cells were
present in small numbers when compared with the 7 day specimens
(Figure 16).

Olive leaf group: The covering stratified squamous epithelium showed
keratinisation and basal cell proliferation (forming retiridges) (Figure 17).

Benzydamine HCI group: In the treated groups with benzydamine
HCI, similar histologic findings were observed to that of olive leaf
treated group (Figure 18).

Day 14 (12 days after local treatment)

The control group: In the control group ulcerated connective tissue
was still not covered by epithelium completely. Evidence of necrosis and
degeneration was noticed in the specimens (Figures 19 and 20).

Olive leaf group: In the treated groups with olive leaf, the mucosal
surface was totally reepithelialized with hyperkeratinisation and

(A) (B)
Figure 19: Microscopical features of oral mucosa in the control groups
at day 14 showing the junction between the necrotic area and the healed
epithelium, although the healing of damaged epithelium occurred but was
not enough to counteract the necrotic area (A).In B the necrotic tissue is
present. [H&E stain x40 for (A) and %100 for (B)].

(E)
Figure 20: Microscopical feature of buccal mucosa in the control groups at
day 14. The partially healed buccal mucosa is evident in C picture. Extensive

necrotic tissue and inflammatory cells in D and E. [H&E stain x 100 for (C
and D) and x 400 for (E)].

(A) (B)

Figure 21: The microscopical picture of buccal mucosa in the olive leaf
group at day 14. The mucosal surface was totally reepithelialized with
hyperkeratinisation and hyperplasia, the subepithelia show decreased
cellularity of fibrous tissue [H&E stain x 100 for (A) and %400 (B)].

(A) (B)

Figure 22: The histological picture of mucosa in benzydamine HCI groups
at day 14, revealing stratified squamous epithelium covered by thick layer of
keratin (hyperkeratinisation and hyperplasia), the submucosa show normal
aspects of fibrous tissue [H&E stain x 100 for (A) and %400 for (B)].
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hyperplasia. The subepithelia were more organized with decreased
cellularity of fibrous tissue (Figure 21).

Benzydamine HCI group: In the treated groups with benzydamine
HCI, complete healing was observed and the histologic findings were
similar to that seen in the olive leaf treated group (Figure 22).

The clinical study

Patient characterization: Fifty-four patients (26 males and 28
females) out of 62 completed the clinical trial and were included in
this part of the study. Characteristics of these patients are as shown
in Table 2. The major type of tumour was colorectal cancer (15 cases)
followed by ALL (11 cases) and AML (9 cases). The most frequent
type of antineoplastic drug groups was 5-fluruouracil, Oxaloplatin and
Avastin followed by Methotrexate, Vincristin, Cychlophosphamide,
Adriamycine, and then Daunorubicin, Cytosar as shown in Table 3.

Oral mucositis: The mean OMAS mucositis scores at different days
are as shown in Table 3. This score was low in the tested drugs at day
one and increased gradually till day 8. At day 15 of the chemotherapy,
the mean mucositis score declined. Relatively lower mean value was
recorded in patients using olive leaf, followed by benzydamine HCl
and the higher mean value of OMAS score was recorded in the placebo
group. These changes in OMAS mucositis score were statistically

Variables Frequency Percent
Gender

Male 26 48.1
Female 28 51.9
Types of tumor

AML 9 16.7
ALL 11 20.4
Ca.Breast 2 3.7
Burkitt's lymphoma 2 3.7
Colorectal carcinoma 15 27.8
HL 3 5.6
NHL 2 3.7
Wilm’stumour 2 3.7
Neuroblastoma 1 1.9
PNET 1 1.9
Osteosarcoma 5 9.3
Multiple Myeloma 1 1.9
Drug groups

Adriamycine ,Bleomycin, 2 3.7
DecarbazineVinblastin

Etoposide, Ifosfamide, Mesna 5 9.3
Daunorubicin, Cytosar 6 111
Methotrexate, Vincristion, Adriamycine 2 3.7
Daunorubicin, Methotrexate,Cychlophosphamide, 4 7.4
Cytosar

Methotrexate, Cytosar, L-asparginase 1 1.9
Daunorubicine, Etoposide, Ifosfamide, Decarbazine, 4 7.4
DoxorubicineCytosar, Vincristin, L-asparginase 3 5.6
Adriamycine ,Bleomycin, 1 1.9
Decarbazine, Vincristin

Daunorubicin, Vincristin, 1 1.9
L-asparginase, Pridinisolone

Methotrexate ,Cychlophosphamide, 5-fluruouracil 2 3.7
5-fluruouracil, Oxaloplatin, Avastin 15 27.8
Methotrexate, Vincristin, Cychlophosphamide, 7 13.0
AdriamycineVinblastin, cisplatin, decarbazin, interferon

Total 54 100%

Table 2: Patient characteristics, type of tumor and drug groups.
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Variables Tested drugs Times (days) Mean P value
1 8 15
OMAS BenzydamineHCI 0.06 0.23 0.09
Olive leaf 0.03 0.05 0.02 0.000
Placebo 0.09 0.77 0.39

*P value statistically highly significant between OMAS and tested drugs
Table 3: The mean OMAS mucositis score for the tested drugs at different times.

Drugs Time (Days)
Mean OMAS * Std. Deviation
1 8 15

BenzydamineHClI ***0.06 + 0.18 **0.23 +0.37 *0.09 +£0.18
Placebo 0.09 +£0.17 0.77 £ 0.43 0.39+£0.29
BenzydamineHClI ***0.06 £ 0.18 **0.23+0.37 *0.09 £0.18
Olive leaf 0.03+0.10 0.05+ 0.12 0.02 £0.10
Olive leaf *0.03£0.10 **0.05+0.12 **0.02+0.10
Placebo 0.09 £0.17 0.77 £ 0.43 0.39+0.29

*P value < 0.05
**P value < 0.01
***P value>0.05

Table 4: The mean OMAS mucositis score for the tested drugs using post hoc test.

