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ABSTRACT

The wound healing iz very complex biological processing inchiding inflammatory, reepithelialization and

matrix construction. According to the biological systematic category, the ability of the healing iz very different.

Gererally healing ability of the lower animal group has been known more excellent compared to its higher

group. Therefore, lower animals have been used as the experimental model to explore the mechanism of the

wound healing or repair. To verify histochemical characteristics of the wound healing, we have nsed glin of

the frog(Bombing orientalis) az kmown common amphibian, At day 1, 10, and 16, the mucons substance waz

very actively synthesized and strong positive by PAS and Alelan blue (pH 2.5). Day 10 after wounding, margin

of the wound wag gradually strong positive by PTAH staining for detection of collagen synthesis. At 3 to 6

hour and day 23 to 27, we hawve found the cell divizion was active through the MG P staining, in which the

concentration and division of DNA in micleng was grean to deep blue color,
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logically described as having 3 distinct phass; inflam-
INTRODUCTION mation, fibroplasia and maturation, but 1z now recog-

nized as being a continuous process, Healing of the skin

Wound healing is a complsx process that was histo- excision wounds involves sequential process that result
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in the removal of damaged tizsue and itz replacement by
scar tissus (Baker & Leaper, 20007,

For many vears, becaugs of strong potential for regen-
eration, amphibians have been used as a model system
to analyze molscular charactsristics of regeneration of
the limbs, Moreover skin conditions to environmental
situation of the amphibians are very similar to oral
mucosa of the human. It is generally reportsd that wound
healing in oral cavity is faster than healing in gkin (Sei-
ubba et al., 1978; Hakkinen et al,, 2000}, Several factors
are thought to contribute to this diffsrence. In our pre-
vious study, we reported that several ultrastructural dif-
ferences and similarities among the amphibian skin,
hurnan gkin and oral mucosa during the healing process:
a faster healing than do others was observed in the frog
gkin (Jeong & Moon, 1999].

Although the studies of regeneration in limbs amputa-
tion and wound healing are well documented (Brockss,
1997; Altizer, 2002}, the histochemical estimations of
the wound healing tizsues have not been elucidated.
After wound tizsues obtained from excision, histochem-
ical obgervations were useful to characterize amphibian
skin wounds that have distinctive healing properties on
the basis of previous our ultrastructural analysis.

Thusz, to obtain ingights about the biologic healing
properties in amphiblan wounds, we performed the his-
tochemical analysis using the frog skin. And this study
aimsg to compare the levels of histochemical properties

through the several staining methods.

MATERIALS AND METHODS

1. Animals

Adult frogs, Bombina orientalis, were collscted in
Wangbang Mt. at Kyungkido, maintained in aged tap
water at room temperature, and fed beetle twice weekly.
Pieces of skin 2.0-~4.0 mm? were dissected from the
dorsal surface of frog with a razor blade. Frogs were

then returned to water and allowed to regenerate up to

the desired stage. Regenerates were collected at warying
intervals of the post—injury: 0, 1, 4, 8, 12, 24 and 48 hr;
3.5,8, 11 and 14 days; 1 month, respectively. Ten frogs
in each group wers used. About 1/3 of the sample was

used for elsctron microscopy.

2. Histochemical Procedures

Dorzal skin of the frog waz diszected in 0.74% zaline
{physiological saline solution) under the stereczcope
microscops (Zeiss, 3V6), and fized in 4 % formalde-
hyde (phogphate buffer, pH 7.2) for 1 hr. Samples were
dehydrated through a graded ethanol series, embedded
in the Paraplast{Sherwood Medical Industries, St. Louis).
The blocks were cut 6 —7 um gections by the rotary
microtome (Reichert—Tung 820). The sections were
stained with various gpecific staining such as; Hema-
toxylin—Eosin, Alcian blue (pH 2.5) (Mowry, 1956),
Periedic acid-Shiff (PAT), Methylgreen—pyronin (MG
-F), Phosphotungstic acid hematoxylin (PTAH). The
observation according to Spiser (1963) and Spicer and
Sun's method (Spicer & Sun, 1967) was applisd to
interpret the intenzity of the stained tizsue: the negative
reaction was —, and the symbols according to the inten-

sity were represented as £, +, +4, +++.

