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Abstract
Background: Oral mucositis (OM) is mucosal barrier injury. It is commonly caused by 5 Flurouracil (5-FU).
Glucosamine (GlcN) has many beneficial therapeutic effects. Platelets rich plasma (PRP) are a promising line
for curing ofvarious clinical injuries.
Objective: The aim of the study was to evaluate the effect of glucosamine and PRP on experimentally
induced oral mucositis in adult male rats.
Materials and methods: 40 adult male rats divided evenly into four groups. Group I (Control). Group
II (Mucositis): rats injected one time intraperitoneally with 5-FU(150 mg/kg body weight).Group (III)
(Mucositis treated with glucosamine): rats injected intraperitoneally with glucosamine (1000mg/kg body
weight) following induction of oral mucositis for 3weeks. Group IV (Mucositis treated with PRP) rats injected
with PRP(1ml/rat/day) locally into buccal mucosa following induction of oral mucositis for 3weeks. Buccal
mucosa samples prepared and examined by using histological and immunohistochemical techniques.
Results: Group II showed apparent diminish in the thickness of the epithelium with separation of keratin,
hemorrhage and perinuclear vacuolization. There were areas of degeneration, intense subepithelial
mononuclear infiltration and cell apoptosis (highly expressed caspase-3). A significant reduction of Periodic
acid Schiff (PAS) positive reaction and anti-proliferating cell nuclear antigen (PCNA) positive nuclei (P<0.01).
Group III&IV showed improvement of the histological and immunohistochemical changes described before.
Conclusion: Glucosamine and PRP provide a promising treatment for oral mucositis accompanying
with chemotherapy. PRP remedy is simple and the most efficient mean as it exhibits more rapid epithelial
differentiation and wound healing.
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Introduction

Oral mucous membranes are specialized frail membranes. Oral
mucositis (OM) is defined as mucosal barrier injury as result
of destruction of its mucosal epithelium or inhibition of its
growth leading to alteration of the function and integrity of
the oral cavity. It may appear anywhere in the mouth, but are
regularly found on the interior of the lower lip or cheeks,or
on the sides or base of the tongue [1-3]. It can induce many
complications, vary from speech and swallowing troubles to
severe pain and ulcer over infection, which can advance into

systemic infection (bacteremia or fungemia). Finally threating
to patient lifestyle due to decrease their nutritional status
with increased their economic burden and demanding to
their hospitalization [4,5].
Oral mucositis is induced as result from the most debilitating
side effects of chemotherapy treatment, the most famous
one is 5-Fluorouracil (5-FU), radiotherapy and various forms
of trauma as mechanical, chemical or thermal agitation of
the mucosa [1,6].
The approaches for the therapy of oral mucositis established
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through several regimens such as local anesthetics, anti-ulcer
and anti-inflammatory agents. Herbal remedy and laser therapies
are also applied in its management. Despite recent advances,
there are not any effective therapy for oral mucositis [7].
Glucosamines (GlcNs) tried as an alternative therapeutic
regimen for oral mucositis. Glucosamine (2-amino-2-deoxyD-glucose) is an amino monosaccharide precursor of the
disaccharide unit of glycosaminoglycans (GAG), the building
block of proteoglycans. These proteoglycans form the matrix
of the all connective tissues as cartilage. Glucosamine is a
precursor and inducer factor for chondrocyte and connective
tissue GAG synthesis. Moreover, it is a sugar synthetized in the
body, besides it exists in minute amount in food. Glucosamine
has different forms as sulphate or hydrochloride form, though
glucosamine sulphate is the most ordinary and extensively
used form [8]. Glucosamine possess extreme biological effects
as membrane stabilization and hepatic preservation. It also
augments the synthesis of hyaluronic acid and is applied for
the curing of osteoarthritis and skin injuries [9,10].
Recently PRP supply a promising alternate line for various
medical applications as repair of chondral and tendon lesions,
restoration of injuries and bone renewal besides curing of
plantar fasciitis, severe diabetic foot ulcers and burns. PRP
promotes bone, muscle, tendon, cartilage and skin growth
and minimizes both pain and inflammation [11-13]. PRP
is an autologous output of blood and it formed of a high
platelet concentration in a small quantity of plasma. It has
great advantage on clinical proposal as it is an cheap product,
easy to obtain, and there is no risk of rejection or immune
reaction and also had an antimicrobial action [12,14].
The present study conducted to evaluate the effect of
glucosamine and PRP on experimentally induced oral mucositis
in adult male rats.

