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ABSTRACT

The inflammatory phase of wound healing affects the wound repair as down regulation or up 
regulation result in delayed healing or scar formation. The dexamethasone is the drug of choice 
as anti inflammatory, anti edematous and anti emetic in different oral and periodontal surgeries 
to control post operative pain and edema, however the down regulation of inflammatory phase 
may affect the wound healing. Adipose derived stem cells (ADSCs), as a part of cell therapy, and 
exosomes (Exo.) , as a part of cell free therapy, revealed promising results in wound healing in 
preclinical and clinical studies.

Materials and Methods: 5o rats were involved in this study. The standardized oral wound 
was done by scalpel in left cheek then the animals were randomly assigned to 4 groups including 
gelatin sponge group, dexamethasone group, Exo. group and ADSCs group. The animals were 
sacrificed at 2,5 and 10 days of healing. The specimens were evaluated histologically (H&E) stains 
and inflammatory cells were counted and statistically compared.

Results: regarding inflammatory cell counting, the dexamethasone revealed least inflammatory 
infiltration followed by Exo.group then ADSCs group and finally, gelatin sponge group. All groups 
showed signs of healing, However the Exo. group followed by ADSCs showed more condensed 
collagen formation and increased epithelial thickness than dexamethasone and gelatin sponge 
groups.

Conclusion: Exo. and ADSCs may accelerate the oral wound healing and overcome the 
delayed healing that may limit the use of dexamethasone administration as anti inflammatory drug, 
especially in medically comprised patients as diabetic patients.             
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INTRODUCTION 

Oral wounds could be induced by trauma, iat-
rogenic factors, oral and periodontal surgeries. The 
healing of oral wounds, like skin and other wounds 
in different parts of the body,   involves different 
types of cells and events that should be well-orches-
trated .  The wound healing proceeds through phas-
es including hemostatic, inflammatory, proliferative 
and remodeling phase (Enoch S, et al. 2008). The 
well ordered and balanced inflammatory phase is 
essential for wound healing  and tissue remodel-
ing, not only by the infection prevention, but also 
by secreting various growth factors enhancing the 
proliferation of different resident cells as keratino-
cytes, fibroblasts and endothelial cells in order to se-
crete extra cellular matrix, collagen deposition and 
angiogenesis where this role is mainly mediated by 
macrophages (Larjava H, et al.2012). 

Dexamethasone is applied widely in dentistry 
as premedication to reduce pain and edema after 
periodontal surgery as open flap debridement 
(Steffens JP, et al.2010)  , mucogonigival surgery 
(Ligia Nadal Z, et al. 2013) and implant surgery 
(Bahammam MA, et al.2017) with different 
protocols of administration  (Rajpal J, et al.2015) , 
also they are used in oral and maxillofacial surgeries 
(De Oliveira GS, et al.2011) . The anti inflammatory 
effect of dexamethasone can be attributed to their 
effect on inflammatory cells by suppressing them 
in early wound healing events.  However, the down 
regulation of inflammatory phase will adversely 
affect the wound repair by subsequent suppression 
of fibroblasts, extra cellular matrix and collagen 
deposition (Mahmut D, et al.2003). 

The absorbable gelatin is considered common 
hemostatic agent providing many advantages of 
being inexpensive, absorbable, bio compatible and 
available. Also they were investigated in many 
studies a scaffold for different cells in vitro (Anders, 
J. O. et al.2009), stem cells in vivo (Paganelli, C. 
et al.2006) and growth factors (Arias-Gallo, J., et 
al.2013). 

The adipose derived stem cells were investigated 
in wound healing with promising histologic 
and clinical results in different types of wounds 
including diabetic wounds, irradiated wounds, burns 
and ischemic wounds as reviewed by (Mester A, et 
al.2017). The preclinical studies indicated that they 
enhanced fibroblasts and keratinocytes proliferation, 
new blood vessels formation and collagen 
deposition via secretion of growth factors more 
than the ability of differentiation and proliferation 
(Kato Y, et al. 2017).  The ADSCs have many 
advantages over other types of stem cells by being 
accessible and easily obtained by liposuction , they 
are abundant in culture, stable karyotyping and safe 
from transformation (Kolle SF, et al.2013) .