3. Electron microscopic Procedures

For the transmission electron microzcopy, specimens
were Tized with Karnowsky fizative for 2 hr at 4°C,
washed in phosphate buffer, pH 7.4 and post—fixed in
1% in ozmium tetroxide in the same buffer for 1 hr.
Then the specimens were dehvdrated through a graded
sthanol series, exchanged through propylene oxide, and
embedded in a mixture of Epon and Araldits (Poly-
golencss). Seri thin (2 wm) sections wers stained with
toluidine blue and selected areas of the tizsue were thin
-sectioned on the Reichert Ultramicrotome. Thin sec-
tions wers stained with uranyl acstate and lead ocitrate
and wiewed in a JEOL CXII electron microscope at 80
kv,
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RESULTS

1. Early responses in wound tissue

At 1 day after wounding, migrating epithelial cells
were formed epithelial shest. Cytoplazm of these cells
was numerous process of slender form and intercellular
gpace was filled with fibrous substances (Figs. 1-1, 2.
Day 2 after wounding, in the sheet of epithelial cells
move to wound area, the cells used fibrous substances
for moving as a substrate. The junctions were not formed
betwesn cell and fibrous substance (Figs. 1-3, 4). At
day 3 wound area was closed by migrating epithelial
cells. Blood cells were zeen under the regenerating epi-
thelial cells (Fig. 1-5). Elongated and flatten cells were
geen in migrating epithelial cells to wound middle region.
Cytoplaam of these cells contained amorphous kerato-
hyalin granules and elongated nucleus (Fig, 1-8).

Normal dorzal skin of the frog was compozed of strat-
ified squamous epithelium from cuboidal bazal layer.
Through the PTAH staining, collagen fibers undsr the
epithelium was appeared pink with straw color for posi-
tive reaction {Fig. 2-1). Positive rsaction of MG-P was
observed in the cytoplasm of the cells in immediately
injury epithelium except bazal layer cells (Fig. 2-2). In
PAS, intensity of the staining, especially horny and
clear layer, was very strong at 3 hr after wounding (Fig.
2-3). At the same time, basal layer cells were observed

with deep blue color by MG-F (Fig, 2-4). At 6 hr tis-

gueg mucous substances made several layers, which waz
represented desp pink color by PAS (Figs, 2-5, 6) and
epithelial cells near the wounds area was strong positive
with MG-P (Fig. 2-7). The migrating cells in wounds
arsa wsre strong reaction with MG-P and these cslls
congigted of the wound closure at 12 hr tizgsues (Fig. 2-
).

2. Middle responses in wound tissue

At day 1, the mucous substance of the wound area
wag strong positive PAS and Aleian blue (pH 2.5) (Fig.
3-1). In PAS the peripheral area of the wounds was
strong positives, but migrated cells to wound area were
medium positive. The group of the migrated cells was 3
to 4 layers, When the cslls contacted each other, move-
ment of these cells stopped. The upper layer cells among
theae layers were strong positive in MG-P (Fig. 3-2).
After day 3, the intensity of PAS was consistent with
epithelium of day 1, but mucous gubstances were weak
(Figs. 3-3, 4, 5, 6). MG-P staining was still strong
positive in the cells near the wound margin and arsa at
day 4 (Fig. 3-7].

3. Late response in wound healing

In day 10— wound tizsues, mucous substances were
disappearsd and dermis arsa under the regenerated spi-
thelium was strong reaction with PAS and PTAH. The

wound area was substituted by new collagen fibers and

Table 1. Histochemical reactions of the cutaneous during wound healing in Bombing orientalis