Material and methods
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of 5-fluorouracil (5-FU) (150 mg/kg body weight). The rats
sacrificed under mild anaesthesia after seven days of 5-FU
injection [15,16].

Preparation of PRP

The fresh blood sample obtained by puncture of rats’ hearts
with a tube containing sodium citrate. The accumulated
blood was initially centrifuged at160g for 20 minutes at
room temperature (22 ºC). Then, a lower red cell component
and an upper straw-yellow unclear serum component were
observed. A point was marked at 1.4 mm below the line
dividing the two fractions. The entire amount above this
point pipetted and conveyed to another 5 ml vacuum tube
whereas line identical to 0.35 ml towed from the tube’s
bottom. The sample transferred to a new centrifugation at
400g for 15 minutes. Two constituents observed; the first was
up and included platelet-poor plasma and the second was
down the line drawn on the tube was PRP [17].

Experimental design

Rats divided equally into four groups10 animals each.

Group I (Control)

Rats of this group further subdivided equally into two
subgroups.
Subgroup Ia: Each rat received 1ml saline once orally.
Subgroup Ib: Each rat injected only one time intraperitoneally
with1ml phosphate buffer saline (PBS) as the vehicle of
5-FU and GlcN for three weeks.
Rats of each subgroup sacrificed together at same duration
with the corresponding experimental groups.

Group II (Mucositis)

Rats injected once intraperitoneally with 5-FU (150mg/kg
body weight) with PBS as the vehicle of 5-FU [10].

40 adult male rats with a weight about 180-200 grams were
used in this research. Rats settled in the animal research Group III (Mucositis treated with glucosamine)
laboratory unit of Kasr Al-Ainy Faculty of Medicine, Cairo Rats injected intraperitoneally with GlcN (1000mg/kg body
University. Firm nursing and cleaning procedures employed to weight) with PBS as the vehicle of GlcN daily for three weeks
keep the animal in a typical well condition, the animals were following oral mucositis induction by5-FU [18].
settled in animal coop at room temperature (25±1°C), the
proportional humidity (55±5) with 12h light/12h dark cycle, Group IV (Mucositis treated with platelets -rich plasma)
mash usual nutrition and water ad- libitum. Rats acclimated Under local anesthesia with diethyl ether, rats injected with
to these conditions for two weeks before beginning the PRP (1ml/rat/day) locally into erythematous changes of buccal
experiment. All morals rules for animal management were mucosa for three weeks following oral mucositis induction
monitored. The experimental procedure was as per the ethics by5-FU. Injection did by using 1ml insulin syringe with a
regulation of the Institutional Animal Care Committee.
needle size 27-gauge× 1/2 inch [19].
Rats from groups III and IV sacrificed at the 28day from
Used drugs
beginning of experiment, while the rats of group II sacrificed
Glucosamine (GlcN) and 5-Fluorouracil (5-FU) purchased after seven days of 5-FU injection.
from Sigma -Aldrich Corp. (St. Louis, MO, USA).

Induction of oral mucositis

Oral mucositis induced by single intraperitoneal (i.p.) injection

Light microscopic studies

Buccal samples fixed in 10% formalin for 48 hours. Paraffin
sections (5-μm-thick) prepared, processed and stained with
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hematoxylin&eosin (H&E) and periodic acid–Schiff technique
(PAS) [20]. Other sections placed on positively charged
slides for immunohistochemical detection of caspase and
antiproliferating cell nuclear antigen (PCNA) [21].
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ridges projecting into underlying lamina propria. The lamina
propria formed of connective tissue (Figure 1a).

