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Abstract

Objective

To investigate the effect of a novel topical wound-healing agent, low-concentration povidone-
iodine ointment (LPIO) with a hydrophobic white petrolatum-rich base, on skin-wound mod-
elsin rats and rabbits.

Methods

We investigated the therapeutic efficacy of topically applied LPIO compared to that of stand-
ard-concentration povidone-iodine ointment (SPIO) and non-treatment control, using a full-
thickness skin-wound model in hairless rats and a full-thickness skin-defect model in rabbit
earlobes. Therapeutic efficacy was evaluated based on macroscopic wound-size reduction, as
well as histopathological and immuno-histochemical examinations.

Results

LPIO enhanced wound healing in rat full-thickness skin ulcers, reducing wound size and in-
flammation, when compared with that in SPIO and non-treatment control. LPIO also marked-
ly improved wound healing in rabbit earlobe ulcers by significantly improving re-
epithelialisation, compared with that in SPIO.

Conclusions

The results of this study suggest that LPIO is auseful topical therapy for ulcerative lesions.
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Introduction

Severd factors, including reduced blood flow, infection, moisture, temperature, metabolic
conditions, and other exogenous stimuli, can affect the re-epithelialisation and wound con-
traction that ultimately can retard lesion recovery and prolong the time of therapy. . Following
an open wound a hard crust is formed by a fibrin-platelet coagula, which protects the injured
area from exogenous stimuli and infection. However, this initial process can aso inhibit the
growth of epidermal keratinocytes from dermal appendages and surrounding skin areas.’™
Topical skin therapy enhances wound healing by preventing infection, irritation, further trau-
matic injury and tissue ischemia. Wet dressing was recently recommended for the therapy of
clean and fresh wounds." ® However, the exact mechanism by which skin wound healing is
enhanced by moist conditions is not fully understood. Various cytokines, chemokines, and
growth factors in the wound exudate can regulate and enhance intra-lesional cellular prolifera-
tion and contribute to rapid wound healing.? ® These factors are released from activated plate-
lets, proliferating keratinocytes, fibroblasts, and vascular endothelial cells. © Wet dressings
are believed to retain these locally released growth factors in the lesions," ® thus preventing
wound drying.

Infection is a risk factor for retardation of wound healing, particularly for wet and closed
wounds.” Therefore, topical therapies for skin wounds should aso contain anti-septic rea-
gents. However, topicaly applied antiseptic drugs may be toxic for skin cells including
keratinocytes, fibroblasts, and vascular cells.® To resolve this problem, sterile, less irritant,
non-adhesive, and moisture-controllable dressing materials are needed.

lodine has been used for topical wound therapy especialy for wounds with a high risk of in-
fection. Free iodine is toxic at high concentrations, but it exerts cell proliferative effects’ and
has been used in various formulations including polyvinylpyrrolidone and dextrin polymer

mixtures. These formulations have primarily antiseptic effects due to their iodine content and
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high capacity for absorbing wound effusion and pus.'®** Therefore, development of topical
wound-healing materials, containing iodine at non-toxic concentrations and in a less irritant
form by using a more hydrophobic base is required.

In the present study, we developed a novel topical therapeutic materia containing low-
concentration povidone-iodine ointment (LPIO) in a hydrophobic base, investigated its thera-
peutic efficacy using a full-thickness skin-wound model in hairless rats and a full-thickness
skin-defect model in rabbit earlobes, and compared its efficacy with that of atopical standard-

concentration povidone-iodine ointment (SPIO).



Material and Methods

Animals

Twenty-four male hairless Wistar Yagi rats weighing 199.5-232.8 g were purchased from Japan
SLC, Inc. (Hamamatsu, Japan), and six Japanese white mae rabbits weighing about 3.5 kg were
purchased from Kitayama Labes Co. Ltd. (Nagano, Japan). The animals were kept under stand-
ardised conditions (12-h light/dark cycle, 40—70% relative humidity, 20—24°C room temperature
range) a the Central Research Laboratory of Maruishi Pharmaceutica Co. Ltd. (Osaka Japan),
with access to water and standardised food. This study was reviewed and approved by the Animal
Ethics Committee of Maruishi Pharmaceutica Co., Ltd (Approva Number: rat, 6014; rabbit,

08007).

