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containing liposome-loaded
epidermal growth factor

on burn wound healing
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ABSTRACT

The objective of this study is to develop a chitosan gel formulation containing liposomes loaded with epidermal
growth factor (EGF) and to evaluate their effects on the healing of second-degree burn wounds in rats by
immunohistochemical, histochemical and histological methods. EGF-containing multilamellar liposomes which
were carried in chitosan gel, EGF gel and EGF-loaded liposome formulations were prepared. The in vivo experiments
were performed on female Sprague Dawley rats. Second-degree standard burn wounds were formed on rats and
liposomes containing 10 pg/ml EGF in 2% chitosan gel, EGF-chitosan gel and EGF-loaded liposome formulations
were applied daily to the burn wounds and biopsies were taken at the 3rd, 7th and 14th day of the treatment. When
the results were evaluated immunohistochemically, there were significant increases in cell proliferation observed
in the EGF-containing liposome in chitosan gel (ELJ) formulation applied group (P < 0-001). The histochemical
results showed that the epithelisation rate in the ELJ group was the highest compared with the other group results
(P < 0-001). The histological results indicated and supported these findings and faster epithelisation was observed

&)
W
(q0]
=
| L
35
i)
=
=
=,
(@]
=
©
c
o
—
©
=
=
Q
e
[

in the ELJ group compared with the other groups.
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INTRODUCTION
Every year in the world many patients suf-
fer from burn wounds that do not completely
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heal or result in scarring. Researchers have
had a difficult time developing treatments for
burn injuries because they had little idea of
what drug delivery was involved in healing
and at what stages during the healing pro-
cess it becomes important. A burn is a type of
injury to the skin caused by heat, electricity,
chemicals or radiation. Second-degree burns
involve the superficial (papillary) dermis and
may also involve the deep (reticular) dermis
layer. These kinds of burns produce blisters,
severe pain and redness. The main causes of
second-degree burns are especially scalds from
hot water and liquids.

Healing is the process whereby the cells in
the body regenerate and repair to reduce the
size of a damaged or necrotic area. The wound
repair process involves a set of events that
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Key Points

e every year in the world
many patients suffer from burn
wounds that do not completely
heal or result in scarring

e the objective of this study is
to develop a chitosan gel for-
mulation containing liposomes
loaded with epidermal growth
factor (EGF) and to evaluate
their effects on the healing of
second-degree burn wounds in
rats by immunohistochemical,
histochemical and histological
methods




Key Points

e EGF has an important effect on
wound healing, which has been
shown to stimulate keratinocyte
division in vitro and epidermal
regeneration in vivo

e in this study, we aimed to
develop EGF containing multi-
lamellar liposomes which were
carried in chitosan gel

e to investigate the burn wound
healing effects of this formu-
lation, second-degree uniform
deep burn wounds were formed
on the backs of the rats

e the healing was evaluated
immunohistochemically and his-
tochemically

Chitosan gel containing liposome-loaded EGF

include inflammation surrounding the region
of injury, wound cell migration and mitosis,
angiogenesis and the development of granu-
lation tissue, repair of the connective tissue,
regeneration of the extracellular matrix and
remodelling that leads to a healed wound (1).
Growth factors regulate these processes.

Epidermal growth factor (EGF) and other
growth factors such as platelet-derived growth
factor, fibroblast growth factor and transform-
ing growth factor-g have been shown to accel-
erate cellular proliferation and synthesis of the
extracellular matrix in wound healing process.
The use of topical application of growth factors
therapy has been fundamental in that regard
and has helped to minimise the incidence of
having burn wound scar and healing in long-
term time periods.

Recent data suggest that the actions of
wound cells may be regulated by local produc-
tion of peptide growth factors which influence
wound cells (1,2) and also recent data have
shown that EGF, TGFa or related peptides
may play vital roles in wound repair after burn
injury (3).