WHO grading at Tested drugs P Value
different times  BenzydamineHCI Olive leaf Placebo
N (%) N (%) N (%)
Day 1
Grade 0 48 (35.8) 47 (35.1) 39 (29.1) 0.159
Grade 1 4(17.4) 6 (26.1) 13 (56.5)
Grade 2 2 (40.0) 1(20.0) 2 (40.0)
Day 8
Grade 0 33 (38.8) 44(51.8) 8(9.4) 0.000
Grade 1 9 (45.0) 8(40.0) 3(15.0)
Grade 2 8 (25.0) 2(6.3) 22 (68.8)
Grade 3 4(19.0) 0(.0) 17 (81.0)
Grade 4 0(.0) 0(.0) 4 (100.0)
Days 15
Grade 0 41 (41.0) 50(50.0) 9(9.0) 0.000
Grade 1 9(25.7) 3(8.6) 23 (65.7)
Grade 2 4(19.0) 1(4.8) 16 (76.2)
Grade 3 0(.0) 0(.0) 6 (100.0)

The bold font shows the significant P value
Table 5: The WHO grades for the tested drugs at different times.

significant. Post hoc analysis with Bonferroni correction showed that
the OMAS value at the time of olive leaf application was significantly
lower than the other tested drugs (Table 4).

The oral mucositis grades of the present study according to WHO
grading system are shown in Table 5. At day one of the treatment,
majority of the patients treated with the three tested drugs showed
grade 0, while at day 8 the WHO grade 0 was more in olive leaf group
than benzydamine and placebo group. Grade 2, 3 and 4 were more
frequent in the placebo group than the olive leaf and benzydamine HCI
group. At day 15 the grade 0 was more frequent in the olive leaf and
benzydamine HCI group, while grades 2 and 3 were most commonly
seen in the placebo group. The Kruskall-Wallis test showed that the
oral mucositis grade was significantly different at day 8 due to the type
of drugs. At day 15, the difference in oral mucositis grades between
olive leaf and benzydamine HCI drugs was insignificant. However, both
drugs showed lower oral mucositis grades than the placebo group; the
difference was statistically significant (Table 6).
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Times Tested drugs | Who grading P Value
(Days) groups 0 1 2 3 4
N(%) N(%) N(%) N (%) N (%)
1 BenzydamineHCI 48 (55.2) 4 (23.5) |2(50.0) 0051
Placebo 39 (44.8) |13 (76.5) |2 (50.0)
BenzydamineHCI 48 (50.5) 4 (40.0) 2 (66.7) 0692
Olive leaf 47 (49.5) 6 (60.0) 1(33.3)
Olive leaf 47 (54.7) 6(31.6) 1(33.3) 0.161
Placebo 39 (45.3) |13 (68.4)| 2 (66.7)
8 BenzydamineHCI 33 (80.5) 9 (75.0) |8(26.7) |4(19.0) |0(0.0) |0.000

Placebo 8(19.5) |3(25.0) 22(73.3) 17(81.0) 4(100.0)
BenzydamineHCI 33 (42.9) 9 (52.9) 8(80.0) |4 (100.0) 0026
Olive leaf 44 (57.1)|8 (47.1) 12(20.0) 0(0.0)

Olive leaf 44(846) 8(727) 2(83) |0(00) |0(0) 000
Placebo 8(154) |3(27.3) |22(91.7) 17 (100.0) 4(100.0)

15 BenzydamineHCI 41(82.0) 9(28.1) 4(20.0) |0(0.0) 0000
Placebo 9(18.0) 23 (71.9)/16(80.0) 6 (100.0)
BenzydamineHCI 41 (45.1)|9 (75.0) |4 (80.0) 0053

Olive leaf 50 (54.9) 3(25.0) 1(20.0)
Olive leaf 50 (84.7) 3(115) 1(59) |0(0.0) 0,000
Placebo 9(15.3) |23 (88.5)16 (94.1) 6(100.0)

The bold font shows the significant P value
Table 6: The WHO grades for the tested drugs by using Kruskall-Wallis test.

3.5

~§ 25 = i
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w 1.5 B Olive Mean
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0.5 *p>0.05
0 ** p<0.05

Figure 23: The mean VAS of pain for the tested drugs at different times.

Oral symptoms (pain, difficulty in swallowing and feeding) in
the oral mucositis patients: The mean value of VAS for pain is shown
in Figure 23. A significant difference in oral symptoms for pain was
found between the tested drugs at day 8 and 15. The mean value of
VAS in the placebo group increased significantly at day 8 with a further
slight increased at day 15. The mean value of pain experienced by the
patients in benzydamine HCI group was higher at day 8 and 15 than the
olive leaf group patients.

The mean value of VAS for difficulty in swallowing is shown
in Figure 24. Significant differences existed between groups. As for
pain, the placebo group showed increased mean value of difficulty in
swallowing at day 8 which slightly increased on day 15. The mean value
of difficulty in swallowing in the benzydamine HCI group was higher
than in the olive leaf group at day 8 and 15.

For eating function or the pattern of feeding, no significant
difference was found between the tested drugs groups at day 1, while
at day 8 and 15 it was noticed that the patients of placebo group found
difficulties in eating and chewing normal food, whereas patients in
the Benzydamine HCL and olive leaf group expressed less difficulties
(Table 7). The Kruskall-Wallis test showed that the feeding pattern
was significantly different by the type of the drugs at day 8 and 15,
respectively (Table 8).

The clinical picture of patients treated with benzydamine HCI and
olive leaf extract are shown in Figures 25-32.

The microbiological study

Patient characterization: Thirty patients (20 males and 10 females)
were included in this part of the study; characteristics of these patients
are as shown in Table 9. The major type of tumour was ALL (9 cases)

= 4
= o
S 35
=2
3 3 *
& 25
- * H Benzydamine HCI
= 15 * m Olive leaf
= .
b
E 1A 3 Placebo
S 05 —
=]
% 0
> 1 8 15

Times (Days) *Mean P value " 0.00

Figure 24: The mean value of VAS for difficulty in swallowing at different
times for the tested drugs.