Immunohistochemical studies

1. Imunohistochemical staining for detecting of caspase-3
(index for apoptosis), the primary monoclonal antibody used
was rabbit anticleaved caspase-3 monoclonal antibody (Cell
Signalling Technology, Boston, MA, USA). The cellular site of
the reaction was brown color in the cytoplasm of cells lining
the buccal mucosa.
2. Imunohistochemical staining for detecting of antiproliferating cell nuclear antigen (PCNA), the primary monoclonal
antibody used was anti-PCNA IgG antibody (Sigma-Aldrich Inc.,U.K).
The cellular site of the reaction was nuclear and brown color.
Imunohistochemical study conducted using the avidin–
biotin peroxidase method, followed by diaminobenzidine
(DAB) (Dakopatts, Glostrup, Denmark) added to slides as a
chromogen, next the slides washed with distilled water. Later,
the sections counter stained with hematoxylin. For the negative
control, the specific primary antibody replaced by phosphatebuffered saline. The positive control for caspase -3 was a
section from pancreas, while for PCNA was a section from skin.

Morphometric analysis

Using a Leica Qwin 500 image analysis computer system
(Leica Microsystems Ltd, Cambridge, UK) at the Pathology
department, Faculty of Medicine, Cairo University. Five slides
from five unlike samples of each group examined and from
each slide, ten non-overlapping fields measured.
The following measures assessed:
The mean area percentage of PAS positive reaction, positive
immunoreactivity for caspase-3 and PCNA at a magnification
of ×400. They calculated using the color detect menu and in
relation to a standard measuring frame.

Statistical analysis

All the data collected from the experiment recorded and
analyzed using IBM SPSS Statistics software for Windows,
Version 20 (IBM Corp., Armonk, NY,USA). One-way analysis
of variance (ANOVA) with Post Hoc Scheffe’s test applied to
compare differences among the groups. In each test, the data
was evident as the mean (M) value±standard deviation (SD)
and differences considered significant at P<0.01.

Results

Histological study
Haematoxylin& eosin stain

Figure 1. A photomicrograph of buccal mucosa stained with
hematoxylin and eosin.
(a) Buccal mucosa section from group I showing the buccal
mucosa with normal keratinized (arrow), stratified squamous
epithelium (E) exhibiting rete ridges (R) and well organized
lamina propria (L)[H&E,X400,scale bar=25 µm]. (b) Buccal
mucosa from group II showing apparent decrease thickness of
epithelium (E) with separation of keratin (arrow). Cytoplasmic
perinuclear vacuolization of some epithelial cells (▲ arrow
head), while others show deeply stained nuclei (↑↑) or fragmentation and loss of nuclei (*). Areas of degeneration are seen
in lamina propria (L)[H&E, X400,scale bar = 25 µm]. (c) Buccal mucosa from group II showing hemorrhage (H), focal erosion of squamous epithelium at ulcer area (U) and flattening of
rete ridges (R). Notice intense mononuclear infiltration (I) and
areas of degeneration (L) in lamina propria [H&E, X400, scale
bar=25 µm]. (d) Buccal mucosa from group III showing keratin
layer (arrow), apparently degree of re-epithelialization (E) and
rete ridges (R). Notice subepithelial mononuclear infiltration
(I) and cytoplasmic perinuclear vacuolization (▲arrow head)
[H&E, X400,scale bar=25 µm]. (e) Buccal mucosa from group
IV showing keratin layer (arrow), more or less normal stratified
epithelium (E) and rete ridges (R) with well-organized lamina
propria (L)[H&E, X400,scale bar=25 µm].

Group I (Control)
Group II (Mucositis)
All the subgroups exhibited similar histological picture. This group showed various histological changes in the form
The section of the control rats revealed normal histological of apparent diminish in the thickness of the epithelium with
architecture of the buccal mucosa. It composed of partially separation of keratin. The cytoplasmic perinuclear vacuolization
keratinized stratified squamous epithelium exhibiting rete of some epithelial cells were seen. While others showed
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deeply stained nuclei (pyknotic), fragmentation of nuclei
(karyohexiss) or loss of nuclei (karyolysis). There were areas of
degeneration in lamina propria (Figure 1b). Hemorrhage, focal
erosion of squamous epithelium at ulcer area and flattening
of rete ridges besides intense mononuclear infiltration and
areas of degeneration were seen in lamina propria (Figure 1c).

doi: 10.7243/2055-091X-4-12
as brownish staining in the cytoplasm of buccal epithelial
cells (an index of apoptosis). The control groups showed
negative caspase-3 immunostaining (Figure 3a). Group II
showed highly expressed caspase-3 immunostaining (Figure
3b), while the reaction was moderate in group III (Figure 3c)
and minimal in group IV (Figure 3d).

