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ABSTRACT

Gramlar gland regeneration in the toad after dorsal sldn wound histologically wag examined using scanning
and transmiseion electron microzcopy. After eutaneous wounds were induced by execizion, animals wers
maintained in special cages for up to 20 days. In transmission electron microscopy (TEM), newly formed
grarmilar gland, though poorly developed, was zeen on 4 day after injury. Epithelial cells moved toward apical
region of newly formed gland, The cells had smooth surface and were not connected to other cells by
desmozomes. Mitochondria rich cell (MR C) possessing long cytoplasmic processes formed a gland cavity and
hemidesmozomes were found under the cell procesaes. Bagal cavity of newly formed gland consisted of MRC,
pro gramlar producing cells (pGPC), and granular producing cell (GPC). Moreover it waz obgerved that
santhophores moved to the basze of the epithelial tissue on 10 day after the injury. These cells contained
numerous pterinosomes and carotenoid vesicles. Immature pterinozomes were large and carotenoid vesicles
were moderately electron dense, On 13 day after the injury, #anthophores contained abundant cartinoid
vesicles and lammelated prerinosomes. Iridophores were also obeserved adjacent the developing xanthophores
on 16 day post injury. These observations indicated that regeneration of granular gland from glandular
precurzor cells during wound healing and subszequent expansion of the glandular eells might be dependent on

maturation and proliferation of these newly formed cells.
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INTRODUCTION

Re—epithelialization rezults from epithelial cells
{(keratinocyte) migration and proliferation. In superficial
gkin wounds, the basement membrane iz not damaged
and re—epithelialization iz a fast and efficient process
(Clark, 1998). However, when basement membrane is
destroyed, as in deep partial or full-thickness wounds,
re—epithelialization 18 slow and occurs onto a provisio-
nal extracellular matrixz that changes during formation
of granulation tizssue and remodeling of the wound
continues for long time until a scar iz formed (Clark,
1988; Juhazz et al., 1993).

Hair follicles have long been considered to be the
primary source of these appendageal keratinocytes; a
role for eccrine or apocrine structure has only rarely
been suggested (Lobitz et al,, 1954). The keratinocytes
becoms activated and initiate repair of epidermal wounds
along lateral marging of 2 wound as well ag in residual
appendageal structures that remain at ite base (Al-
Barwarl & Potten, 1976; Argyris, 1976). The keratino-
oytes in galivary glands display characteristics of epith-
elia(Lesson & Leezon, 1971) and ars thought to play an
important role in the histogenesis of seweral kinds of
salivary gland tumors (Morinaga et al,, 1987} It 1z
clinically important to understand regsnerative procss-
gez in galivary glands. Several investigators have exa-
mined the regeneration of ducts and acini in partially
injured salivary gland (Morimura, 1988; Takahashi &
Wakita, 1993, 1994), but few have conzidered the rege-
neration of granular glands.

With regard to glands regeneration, published work
on wound healing iz limited to human and rat glands
such as sweat glands (Miller ot al., 1998), salivary
glands (Leeson & Lesson, 1971} and acinar glands
{Takahashi et al, 1998). Only limited data exist regard-
ing the regeneration of granular glands during wound
healing processes, especially, in lower animal like toads.

In thiz study we focused on the regeneration in which

granular gland might function as a potential gource of
keratinooyte for re—epithelializing wounds and other
glandular precursor cells. Since it was necessary to eli-
minate the gland epithelium as a source of keratinocyte,
we created partial thickness wounds sufficiently deep to
completely remove the entire granular glands. Since the
present results were obtained after full-thickness woun-
ding (spithslial and dermal tissue), it was also of interest
to determine whether impaired gland could be repaired.
Further, it iz not clear which cell types contribute to the
reconstruction of glands after injury.