EGF is a single-chain polypeptide containing
53 acid residues and 3 disulphide bridges.
It has a molecular weight of 6216 Da. It is
also present in many mammalian species in
a variety of tissues and body fluids. EGF has
an important effect on wound healing, which
has been shown to stimulate keratinocyte
division in vitro and epidermal regeneration
in vivo (4). Repeated doses of EGF increased
tensile strength of the incisions (5). It was also
reported that EGF formulated in multilamellar
liposomes was retained for prolonged periods
in rat incisions and significantly increased their
tensile strength (1). EGF accelerates wound
healing (6) and dermal regeneration of partial
thickness burns or split-thickness incisions
in vivo (7). It has been shown that repeated
injections of EGF or sustained release of
EGF from inert polymers stimulated DNA
synthesis and elevated the level of DNA
and also stimulated collagenase production by
fibroblasts.

Liposomes are vesicular structures consist-
ing of hydrated bilayers (8). They are non
toxic, biodegradable, biocompatible, able to
protect encapsulated matter from hostile envi-
ronments and capable of acting as sustained
release systems.

EGF like all other proteins and peptides
has low stability. Thus, EGF encapsulated in
liposomes would have had more stability and
could be safely used in the treatment of burns.

Chitosan has many useful and advanta-
geous biological properties in its application
as a wound dressing, namely biocompati-
bility, biodegradability, haemostatic activity,
anti-infective activity and ability to accelerate
wound healing. The application of chitosan
hydrogels may effectively interact with and
protect the wound, ensuring a good, moist
healing environment (9).

Chitosan is a polysaccharide compris-
ing copolymers of glucosamine and N-
acetylglucosamine and can be derived by
partial deacetylation of chitin from crustacean
shells (10).

Chitosan enhances the functions of inflam-
matory cells, such as polymorphonuclear
leucocytes, macrophages and fibroblasts (11).
Chitosan lacks irritant or allergic effects and is
biocompatible with both healthy and infected
human skin (12) so that chitosan-based heal-
ing agents are very useful for the treatment of
burn wounds. The other advantage of using
chitosan hydrogel is the bactericidal effect of
chitosan (13).

In this study, we aimed to develop EGF
containing multilamellar liposomes which
were carried in chitosan gel. To investigate the
burn wound healing effects of this formulation,
second-degree uniform deep burn wounds
were formed on the backs of the rats.
The animals were divided into groups and
treated with EGF-liposome (ELP), chitosan gel
with EGF (EJ) and EGF-liposome-chitosan gel
(EL]) formulations for 14 days. The healing
was evaluated immunohistochemically and
histochemically. The results we have obtained
with this study were found to be consistent
with our previous studies (14,15). We have
obtained an enhanced efficacy on burned skin
with the developed liposome formulations
containing EGF in chitosan gel.

MATERIALS AND METHODS
Materials

Human epidermal growth factor was pur-
chased from Sigma, St. Louis, MO. Chitosan H
was kindly provided from Dainichiseika Color
& Chemicals Mfg., Co., Ltd., Tokyo, Japan.
Dipalmitoylphosphatidyl choline (DPPC) was
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purchased from Acros Organics, Belgium, USA
and cholesterol was from Sigma. Bromod-
eoxyuridine (BrdU) and Anti-bromodeoxyuri-
dine (Anti-BrdU) were also provided from
Sigma. All other chemicals were of analytical
grade.

METHODS
In vitro studies
Preparation of the chitosan gel

Glacial acetic acid (0-5%) was added to half
of the required water. The weighed amount
of chitosan was added and stirred slowly.
After swelling, the remaining amount of water
was added and mixed. Gel was kept at room
temperature overnight before the application
to remove the air bubbles.

Preparation of EGF-liposome

Multilamellar vesicle (MLV) liposomes were
prepared using the film hydration method.
Cholesterol and DPPC were added in 1:1
molar ratios. After dissolving with chloroform-
methanol mixture, the solvents were evapo-
rated under rotavapor and dry film was then
obtained. The film was hydrated by phosphate
buffer containing EGF and liposomes which
were formed after vortex mixing and ultra-
sonication for 30 minutes. The dispersion was
centrifuged 27,000¢ for 60 minutes at 4°C to
separate the MLV from the aqueous solution.
Liposome formulations were freshly prepared
and used just before the experiments to avoid
any degradation.