Test materials

The LPIO contains 1% (w/w) povidone-iodine (PVP-1; BASF Japan Ltd., Tokyo, Japan), and
the base component consists of white petrolatum, macrogol 400 (NOF Corporation., Ltd. To-
kyo, Japan), macrogol 4000 (Maruishi Pharmaceutical Co., Ltd. Osaka, Japan), macrogol
6000 (Sanyo Chemica Industries Co., Ltd. Kyoto, Japan), sodium citrate and water. The
SPIO contains 3% PVP-1 (U-PASTA KOWA Ointment; KOWA Pharmaceutical Co., Ltd. To-

kyo, Japan).

Experimental Design

Full-thickness skin-wound model in hairlessrats

One week before topical therapy, skin flaps were prepared in 24 rats as preparative surgery.
After shaving the hair with an electric clipper, a full-thickness skin flap (35 mm x 27 mm)
including the panniculus carnosus was made in the back of the rats, using surgical scissors
under sodium pentobarbital anaesthesia (40 mg/kg, i.p.). The flap was then returned to the raw

6



surface, and nine portions of the flap were stitched to create a three-sided flap.*®> One week
after the preparative surgery, afull-thickness skin wound (10 mm x 10 mm) was made in the
centre of the flap (Figure 1), under sodium pentobarbital anaesthesia. The wound extended
through the panniculus carnosus to the muscular fascia. The 24 rats were randomly divided
into three groups:. control (control, n = 8), LPIO-treated (LPIO, n = 8) and SPIO-treated
(SPIO, n = 8) groups. The wounds were treated with either 1 g of LPIO or SPIO spread on a
sterile gauze dressing, or gauze dressing alone as control. The dressings were fixed with elas-
tic bandages. The dressing was changed every day until day 14. The wounds were measured
and recorded thrice aweek, using afixed camerawith ascale. The sizes of the wounds were
calculated using image analysis software (LuminaVision®: Mitani Co., Tokyo, Japan).

Changes in wound size were corrected by the wound size on day O.

Skin-defect model in rabbit earlobes

Three rabbits were anaesthetised with intravenous sodium pentobarbital (40 mg/kg, i.p.). The
hairs of the ventra side of the earlobes were removed by clipping and using topical depilatory
cream (Veet: Reckitt Benckiser Japan Ltd. Tokyo, Japan). After cleaning the earlobes, 10 mm x
10 mm of full-thickness skin was surgicaly removed from each ear, without injuring the auricular
perichondrium (Figure 2A, 2B).**" After surgery on day 0, the right and |eft ears were randomly
divided into two groups: LPIO-treated (LPIO, n = 3 x 2 parts) and SPIO-treated (SPIO, n =3 x 2
parts). Each rabbit was treated with 0.5 g of either LPIO or SPIO once a day. The wounds were
wrapped with gauze and fixed with e astic bandages. Topica therapy with LPIO or SPIO was dai-
ly performed for 11 days. The wounds were recorded with a camera thrice a week as described
above. The sizes of the wounds were cal culated using image analysis software (Lumina Vison®:

Mitani Co., Tokyo, Japan).



Histological examination

The day after the final treatment, skin samples were obtained under sodium pentobarbital anaes-
thesia. Samples were fixed with 10% neutral-buffered formalin and processed for preparations of
paraffin-embedded sections. The histopathology sections were prepared aong the long axis of the

wounds. Sections of 3-um thickness were stained with haematoxylin and eosin (H&E).

I mmuno-histochemical examination

Paraffin-embedded sections were immuno-histochemically processed by the labelled streptavi-
din biotin (LSAB) technique. Sections on glass slides were subjected to heating at 90°C while
immersed in citric acid buffer (pH 6.0) for 30 min for antigen retrieval. After incubating for
20 min at room temperature, the sections were treated with 3% H,O; in a solution of methanol
for 30 min at room temperature, in order to inactivate endogenous peroxidase. The sections
were subsequently blocked with serum protein (Dako Japan Co., Ltd., Tokyo, Japan) for 10 min
at room temperature, and then the samples were incubated overnight with primary antibodies
at 4°C. Primary antibodies included mouse anti-proliferating cell nuclear antigen (anti-PCNA,
PC10, Dako Japan Co. Ltd., Tokyo, Japan), mouse anti-p63 (4A4, Nichirel Biosciences Co. Ltd.,
Tokyo, Japan), mouse anti-keratin 14 (K 14: LL002, Thermo Fisher Scientific, CA, USA), and
mouse anti-keratin 16 (K 16: LL025, Thermo Fisher Scientific, CA, USA). The sections were
rinsed with PBS and subsequently reacted with biotinylated anti-mouse immunoglobulins
(Dako Japan Co., Ltd., Tokyo, Japan) as secondary antibodies, for 30 min at room temperature.
Subsequently, the samples were treated with horseradish peroxidase (HRP)-conjugated strep-
tavidin (Dako Japan Co. Ltd. Tokyo, Japan) for 30 min at room temperature. The immune com-
plexes were visualised using 3, 3-diaminobenzidine tetrahydrochloride (Liquid DAB substrate

kit, Dako Japan Co. Ltd., Kyoto, Japan).



