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Abstract

Eight types of spongy sheet were prepared by freeze-drying aqueous solutions of hyaluronic acid
(HA) and poly(y-glutamic acid) (PGA) with or without bioactive components including vitamin C
derivative (VC), glucosylceramide (GC), and epidermal growth factor (EGF). Spongy sheets were
categorized into the following groups: Group I (HA/PGA), Group II (HA/PGA + VC), Group III
(HA/PGA + GC), Group IV (HA/PGA + VC, GC), Group V (HA/PGA + EGF), Group VI (HA/PGA + VC,
EGF), Group VII (HA/PGA + GC, EGF), and Group VIII (HA/PGA + VC, GC, EGF). In the first experi-
ment, we examined fibroblast proliferation in conditioned medium that had been prepared by
immersing each spongy sheet in a conventional culture medium. EGF-incorporating spongy sheets
(Groups V-VIII) enhanced fibroblast proliferation more than EGF-free spongy sheets (Groups I-1V).
In the second experiment, cytokine production by fibroblasts was evaluated using a wound sur-
face model. This involved elevation of fibroblasts-incorporating collagen gel sheets to the air-liq-
uid interface, on which a spongy sheet (Groups I, IV, V and VIII) was placed and cultured for 1
week. EGF-incorporating spongy sheets (Groups V and VIII) enhanced the production of vascular
endothelial growth factor (VEGF) and hepatocyte growth factor (HGF) by fibroblasts more than
EGF-free spongy sheets (Groups I and IV). The effect of these four types of spongy sheet on wounds
was investigated in animal experiments. Chemical peel was performed by contacting 50% trichlo-
roacetic acid (TCA) on the dorsal region of mice, after which a spongy sheet was placed, and the
wound condition was then observed in a two-week period. Angiogenesis was facilitated to a
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greater degree in Group VIII compared with Groups I, IV and V. This finding indicates that Group
VIII spongy sheet is a promising aid for skin recovery after chemical peel.
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1. Introduction

Our skin performs many functions. The skin is composed of three layers: the epidermis, the dermis and the sub-
cutis. There is a distinct interface between the epidermis and dermis, whereas the dermis merges with the subcu-
tis without a clear boundary. Moving from the surface to the interior, there are five layers of the epidermis: the
horny layer, the clear layer, the granular layer, the prickle cell layer, and the basal layer. The two lowest cell
layers consist of living cells that replenish the cells that are shed from the horny layer. The dermis is composed
of two different regions: the papillary dermis and the reticular dermis. Fine vascular loops that provide nutrient
supply to the epidermis are interspersed in the papillary dermis. The main cell in connective tissue is the fibrob-
last. Collagen fibers are interspersed in the reticular layer. Many different types of injury result in damage to the
skin. However, the skin is capable of restoring the original protective covering by using repair mechanisms in
the individual layers. Based on the regenerative potential of the skin, chemical peel is a cosmetic procedure us-
ing a chemical agent that has been widely used in the field of aesthetic dermatology and aesthetic reconstructive
surgery [1]-[8]. This procedure involves the application of a chemical agent that results in exfoliation of the skin
followed by regrowth of new skin. This leads to skin rejuvenation. The treatment is classified into superficial,
medium and deep peels. A superficial peel causes damage to the epidermis and the epidermal-dermal interface.
A medium peel causes damage to the papillary dermis. A deep peel causes damage to the reticular dermis. Typ-
ical chemical agents are 10% - 30% trichloroacetic acid (TCA) or 70% glycolic acid for superficial peels, 50%
TCA for medium peels, and phenol or Baker-Gordon formula for deep peels [4]. Chemical peel can improve the
skin condition when used properly but there is a risk of complications. In general, deeper peels require longer
healing times and are more likely to result in a larger number of complications. Therefore, the benefit-to-risk ra-
tio must be considered in the selection of the chemical peel. Although chemical peels resulted in chemical burns,
most physicians did not focus on the importance of skin care products after chemical peels. In addition to
choosing the appropriate peeling agent and their application period, the physician must choose the appropriate
skin care product for application after chemical peels to obtain a satisfactory clinical result. The most critical is-
sue is how to facilitate wound healing after chemical peels. Successful management of a corrosive wound
caused by chemical peels requires the use of excellent skin care products that are capable of facilitating wound
healing. This includes epithelialization, angiogenesis, and creation of a moist environment for re-epithelializa-
tion. Therefore, the skin care product should have wound-healing and moisturizing effects.