Eating function at Tested drugs P Value
differenttimes  BenzydamineHCI = Olive leaf | Placebo
N (%) N (%) N (%)
Day 1
Normal 49 (33.8) 51(35.2) | 45(31.0) 0.159
Soft food only 5(29.4) 3(17.6) 9 (52.9)
Days 8
Normal 35 (38.0) 49 (53.3) 8(8.7) 0.000
Soft food only 11 (30.6) 5(13.9) 20 (55.6)
Liquid only 8 (25.8) 0(.0) 23 (74.2)
No foods or liquids 0.(0) 0(.0) 3(100.0)
Days 15
Normal 42 (38.2) 51(46.4) | 17 (15.5) 0.000
Soft food only 9 (21.4) 3(7.1) 30 (71.4)
Liquid only 3(30.0) 0 (0) 7 (70.0)

Table 7: The pattern of feeding between the tested drugs at different times.

Times Tested drugs Eating function P Value
(Days) Normal |Softfood Liquid | No foods
N (%) only only orliquids
N (%) N (%) N (%)

1 BenzydamineHCI | 49 (49.0) 5 (62.5) 0.462
Olive leaf 51(51.0) 3(37.5)
Olive leaf 51(53.1) 3(25.0) 0.066
Placebo 45 (46.9) 9 (75.0)
BenzydamineHCI | 49 (52.1) 5 (35.7) 0.252
Placebo 45 (47.9) 9 (64.3)

8 BenzydamineHCI | 35 (41.7) 11 (68.8) | 8 (100.0) 0.002
Olive leaf 49(58.3) 5(31.2)  0(0.0)
Olive leaf 49 (86.0) 5(20.0)  0(0.0) 0(0.0) 0.000
Placebo 8 (14.0) | 20 (80.0) 23(100.0)| 3 (100.0)
BenzydamineHCI | 35 (81.4) 11(35.5) 8(25.8) 0(0.0) 0.000
Placebo 8(18.6) | 20 (64.5) 23 (74.2) | 3(100.0)

15 BenzydamineHCI 42 (45.2) 9 (75.0) 3 (100.0) 0.032
Olive leaf 51(54.8)| 3(25.0) @ 0(0.0)
Olive leaf 51(75.0) 3(9.1) 0 (0.0) 0.000
Placebo 17 (25.0) | 30 (90.9) 7 (100.0)
BenzydamineHCI 42 (71.2) 9(23.1) = 3(30.0) 0.000
Placebo 17 (28.8)  30(76.9) | 7(70.0)

Table 8: The feeding pattern for the tested drugs by using Kruskall-Wallis test.
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(A) (8)

Figure 25: Thirty five year old male treated with intensive chemotherapy
for AML (A) shows an ulcer measuring more than 2 cm in diameter in the
right lateral border of the tongue; (B) shows the same ulcer healed after
4 days of olive leaf extract application.

(A) (B)

Figure 26: Fifty four year old male treated with intensive chemotherapy
for AML (A) shows an ulcer in the left side of the lower lip; (B) represents
the healed ulcer after 4 days of applying olive leaf extract.

(A) (B)

Figure 27: An eight year old female received chemotherapy for ALL,
(A,B) shows ulcers less than 1 cm in diameter in the inner aspect of the
lower lip and cheek.

A) (B)

Figure 28: (A) The same patient after application of olive leaf for 3 days.
(B) Complete healing of the ulcers.

(A) (B)
Figure 29: Thirty five year old male with colorectal cancer received
intensive chemotherapy (A) shows ulcer measured more than 1 cm in
diameter in the left side of the upper lip, (B) shows the healed ulcer after
3 days of applying olive leaf.

followed by AML and NHL (4 cases each) and the most frequent type of
drug groups was Etoposide, Ifosfamide, Mesna; Daunorubicin, Cytosar;
Daunorubicin, Cytosar, Vincristin, L-asparginase, details are as shown

in Table 9.

Oral mucositis assessment: The mean OMAS mucositis scores are
as shown in Figure 33. Before administering chemotherapy, the mean
value of OMAS mucositis score was 0.205. One week after starting
chemotherapy, oral mucositis developed gradually with a steep increase
observed after two-weeks. Three weeks after chemotherapy, the OMAS
mucositis score decreased. These changes in mucositis score in four
weeks intervals were statistically significant (P<0.001).

Oral mucositis were also evaluated using WHO mucositis score; the

(A) (8)

Figure 30: Thirty seven year old female with NHL received intensive
chemotherapy (A) shows an ulcer in the left side of the lower lip (B)
represents the healed ulcer after 6 days of applying benzydamine HCI
medication.

(A) (B)
Figure 31: Ten-year-old female received chemotherapy for ALL (A)
shows multiple ulcers in the left side of ventral surface of the tongue,
(B) shows the healed ulcer after 4 days of applying benzydamine HCI.

(A) (8)

Figure 32: Six-year-old male with ALL received intensive chemotherapy
(A) shows ulcer in the inner aspect of the lower lip, (B) represents the
healed ulcer after 5 days of applying of benzydamine HCI.