Group III (Mucositis treated with glucosamine)

This group showed keratin layer and apparently degree of reepithelialization with restoration of rete ridges. Subepithelial
mononuclear infiltration and cytoplasmic perinuclear
vacuolization were seen (Figure 1d).

Group IV (Mucositis treated with platelet-rich plasma)

This group revealed more or less normal stratified squamous
epithelium, keratin layer and also rete ridges with wellorganized lamina propria (Figure 1e).

PAS stain

The control groups revealed intense PAS positive reaction
in buccal mucosa (Figure 2a), but weak PAS positive reaction
in group II (Figure 2b), while intense PAS positive reaction in
group III (Figure 2c) and group VI (Figure 2d).
Figure 3. A photomicrograph of buccal mucosa stained with
caspase.
(a) Buccal mucosa from group I showing negative caspase-3
immunoreaction in the cytoplasm of buccal epithelial cells
(arrow)[Immunostaining for caspase, X400, scale bar=25 µm].
(b) Buccal mucosa from group II showing highly expressed
caspase-3 immunoreaction in the cytoplasm of buccal
epithelial cells (arrow) [Immunostaining for caspase, X400,
Scale bar=25 µm]. (c) Buccal mucosa of group III showing
moderate caspase-3 immunoreaction in the cytoplasm of
buccal epithelial cells (arrow) [Immunostaining for caspase,
X400,scale bar=25 µm]. (d) Buccal mucosa from group IV
showing minimal expressed caspase-3 immunoreaction in the
cytoplasm of buccal epithelial cells (arrow) [Immunostaining
for caspase, X400, scale bar=25 µm].

PCNA immunohistochemical staining
Figure 2. A photomicrograph of buccal mucosa stained with
Periodic acid Schiff (PAS).
(a) Buccal mucosa from group I showing intense PAS positive
reaction (arrow) [PAS, X400, scale bar=25 µm]. (b) Buccal mucosa from group II showing weak PAS positive reaction (arrow)
[PAS, X400, scale bar=25 µm]. (c) Buccal mucosa from group
III showing intense PAS positive reaction (arrow)[PAS, X400,
scale bar=25 µm]. (d) Buccal mucosa from group IV showing
intense PAS positive reaction (arrow)[PAS, X400, scale bar=25
µm].

Immunohistochemical stains
Caspase immunohistochemical staining

Positive caspase immunohistochemical staining demonstrated

It demonstrated as brown PCNA positive nuclei among basal
cell layers of the buccal epithelium. The control groups showed
many brown PCNA positive nuclei (Figure 4a). Group II revealed
few brown PCNA positive nuclei (Figure 4b), where group III
showed moderate brown PCNA positive nuclei (Figure 4c),
but many brown PCNA positive nuclei in group IV (Figure 4d).

Morphometric results

As shown in Tables 1 and 3 and (Histograms 1 and 3). The
mean area percentage of PAS staining and PCNA positive
immunostaining were significantly decreased in groups
II compared with group I (P<0.01), but was significantly
increased in groups III&IV compared with group II (P<0.01).
As shown in Table 2 and Histogram 2: Mean area percentage
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Figure 4. A photomicrograph of buccal mucosa of antiproliferating cell nuclear antigen (PCNA).
(a) Buccal mucosa from group I showing many brown PCNA
positive nuclei among basal cell layers of the buccal epithelium
(arrow) [Immunostaining for PCNA X400, scale bar=25 µm].
(b) Buccal mucosa from group II showing few brown PCNA
positive nuclei among basal cell layers of the buccal epithelium
(arrow) [Immunostaining for PCNA X400, scale bar=25 µm].
(c) Buccal mucosa from group III showing moderate brown
PCNA positive nuclei among basal cell layers of the buccal
epithelium (arrow) [Immunostaining for PCNA X400,scale
bar=25 µm]. (d) Buccal mucosa of group IV showing many
brown PCNA positive nuclei among basal cell layers of the
buccal epithelium (arrow) [Immunostaining for PCNA
X400,scale bar=25 µm].
Table 1. Showing the mean area % and ± SD of PAS positive
reaction in groups I, II, III and IV with comparison between
all groups by Post Hoc Scheffe’s test.
Group I
Mean area %
25.53%
SD
1.6149
Significance at 2,3,4
P<0.01