We have developed several types of wound dressing composed of hyaluronic acid (HA) and collagen (Col),
which contain bioactive substances such as magnesium ascorbyl phosphate (vitamin C derivative: VC) and epi-
dermal growth factor (EGF) [9] [10]. HA is considered an important biomaterial for wound healing because it is
a major extracellular matrix component. Because of its unique hygroscopic, rheological and viscoelastic proper-
ties, HA creates an excellent wound-healing environment. High molecular weight HA (HMW-HA) provides an
excellent wound-healing environment, while low molecular weight HA (LMW-HA) induces angiogenesis
[11]-[14]. It is known that EGF is beneficial for wound healing because of its effects on proliferation of kerati-
nocytes, fibroblasts and vascular endothelial cells, thus facilitating the formation of granulation tissue and re-
epithelialization [15] [16]. In addition, EGF can stimulate fibroblasts to synthesize an increased amount of vas-
cular endothelial growth factor (VEGF) and hepatocyte growth factor (HGF) [17]. VEGF and HGF are potent
cytokines that promote angiogenesis. Recent research has demonstrated that simultaneous administration of
VEGF and HGF synergistically promotes new blood vessel formation compared with administration of each
factor alone [18]. In addition, HGF is considered to be one of the key cytokines involved in epithelialization in
addition to angiogenesis [19]. Thus, EGF is a promising factor for wound healing. Vitamin C stimulates colla-
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gen synthesis by fibroblasts, and also has antioxidant effects. The combination use of EGF and VC has a syner-
gistic effect of enhancing HGF production by fibroblasts in vitro [20]. Therefore, VC is also a promising factor
for wound healing. In addition, poly(y-glutamic acid) (PGA) and glucosylceramide (GC) have moisturizing ef-
fects in the epidermis. Based on our development of various types of wound dressing, the present study aims to
develop a freeze-dried spongy sheet composed of HA and PGA, which contains various bioactive components
including VC, GC, and EGF. The potential benefit of these products was evaluated in cultures and in animal
experiments using nude mice.

2. Materials and Methods
2.1. Experimental Materials

HA (Bio Sodium Hyaluronate HA 20) was purchased from Shiseido (Tokyo, Japan). PGA and GC were pur-
chased from Ichimaru Pharcos (Gifu, Japan). VC was purchased from Showa Denko (Tokyo, Japan). Recombi-
nant human EGF was purchased from Shanghai Haohai Biological Technology (Shanghai, China). Collagen
(NMP Collagen PS) was purchased from Nippon Meat Packers (Osaka, Japan). Polyurethane film dressing (Bi-
oclusive) and Elastic tape (Elastikon) were purchased from Johnson & Johnson (New Jersey, USA).

2.2. Preparation of the Skin Care Product

The spongy sheet was prepared using a similar method described in our previous article [20]. Briefly, HA power
(4 g) was dissolved in 400 mL of distilled water (DW) to prepare a HMW-HA (molecular weight, 2000 kDa)
solution. HA powder (16 g) was dissolved in 1600 mL of DW, which was then autoclaved at 120°C for 1 h to
prepare partially hydrolyzed LMW-HA (molecular weight, 150 kDa) solution. PGA powder (4 g) was dissolved
in 400 mL of DW to prepare a PGA solution. These three solutions were mixed to give a HA/PGA solution
(2400 mL) and then the pH was adjusted to 7. This mixed solution was divided into two portions (1200 mL x 2).
EGF (1 mg) was dissolved in 10 mL of DW, and it was then added to a half-mixed solution to create EGF-in-
corporating HA/PGA solution, while 10 mL of DW was added to another half-mixed solution to create an EGF-
free HA/PGA solution. EGF-free HA/PGA solution was divided into four portions (300 mL x 4). EGF-incor-
porating HA/PGA solution was also divided into four portions (300 mL x 4). DW (30 mL) alone, DW (30 mL)
containing VC (0.5 g), DW (30 mL) containing GC (0.5 g), or DW (30 mL) containing VC (0.5 g) and GC (0.5
g) was added to the EGF-free HA/PGA solution to create four solutions: Group I (HA/PGA solution only),
Group I (+VVC), Group 1l (+GC), Group IV (+VC, GC). Four other solutions were prepared in a similar manner:
Group V (+EGF), Group VI (+VC, EGF), Group VII (+GC, EGF), and Group VIII (+VC, GC, EGF). Each
mixed solution (33 mL) was poured into a tray (5 cm x 8 cm), and then refrigerated at 4°C for 2 h, followed by
freezing at —85°C and freeze-drying to obtain eight types of spongy sheet: EGF-free spongy sheet (Groups I-1V)
and EGF-incorporating spongy sheet (Groups V-VIII). Each product was packed in a bag and kept in a dry steri-
lizer at 110°C for 1 h.