Figure 33: The mean OMAS mucositis score in 30 patients with intensive
chemotherapy in four weeks intervals.
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Variables Frequency = Percent
Gender

Male 20 66.7
Female 10 33.3
Type of tumor

AML 4 13.3
ALL 9 30.0
Ca.breast 2 6.7
Burkitt's lymphoma 2 6.7
Colorectal carcinoma 1 3.3
HL 3 10.0
NHL 4 13.3
Wilm’s tumor 1 3.3
Neuroblastoma 1 3.3
PNET 2 6.7
Osteosarcoma 1 3.3
Drug groups

Adriamycine ,Bleomycin, Decarbazine, Vinblastin 1 3.3
Etoposide, Ifosfamide, Mesna 4 13.3
Daunorubicin, Cytosar 4 13.3
Methotrexate, Vincristion, Adriamycine 1 3.3
Daunorubicin, Methotrexate, Cychlophosphamide, 2 6.7
Cytosar

Methotrexate, Cytosar, L-asparginase 1 3.3
Etoposide, Ifosfamide, Decarbazine, Doxorubicine 1 3.3
Daunorubicin, Cytosar, Vincristin, L-asparginase 4 13.3
Bleomycin, Decarbazine, Vinblastin 1 3.3
Vincristin ,Cychlophosphamide, Doxorubicine 2 6.7
Adriamycine ,Bleomycin, Decarbazine, Vincristin 1 3.3
Daunorubicin, Vincristin, L-asparginase, Pridinisolone 2 6.7
Methotrexate ,Cychlophosphamide, 5-fluruouracil 2 6.7
5-fluruouracil, Oxaloplatin, Avastin 1 3.3
Methotrexate, Vincristin, Cychlophosphamide, 1 3.3
Adriamycine

Cytosar, Vincristin, L-asparginase, 1 3.3
Cychlophosphamide

Vincristin, L-asparginase, Cychlophosphamide, 1 3.3
Predinisolone

Total 30 100

Table 9: Patient characteristics, type of tumor and drug groups.

WHO Time (weeks) P value Total No.
Grades 1 2 3 4

N (%) N (%) N (%) N (%)
Grade 0 19 (63.3) 6 (20.0) 2(6.9) 9(33.3) 0.000 26
Grade 1 10 (33.3) | 10(33.3)  9(31.0) 12 (44.4) 41
Grade 2 1(3.3) 9(30.0)  11(37.9) 5(18.5) 26
Grade 3 0(0.0) 4(13.3)  7(24.1) 1(3.7) 12
Grade 4 0(0.0) 1(3.3) 0(0.0) 0(0.0) 1
Total (%) 100 100 100 100
No. 27 29 30 30 116

Table 10: The WHO mucositis score before and three weeks after taking
chemotherapy.

results are as shown in Table 10. The frequency (percentage) of grade
2, grade 3 and grade 4 oral mucositis score increased after one week of
starting chemotherapy. After three weeks of chemotherapy (at week 4)
the frequency (percentage) of grade 2, grade 3 and grade 4 oral mucositis
score decreased. Kruskal-Wallis test showed that the difference among
the grading stages and the time intervals was statistically significant (P
value<0.001).

Microorganisms

The total bacterial count: The mean bacterial count during the
four weeks of the analysis is as shown in Figure 34. The total bacterial
count before starting chemotherapy was low, but after one week of
taking chemotherapy the total bacterial count increased and reached
its highest level. Two weeks after, the mean bacterial count decreased.
There was insignificant difference between the mean bacterial count
during the studied period (P value>0.05).

The relationship between bacterial count and time intervals
after administration of chemotherapy

The relationship between bacterial colonization and the time (days
or weeks) in the studied cases was relatively low (R®=0.022) (that is,
time plays a weak insignificant role in changing the pattern of bacterial
colonization) as displayed in Figure 35.

The relationship between bacterial colonization and mucositis
severity

The relationship between the increase in bacterial count and the
course of oral mucositis is as shown in Figure 36. The mean bacterial
count was high after one week of chemotherapy with mucositis severity
reaching its peak after two weeks of chemotherapy indicating a reversal
relationship between the increasing level of mucositis and bacterial
colonization. No significant correlations existed between OMAS score
and the mean bacterial count at the studied period (r=0.792, r=0.626,

Figure 34: The mean bacterial count in four weeks.

Figure 35: The relationship between the mean bacterial count and time.
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Figure 36: The relationship between bacterial count and OMAS score at the
studied time. The bars represent OMAS and the line represents the bacterial
count.

Figure 37: The percentage of Gram +ve, Gram —ve bacteria and fungi in
cancer patients at four weeks intervals.

Figure 38: The total percentage of Gram +ve bacteria identified in studied
patients at four weeks intervals.

r=0.433 and r=0.596, respectively for wkl, wk2, wk3 and wk4).
Isolation and identification of bacteria and fungi

Isolates ofbacteriaand fungiper weekbeforeand afteradministration
of chemotherapy is as shown in Figure 37. Majority of patients showed
evidence growth for Gram-positive bacteria (93.3, 96.6, 93.1 and 96.2%,
respectively for week 1, 2, 3 and 4), which increased gradually after the
administration of chemotherapeutic drugs (33.3, 46.6, 48.2 and 55.5%,
respectively for week 1, 2, 3 and 4). However, the pattern of fungi
growth varies in the different weeks; details are as shown in Figure 37.
Regarding the effect of time (weeks) on the percentage isolation rate of
Gram positive, Gram-negative bacteria and fungi, it was noticed that
time had no significant effect on the percentage isolation rate (p=0.393).

The following microorganisms were identified based on culture
characteristics, biochemical properties and API systems. The
percentages of the different species of Gram +ve and Gram -ve bacteria
are as shown in Figures 38 and 39. Viridans streptococci was the major
identified bacteria (Gram +ve and Gram -ve) followed by S. epidermidis
as shown in Figure 38. The highest percentage of Gram -ve bacteria was
Pseudomonas auroginosa followed by K. oxytoca (Figure 39).

The total percentage of identified fungi is shown in Figure 40;
Candida albicans was the most commonly identified fungal isolate
followed by Trichosporon mucoides.

The antimicrobial activity of olive leaf and benzydamine HCl

Determinations of MIC, MBC and MFC of olive leaf and
benzydamine HCI against different bacterial and fungal isolates are
shown in Table 11. Interestingly, the MBC of olive leaf extract showed
only bactericidal effects, whereas the MBC of benzydamine HCl showed
bactericidal and bacteriostatic effects.