Preparation of EGF-liposome-gel formulation

Finally, after liposomes were prepared, the
liposomes-loaded EGF were dispersed into
chitosan gel (2%).

Measurement of the particle size of liposomes

The particle size of liposomes was determined
using laser diffraction particle sizer (Helos laser
diffraction particle sizer, Symphatec GmbH,
Bergstadt-Clausthal-Zellerfeld, Germany).

Determination of the type of liposomes
and encapsulation efficiency

Physical properties of the liposomes were
investigated by inverted microscope (Olympus
CK2, Tokyo, Japan) and appearances were
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framed. Liposomes were centrifuged at 4°C
and 27,000g. The EGF contents of liposomes
were determined using spectrofluorometre
after extraction processes.

In vivo studies
Design of animal experiments

All animal experiments were conducted under
the protocols approved by the Animal Care and
Use Committee of Gulhane Military Medical
Academy. For the in vivo experiments, female
Sprague Dawley rats weighing 250 & 10 g were
used.

Rats were housed in individual cages with
unrestricted food and water access. The
animals were divided into six groups. The
unburned group consisted of 4 rats and there
were 12 animals in each group. The design of
the animal groups is shown in Table 1.

Formation of the burn wounds

The trauma was performed by exposing the
shaved backskin of anaesthetised animals to
hot water. For this procedure, a cylindrical
shaped bar with the radius of 1cm was
placed on the backs of rats and then hot
water (94 £+ 1°C) was poured into this bar and
held for 15 seconds (16). After the formation
of standard, second-degree burn wounds, the
formulations were repeatedly applied (one
application every day) to the burned areas
for 14 days. Full thickness skin biopsies were
collected at the 3rd, 7th and 14th day after
wound formation, and the degree of healing

Table 1 Design of experimental animal groups

Group codes Treatment

S Unburned

Y Burned but untreated

J Burned and treated by chitosan gel without
EGF

£ Burned and treated by chitosan gel with EGF

LP Burned and treated with liposome
formulation without EGF

ELP Burned and treated with EGF-liposome
formulation

ELJ Burned and treated with EGF solution

Burned and treated with EGF-liposome
in chitosan gel formulation

ES Burned and treated by EGF solution
SIL Burned and treated by commercial product
(Silverdin®)
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was evaluated both immunohistochemically
and histochemically.

Immunohistochemical studies

BrdU technique was used for the evaluation of
the healing. BrdU is a pyrimidine analogue
that is incorporated into DNA-synthesising
nuclei. In immunohistochemical studies, the
BrdU incorporated into DNA has been detected
using antibodies against BrdU (17,18).

One hour before animals were sacrificed,
BrdU (100 mg/kg body weight) dissolved in
saline was injected i.p. The animals were then
euthanised and full-thickness skin biopsies
were collected.

After all the steps of immunohistochemical
staining, the samples were assessed using
Ks400 Vision Screening Analysis Program
under Zeiss Axioskop light microscope and
results were represented as BrdU per 10 high
power field.

Histochemical studies

The skin biopsies taken from all groups were
embedded in paraffin and the sections were
stained using haematoxylin and eosin and
trichrome staining techniques and examined
by light microscope.

Measurement of epidermal thicknesses

Increment in the epidermal thickness is one
of the important indicators of wound healing.
Measurements were carried out using KS400
Vision Screening Analysis Program using light
microscope. Skin samples were collected and
subjected to the KS400 Vision Screening Anal-
ysis Program after trichrome staining (14). All
measurements were performed and repre-
sented as mean values (1 = 6).