2.3. Experiments in Vitro

2.3.1. Fibroblast Proliferation in Conditioned Media

Fibroblasts were harvested from a piece of human dermis, expanded and cryopreserved to obtain a working cell
stock as described previously [17]. When required, cryopreserved cells were thawed and cultured for two pas-
sages in culture medium (Dulbecco’s modified Eagle’s medium [DMEM] supplemented with 10% fetal bovine
serum [FBS]) to obtain an adequate number of cells. Conditioned medium was prepared by immersing a piece of
spongy sheet (5 cm x 4 cm) in 50 mL of culture medium for 1 day at 37°C. Fibroblasts were seeded into 20
flasks (75 cm?) at a density of 1 x 10* cells/cm?, and cultured in the culture medium (15 mL). The density of at-
tached cells after 1 day was calculated using a conventional method using 2 flasks. Cell proliferation was as-
sessed using 18 flasks under 9 culture conditions: in culture medium (referred to as control medium) and in each
conditioned medium (Groups I-VIII). After 1 day of cultivation, the culture medium was replaced with either
control medium (20 mL) or one of the conditioned media (20 mL). Cell density at days 4 and 7 was measured
using 2 flasks for each group. The concentrations of VC, GC and EGF in each spongy sheet (Groups IV-VIII)
were 50 mg/40cm?, 50 mg/40cm?, and 25 ug/40cm?, respectively (expressed as mg/cm?and pg/cm? for conven-
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ience instead of mg/cm?® and pg/cm?®). Each conditioned medium (Groups 1-VI111) contained VVC and/or GC at
concentrations of 10 mg/20mL. In addition, four types of conditioned medium (Groups IV-VIII) contained EGF
at a concentration of 5 pug/20mL. The cell proliferation experiment was conducted four times (n = 4).

2.3.2. Fibroblast Metabolic Activity and Cytokine Production in a Wound Surface Model

Cultured dermal substitute (CDS) was prepared as described previously [17]. Col powder was sterilized using a
vacuum drying oven at 121°C for 2 h. Col powder was dissolved in sterilized distilled water at a concentration
of 1%. A concentrated DMEM was prepared at a double concentration of conventional one. Fibroblasts were
suspended in double-concentrated DMEM supplemented with 20% FBS at a cell density of 80 x 10° cells/12mL.
Fibroblast suspensions (12 mL) were mixed with 12 mL of 1% sterile Col solution at a temperature below 10°C.
The mixture was then poured into a dish (8 cm x 5 cm). A sheet of nylon mesh (8 cm x 5 cm) was incorporated
into the mixture to provide mechanical support. The mixture was placed in a 5% CO, incubator at 37°C for 1
day to promote jellification. The seeding density of fibroblasts was 2 x 10° cells/cm? (expressed as cells/cm? for
convenience instead of cells/cm?). The fibroblast-incorporating Col gel was moved to a polystyrene dish (10 cm
x 10 cm) and cultured in 50 mL culture medium for 6 days to obtain the CDS. The CDS was cut into sizes of 4
cm x 5 cm and then placed on a stainless mesh in a polystyrene dish (10 cm x 10 cm), followed by the addition
of culture medium (60 mL). The CDS was elevated to the air-culture medium interface to prepare a wound sur-
face model, on which one type of spongy sheet was placed, and cultured for 7 days. In the control group, no
wound dressing was placed on the CDS. After cultivation for 7 days, the cell metabolic activity and VEGF and
HGF production in the CDS were measured using the MTT assay and ELISA, respectively, according to the
methods described in our previous article [17]. These experiments were conducted four times (n = 4).