Group II
5.96%
1.2357
1,3,4

Group III
34.79%
1.0343
1,2,4

Group IV
37.65%
0.6899
1,2,3

1=sig & group I 2=sig & group II 3=sig & group III 4=sig &
group IV
Table 2. Showing the mean area % and ±SD of caspase-3
immunoreactivity in groups I, II, III and IV with comparison
between all groups by Post Hoc Scheffe’s test.
Mean area %
SD
Significance at
P<0.01

Group I
0.00%
0
2,3,4

Group II
16.42%
1.2861
1,3,4

Group III
5.40%
0.4809
1,2,4

Group IV
1.86%
0.3697
1,2,3

1=sig & group I 2=sig & group II 3=sig & group III
4=sig & group IV

of caspase-3 immunostaining was significantly increased in
groups II compared with group I (P<0.01), but there was a
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Histogram 1. Showing the mean area % of PAS positive
reactivity in all experimental groups.

Histogram 2. Showing the mean area % of caspase-3
immunoreactivity in all experimental groups.
Table 3. Showing the mean area % and ± SD of PCNA
immunoreactivity in groups I, II, III and IV with comparison
between all groups byPost Hoc Scheffe’s test.
Mean area %
SD±
Significance at
P<0.01

Group I
3.57%
0.4417
2,3

Group II
0.14%
0.0440
1,3,4

Group III
1.78%
0.3634
1,2,4

Group IV
4.01%
0.4624
2,3

1=sig & group I 2=sig & group II 3=sig & group III
4=sig & group IV

significant decrease in groups III& IV compared with group
II (P<0.01).