Measurement of fibroblast nucleus area

The area of the fibroblast nuclei was measured
using Ks400 Vision Screening Analysis Pro-
gram under Zeiss Axioskop light microscope
after trichrome staining. An increment in the
fibroblast nucleus sizes indicates a faster heal-
ing process. Fifteen different areas from each
preparation were examined.

Histological studies
To compare the healing effects on ELP, SIL
and ES groups and untreated control groups

[unburned (S) and untreated (Y) rats] histolog-
ically, structural changes in the skin layers
were examined using transmission electron
microscope (TEM 911 Carl Zeiss). Tissues were
fixed in phosphate-buffered solution contain-
ing 2-5% glutaraldehyde for 2 hours, and were
then postfixed in 1% osmium tetroxide (OsOy)
and dehydrated in a series of graded alcohols.
After passing through propylene oxide, the
specimens were embedded in Araldyt CY212,
2-dodecen-1-yl succinic anhydride and ben-
zyldimethyl amine. Ultrathin sections were
stained with uranyl acetate and lead citrate
and examined with the electron microscope.

Statistical analysis

All data are expressed as means =+ SD. Statisti-
cal analysis of data was performed using one
way ANOVA.

RESULTS

Determination of the pH and viscosity
of chitosan gel

The pH of the gel was measured as 5-32. After
the preparation of the chitosan gel, the required
amount of EGF solution was added and the
final concentration was 10 pug/mL. The molec-
ular range of chitosan is 650000 and viscosity
value of 2% chitosan gel is 7903 mPa at 25°C.

Measurement of the particle size of
liposomes

The type of the liposomes was determined as
MLV using inverted microscope. The particle
size of the liposomes was investigated by laser
diffraction particle sizer and the mean particle
size of liposome was found as 4-44 + 0-03 um
(SD, n = 6).

Determination of encapsulation
efficiency of liposomes

The EGF contents of liposomes were deter-
mined using spectrofluorometre after extrac-
tion processes. The encapsulation efficiency of
EGF in the liposomes was found to be 58-1%.

Measurement of epidermis thicknesses

Increment in the epidermis thickness is one of
the important indicators of wound healing.
The 14th day epidermis thickness results
were measured according to the groups
(Table 2; Figure 1). Measurements were carried
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Table 2 The 14th day epidermis thickness results according to

Table 3 Average fibroblast nucleus areas for experimental

the groups groups
Average epidermis Average fibroblast nucleus areas (um?) = SD
Groups thickness (um) & D D Groups 3rd Day 7th Day 14th Day
igrOUp 6:03 009 Sooups  103+£26  103+£26  103+26
| group - B Y groups 10:34£27 162437 137453
EJQrOUP 1(;2 0_0 J groups 11.0425 14.3+4-2 147463
LPQFOUP 8.01 0.06 EJ groups 12:2+33 16-:3£6-5 157 £ 8-1
ELPQVOUP 10'1 0.0 LP groups 113431 18779 163 £6-6
o group 9'02 0'05 ELP groups  11-44£3.-0 17.7£57 14.5+69
" group 12' 1 0'1 EU groups 112429 18-0 5.3 1714+ 66
i group 11'5 0'4 ESgroups  13-043-0 16-3£6-2 176 £ 91
group ! ’ SIL groups 12.5+3-3 18-8 5.0 15-7+£53

' - "Indicates ulcered tissue.
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Figure 1. Epidermis thickness results from the groups (n = 6)
at the 14th day of the treatment (EJ-ELP: insignificantly, others:
P < 0-001).

out using Ks400 Vision Screening Analysis
Program.

Measurement of fibroblast nucleus area
The increment in the fibroblast nucleus areas
indicates a faster healing process. Fifteen dif-
ferent areas of each preparation were examined
and areas of the fibroblast nucleus were mea-
sured shown in Table 3 and Figure 2A-C.

Evaluation of the immunohistochemical
studies

Full thickness skin biopsies from the 3rd, 7th
and 14th day of therapy from all animal groups
were examined immunohistochemically using
BrdU technique.

A sample image of the proliferated cell
stained with BrdU technique is shown in
Figure 3.