As the suggested effective mechanism of stem 
cells might be attributed to their “paracrine effect” 
via secretome or cellular secreted substances, 
among them extracellular vesicles including 
apoptotic bodies, and the exosomes “Exo.”. They 
were  emerged as “cell free therapy” in regenerative 
medicine with many advantages over cell therapy 
being more safe, easily handled and can be dosed 
as any pharmacological substance (Beer, L.; et 
al. 2017).  Exo. are cellular  lipid involved nano 
vesicles with diameter of 50nm and 100nm that are 
secreted to extracellular environment. They contain 
unique genetic materials and transcription factors 
that mediate their actions on targeted cells as they 
are up taken by them (Camussi G, et al. 2010). 
They revealed promising results in wound healing. 
However, the exosomes effect differ according 
to their origin and environment i.e 3D scaffold is 
better than 2D scaffold.  The exact underlying 
mechanism is not clear, but they had been showed 
to regulate all wound healing phases as reviewed by 
(Golchin A , et al.2018). The aim of this study is to 
investigate the effects of both EXo. and ADSCs on 
inflammation and wound healing in comparison to 
dexamethasone which represents the drug of choice 
in most oral and periodontal surgeries.
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Methodology:

ADSCs and ADSCs Exosomes preparation:

The whole procedures were carried out in, 
Molecular Biology and Tissue Engineering Unit, 
Department of Medical Biochemistry, Cairo 
University School of Medicine.

The fat tissues were obtained from inguinal 
region from 10 weeks old rats (n=10).  The excised 
tissues were hydrolysed  for 2 hours by collagenase 
type II Adipose (Sigma, USA) dissolved in 
phosphate buffers saline(PBS; Gibco/Invitrogen, 
Grand Island, New York, USA) at 37ºC .  The tissue 
debris were removed by 2µm strainers followed 
by centrifugation at 1,000 rpm for 5 min to form 
cell pellet that was cultured with a RPMI medium 
(Gibco BRL, USA), 10% fetal bovine serum 
(FBS, Gibco BRL, USA), and humidified in a cell 
culture incubator containing 5% CO2 at 37ºC.   The 
ADSCs were detached with0.25% trypsin-EDTA 
(Gibco BRL, USA) at 80-90%  to be re suspended 
in other flasks. ADSCs at fourth passage were 
used. They were characterized in culture by their 
morphological spindle shaped like cells,  by  surface 
marker expression of ADSCs and by flow cytometry 
(Beckman Coulter). BMSCs were suspended (1x 
106 cells/ml) and stained with FITC conjugated 
monoclonal antibodies, such as CD90 (Biolegend), 
and CD29 (Biolegend). (Boquest AC,et al. 2006). 

 Exo. were obtained from supernatants of third 
passage MSCs (5x106cells /ml) cultured in RPMI 
deprived of FBS and supplemented with 0.5% of 
bovine serum albumin (BSA) (Sigma) (Nassar W, 
et al.2016).

Study Animals: 

The study was conducted in, Animal house, Kasr 
El Ainy, Faculty of Medicine, applying the policies 
and principles established by the Animal Welfare 
Act and the US National Institutes of Health Guide 
for Care and Use of Laboratory Animals (http://
oacu. od.nih.gov/ac_cbt/guide3.htm).  

The study included 50 Albino Rats weighing 
200-250 mg. During the study period, they were  
housed in wiring cage, 5 rats per cage, under 
standard conditions, with room temperature was 
kept (21±1 ºC ) and humidity  (50-55%), 12hours 
dark/light cycle and they were fed the standard rat 
chow pellets and water available ad libitum .

Wound induction:

The animals were anesthetized by ketamine(5ml) 
and Xylazine(0.3 ml) per animal intra muscularly. 
The wound was done in the left cheek mucosa 
according to protocol by (Cavalcante,  et al. 2011) 
using scalpel No nº 15 scalpel blade to create a 
standardized wound of 8 mm length figure (1, a ).

The animals then were randomly allocated into 3 
groups (15 rats for each group):

 Gel foam group:  Received  absorbable gelatin 
sponge (Cutanplast®) into the wound (Figure 1,b).

Dexamethasone  group: Received injectable 
dexamethasone 8 mg/2ml (Sigmatec-S.A.E)  loaded 
in gelatin sponge into the wound .

Exo. group”: Received allogenic ADSCs Exo. 
loaded on gelatin sponge and applied into the 
wound  .

ADSCs group”: Received allogenic ADSCs 
loaded on gel foam and applied into the wound.

The animals were allowed to heal for 2, 5 and 10 
days intervals and they were  sacrificed by cervical 
dislocation. 

Fig. (1): The figure showing the wound in left cheek (a) and the 
wound loaded by gel foam (b)
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Histologic analysis:

The experimental sites were extracted from the 
animals after sacrifice at assigned dates, preserved 
in formalin 10% for 24 and they were embedded 
in paraffin. Serial sections (5 micro m) thickness 
in mucosal surfaces were prepared and stained 
with hematoxylin and eosin (H&E) for descriptive 
analysis and inflammatory cells counting by 
software (Leica Microsystems, Germany). 