. Tirme N 0H IH 3H 6H 12H 1D i 4D 7D 10D 13D 16D 19D 23D 27D 3D
Tiasue/Test
FAR 4+ ++ ++ +H+ + A+ A A At A+t
Bpidermis ALB + + - + + + + + ++  ++ + + £ + + -+
MGE 4+ +HH+ + 4+ 4+ + ++  ++ ++ + + =+ + + + +
BAZ + + ++ + +H+ +H+ o+ ++ ++ + +++ ++ + + ++ +  +
Cermis ALE + + + +H+ + ++ + + + + + + + +
PTAH ++ + + + + + + ++  ++ +t +++ + + + + + +

— = negative reaction, + = slight reaction, + = weal reaction, ++ = medinn reaction, +++ = strong reaction,
N, nermal;, H, hour;, D, day, PAS, periodic acid schiff, ALB, Alelan-blus pH2.5; PTAH, phosphotungstic acid hematoxyling MGP, methylgresn -

pyTonin,
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the cells in thiz area wers strong reaction by MG-P
(Figs. 4-1,2, 3, 4). Ths horny layer cells were detached
from regenerated epithelial cells and showed strong pos-
ttive with PAS at day 16 (Fig. 4-5). Alcian blue staining
wag weak in newly formed dermal area. But it was posi-
tive (Fig. 4-6). During the day 23 and 27 MG-P was
weak reaction in regenerated epithelial cells (Figs, 4-7,
).

On the basiz of these results, Table 1 represents the

goore of sach stalning according to the staining intensity.

DISCUSSION

In shark and bony fishes, wound area iz ascumulated
by mucous substance after injury (Mittal et al, 1978,
Reif, 1978). Some case of Triturus pyrrhogaster, wounds
of cornea are covered by continuing secrstion of materi-
al az considered fibrin {Yamanaka & Eguchi, 1981). In
caze of mammalian, wound area i1z covered by small
clumping such as clot including damagesd cells, blood,
and fibrin ete. (Martin, 1997).

In thiz experiment, intensity of PAS staining was very
strong in horny and clear layer of epithelium at 3 hr after
wounding. At 6 hr tizszues mucous subztances made
several layer, which was represented deep pink color.
The mucoug substance filled with wound area was
strong positive PAS and Alclan blue up to day 1. After
day 3, the intensity of PAS was consistent with day 1
epithelium, but mucous gubstance was wealk. Through
the obaervation of day 10 wounds, musous substance
was disappsared and dermis under the regsnsrated
epithelium wag strong reaction with PAS but not Alcian
blue. Thersfore the mucous substances play a role of the
firat defense for bacteria and of matrix for migration of
regenerating cells.

In mammals, epithelial cells in processing necrosis
region showed increazing hypertrophy and activity of
mitosiz (Odland & Ross, 1968; Winstanley, 1976). The

increasing time point of mitosis was betwesn 18 and 21

hours in rabbit (Viziam et al,, 1964) and about 31 hours
after wounding in guinea pig {Christophers, 1973).
Mitotle activity iz high in basal area of newly formed
epithelial cells, according to this the cells are induced
the diffsrentiation into epithelium consisting normal
layers (Odland, 1977; Gradwohl, 1978). In Notophthal-
mus, tadpole of toad, and cornea of chickens (Repesh &
Oberpriller, 1980; Udoh & Derby, 1982}, accurnulation
of epithelial cells 13 condusted by migrating cells toward
to necrotic region {Croft & Tarin, 1970).

MG -P staining hag been known uszeful technique to
detect both RNA and DNA (Kurnick, 1952}, Thus to
detect the mitotic activity of the cells in healing area, we
used thiz method. From the observation of staining inten-
sity, positive reaction was observed in the cytoplasm of
the cellz in immediately injury epithelium except basal
layer cells. At 3 hr to & hr after wounding, basal layer
cells were obzerved with deep blus color, The migrating
cells in wounds area were strong reaction. Thiz staining
pattern was still observed in the migrated cells near the
wound margin and arsa betwsen day 1 and 4. From thig
findings, the initiating time of hypertrophy and mitotic
activity were obzerved between 3 and 6 hr in the cells of
near the wound area. Thus thess results indicate that
time points of the mitotle activity in the frog iz more
Tast than that of the other mammalians as shown in pre-
viously studies. This leads to fast migration of regener-
ated cells toward wound area.