The average numbers of proliferated cells
(%) labelled with BrdU are shown in Table 4
and Figure 4A-C at the 3rd, 7th and 14th day,
respectively. When the results were evaluated
immunohistochemically, the rate of healing
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in the EJ group was found to be increased
(P < 0.001).

Evaluation of the histochemical studies

The full-thickness samples of the
untreated group, the gel without EGF applied
group, the EGF-gel formulation applied group
and the Silverdin® (commerecial silver sulfadi-
azine cream) applied group were examined at

skin
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Figure 2. The fibroblast nucleus areas for experimental groups
at (A) 3rd, (B) 7th and (C) 14th day (P > 0-05).
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Figure 3. Stained proliferated cell (shown with arrows).

Table 4 The percentage of cell number labelled with BrdU for
experimental groups

The average cell number labelled with
BrdU (%) & SD

Groups 3rd Day 7th Day 14th Day

S group 2114012 210+ 0-10 2:134+0-15
Y group - 1.27 £0-15 2:33+£0-38
J group 1.20 £ 0-17 2:43 £ 0-61 3-10 £ 0-68
EJgroup  1-63 £ 0-35 4.20+0-18 4.95+0-39
LPgroup  1-10 £0-08 3.20+0-18 4.204+0-18
ELP group 123 +£0-21 527 +£0-15 5-85+0-71
ELJ group  1-28 £ 0-22 4.18 +0-22 527 £ 115
ESgroup  1-43£0-28 4.254+0-13 390 £ 0-64
SiLgroup  1-48 £0-29 3.27£0-15 4.53 £0-53

'

- " Indicates no healing.

the 14th day of the treatment after trichrome
staining and they are shown in Figure 5A-E.

Evaluation of the histological studies
The wound tissues were investigated by
ultrathin sectional preparation under TEM at
the 14th day of treatment. The results are
summarised as follows:

Healthy experimental group (S group). Skin lay-
ers were clearly identified, and epidermis and
dermis were observed to be normal. Abundant
fibrils were also observed (Figure 6A).

Burn wound made but no treatment received (Y
group). Inflamed cells were observed around
the burn wound. Burned cells were observed,
but detailed structure could not be identified.
Cell response was observed to be inadequate
at deeper layers and epithelial tissues and
collagen fibres were found to be irregular.
Neutrophilic infiltrations were present at
dermis surface and the beginning of scar tissue

A‘ Fnd day
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Figure 4. The average cell number labelled with BrdU (A)
at the 3rd day of the treatment for the different groups (%)
(n = 4) (all groups with each other: P > 0.-05); (B) at the 7th
day of the treatment for the different groups (%), (n = 4) (S-Y,
EJ-ELJ, EJ-ES, ELJ-ES: unsignificant, others: P < 0-001); (C) at
the 14th day of the treatment for the different groups (%),
(n = 4) (S-EJ, S-LP, S-ELP, S-SiL, S-ELJ, S-ES, Y-EJ, Y-LP, Y-ELP,
Y-SiL, Y-ELJ, Y-ES, J-EJ, J-ELP, J-ELJ, LP-ELP, ELP-ES: P < 0-001,
others: unsignificant).
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formation was observed as well as of formation
of burn wound (Figure 6B).

Burn wound made and EGF solution applied
group (ES group). Although epidermis could
not be observed under the wound scab, some
inflamed cells were found. Infiltrations were
observed; irregular myofibroblast distribution,
collagen fibres and numerous fibroblasts
were noted. The continuation of fibroblastic
activity, wound scab and invasive inflamed cell
infiltrations underneath were also noticed. A
degeneration of cells at epithelial surface was
seen, but some myofibroblasts, which were
accepted as an indication of wound healing,
were observed at dermis. In Figure 7C, the
image of the EGF solution group at the 14th
day of the treatment is shown.