Statistical analysis:

SPSS computer system version 9 was applied to 
evaluate all the obtained data from the cell counting 

were statistically evaluated using one –way ANOVA 
test and The Post hock Tukey. The mean values 
of data± standard deviation were expressed and P 
value was calculated to indicate significance. 

RESULTS:

2 days intervals, 

All groups showed diffuse inflammatory reac-
tion with PNL, plasma cell, lymphocytes and mac-
rophages with the gelatin sponge group showed 
the most diffuse reaction( Figure 2, a)  and corti-
costeroid group showed the least one (Figure 2,b). 

Fig. (2): 2 days intervals, a, Photomicrograph of gelatin sponge group showing numerous inflammatory cells infiltrating  the 
defect area composed of plasma cells (green arrow), lymphocytes (blue arrow) and PNLs (yellow arrow). Dilated blood 
vessels (red arrow) surrounded by collagen fibrils are also obvious (H&Ex400), b, Photomicrograph of cortisone group 
showing regenerated surface epithelium (black arrow) and few inflammatory cells infiltrating  the defect area composed of 
plasma cells (green arrow), lymphocytes (blue arrow) and PNLs (yellow arrow) surrounded by collagen fibrils  (H&Ex400), 
c, Photomicrograph of Exo. group showing regenerated surface epithelium (black arrow) and numerous inflammatory 
cells infiltrating  the defect area composed of plasma cells (green arrow), lymphocytes (blue arrow), PNLs (yellow arrow) 
and macrophages (white arrow) surrounded by collagen fibrils.  (H&Ex400). d, Photomicrograph of ADSCs showing 
regenerated surface epithelium  covering a  small part of the  defect  (black arrow) . The defect area shows collagen fibers, 
inflammatory cells and dilated blood vessels (red arrow) (H&Ex400).        



EFFECTS OF DEXAMETHASONE, ADIPOSE DERIVED STEM CELLS (3371)

The regenerated epithelium was evident in cortico-
steroid group(Figure 2,b), Exo.group (Figure 2,c) 
and ADSCs group (Figure 2,d). Both Exo. (Figure 
2,c) And ADSCs groups showed collagen forma-
tion with more condensed fibers in ADSCs group  
(Figure 2,d).    

5 days interval:

The inflammatory infiltration was less evident 

than 2 days interval, with more evidence of 
epithelization and collagen formation.

The inflammatory infiltration in cortisone group 
(Figure 3,b) is less evident than other groups. 
However, The thickness of regenerated epithelium 
and collagen fibers in both Exo.group (Figure 3,c) 
and ADSCs (Figure3,d) are more than gelatin 
sponge group (Figure 3,a) and cortisone group 
(Figure 3,b).

 Fig. (3): 5 days interval, a, Photomicrograph of gelatin sponge group showing regenerated surface epithelium (black arrow). 
Numerous inflammatory cells composed of plasma cells (green arrow), lymphocytes (blue arrow), PNLs (yellow arrow) 
and macrophages (white arrow) surrounded by collagen fibrils are seen infiltrating  the defect area. (H&E x400). b, 
Photomicrograph of cortisone group showing regenerated surface epithelium (black arrow) and few inflammatory cells 
infiltrating  the defect area composed of plasma cells (green arrow), lymphocytes (blue arrow) and PNLs (yellow arrows) 
surrounded by collagen fibrils  (H&Ex400). C, Photomicrograph  Exo.group showing regenerated surface epithelium (black 
arrow) and some inflammatory cells infiltrating  the defect area composed of plasma cells (green arrow), lymphocytes (blue 
arrow) and PNLs (yellow arrow). Dilated blood vessels (red arrow) surrounded by collagen fibers  are seen (H&Ex400).d, 
Photomicrograph of ADSCs showing regenerated surface epithelium (black arrow) covering a large part of the defect. The 
defect area shows some inflammatory cells, collagen fibers and dilated blood vessels (red arrow) (H&Ex400)
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10 days interval,

The healing was evident in all groups without 
complete closure of the wound. The cortisone 
group showed the most uniform healing with the 
regenerated epithelium is uniform in thickness, 
collagen fibers are parallel to the surface epithelium 
and normal blood vessels with least evidence of 

inflammatory infiltration (Figure 4,b). In Exo.
group the regenerated  epithelium showed increased 
thickness and proliferating rete pegs into underlying 
connective tissue that showed condensed collagen 
fibers (Figure 4,c) as well as those in ADSCs 
(Figure 4,d) that also showed dilated blood vessels 
and together with gelatin sponge group (Figure 4,a) 
showed inflammatory infiltration.