The MIC of benzydamine HCl: Benzydamine HCl showed

Percentage of isolates

Gram negative bacteria

Figure 39: The total percentage of Gram —ve bacteria identified in studied
patients at four weeks intervals.

Figure 40: The total percentage of fungi identified in studied patients at four
weeks intervals.

Figure 41: The minimal inhibitory concentration of benzydamine HCI against
different microorganisms.
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Micro Bacterial BenzydamineHCI Olive leaf
organisms isolates MIC MBC MIC MBC
(mg/ml) (mg/ml)
Gram positive S. xylosus 0.75 | Bacteriostatic = 166.5 | Bactericidal
bacteria S. aureus 0.375 | Bacteriostatic = 83.25 | Bactericidal
S. epidermidis 0.75 Bactericidal 166.5 | Bactericidal
Viridans Strep. 0.37 5  Bactericidal = 83.25 | Bactericidal
Lactobacilli 0.375 Bactericidal | 166.5 | Bactericidal
Gram S. typhi 0.375 Bactericidal | 41.625 Bactericidal
negative Pseudomonas 0.75 | Bacteriostatic 166.5 | Bactericidal
bacteria K. oxytoca 0.375 | Bactericidal | 166.5 | Bactericidal
Citrobacter 0.75 | Bacteriostatic | 166.5 | Bactericidal
Shigella 0.375 Bactericidal | 83.25 | Bactericidal
E. coli 0.75 | Bacteriostatic = 83.25 | Bactericidal
Entero. clocae 0.75 | Bacteriostatic = 83.25 | Bactericidal
Ent. aerogenes 0.75 Bactericidal | 83.25 @ Bactericidal
K. pneumoniae 0.75 | Bacteriostatic = 83.25 | Bactericidal
Acinetobacter 0.1875  Bactericidal = 83.25 | Bactericidal
Fungi C. albicans 1.5 Fungicidal 166.5 | Fungicidal
C. famata 1.5 Fungicidal 166.5 = Fungicidal
Crypto.albidus 1.5 Fungicidal 166.5 = Fungicidal
Tricho.mucoides 1.5 Fungicidal 166.5 | Fungicidal

Table 11: The MIC and MBC of olive leaf and benzydamineHCI against different
isolated microorganisms.

Figure 42: The minimal inhibitory concentration of olive leaf extract against
different microorganisms.

different antimicrobial activity against the identified microorganisms
with lowest MIC value against Acinetobacter calcoaceticus (0.1875 mg/
ml) (Figure 41). No significant differences were found between MIC of
Gram-positive and Gram-negative bacteria (p=0.64).

The MIC of olive leaf extract: Olive leaf extract had different
antimicrobial effects on the identified microorganisms with lowest
MIC value against S. typhi (41.625 mg/ml) (Figure 42). There were
no significant differences between MIC of Gram-positive and Gram-
negative bacteria (p=0.25).

Discussion

Oral mucositis

Oral mucositis induced by chemotherapy or radiotherapy in cancer
patients is a frequently occurring toxicity. Apart from its painful side
effect, it restricts oral function such as speech, chewing and swallowing
[1]. Accordingly, it increases the suffering of patients who are already
under the pressure of cancer and the traumatic effects of chemotherapy
or radiotherapy. No decisive or definite local treatment for oral
mucositis is so far available.

Descriptive and mechanistic researches conducted over the past
decade have resulted in a better understanding of the pathogenesis
and occurrence of these undesirable side effects. The risk of oral

mucositis development is multifactorial, predictable, quantifiable and
largely genetically determined. Our ability to develop effective risk
prediction will be an important step in the development of customized
patient interventions. According to Sonis [44], normal cells and tumor
cells do not respond in the same way to cytotoxic therapy; therefore
pharmacologic toxicity prevention at the mechanistic level is a realistic
goal without jeopardizing tumor response to treatment.

To date, despite the current understanding of the complex
development of oral mucositis in cancer patients, no interventions
are available for absolute prevention or treatment of oral mucositis.
Interventions that target only one specific process as part of the
mucositis pathobiology process have been reported to be largely
ineffective [1]. Prevention and treatment of oral mucositis should
be directed toward multiple biological targets of the mucositis
process either by an intervention with multiple mechanism effects or
combination of interventions. Until now, there is a general approval of
the use of palifermin as drug of choice (with certain limitations) for the
prevention and treatment of mucositis [44-47]; however, this drug is
given through intravenous route not as topical application.

In the present study, an alternative effective intervention for oral
mucositis with less limitations and easy application was investigated.
This local treatment was olive leaf extract, which is a safe natural
herbal product with no known toxicity or lethality [26,48]. Topical
olive leaf extract was used to treat recurrent aphthous ulceration and
its effect was compared with the effect of topical dexamethasone elixir
[49]. These authors concluded that both medications reduce the size
of the ulcers and also decreased the pain; no significant difference was
detected. Thus, olive leaf extract was thoroughly investigated in this
research through microbiological examination, experimental animal
studies and clinical trial.

The microbiological study

The oral cavity is one of the most complex environments in the
bodys; it contains various bacteria, fungi, protozoa and virus [44,50-52].

The role played by oral flora in the aetiology of oral mucositis is a
matter of speculation; previous hypothesis suggested that increase in
bacterial numbers drive oral mucositis. However, the new pathogenesis
model of oral mucositis suggests a possible role of oral microflora
in intensifying the ulcerative phase of oral mucositis rather than an
etiologic factor [47,44]. Moreover, Donnelly et al. and Mosca et al.
[3,53]. hypothesized that the general role of microflora in oral mucositis
is not well characterized but reduction in the microbial load of the oral
cavity appears to have some benefit in the treatment of oral mucositis as
well as decreasing its severity [3,53]. On the other hand, Napenas et al.
[54], who proposed a negative result to support the use of antimicrobial
agents for the reduction of oral mucositis, reveal that the antimicrobial
agents studied targeted the wrong bacterial species or the role played by
micoorganisms in oral mucositis was over estimated [54].