Burn wound made and gel formulation without
EGF applied group (]J). The continuation of

© 2011 The Authors
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Figure 5. The epidermis thickness of different experimental groups: (A) untreated group (Y); (B) gel formulation without EGF applied
group (J); (C) liposome formulation without EGF applied group (LP); (D) EGF-solution formulation applied group (ES); (E) EGF-gel
formulation applied group (EJ); (F) EGF-liposome formulation applied group (ELP); (G) EGF-liposome in chitosan gel formulation (ELJ);
(H) Silverdin® (commercial silver sulfadiazine cream) applied group (SIL) (at the 14th day of treatment after trichrome staining; light

microscope x5).

fibroblastic activity was observed. Although
no differentiation of epithelial basal cell was
observed, some degeneration of mitochondria
and loss of crista were noted. There was some
wound healing, indicated by active fibroblasts
observed at dermis (Figure 7A).

Burn wound made and EGF containing gel
applied group (EJ). Emphasised epidermis layers
and swollen cells were observed under the
wound scar. Some vacuolisation of the dermal
cells and healing were observed. An infiltration
of inflammed cells was noticed. The structures

© 2011 The Authors
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of surface epithelial cells were normal, but
some active fibroblasts and inflammed cells
were present at connective tissue layer. The
microscopic image of the EGF-gel formulation
applied group at the 14th day of the treatment
is shown in Figure 7B.

Burn wound made and commercial Silverdine®
cream applied (SIL group). Inflamed cell infil-
trations were observed. At intercellular space
in the dermis, enlarged epidermal cells and
irregular formations were noticed. Random
distributions of myofibroblasts were present.
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Figure 6. The microscopic image of the epidermis and dermis from the different experimental groups: (A) healthy group, (B)
untreated group, at the 14th day of the treatment. E: Epidermis, D: Dermis (x3000).

Figure 7. The microscopic image of the epidermis and dermis from the different experimental groups: (A) gel formulation without
EGF applied group; (B) EGF-gel formulation applied group; (C) EGF solution applied group; (D) Silverdin® (commercial silver
sulfadiazine cream) applied group, at the 14th day of the treatment. E: Epidermis, Mf: Myofibroblast, F: Fibroblast (x 3000).

There were also some vacuoles and the heal-
ing process of the wound was not found to
be completed. Epithelisation was found to be
higher than observed in the LP and Y groups.
But wound scab was still present. The image
of SIL group at the 14th day of the treatment is
shown in Figure 7D.

Burn wound made and EGF containing liposome
formulation applied (ELP group). Epithelial tissue

was found to be almost fully recovered, but
these new epithelial layers were irregular.
Broad collagen fibre bundles were obvious
and dermis was normal. Active fibroblast
distributions were also noticed at the dermis
and connective tissues. Endoplasmic reticulum
was observed to be dilated, but active.
Therefore, the synthesis of collagens or in other
words the formation of wound contraction was

© 2011 The Authors
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Figure 8. The microscopic image of the epidermis and dermis from the (A) and (B) EGF-containing liposome formulation applied
group (ELP); (C) EGF-liposome in chitosan gel formulation (ELJ), applied group at the 14th day of the treatment. mf: Myofibroblast,
af: active fibroblast, ¢: collagen, E: epidermis, D: dermis, basal membrane (arrows). (Transmission Electron Microscope x3000).

also observed. Basal membrane was found to
be as healthy as that of the control group
(Figure 8A,B).

Burn wound made and EGF containing liposome
in gel formulation applied (EL] group). This group
was found to be the closest group to the
healthy experimental group (S). Epithelisation
was observed to be completed and regular.
Mitotic activities were observed at basal cells
of epidermis. Basal membrane and dermis
cells were healthy and normal. There was no
neutrophilic infiltration observed (Figure 8C).