Fig. (4): 10 days interval,a,  Photomicrograph of gelatin sponge  group showing few inflammatory cells infiltrating  the defect area 
surrounded by bundles of collagen fibers. (H&Ex400). b, Photomicrograph of cortisone group showing regenerated surface 
epithelium (black arrow) and very few inflammatory cells infiltrating  the defect area composed of plasma cells (green 
arrow) and lymphocytes (blue arrow) surrounded by collagen fiber bundles  (H&Ex400).c, Photomicrograph of Exo.group  
showing regenerated surface epithelium (black arrow) and few inflammatory cells infiltrating  the defect area composed 
of plasma cells (green arrow) and lymphocytes (blue arrow) surrounded by dilated blood vessels (red arrow) and collagen 
fiber bundles  (H&Ex400).d, Photomicrograph of ADSCs group showing few inflammatory cells , dilated blood vessels and  
many  collagen fiber bundles infiltrating the defect area(H&Ex400)
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Statistical  analysis:

The inflammatory cell count of intragroup was 

showed in figure (5).

Regarding the inter groups inflammatory cells 
count, ANOVA test showed significant difference 
between all groups (table 1).

The Post hock Tukey test (tables 2,3 &4 ) 
revealed that the inflammatory cell count in gelatin 
sponge group was significantly higher than all other 
groups during 5days and 10days intervals, except 
ADSCs in 2 days interval. The inflammatory cell 
count in cortisone group was significantly less than 
all other groups in all intervals except Exo. group 
in 2 day interval. The  Exo. group was significantly  
lower than gelatin sponge group and ADSCs in 
all intervals except in 2 days interval with ADSCs 
group, While it was significantly higher than 
cortisone group except in 5 days interval.  Finally, 
the ADSCs group was significantly higher than both 
cortisone group ,in all intervals, and Exo. group , 
except in 5 days, While it was significantly lower 
than gelatin sponge group except in 2 days interval.  

Fig. (5): Bar chart showing mean number of the inflammatory 
cells of the studied groups after different time intervals

TABLE (1): Comparison of mean number of inflammatory cells  for the studied groups (ANOVA test):

control group Cortisone group Exo. group ADSCs group P Value

2 days 186±21.8 128±13.6 147±21.9 184±11.9 P=0.0002*

5 days 165±16.8 50±8.22 103±9.69 113±5.36 P=0.0000*

10 days 127±11.4 30.2±7.4 56.8±12 83.4±13.9 P=0.0000*

Significance is set at p<0.05

TABLE (2): Pairwise comparison of mean number of inflammatory cells for the studied groups after 2 days 
(Tukey  Post hoc  test):

Groups Control group Cortisone group Exo.  group ADSCs group

Control group - P=0.0005* P=0.0158* P=0.9980

Cortisone group P=0.0005* - P=0.3662 P=0.0008*

Exo. group P=0.0158* P=0.3662 - P=0.0225*

ADSCs group P=0.9980 P=0.0008* P=0.0225* -

Significance is set at p<0.05
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DISCUSSION

Wound healing includes four phases that are 
mediated by different cells including the epithelial, 
resident and recruited inflammatory cells, endothelial 
and mesenchymal cells (Gurtner, G.C, et al. 
2008). The inflammatory phase serve to debride the 
wound and also to initiate the collagen synthesis, 
endothelial formation and fibroblasts proliferation, 
so the regulation of this phase is essential for proper 
wound healing (Politis C, et al. 2016). 

The  rodents, including rats and mices,  provide 
a more preferred model for research with similar 
mucosa and immune subpopulation to human taking 
into account the ethical and performance difficulties 
related to non rodent models (Thirion-Delalande 
C,et al. 2017).   

The absorbable gelatin sponge  served in many 
studies as hemostatic agent and scaffold to deliver 
drugs (Sun W, et al.2013 and cells (Adriana C,  

et al. 2017). In the current study, gelatin sponge group 
was associated with inflammatory reaction during 
all intervals more than other groups significantly 
except ADSCs in 2 days. This inflammatory 
reaction did not   interfere with wound healing. This 
was similar to results by (Dogru S, et al. 2009) that 
revealed inflammatory reaction associated with gel 
foam application in middle ear mucosa. This was 
explained by mechanism of gel foam absorption 
that depends on inflammatory tissue reaction to be 
completed within days to weeks according to size of 
the sponge (Tomizawa Y.2005) 