2.4. Experiments in Vivo

2.4.1. Animal Experiment: Chemical Peel with 50% TCA on the Dorsum of Nude Mice

The dorsal region of nude mice (BALB/cAJcl-nu, male, 8 weeks of age, CLEA Japan Inc., Tokyo, Japan) was
shaved under anesthesia and the left dorsal region was treated with gauze (10 mm x 15 mm, 8 sheets) containing
50% TCA (150 pL). Specifically, this procedure involved contact with 50% TCA-soaked gauze for 1 min, fol-
lowed by removal of the gauze, air exposure for 19 min, and a rinse with sterilized DW (1.5 mL). A spongy
sheet (10 mm x 15 mm) was placed onto this chemical burn area, and sterilized DW (200 pL) was added to hy-
drate the spongy sheet. A polyurethane film dressing (Bioclusive) was placed on the hydrated spongy sheet, on
which gauze was placed and fixed with elastic tape (Elastikon). In the control group, the same procedure was
performed without placement of a spongy sheet. This procedure was repeated at postoperative days 3, 7, and 10.
The wound-healing process was evaluated by examining the macroscopic appearance and histology at postoper-
ative day 14. These experiments were conducted using four mice (n = 4). The animal study complied with the
guidelines of the Animal Study Committee of the School of Allied Health Sciences, Kitasato University.

2.4.2. Histological Evaluation of Angiogenesis

Biopsy specimens were fixed in 10% formalin neutral buffer solution, embedded in paraffin, sectioned at 4 um
thickness and mounted onto slides. Serial sections were deparaffinized and stained with hematoxylin and eosin
(HE). Histological observation was conducted at three positions: 1) middle of the cranial wound margin and
wound center, 2) wound center, and 3) middle of the caudal wound margin and wound center. Specimens were
then observed by light microscopy. The extent of wound edema was measured by tracing out the cross-sectional
area of fluid accumulation in a region measuring 500 pm x 500 um on photographs of HE-stained samples,
which was analyzed using an imaging software (Scion Image, Scion Corporation). In a similar manner, the ex-
tent of angiogenesis was measured by tracing out the cross-sectional area of blood vessels in a region measuring
500 um x 500 um on photographs of HE-stained samples, followed by analysis using imaging software. These
observations were conducted at twelve positions (n =4 x 3).

2.5. Statistical Evaluation

Data are expressed as means + standard error (SE). Statistical analysis was performed using the Tukey-Kramer

test.
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3. Result
3.1. Preparation of the Skin Care Product

Macroscopic view and scanning electron microphotograph of the EGF-incorporating wound dressing are shown
in Figure 1. The spongy sheet showed a unique cross-sectional profile displaying vertical holes.

3.2. Fibroblast Proliferation in Conditioned Media

Fibroblast proliferation in conditioned and control media is shown in Figure 2. The fibroblast density in condi-
tioned media with EGF (Groups V-VIII) was almost two times greater than those in conditioned media without
EGF (Groups I-VI) and control medium. There was no difference in fibroblast proliferation among the four con-
ditioned media with EGF (Groups V-VIII). In addition, there was no difference among the four conditioned me-
dia without EGF (Groups I-1V). No difference was seen between the four conditioned media without EGF
(Groups I-1V) and the control medium.

3.3. Fibroblast Metabolic Activity and Cytokine Production in a Wound Surface Model

The CDS was elevated to the air-culture medium interface to prepare a wound surface model (Figure 3), on
which one type of spongy sheet was placed, and cultured for 7 days. Figure 4 shows the optical density (OD)
values of the MTT assay that corresponds to the metabolic activity and proliferation of fibroblasts in the CDS
after 7 days of cultivation in the wound surface model. The OD value was slightly lower in Group | compared
with the control group (no spongy sheet). This is likely due to partial absorption of medium from the upper layer
of CDS into the spongy sheet and thus, this might have limited the nutrient supply to fibroblasts in Group I.
However, there was no significant difference in the OD value between Group | and the control group. The OD
value in Group 1V was significantly higher than that of Group I. This indicates that the mixture of VC and GC
increased metabolic activity. The OD value of Group V was significantly higher than that of Group I. This indi-
cates that EGF promotes metabolic activity and cell proliferation. The OD value was significantly higher in
Group VIII compared with Group VI. This also suggests that EGF promotes metabolic activity and cell prolife-
ration. The OD value was higher in Group VIII compared with Group V. This increase in OD value appeared to
be due to the combined effects of VC, GC and EGF.
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Figure 1. Scanning electron microphotographs of the skin care product (Group I): top sur-
face (a); bottom surface (b); and cross-section (c). Scale bar is 1 mm.