Discussion

Oral mucositis is a complex process initiated by injury to
cells in the basal epithelium and underlying tissue of oral
mucosa and has a frequent painful drawbacks associated
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chemotherapeutic agents as 5-FU. Caspase-3 is the major
downstream effector in apoptosis. Some researchers reported
that 5 –Flurouracil induces DNA damage and the production
of reactive oxygen species, deteriorates the metabolism in
progenitor cells and causes inhibition of mitosis and rises
of apoptosis [2,3,6,27]. Other scientists [5,23,24] found that
the toxicity of chemotherapeutic agents as 5-FU decreases
proliferation of cells of mucosa, also impairment of their cellular
renewal or regeneration and thus lead to significant decrease
of PCNA immunostaining expression of the mucosal cells.
Previous researchers [7,18,28] suggested that the most
possible mechanism of action of 5-Flurouracil induced oral
mucositis facilitated through complex biological process as
liberating of several inflammatory cytokines, development of
oxidative stress and propagation of reactive oxygen species
Histogram 3. Showing the mean area %of PCNA
immunoreactivity in all experimental groups.
(ROS) and increasing the expression of nuclear factor-kappa
B. In addition, retardation of cell proliferation, suppression
with mucosal barrier injury [2,7,22].
the synthesis of essential components of deoxyribonucleic
5-Flurouracil administration has been performed as a acid (DNA) and ribonucleic acid (RNA) were other submitted
method to induce oral mucositis in rats and the inception mechanisms.
of lesions usually occurs within five to seven days of their
Group III of the present research revealed keratin layer and
administration, thus the mouth becomes ready for entrance apparently degree of re-epithelialization with restoring of
of viruses, bacteria and fungi. Hence , the oral mucosa rete ridges. There were subepithelial mononuclear infiltration,
becomes susceptible to an augmented danger of infection cytoplasmic perinuclear vacuolization and a significant rise
and ulceration [7,23,24].
in the PAS positive reaction in buccal mucosa. Furthermore
The examination of buccal mucosa sections of group II a significant reduction in caspase immunoreactions in the
revealed various histological changes as apparent diminish cytoplasm of buccal epithelial cells, while a significant
in the thickness of the epithelium with separation of keratin increase of expression PCNA immunostaining of these cells
and flattening of rete ridges. Some epithelial cells had as compared with group II. These results were identity and
cytoplasmic perinuclear vacuolization, while others had confirming the findings of some investigators [9], who reported
various nuclear changes as karyohexiss, pyknosis or karyolysis that glucosamine has accelerated the process of wound
and hemorrhage. There were areas of degeneration and healing, re-epithelization and the tissue regeneration rate.
intense subepithelial mononuclear infiltration in lamina Preservation of the histological structures with glucosamine
propria. Moreover, there was a significant reduction in PAS is explained by some investigators [8,10,29] stated that
positive reaction in reactivity in buccal epithelial cells and glucosamine possesses an immune-modulatory influence
basal lamina. These results were in agreement with some by decreasing inflammation, neutrophil recruitment through
scientists [1,3,18,25,26] who suggested that 5–Flurouracil the down regulation of inflammatory factors as TNF-α, IL-1,
was potent chemotherapeutical agent inducing oral mucosal and IL-6. Moreover, GlcN increases the antioxidant activity
destruction which was an anatomical barrier.
owing to its constituents such as flavonoids, phenols, Tannis
Some investigators [4,5,7] clarified that 5-Flurouracil (Phenolic compounds) and Triterpenoids. Also, it prevents
induced oral mucositis correlated with increased expression DNA damage and reduces apoptosis and accelerates the
of several cytokines as tumor necrosis factor-α (TNF-α) and cellular growth and proliferation in vitro [10,29-31].
interleukin-1(IL-1), which trigger an inflammatory response.
Group IV of this study revealed restoration of normal
Furthermore, the defect of the oral mucosal barriers might stratified squamous epithelium, keratin layer and also rete
cause bacterial invasion. These bacteria were also chemotactic ridges with well-organized lamina propria and a significant
factor for mononuclear cells leading to mucositis and finally increase in the PAS positive reaction in buccal mucosa.
mucosal ulceration.
Furthermore a significant decrease of expression caspase
Group II of our research revealed also a significantly rise reaction in the cytoplasm of buccal epithelial cells, while a
expression of caspase-3 reaction in the cytoplasm of buccal significant increase of expression PCNA immunostaining of
epithelial cells which was an index of apoptosis. Moreover, these cells as compared with group II. These results were an
there was a significant reduction in expression of PCNA identity with previous researchers [12,17,32-34], who stated
immunostaining in the basal and prickle cell layers of buccal that PRP promotes healing in a different form of lesions
epithelium, which was an index of proliferation.
because it has many important bioactive proteins hastens
Apoptosis is an important sequel of mucositis induced by the endothelial, mesenchymal, epithelial and epidermal
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regeneration, decreases inflammation and speeds wound
healing in normal tissues as well as healing of impaired wounds.
Intralesional injection of PRP was proceeded as it offers
a selective spreading in the targeted parts of the wound
that require more aid in the healing process and therefore
a reduction in the required volume of PRP [35]. Both recent
experimental and clinical studies [11,17] have revealed
that intralesional injection of PRP in wound healing and
muscle injuries lead to better regeneration, increasing
neovascularization, reducing fibrosis and scarring. Previous
related studies [35-37] had proved that the therapeutic
value of PRP in mainly due to high platelet count. Platelets
are stimulated by exposure to injured tissues leading to
commencement of the coagulation process, which are the
onset of the platelets role in healing. Once activated, they
liberate their granular contents towards the wound areas.
These contents are of specific interest in healing process as
they contain many anabolic growth factors such as plateletderived growth factor, vascular endothelial growth factor
and transforming growth factor. These factors stimulates
cell proliferation, promote chemotaxis, differentiation and
metabolism regulation, also mediate mitogenesis and the
antiapoptotic effect through many receptors. Other authors
[14,17] revealed that PRP products containing white blood
cells, which capable to inhibit the growth of some bacteria
and improve healing in soft tissue injuries associated with
infection through release of bactericidal factors.

Conclusion

GlcN and PRP provide a promising treatment for oral mucositis
associated with chemotherapy. PRP remedy is simple and
the most efficient mean as it exhibits more rapid epithelial
differentiation and wound healing.
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