Vokurka et al. and Kumar Madan et al. [55,56] emphasized the
use of antimicrobial mouth wash as treatment against oral bacterial
and fungal infections and that it is widely used in the nursing care and
management of oral mucositis. On the other hand, extensive growth
of microorganisms in the oral cavity of immunosuppressed patients
posses a considerable risk for systemic infections. Some investigators
argue that, between 10.5 and 41% of bone marrow transplant patients
with septicaemia have an oral focus as port of entry [55-58].

In the present study, the oral washing method (for taking samples)
was used according to the technique described by Stokman et al. and
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Spijkervet et al. [29,59] who suggested that gargling method is superior
to swab method for the following reasons: gargling permits sampling of
the entire oropharyngeal cavity including tonsillar crypt and possibly
inaccessible area; allows the use of a defined volume of saline and
letting the subject gargle for a specified period of time [29,59]. The
mean concentrations of microorganisms received from gargle samples
were higher than the mean concentrations obtained by swab technique.
Additionally, the tested material in this study was constructed as mouth
rinse, which may affect the entire oral environment.

To enhance the sensitivity of saline gargle method, we made dilution
in Brain Heart Infusion broth; this enrichment step permitted detection
of very low concentration of microorganisms as justified by Stokman et
al. and Spijkervet et al. [29,59]. The quantitative changes in the number
of oral bacteria with higher level after one week of administration of
chemotherapy may be due to the compromised host health condition
during the administration of antineoplastic drugs. Both the systemic
and oral mucosal immunity was affected which could have led to
changes in the oral environment including a decrease in saliva volume
and modification of saliva constituents. Moreover, hospital inpatients
may acquire pathogenic bacteria through nosocomial means. Another
factor may be due to reduced oral hygiene in such patients due to the
side effect of the cytotoxic drugs. However, bacteria count decreases
after two weeks (day 14 and 21), which may be due to recuperation
of the normal immune response. When comparing the results to other
studies, it was notice that the quantitative changes in oral bacteria
during chemotherapy varies with no changes in bacterial count [60],
either decreased bacterial count [61] or increased bacterial count [62].
Decreased and increased of bacteria count was reported by Sixou et al.
[63] which is consistent with our results.

It has been found that qualitative changes in oral flora during
chemotherapy presented an increase in Gram -ve organisms during
ulceration phase of oral mucositis [9,44,54]. In this study, it was
found that there was a gradual increase in Gram -ve organism after
chemotherapy administration, which confirmed the findings of
the above-mentioned authors. However, this increase of Gram -ve
organisms does not explain the shifting of oral flora from Gram +ve to
Gram -ve; Viridans streptococci was the predominant microorganisms.
Another reason for oral floral changes in these patients may be due to
antibiotic intake before and during chemotherapy, which may alter
the qualitative, and quantitative oral microflora profile. Gram -ve
organisms may be actively involved in the process of oral mucositis
development.

Gram +ve Streptococci and Staphylococci organisms increase
the risk for occurrence of oral mucositis due to the difficulties in
controlling their proliferation and spread as reported by studies
[9,57,64]. Moreover the Viridans streptococci may use lesions of the
oral mucosa to penetrate the general circulation and cause infection
in these immunosuppressed patients [57,63,65]. According to Stokman
et al. and Napenas et al. [29,54], Gram -ve Enterobacteriacea and
Pseudomonas sp. microorganisms may intensify the inflammatory
process and exacerbate or promote ulcer formation through the
release of endotoxin which interacts with macrophages to induce
the production of inflammatory cytokines (TNF-a, IL-6, and IL-1p)
[29,54].

The role of fungi (candida) in the aetiology of mucositis has been
a subject of speculation for some time and remained marginally
controversial. Candidiasis is a common finding among patients
receiving head and neck radiation or myeloabaltive chemotherapy;
therefore, it is not unexpected that these organisms can be identified

in patients with mucositis as a coincident condition [44]. It has
been reported that candidiasis account for 75% of oral infections in
carcinoma patients during chemotherapy [52,66]. In the present study,
the fungal growth was observed in a large number of patients (76.6%)
after one week of chemotherapy.

An interesting finding in this part of the study was the association
of total bacterial count with OMAS mucositis score; the peak mucositis
score occurred after two weeks of administration of chemotherapy at
which time the bacterial count decreased. Relatively similar observation
was also reported by many other investigators [3,54,55,66,67]. The
OMAS score in the present study increased after three weeks of
chemotherapy administration and was associated with further decrease
in bacterial count. This finding contradicted the observation of Sonis
(2009) [44] who reported that the peak bacterial loads coincided with
peak mucositis scores at week three in experimental animals [44].

The MBC of olive leaf extract and benzydamine HCI was different;
benzydamine HCI showed bactericidal and bacteriostatic activity, while
olive leaf showed only bactericidal activity. This is important because
the use of bactericidal medication is preferred over bacteriostatic
medication since the latter needs sufficient duration to allow cellular
and humoral defence mechanisms to eradicate the bacteria [68].

The comparison of MIC of olive leaf extract and benzydamine
HCI was difficult to displayed in a single graph since the therapeutic
dose was 333 mg/ml in olive leaf and 1.5 mg/ml in benzydamine
HCI, therefore each product was studied separately for MIC value.
Both products exerted broad-spectrum activity against the isolated
microorganisms. According to Epstein et al., Sonis and Silverman Jr.
[69-71], benzydamine HCIl showed antimicrobial activity, which is
consistent with our observation.

Generally, olive leaf extract showed higher antimicrobial activity on
the isolated microorganisms in the tube dilution method in comparison
with benzydamine HCL. The olive leaf has been long known to exert
broad-spectrum activity against a wide range of bacteria [18], virus
[19], fungi and mycoplasma [20,21], which confirms our observation.
Moreover, the antimicrobial action of olive leaf may prove useful in
cases where prolonged use of antibiotic encourages development of
opportunistic infection as declared by Markin et al. [21].