Evaluation of wound healing histopathology

For the histopathological evauation of wound healing in the H& E-stained sections, the following
six findings were considered: cdllular infiltration, oedema, haemorrhage, horny layer formation of
the epithelid edge (HLF), fibrin deposition, and vascular proliferation. Cdlular infiltration, oede-
ma, and haemorrhage were graded as follows: grade 3 (present throughout the wound area and
spreading into the surrounding norma skin), grade 2 (present throughout the wound areq), grade 1
(partidly present in the wound area), or grade O (scarce presence). Fibrin deposition and vascular
proliferation were graded as follows. grade 2 (present throughout the wound area), grade 1 (par-
tialy present in the wound area), or grade O (scarce presence). HLF was graded as follows: grade
2 (HLF growth in the vertical direction), grade 1 (HLF growth in the horizontal direction), or
grade 0 (no HLF).

The H& E-stained sections of the rat and rabbit wound models were photographed using a digital
camera connected to a microscope (DP-70: Olympus Co., Tokyo, Japan). The re-epithelialisation
rate was semi-quantitatively evaluated from the images, using image anadysis software (Lumina
Vison®: Mitani Co. Tokyo, Japan) and the following formula

Re-epithelialisation rate (%) = 100 x (1 - length of non-epitheliaisation/length of primal
wound)

Cdls stained immuno-histologically with either anti-PCNA or anti-p63 antibodies in the epider-

mis (1/2 specimen) of the rats were also eval uated.

Statistical analysis

The datawere expressed as the mean + the standard deviation (S.D.). The relative wound area
was calculated from the following formula:

relative wound area (%) of day X = absolute wound area (day X)/absolute wound area (day 0)

x 100.



Significance was analysed using SAS System Release 8.2 (SAS Preclinical Package, Version
5.0, SAS Institute Japan Ltd., Tokyo, Japan). P values lower than 0.05 were considered statis-
ticaly significant. For evaluation of the parametric data (wound size and re-epithelialisation
ratio) in rats, Bartlett's analysis for homogeneity of variance was performed. When the vari-
ance was homogeneous, the Tukey's test for multiple group comparisons was performed to
compare the mean value in each group (control vs LPIO, control vs SPIO, and LPIO vs
SPIO). For evaluation of the parametric datain rabbits, F-test for homogeneity of variance
was performed. When the variance was homogeneous, the Student’s t-test for two-group
comparison was performed (LPIO vs SPIO). For non-parametric data (histopathol ogical

grades) in rats, Kruskal -Wallis test for analysis of variance was performed. Tukey’s test for

multiple-group comparison was performed when significant results were obtained (control vs

LPIO, control vs SPIO, and LPIO vs SPIO).
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Results

M acr oscopic findings

In LPIO-treated rats, the wounds were maintained under wet conditions throughout the treat-
ment period. In contrast to the control group, no obvious crust formation was observed in the
L PIO-treated wounds (Figure 3A). The wounds of the SPIO group were covered with a hard
crust from day 1. Depression of the wound at the edge of the ulcer, observed as a groove with
poor proliferation of granulation tissue, and over-proliferation of granulation tissue at the cen-
tre of the ulcer was observed in some rats after day 7. On day 7, wound size in the LPIO
group (44.5 £ 11.5%) became significantly smaller than that in the control group (65.0 +
16.1%, p <0.05). On day 14, wound size markedly decreased to 9.1 + 3.0% in the LPIO-
treated group, while it was 18.3 + 8.3% in the control group. Wound size did not significantly
differ between the SPIO and control groups on day 14. Wound size in the LPIO group was
significantly smaller than that in the SPIO group on day 14 (19.0 + 6.7%, p <0.05) (Figure
3B). No obvious sign of infection was identified in any of the rats throughout the experiment.
In rabbits, LPIO treatment successfully maintained the wounds under wet conditions, without
hard crust formation until day 11. Re-epitheliaisation of the wounds improved significantly
in the LPIO group than in the SPIO group (Figure 4A). Notably, there were some animals that
completed re-epithelialisation before the end of the study (day 11). In contrast, the wound sur-
face in the SPIO-treated group was covered with a crust from day 1, and the wound caved in
at the junction of the surrounding normal skin. Although wound healing from the edges was
observed from day 9 in the SPIO-treated group, none of the animals showed complete wound
healing throughout the treatment period. On day 7, the relative wound areain the LPIO group
(50.6 £ 15.0%) was significantly smaller than that in the SPIO group (82.1 £ 9.7 %, p <0.01).
On day 11, the relative wound area in the LPIO group (5.3 + 5.1%) was significantly smaller