Collagen synthesis iz the most important biological
activity to reconstitute matriz of the collapsed dermig
(Jorgensen, 2003). During all observations period,
PTAH staining was positive for collagsn detection.
Eepecially, intensity of PTAH reaction was middle to
high from day 3 to 10. This implicate that collagen syn-
thesis iz gradually started from early to middle healing
phase and then collagen iz highly synthesized between
middle and late phaze. Though the period of synthesis iz
a little different compared to the other animals (Jeong &
Moon, 1997; Ruszczak, 2003), this result 18 coincided
with several studiss (Montagna et al., 1987; Nighikori st
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al, 1998).
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FIGURE LEGENDS

Fine structural demonstration in the early healing responses.

1, 2. At day 1 after wounding, the migrating epithelial cells were slender form and intercellular space (IS) was filled with
fibrous substances. 3, 4. At day 2 after wounding, sheet of epithelial cells moved to wound area by fibrous substances (F3).
3. Regenerafing dorsal skin at day 3. Arrows indicate direction of regenerating epithelial cells, 6. Elongated and flatten cells
were seen in migrating epithelial cells to middle region of the wound and contained am orphous keratohyalin granuales and
elongated miclens,

Early responsss in wound tizsues,

1. Mormal slkin tizsue (Phosphotungstic acid hematoxyling, The collagen fibers under the epidermis appearad as a brownish
pirle color with the PTAH staining method. 2. After injury, the wounded skin showed a retraction of damaged surface
(Methyl-gresn pyroning, 3. PAS staining at 3 hows after wounding, The degres of positive reaction to wound marginal
epithelial tizsue waried from horny layer to basal layer. The horny layer and clear layer were strong positive reaction. 4. At 3
hours after wounding, the cells in wound edge were stained positive with the MG-P staining. Especially, basal layer cells in
epitheliim were deep blue color, 3, 6, 7. The mucous substance and wound marginal tissue were stained strong reddish pur-
ple to purple at 6 hours. Epithelial cells were located wound margin and edge which are strong positive in MG -P staining,
Cytoplazm of the cells in wound margin is stained purple to pink color, 8, At 12 hours, epithelial cells spread owver the wound
gurface by migration, MG-P staining reaction appeared strong positive inmigrating cells, It has besn obzerved that all kinds
of cells near the wounds seermn to have the ability to participate in migration.

MMiddle responsas in wound tizsues,

1. At day 1 post—wounding, mucous layer was much increazed in thickness and showed strong positive in PAS and Alclan
blue pHZ.5 staining, 2. After day 3, regenerated epithelial layer conzisted of four or five cell layers which were similar to
homy, clear, granular, and apinowus layer. The horny and clear layer was strong pink color in MG-P staining. The granular
and spinous layer were much lass color than clear and horny layer. 3, 4, 3, 6, Growth and differentiation of the epithelial cells
were increased at 4 days. The degree of positive reaction was equal to 3 days tissue, Mucous layer shows week pozitive reac-
tion n PARS. The regenerating epithelial layer iz stained blue color in upper region by Alcian blue staining. 7. At day 4, the
epithelial cells during growth and differentiation, were stained deep blue and gy blue n MG-P.

Late responses in wound tizsues,

1, 2,3, 4 Atday 10 after injury, intercellular collagenous fibers appeared along the cellular reticular fibers, Marginal wounded
dermis iz sfrong positive in PAS and PTAH staining, The regenerating epithelial layer was equal to normal epidermis con-
taining five layers. & prominent feabure at this time, mucous substances were not observed, Wound dermis was substitated
mucons substances for collagenons fibers and ground substances. The cells located in this region were strong positive in MG
-P. 3, 6 At day of 16th, keratinized layer was shed and replaced by the progressive movement and mahration of celly from
the basal layer in regenerating epithelial layer and PAS reaction was strong, This area was weel pogitive in Aleian blue . 7, 8.
At 23 and 2T days, collagen fibers were increased and mumerous connective tissue cells appear. Epidermis of regenerated
tlssae was stained strong color in MG-P.
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