The MIC value of benzydamine HCI and olive leaf that indicates
insignificant difference in antibacterial activity against Gram +ve and
Gram -ve bacteria, is also important since Gram -ve bacteria have
cell wall impermeable to lipohilic solutes while Gram +ve bacteria are
susceptible because it has only an outer peptiodoglycan layer which is
not an effective permeability barrier [72].

Moreover, the olive leaf secondary metabolite was active against
Gram +ve and Gram -ve bacteria, which is rather a unique result, since
most plant’s secondary metabolites show more potent activity against
Gram +ve than Gram -ve bacteria [73].

The animal study

Current therapy for oral mucositis induced by chemotherapy
is largely palliative. The major current treatment for oral mucositis
in clinical setting is to provide pain relief with local anaesthetics, or
coating the oral mucosa and to locally administer bactericidal or anti-
inflammatory agents such as benzydamine HCI [41].

In the present study, in order to evaluate the potential effectiveness
of local application of olive leaf and benzydamine HCI, an animal
model was designed for oral mucositis induced by 5-FU based on the
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model described by Sonis et al. [38]. In this experimental animal model,
it was necessary to produce a superficial scratching of the mucosa to
stimulate a functional trauma. Several techniques of mucosal scratching
have been described including the use of needles [4,38] and low speed
burs [74]. In the present study, superficial scratching of the cheek
mucosa was performed by orthodontic wire that allows scratching
without causing epithelial disruption [15,39,41]. The chemotherapy-
induced mucositis in animals has been widely used in several studies
[4,15,38,39,40,41,75]. The use of this protocol allowed inducing oral
mucositis lesions in the animals in a similar manner as those reported
in humans with development lesions, 3-5 days after the commencement
of the chemotherapeutic regimen.

Therapeutic benzydamine HCl has been investigated as a preventive
and treatment option for oral mucositis in humans [69,70,71,76,77]
while the therapeutic effect of olive leaf on oral mucositis has not been
tried.

The body weight of rats in all examined groups decreased
significantly, reaching lowest value in day 7-8 of the study. Similar
observation was reported by Sonis et al., Clarke et al. and Mitsuhashi
et al. [38,39,41]. These authors suggested a link between low immune
competence and mucositis severity with weight loss.

After day 8 of the experiments, the body weight of the rats in the
treated and control groups started increasing almost to their normal
weight by day 12. However, animal weight gain was significantly higher
in the treated groups in comparison to the control group. This may be
explained on the basis that healing of the oral mucositis was faster in
the treated groups, which allowed the animals to consume their food
and water properly.

Regarding the development of oral mucositis along the experimental
periods, it was observed that the ulcerated lesions were milder in the
treated groups than the control group which indicates that the severity
of the lesions was reduced by benzydamine HCI and olive leaf therapy.

It is known that chemotherapeutic agents interfere with the
DNA synthesis mainly in cells that have high mitosis rate and rapid
proliferation such as the oral epithelial cells. In effect, the mucosal
injury is a complex process involves increase in the rate of epithelial cell
apoptosis and necrosis with decreased renewal of mucosal epithelium.
Mucosal injury is exacerbated by local bacterial colonization (of oral
flora), which results in the penetration of the cell wall product into
the submucosa, amplifying the inflammatory damage to the surface
epithelium leading to further damage. Early healing requires healthy
fibroblasts to lay down extra cellular matrix including collagen fiber
[78]. Furthermore, inflammatory cell infiltration was mild in the
treated groups and severe in the control group. These factors collectively
influenced the results and revealed the anti-inflammatory capacity
of olive leaf and benzydamine HCI to stimulate fibrous and epithelial
proliferation (huperplasia and hyperkeratinisation) as well as decrease
inflammatory cell infiltration leading to faster healing of the induced
mucosal lesions.

The clinical study

This part of the study was performed to assess the effect of olive
leaf extract in reducing the incidence and severity of oral mucositis in
comparison with benzydamine HCI and placebo (normal saline). The
design of the study was in the form of crossover double blind placebo
controlled study similar to the method described by Cheng et al., Verdi
et al. and Awidi et al. [76,79,80]. The selection of this design was based
on the fact that it was extremely difficult to control and standardizes

all therapy and patient specific variables in a single oncology centre.
Another reason for selection of the design was the practical difficulty
of obtaining sufficient number of patients in a single centre that meets
all the inclusion criteria in the study time period. Generally all patients
included in the present study were those receiving intensive courses of
chemotherapy. About 85% of these patients are at risk of developing
oral mucositis [55,81-84].

Moreover, the complex mucositis pathogenesis that was reported
in 2004 by Sonis [10] and his colleagues and further support by other
investigators demonstrated that mucositis is not solely a clinical event
[44,47,85,86]. The changes occur in the submucosal endothelium
rather than the epithelium which means that the condition starts as
a subclinical event. These subclinical changes were confirmed by the
presence of microscopic damage before macroscopic injury become
visible [47,86]. Important evidence in the absence of clinically visible
lesion is that mucositis risk existed and increased in each course of
chemotherapy cumulatively, therefore cancer patients experienced
mucositis clinically or subclinically.

The evaluation of the tested local drugs was performed weekly for
two weeks following the suggestion of Shabanloei et al. [87] who found
that any interference with mucositis should be made within the first two
weeks of chemotherapy in order to reduce the risk [87].

The effect of the tested drugs on oral mucositis: According to
Madan et al. [56] an ideal oral rinse for patients with mucositis should
reduce the oral microflora, promote reepithelization of soft tissue
lesions, normalize the pH of oral fluids, have an acceptable taste and be
non toxic [56]; the three different mouthwashes that was tested in this
part of the study meets these criteria.