than that in the SPIO group (56.5 + 8.6%, p <0.001) (Figure 4B). No obvious sign of wound
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infection was identified in any of the rabbits throughout the experiment.

Histopathological evaluation

In the rat study, complete histopathological re-epithelialisation of the wound was not ob-
served in any of the three groups until day 14 (Figure 5A, 5B). Cdlular infiltration, oedema,
and fibrin depostion, but not haemorrhage and vascular proliferation, were significantly de-
creased in the LPIO-treated wounds than in the wounds of control rats. Cellular infiltration, oe-
dema, fibrosis, crust formation, haemorrhage, and vascular proliferation, but not fibross, were
significantly increased in the SPIO group than in the LPIO-treated and control rats. Infiltration of
mononuclear cells and neutrophils, and hard crust formation significantly increased in dl SPIO-
treated samples. In addition, histopathological wound healing in the SPIO group was the poorest
among the three groups (Figure 6). No obvious presence of bacterial colonies was identified in
any of the rats throughout the experiment.

In rabbits, the LPIO-treated wounds showed rapid re-epithelialisation with granulation tissue
formation, without obvious inflammatory changes. Surprisingly, complete re-epithelialisation
before the end of the experiment was observed in 50% of the samples. In the SPIO-treated
group, there were samples with only partial granulation tissue formation, and regeneration of
epidermis was limited to the edge of the wounds (Figure 7). No obvious presence of bacterial
colonies was identified in any wound of the rabbits throughout the experiment.

The re-epithelialisation rate was semi-quantitatively calculated in the rat and rabbit tissue
specimens. In the rat model, the re-epitheliaisation rate was significantly lower in the SPIO
group (66.0 £ 7.7%) than in both the control (75.1 + 7.2%) and LPIO-treated (82.1 + 5.4%, p
<0.05) groups. In the rabbit model, the re-epitheliaisation rate was significantly lower in the
SPIO-treated wounds (24.3 + 6.9%) than in the LPIO-treated wounds (92.8 £ 8.2%, p <0.001)
(Figure 8).
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I mmuno-histochemical evaluation

PCNA-positive cells were identified in basal keratinocytes and in cells of the underlying con-
nective tissue. These cells were distributed mainly in the regenerated epithelium and the sur-
rounding epidermis of the wounds in both rats and rabbits. The PCNA-positive cell number in
the epidermis of the LPIO group (485.0 £ 99.0 cells, p <0.05) was significantly higher than
that in the SPIO (322.7 £ 48.7 cells) and control (315.7 £ 109.9 cells) groupsin the rat model.
In the rabbit model, the number of PCNA-positive cells in LPIO-treated wounds tended to be
higher than that in the SPIO-treated wounds. Immuno-reactive p63- and PCNA-positive cells
were detected in the basal keratinocytes of rat specimens. However, no significant differencein
the number of p63-positive cells in the epidermis was detected between groups. In rabbit speci-
mens, p63 was detected in basal keratinocytes in the regenerated epidermis and, to a lesser
extent, in the surrounding epidermis of the wounds. K14 expression in specimens from rabbits
treated with LPIO was clearly detected in the regenerated and surrounding epidermis. How-
ever, K14 expression in SPIO-treated lesions was limited to the subcorneal areas of the sur-
rounding skin. In rat specimens, K14 staining was weak, and was mostly observed in the sur-
rounding skin and regenerated epidermis of the LPIO-treated lesions. Immuno-reactive K16
was in general weakly detected in rat specimens. However, K16 stained clearly through the
spinous layer in LPIO-treated wounds, and was limited to the subcornea epidermisin SPIO-
treated wounds. In general, the immuno-histological findings in the rabbit wound model were
similar to those observed in the rat models. However, it is difficult to evaluate differences in
re-epithelialisation between both groups by immuno-histological methods because wound
healing in the SPIO-treated group was significantly delayed compared to that in the LPIO-
treated group, and also because the area of regenerated epithelium was too small for evalua

tion (Figure 9A, 9B, 10).
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Discusson