Y. Isago et al.

7.0

EGF-incorporating Group V-VIII ‘ * — Control
6.0

- Group | (HA/PGA)
- Group Il (+VC)

5.0

-# Group Il (+GC)
Group IV (+VC,GC)
Group V (+EGF)

-= Group VI (+VC,EGF)

4.0

3.0

2.0

EGF-free Gl’OUp -1V | — Group Vil {+GC,EGF:|

Cell density (x 10% cells/cm?)

= Group VIl (+VC,GC,EGF)

0 ! 2 3 4 5 6 7 8

Culture in day

Figure 2. Fibroblast proliferation in culture medium and in each conditioned medium.
n=4."P < 0.01 vs. EGF-free Groups I-IV.
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Figure 3. Wound surface model: CDS was elevated to
the air-culture medium interface, on which skin care
product was placed, and cultured for 7 days.
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Figure 4. OD values that correspond to the metabolic activity of fibroblasts in the CDS
after 7 days of cultivation at the air-medium interface: control group (no spongy sheet),
Group | (HA/PGA), Group IV (HA/PGA + VVC, GC), Group V (HA/PGA + EGF), and
Group VIII (HA/PGA + VC, GC, EGF), as measured by the MTT assay. n = 4. P <
0.01 vs. Control. 'P < 0.01 vs. Group I. °P < 0.01 vs. Group V.

Figure 5 shows VEGF production by fibroblasts in the CDS after 7 days of cultivation in the wound surface
model. VEGF production in Group IV was lower than that in Group I. This suggests that the mixture of VC and
GC has no effect on VEGF production. VEGF production in Group V was significantly higher than that in
Group I. This suggests that EGF released from the spongy sheet can enhance VEGF production. VEGF produc-
tion was significantly higher in Group VIII compared with Group IV. This also suggests that EGF promotes
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Figure 5. VEGF production from fibroblasts in the CDS after 7 days of cultivation at the
air-medium interface: control group, Group I, Group 1V, Group V and Group VIII, as
measured by ELISA. n = 4. "P < 0.01 vs. Control. 'P < 0.01 vs. Group I. 5P < 0.01 vs.
Group IV.

VEGF production. There was no difference between Group V and VIII. This also suggests that the mixture of
VC and GC has no effect on VEGF production.

Figure 6 shows HGF production by fibroblasts in the CDS after 7 days of cultivation in the wound surface
model. There was no significant difference in HGF production between Group | and Group IV. This suggests
that the mixture of VC and GC has no effect on HGF production. HGF production in Group V was significantly
higher than that in Group I. This suggests that EGF released from the spongy sheet can more effectively enhance
HGF production. HGF production was significantly higher in Group VIII compared with Group IV. This also
suggests that EGF promotes HGF production. HGF production was higher in Group VIII compared with Group
V. This increase in HGF production appeared to be due to the combined effects of VC, GC and EGF.

3.4. Chemical Peel with 50% TCA on the Dorsum of Nude Mice

Figure 7 shows the macroscopic appearances of the wound caused by application of 50% TCA. After 50%
TCA-soaked gauze was placed on the skin for 1 min followed by removal of the gauze, the wound initially
showed a slightly whitish color. After exposure to air for 19 min, the wound showed a distinct white color. A
spongy sheet placed on the wound area became a highly hydrated layer after absorbing DW, and a polyurethane
film dressing (Bioclusive) was placed to protect the chemical peel area.

Figure 8 shows the macroscopic appearances of the wound at postoperative day 14. The necrotic tissue
caused by contact with TCA had formed a dry scab in the control group (no spongy sheet) at postoperative day
14. In contrast, in four groups (Groups I, 1V, V and VIII), the majority of the scab had disappeared at postopera-
tive day 14, and the wound condition was improved.

Figure 9 shows the histological appearance of the wounds at postoperative day 14. The thickness of granula-
tion tissue in four groups (Groups I, 1V, V and VIII) was thicker than that in the control group. Granulation tis-
sue formation with angiogenesis was facilitated in these four groups compared with the control group. Figure 10
shows the total area of edema. There was no significant difference among the groups (Groups I, 1V, V and VIII).
However, the total area of edema decreased in the four groups compared with the control group. Figure 11
shows the total area of angiogenesis. Angiogenesis was facilitated in the four groups (Groups I, IV, V and VIII)
compared with the control group. In particular, angiogenesis was significantly facilitated in Group VIII com-
pared with the control group. The animal experiment results indicate that a spongy sheet composed of HA and
PGA potentially enhances wound healing, and the incorporated VC, GC and EGF potentially increases the
wound-healing effect of the spongy sheet.