Benzydamine HCI 0.15% oral rinse was showed to be safe, well
tolerated and effective for prophylactic treatment of radiation induced
oral mucositis [69]. Benzydamine HCI also proved to be effective in
children under chemotherapy [76]. Benzydamine HCI was acceptable
and well tolerated by children over the age of 6 years receiving
chemotherapy for hematological and solid tumour [77]. More recent
study by Kazemian et al. [88] demonstrated that Benzydamine HCI oral
rinse was effective as a prophylactic treatment for radiation induced
oral mucositis in head and neck tumour [88].

Olive leaf extract has not been reported (in any English written
literature) to be used for topical treatment of oral mucositis. However,
the only article that referred to olive leaf extract was Atai et al. [49],
reported that a locally prepared olive leaf extract was found to be as
effective as dexamethason elixir for treatment of aphthous ulcers.

The placebo mouth rinse was composed of normal saline. Saline
solution mouthwash are safe and economical and have been used in
cancer patient as gargle to cleanse wounds, reduces swelling and may
decrease pain [56]. In the present study, normal saline mouthwash was
not found to be as effective as olive leaf and benzydamine HCL

Comparison between olive leaf and benzydamine HCI as local
treatment for oral mucositis: Olive leaf extract was more effective
in reducing the incidence and/or the severity of oral mucositis when
compared with benzydamine HCl. Benzydamine HCI was found to be
effective when applied 4-8 times daily before and during cancer therapy
[69]; the frequency of application of benzydamine HCI was 2-3 times
more than that of olive leaf extract (3-4 times daily).

Olive leaf extract showed better effect against isolated oral
microorganisms especially fungi as compared to benzydamine when
tube dilution method was employed. Another important property of the
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tested drugs was its anti-inflammatory action. The anti-inflammatory
effect of both benzydamine and olive leaf was reported in other studies
[17,69-71,89]. Histological examination of the tissues in the animal
part of this study revealed that both drugs decreased inflammatory cell
infiltration that may explain their mode of action as anti-inflammatory
agent.

Another interesting feature of olive leaf is that it inhibits platelet
aggregation in vitro [25]. Sonis, Wang et al. [44,90] and showed that
inhibited platelet aggregation reduced mucositis because platelet-
activating factor increases correspondingly with the severity of oral
mucositis [44,90]. On the other hand, Sonis et al. [10] suggested that the
inhibition of platelet aggregation is associated with reduced mucosal
toxicity and confirmed the possible role of vascular endothelium and
platelets in the pathogenesis of mucositis [10]. The levels of platelet-
activating factor in mixed saliva or in gingival crevicular fluid and
tissues significantly increased during oral inflammatory conditions
such as periodontitis and mucositis [91].

Effects of the tested drugs on subjective symptoms of oral
mucositis (pain, difficulty in swallowing and eating function): The
subjective symptoms such as oral mucosal pain, difficulty in swallowing
and eating function relating to oral mucositis have been studied by many
investigators [6,84,92,93-96]. In fact, these subjective measures were
regarded as important tools in the assessment of patient’s complication
relating to oral mucositis with objective measure by OMAS mucositis
score [31].

Oral mucosal pain resulting from mucositis is a frequent finding in
patients receiving chemotherapy or radiotherapy; in fact the severity
of oral mucositis was associated with overall increased intensity of oral
pain. Topical drugs such as topical anaesthetics, analgesics and coating
drugs have been used in cancer patients to relieve mucosal pain.

In the present part of the study, it has been noticed that the mean
value of oral pain in olive leaf group was less than the values of pain
in the benzydamine and placebo groups. This depends on the value
of oral mucositis (OMAS and WHO), which was low in the olive leaf
group than the other two groups. This finding is consistent with the
observation of oral mucositis as the principle aetiology for oral pain
in patients undergoing cancer treatment [85,92,97]. The mean value of
pain in benzydamine groups was lower than the values in the placebo
groups which confirms the results of Epstein et al. [69], who showed
that treatment with benzydamine produced topical analgesic effect in
radiation induced mucositis. However, the value of pain in placebo
groups in our patients was not more than 4 mm in VAS, which may be
due to the effect of systemic analgesics that were prescribed routinely
during cancer therapy throughout the study period.

Dysphagia (or difficulty in swallowing) is the single most intense
and distressing problem for patients with oral mucositis. Borbasi et al.
[98] revealed that one of the most frustrating aspects of oral mucositis
is that it induces swallowing difficulties and eating unpalatable [98].
Control of dysphagia therefore is a chief concern in the management of
oral mucositis. It was noted that difficulty in swallowing in the olive leaf
group lessen. Benzydamine group was better than the placebo group,
which is due to lesser severity of mucositis in these groups than the
placebo group.

The functional impairment of eating (or feeding pattern) also
showed a direct advantage of olive leaf over benzydamine and placebo
groups. This result is also important since in more severe cases of oral
mucositis; unrelenting pain and subsequent inability to eat and drink
trigger the onset of secondary malnutrition and dehydration. This will

create an even more complex situation where potential interruptions in
treatments and invasive methods of nutritional correction can lead to a
marked increase in co-morbidity [99].

Conclusions

In accordance with the established objectives and the results
obtained, it can be concluded that:

« The use of olive leaf was more effective in alleviating oral mucositis
in comparison to benzydamine HCl and placebo.

« The expression of oral pain, difficulty in swallowing and eating
function lessen in the olive leaf treated groups over benzydamine HCIl
and placebo groups.

« In the animal part of the study, both olive leaf and benzydamine
HCI reduced the size of ulcer area in the buccal mucosa of rats with
complete healing at day 10; the control groups of rats showed persistent
ulcer throughout the experimental period.

« No clear evidence existed for the role of oral flora in developing
oral mucositis.

Further investigations on a larger scale including both radiotherapy
and chemotherapy patients with different treatment protocols is
required for confirmation of the obtained results.
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