The ideal wound care requires keeping the wounds under wet and sterile conditions, and
avoiding irritation by and adhesion of topical therapeutic materials.'® However, these are dif-
ficult conditions to achieve. To address these issues, we investigated the effect on wound
healing of a topica preparation containing a white petrolatum-based LPIO, and compared
with a commonly available topical therapeutic material containing higher concentration of
povidone-iodine and control in two different experimental models of full-thickness skin-
wounds.

LPIO treatment accelerated wound healing in rats and rabbit and it was associated with rapid
formation of dermal granulation tissue and enhanced re-epitheliaisation without crust for-
mation. The lack of crust formation was a characteristic finding in LPIO-treated wounds. The
scab or crust on the wounds prevents the loss of fluids and infection, but keratinocytes must
migrate under the tightly adhered crust.’® Crust on wounds may prevent rapid re-
epithelialisation. Impairment of crust formation is therefore an important advantage of LPIO.
The acute cutaneous wound healing process has three phases: (1) haemostasis and inflammation,
(2) proliferation with skin resurfacing and dermal restoration, and (3) remodelling.”® These three
phases develop sequentialy and switch appropriately during the wound healing process. The co-
agulation phase ends within a couple of days. In well-conditioned wounds, the inflammatory
phase rapidly advances to the proliferative phase. Histopathological examination of LPIO-trested
wounds showed less cdlular infiltration, oedema, haemorrhage, and vascular proliferation, all of
these findings reflecting improved wound healing compared with SPIO-trested and control
wounds. Excess inflammatory infiltrates in chemokine 1P-10 transgenic mice impaired neovascu-
|larization and appropriated granulation tissue formation.”®  Conversdly, there are reports of im-
proved hedling in the absence of inflanmatory infiltrates.”® In well-controlled wounds, the prolif-

erative phase leads to the remodeling phase with epidermis and dermal collagen maturation.’® In-
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terestingly, the collagen tissue under the newly recovered epithelium matured without excess cdl-
lular infiltration or vasculature in LPIO-treated wounds, which strongly suggests rapid tissue re-
pair during maturation. The present study used acute models of cutaneous wound to study the
thergpeutic effect of LPIO; the effect of LPIO on chronic wound models such as diabetic ulcer
and infected wound model was not assessed. Human wound repair is a complex biologic process
that isimpaired in numerous disease states. The process of chronic wound healing in humans such
as the mechanism of wound re-epitheliaisation is not clear.*We will focus on the potentia
beneficial effect of LPIO on chronic wound hedling in future studies.

Reduction of the cytotoxic effects of ointment components is aso important. Previous reports
demonstrated that p63and K14 is located in the basa keratinocytes of dow-turning normal epi-
dermis, and that K16 is present in the epiderma tongue during the rapid proliferation phase of
wound healing. The expression of these proteins is enhanced during wound healing, and subse-
quently, is expanded to the suprabasal and spinous layers.®? In the present study, simultaneous
enhanced expression of these proteins in the wound heding areas was observed in the rat wound
model, suggesting enhanced epidermal proliferation and increased epidermd layer. Both epithdlia
regeneration and dermal granulation tissue proliferation were poor, and expresson of p63 and
K14 was limited to the edge of the surrounding epithelium in the rabbi-ear wounds treated with
non-wet dressings. No expression of these proteins was found in the ulcerative areas. Consistent
with previous reports, % high expression of p63 and K14 was detected in the rapidly regener-
ated epidermis from LPIO-treated wounds, indicating the beneficia effects of LPIO. No re-
epithdidisation and poor derma granulation tissue regeneration with a groove-like depression
were observed in wound samples from SPIO-treated rats. Rapid and effective recovery of derma
granulation tissue is important to support epidermis regeneration. In the rabbit model, LPIO
treatment rapidly improved granulation tissue regeneration, followed by epithelial regeneration. In