4. Discussion

When strong acids come into contact with the skin, there results a deep corrosive wound to the skin. The wound
conditions vary depending on the concentration of the acid and the duration of exposure. Since this skin damage



Y. Isago et al.

§
90 +
*
20
- §
g 70 ¥
£ x
w
© 50
I
"5 40
% 30 .
th 20
10
0 i
Control Group | Group IV Group V Group VI

Figure 6. HGF production from fibroblasts in the CDS after 7 days of cultivation at
the air-medium interface: control group, Group I, Group IV, Group V and Group
V11, as measured by ELISA. n = 4. "P < 0.01 vs. Control. 'P < 0.01 vs. Group I. P <
0.01 vs. Group V.

Figure 7. Macroscopic appearances of the skin surface after chem-
ical peel using 50% TCA: (a) before chemical peel, (b) after chem-
ical peel using 50% TCA, (c) hydrated spongy sheet with DW.

Group | Group IV

Control

2w HA+HA'+PGA |

R Group V Group VIII

2w HAHA'+PGA+EGF A’

Figure 8. Macroscopic appearances of the wound surface after 2
weeks in the control group (no spongy sheet), Group I, Group IV,
Group V, and Group VIII.
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Normal Control Group | Group IV Group V Group VIII

Figure 9. Histological appearances (HE staining) of the dermis after 2 weeks in the con-
trol group (no spongy sheet), Group I, Group IV, Group V, and Group VIII. Arrows in-
dicate edema. Arrowheads indicate vascularization. Scale bar = 250 um. Magnification
x100.
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Figure 10. Extent of edema evaluated by measuring the total area of edema in a section
of granulation tissue after 2 weeks in the control group, Group I, Group 1V, Group V,
and Group VIII. n = 12.

is due to the destruction of proteins, they resemble thermal burns. This type of injury is referred to as a chemical
burn. In general, acid should be washed from the skin surface with water and neutralized with sodium bicarbo-
nate if necessary. On the other hand, the wound surface after chemical peel is washed with water and not neutra-
lized with sodium bicarbonate, because the aim of chemical peel is to cause tissue damage that can be healed. In
practice, there is a risk of tissue damage that fails to heal. Therefore, an appropriate skin care product should be
used after chemical peels.

In the first experiment, the effects of EGF-free spongy sheets (Groups I-1V) and EGF-incorporating spongy
sheets (Groups V-VIII) on fibroblast proliferation were assessed. Based on the results of this preliminary expe-
riment, four types of spongy sheet (Groups I, 1V, V, VIII) were assessed in the main experiments using a wound
surface model and an animal model. The results of the wound surface model experiment demonstrated that
VEGF and HGF production was significantly higher in Group V (HA/PGA + EGF) compared with Group |
(HA/PGA alone). This suggests that EGF released from the spongy sheet can more effectively enhance VEGF
and HGF production by fibroblasts. In particular, HGF production was higher in Group VIII (HA/PGA + VC,
GC, EGF) compared with Group IV (HA/PGA + VC, GC) and Group V. This increase in HGF production ap-
peared to be due to the combined effects of VC, GC and EGF. HGF production was significantly higher than

O,
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Figure 11. Extent of angiogenesis evaluated by measuring the total number of blood ves-
sels in a section of granulation tissue gfter 2 weeks in the control group, Group I, Group
1V, Group V, and Group VIIl. n =12. P <0.01 vs. Control.

VEGF production in Group VIII. These findings suggest that Group VIII is the most promising aid to facilitate
wound healing.

The results in the animal experiment indicate that Group | has the potential to enhance wound healing, and the
incorporated bioactive components including VC, GC and EGF have the potential to enhance the wound-healing
effect of the spongy sheet. These findings suggest that Group VIII is the most promising aid to facilitate wound
healing after chemical peels. In general, deeper peels require longer healing times and are more likely to result
in a larger number of complications. The present animal experiment using 50% TCA is categorized into deeper
peels. Therefore, re-epithelialization was not completed within a two-week period. The next study needs an ob-
servation during a long period at least more than 1 month.
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