Dexamethasone is commonly applied drug in 
management of  different types of oral wounds 
including surgical wounds (Kylmaniemi M, et 
al.1996) and oral ulcers (Liu C, et al.2012). In the 
current study the dexamethasone group revealed 
significantly lower inflammatory infiltration than 
all other groups in all intervals except Exo. group 
in 2 days interval, however the Exo.and  ADSCs 

TABLE (3) Pairwise comparison of mean number of inflammatory cells for the studied groups after 5 days 
(Tukey  Post hoc  test)

Groups Control group Cortisone group Exo. group ADSCs group

Control group - P=0.0000* P=0.0000* P=0.0000*

Cortisone group P=0.0000* - P=0.0000* P=0.0000*

Exo. group P=0.0000* P=0.0000* - P=0.4856

ADSCs group P=0.0000* P=0.0000* P=0.4856 -

Significance is set at p<0.05

TABLE (4) Pairwise comparison of mean number of inflammatory cells for the studied groups after 10 days 
(Tukey  Post hoc  test)

Groups Control group Cortisone group Exo. group ADSCs group

Control group - P=0.0000* P=0.0000* P=0.0001*

Cortisone group P=0.0000* - P=0.0098* P=0.0000*

Exo. group P=0.0000* P=0.0098* - 0.0098*

ADSCs group P=0.0000* P=0.0000* P=0.0098* -

Significance is set at p<0.05
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showed more collagen formation and increased 
regenerated epithelium thickness in Exo. group. 
The similar results of reduction in epithelization 
and collagen formation by dexamethasone in oral 
wound healing (Lopes-Rocha R, et al. 2012) and 
in skin wound (Abreu A M, et al. 2012). This can 
be explained by the potent anti-inflammatory action 
in early inflammation with reduction in activation 
,proliferation and survival of inflammatory cells, 
subsequently, the epithelization and fibroplasia are 
decreased (Nguyen H,  et al. 1998). Also, decreased 
matrix metalloproteinase 8 (MMP 8) secreted by 
neutrophils with decreased degradation of collagen 
in wound area which is essential for collagen 
organization and subsequent collagen deposition 
(Gutiérrez-Fernández A, et al.2007) .

The exosomes from different cells showed 
promising results in in wound healing in different 
animal models , with most extensive studied model 
is skin wound (Golchin A, et al.2018). In the 
current study, the Exo.group revealed significantly 
decreased inflammatory infiltration than both gelatin 
sponge and ADSCs groups except in 5 days interval 
with ADSCs, while it was significantly higher than 
dexamethasone except in 2 days interval. This might 
be attributed to long action of dexamethasone.  As 
we know, there was no previous study compared 
the action of dexamethasone and Exo., but in the 
current study the dexamethasone showed superior 
anti inflammatory action than Exo., while Exo. 
showed increased epithelial thickness with many 
rete pegs indicating good adhesion to underlying 
connective tissue and more condensed collagen 
fibers  that might be explained by their paracrine 
effects on targeted cells as they are uptaken by 
fibroblasts, keratinocytes and endothelial cells 
enhancing proliferation, extracellular matrix and 
collagen deposition and angiogenesis (Na YK, et 
al. 2018).

The ADSCs were investigated in wound healing 
of different models, specially wounds hard to heal 
as chronic wounds and they showed promising 
results due to their paracrine effects on other cells 

improving the angiogenesis, immune modulation 
and tissues repair (Bertozzi N, et al. 2017). In 
the current study, the ADSCs group showed 
significantly lower inflammatory infiltration than 
gelatin sponge group except in 2 days. This could be 
explained by immune modulatory action of ADSCs 
on stimulation by inflammatory cytokines (Domenis 
R,,et al. 2017). While it was significantly higher 
than both cortisone and Exo. groups in all intervals, 
except in 5 days  with Exo. group. As we know, no 
previous studies compare the anti inflammatory 
actions of ADSCs with dexamethasone or their Exo. 
The ADSCs group showed improved wound healing 
regarding collagen deposition and epithelization. 

CONCLUSION

The current study compared between 
dexamethasone as regular therapeutics applied in 
oral wound healing and ADSCs and their exosomes 
as recent therapeutics. The dexamethasone revealed 
the best anti inflammatory action, while the Exo. 
group and ADSCs showed better wound healing 
and anti inflammatory action, specially Exo. group 
in comparison to gelatin sponge group. From these 
results we can conclude that ADSCs and Exo. 
may represent a safe alternative for oral wound 
healing.  Also, the gelatin sponge can be used as 
scaffold to deliver therapeutics locally to wounds.  
We recommend to combine the exosomes with 
dexamethasone to over come the retarded healing 
ability of dexamethasone, specially in comprised 
healing wounds as diabetic patients.
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