the rat model, staining of keratinocytes in each sample was as stable as staining in the control.
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However, the number of PCNA-positive cellsin derma granulation tissue of wounds treated with
SPIO was decreased compared to LPIO-treated and control, indicating impaired granulation tissue
in SPIO-treated wounds. These results indicate that dermal tissue regeneration is critica for
wound healing, and the beneficid effect of LPIO thergpy on dermd tissue regeneration. The pre-
cise mechanism of the rapid re-epithdidisation in LPIO-treated wet wounds is not clear, but it
gppears that LPIO treatment enhances re-epithdialisation by maintaining wet conditions in the
wounds. Further investigation is required to clarify the precise biologica mechanism of LPIO
treatment advantages. Although this study demonstrated advantages of LPIO treatment on
wound healing produced in experimental animal models, its effect on human wound hedling is
unknown. However, based on the significant beneficia effects of LPIO in experimenta models,
smilar clinica efficacy can be expected in clinica settings.

In conclusion, LPIO treatment enhanced wound healing in rat-skin ulcers by reducing in-
flammation, irritation, bleeding, and crust formation, compared with SPIO and control. In
rabbit-earlobe ulcers, LPIO markedly improved wound healing with significant grade of re-
epithelialisation, compared with SPIO. LPIO consists mainly of povidone-iodine and hydro-
phobic white petrolatum, which are well-recognized safe materials. The present iodine-based

topical materia may be a potent therapeutic tool for accelerating the wound healing process.
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Figurelegends

Figure 1
The full-thickness skin wound model in hairless rats. 35mm x 27mm of full-thickness skin flaps
(3-sded flap) were made in the back of rats, and the flgps were sutured in nine parts. After one

week, 10mm x 10mm of full-thickness skin was removed from the centre of the flap.

Figure 2
The skin defect model in the rabbit auricle. (A) 10 mmx10mm of the full thickness skin was
surgically removed from each ear without injuring the auricular perichondrium. (B) Histological

Cross-section.

Figure3

Effects of LPIO and SPIO on the rat full-thickness skin wound model. (A) Representative
photographs of each wound on days O, 7 and 14. (B) Relative wound area after treatment.
Values are expressed as the mean + S.D. *p<0.05; Significantly different from the control group.

#p<0.05, compared to SPIO.

Figure4

Effects of LPIO and SPIO on the skin defect model in rabbits auricles. (A) Representative
photographs of each wounds on days O(pre), 7 and 14 are shown. (B) Relative wound area
after treatment. Data are expressed as the mean + SD. ** p<0.01, *** p<0.001, compared to

SPIO.
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Figure5

(A) Histopathologicd findings (low magnification) of the full-thickness skin wound model in
rats. Arrows indicate wound edges. The interval between both edgesin LPIO is narrower than
in control and SPIO-treated groups. Scale bars indicate 500pm.

(B) Histopathological findings (high magnification) of the full-thickness skin wound model in
rats. The one wound edge of control (a) and LPIO (b) and cells are shown in wounds of SPIO-

treated group (c). Scale bars indicate 200um.

Figure 6

Histopathological examination showing cdlular infiltration, oedema, haemorrhage, horny layer
formation of the epithelia edge (HLF), fibrin deposition and vascular proliferation in the control,
LPIO and SPIO groups. Data are expressed as the mean £ S.D. * p<0.05, *** p<0.001, com-

pared to; control. # p<0.05, ## p<0.01, ### p<0.001, compared to LPIO-treated group.

Figure 7
Histopathological finding (low magnification) of the skin defect model in rabbits auricles. There

were clear differences in wound healing between LPIO and SPIO groups. Bars = 1000um.

Figure 8
Re-epithdiaisation ratio of wound healing. LPIO group has higher ratio than SPIO group in both
rats and rabbits. Data are expressed as the mean + S.D. * p<0.05, compared to control. ###

p<0.001, compared to LPIO group.

23



Figure 9

Immuno-histochemica staining of PCNA, p63 and CK14 in rats. (A) Representative micropho-
tograph in control, LPIO and SPIO groups during re-epithelialisation of wound edges. Bars =
100um. (B) The number of cells positive for PCNA and p63 staining. * p<0.05, compared to

control and SPIO groups.

Figure 10

Immuno-histochemica staining of PCNA , p63, CK14, and CK 16 in the rabbit of re-epithelized

wound edge in NSC (normal skin control), LPIO and SPIO groups. Scae barsindicate 100pm.
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