DISCUSSION

Burn wounds are one of the main problems
which have been met during daily life. Burn
wounds can cause serious problems according
to their depth and surface area. Nowadays, the
therapy for the second-degree burn wounds
mainly focused on the therapeutic agents to
wounds and burns, be it an established antibi-
otic to treat infection and the prevention of
wound from infections and application of anti-
septic and anti-inflammatory drugs (19-21).
Chitosan is a biodegradable polymer and it
accelerates wound healing. It also permits

© 2011 The Authors
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regeneration of tissue elements in skin wounds
and has positive application effects on wound
healing (14,22,23). It has been reported that
treatment with EGF—chitosan gel formulation
decreased the wound healing period, acceler-
ated epidermal regeneration and tissue forma-
tion could be obtained (23). In this study, it
was aimed to develop liposome, chitosan gel
and liposome in chitosan gel formulations con-
taining EGF and to determine their effects on
the healing of second-degree burn wounds. All
results were compared with Silverdin® oint-
ment (SIL) applied group, liposome with and
without EGF (ELP, LP) applied group, chi-
tosan gel with and without EGF (E], J) applied
group, EGF-containing liposomes in chitosan
gel (EL]) applied group, EGF solution (ES)
applied group and untreated control groups
[Unburned (S) and untreated (Y) rats].

It was reported in the literature that MLV-
type liposomes can be produced by the film
formation method (15,24,25). The MLV-type
liposomes of EGF were prepared according to
the procedure of film formation method using
DPPC, cholesterol, chloroform and methanol.
To characterise the liposomes, particle size,
shape and amount of encapsulated EGF in the

Key Points

e nowadays, the therapy for the
second-degree burn  wounds
mainly focused on the therapeu-
tic agents to wounds and burns,
be it an established antibiotic to
treat infection and the preven-
tion of wound from infections
and application of antiseptic
and anti-inflammatory drugs

e chitosan is a biodegrad-
able polymer which acceler-
ates wound healing and permits
regeneration of tissue elements
in skin wounds and has positive
application effects on wound
healing




Key Points

e in this study, it was aimed
to develop liposome, chitosan
gel and liposome in chitosan
gel formulations containing EGF
and to determine their effects
on the healing of second-degree
burn wounds

e the results showed that the pH
values of gels which were kept
at 4°C increased significantly
after 180 days (P < 0-001)

e the pH values of the gels
at 40°C increased significantly
after 210 days (P < 0-001) and
pH values of the gels at 25°C
increased significantly after 300
days (P < 0-01)

Chitosan gel containing liposome-loaded EGF

liposome were determined in this study. This
technique used for the liposome formation is
also reported to be effective (26,27).

The encapsulation efficiency was found to be
87% for modified MLV type of EGF-containing
liposome with hyaluronic acid in the litera-
ture (21). The encapsulation efficiency of vin-
blastine containing MLV type of liposome as
51% in one of the studies (28) and also 50%
encapsulation efficiency was good enough for
MLV type of vesicles in another study (8,29).
The encapsulation efficiency of EGF in the lipo-
somes was then calculated and found to be
58-1% in this study which can be accepted as
sufficient (15).

In our study, the liposomes were framed
under light and inverted microscopes. The par-
ticle size of the liposomes, both at 25°C and 4°C,
was measured over 6 months by laser diffrac-
tion particle sizer. After 6 months, the particle
sizes of the liposomes had not changed signif-
icantly at 4°C (P > 0-05); however, the particle
sizes of the liposomes had increased signifi-
cantly after the third month at 25°C (P < 0-001).

The results showed that the pH values of gels
which were kept at 4°C increased significantly
after 180 days (P < 0-001). The pH values of
the gels at 40°C increased significantly after
210 days (P < 0-001) and pH values of the gels
at 25°C increased significantly after 300 days
(P < 0-01) (14).

The in vivo experiments were performed on
female Sprague Dawley rats. After shaving the
backs of rats under anaesthesia, a cylindrical
shaped bar was placed on the back of the rats
and then water, heated up to 94+ 1°C, was
poured into this bar and waited for 15 minutes.
After the formation of second-degree burn
wounds, the EGF formulations were repeatedly
applied on the burned areas with the dose of
0-160 ug/ml for 14 days. Skin biopsies were
collected at the 3rd, 7th and 14th day after the
wound formation and the degree of healing
of the wounds was evaluated histologically,
immunohistochemically and histochemically.

EGF (10 pg/ml) containing liposome, gel and
liposome in gel formulations were repeatedly
applied separately on theburned areasata dose
0-160 ug/cm? for 14 days as one application
per day after the formation of second-degree
burn wounds. Skin biopsies were collected
at 3rd, 7th and 14th day after the wound
formations and the degree of healing was

evaluated histologically, immunohistochemi-
cally and histochemically.

BrDU-positive cells were detected by
immunohistochemical staining method. Cell
proliferation is an indication of burn wound
healing. BrDU is an analogue of pyrimidine
and is a useful alternative to labelling pro-
liferated cells (17,18). When the results were
evaluated immunohistochemically, at the 7th
day of the therapy, the maximum cell prolifer-
ation was found in ELP group. The healing in
EJ, EL] and ES groups were also found to be
rather good and it was seen that the healing
ratios were very close to each other (P > 0-05).
It was also observed that the cell proliferation
in LP, J and other control groups (S and Y
groups) were extremely low. There were sig-
nificant increases of cell proliferation observed
in EGF-containing groups (P < 0-001). At the
14th day of the therapy, it was seen that the
healing in ELP and EL]J groups was found to
be faster than that of other groups, but there
was no significant difference between these
two groups (P > 0-05). When ELP group and
ELJ group were compared, the healing and the
rate of healing were found to be increased.

Similar to the fibroblastic activity accompa-
nied with the diametre of fibroblasts, epidermal
thickness, protein deposition and DNA syn-
thesis, the metabolic activity of the skin cells at
wounded area can be accepted as an indicator
of healing process (30). The reason for this is
that as the DNA synthesis is increased and this
proliferation reflected on by DNA synthesis,
the reepithelisation of a skin wound demands
keratinocyte proliferation. This process of DNA
synthesis also required angiogenesis and the
generation of vascular endothelial cells. The
healing process is closely related to the rate
of DNA synthesis. Moreover, protein depo-
sition and synthesis play a key role in the
wound healing process. The majority of tissue
loss after burn injuries are related to protein
loss, which makes the protein deposition nec-
essary for repairing the tissue. Both protein
synthesis and protein deposition are crucial
in constructing a functional dermal base and
new blood vessels/supply in supporting reep-
ithelialisation with nutritional support to build
new healthy skin (3,30).

The histochemical results showed that the
increase in epidermis thickness in EL] group
was the fastest one. When the fibroblast nuclei
areas were evaluated, at the 7th day, the healing

© 2011 The Authors
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rate in EL]J, ELP and EJ groups were close to
each other, and the healing rate in EL] group
was found to be the fastest. The healing rates
were found to be with the following sequence:
ELJ, ELP and EJ groups. At the 14th day, in EL]
and ES group, the healing was found to be the
fastest.

Although an effect on the fibroblastic cells
was observed, with the use of commercially
available Silverdin® ointment, it has not
been suggested to use silver sulfadiazine-
containing preparations for the treatment of
severe burn wounds, because silver molecules
can penetrate through damaged skin cells in
high extent and the toxic effect of silver should
be considered (31).

The histological results indicated that the
healing in EL] group was better compared with
other groups. EL] group healed rapidly than
ELP and EJ groups.

In conclusion, when the results were eval-
uated altogether, it can be concluded that
EGF-containing formulations are effective in
wound healing process. Growth factor formu-
lations, which play an important role in burn
wound treatment, are thought to be promising
in human health.

EGF, like all other growth factors, has low
stability (15,24,32,33). Thus EGF-containing
liposomes in chitosan gel would be more stable
and could be retained for long periods in the
rat wounds and safely used in the treatment
of burns. It was reported that EGF formulated
in MLV liposomes was retained for prolonged
periods in the rat incisions (1,15).

Growth factors and other biologic agents will
be used more specifically in future.
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