In the preszent study, therefore, we investigated cell-
ular events such as cell migration, regeneration of gland
compozed of various cell types, and regeneration of
dermal chromatophores. For thiz purpose, light micro-
scoplc and transmission elestron microscoplc analysis
were employed at various times after mechanical cut-
aneoug wounds. From our results it was found that glan-
dular precursor cells first arose on day 4 and subsequent
growth might be largely dependent on the progressive
differentiation and proliferation of these newly formed

cells,

MATERIAL AND METHODS

Adult toads, Rombing orientalis, were collected in
Wangbang Mt. at Kyungkido, maintained in aged tap
water at room temperature, and fed beetle twice weekly.
Pigces of skin 2.0~ 4.0 mm? were dissected from the
dorzal surface of frog with a razor blade. Toads were
then returned to water and allowed to regsnerate to the
desired stage. Regenerates were collected at varying
intervals after injury: 0, 1, 4,8, 12, 24 and 48hr; 3, 5, 8,
11, and 14 days; 1 month, respectively. Ten toads in
sach group were used. About 3/5 of the sample was
used for transmission electron microscopy and 2/5 for
histochemistry.

For optical microscopy, each wound, also including

surrounding uninjured skin, was excised and fized in
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10% neutral buffered formalin, pH 7.2, Samples were
dehydrated through a graded ethanol zeries and embedd-
ed in Paraplast (Polyscience, USA). From each Paraplast
—embedded strip one 5 um section was cut, deparaf-
finized in zylene, dehydrated in a descending alochol
geries and stained with haematoxylin—eosin.

To identify cellular fine structures we used transmis-
gion elsctron microscopy. Specimens wers subjscted to
a double fization. First they were fixed with Karnowsly
Tizative (1967) for 2 hr at 4°C, waszhed in phosphate
buffer, pH 7.4 and then post—fized in 1% in osmium
tetroxide in the same buffer for 1 hr. Then the zpeci-
mens were dehydrated through a graded ethanol series,
exchanged through propylene oxide, and embedded in a
mizture of Epon and Araldite (Polyssience). Semi thin
{1 m) sections were stained with toluidine blue (1%
borax) and wiewed in the photomicrozcope (Olympus
CH30, Japan). Selected areas of the embedded tizsue
were thin sectionsd on Reichsrt Ultramicrotoms (LKB
Co., Sweden), stained with uranyl acetate and lead cit-
rate (Reynolds, 1963) and obszerved in a JEOL CXIL
{JEQL, Japan) electron microscope at 80%WV.

RESULTS

1. Identification of three types of cells in

regenerating glands

To examins whsther the gland was regsnerated in
gkin healing process, we used transmission electron
microscopy Tor observation of morphological cellular
svent of the injursd gland. On 4 day after injury, it was
obzerved that gland was regenerated in wounded =zkin
and secrstion of granules occurred by granule producing
cell {GFC) (Fig. 2-1). We alzo identified four types of
cells participated in gland formation during healing
process; epithelial cells (EC), mitochondria rich cells
(MRC), pro—granule producing cellz (pGPC), and
granule producing cells (GPC) (Fig. 1; Fig. 2-3). These

cells were clearly distinguished by fine structural cha-

Fg, 1. Diagrammatic illustration of gramular gland formation
during slein wound healing responses. BL, basal lam ina;
REC, ragenerating epithelial cell; MRC, mitochondria
rich cell, GPC, granule producing cell, pGPC, pro-
grammle producing cell.

racteristics,

Part of spithelial cslls participatsd in rsgenerating
gkin moved to region of dermis. These cells were in
spindle shape and kept a distance at a uniform inter-
cellular gpace. Front region of the cells had long and
glender cell processes. MRC obzerved in bazal cavity of
the gland made long cytoplasmic processes to migrating
spithelial cells. Cell processes of some epithelial cells
made cellular contact with MRC cytoplasmic processes
(Fig. 2-2, 3).

MR first appeared in injured dermis at one day after
wounding. They were astrocyte—like in shape with large
and long cytoplasmic processes. These aslls contained
numerous rod type mitochondria and glycogen granules
in their cytoplazm and phagocytic vacuoles including
dead cell wers obzerved (Fig. 2-4). Some of MRC were
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localized in along plywood-like collagen fibers, These
cells protected damaged dermis by slongatsd oytoplas-
mic procesges. Basemnent mernbrane on bagal area of the
cells was alzo observed. In addition to the evidence of
defsnss, the structures revealing phagooytic activity
were zeen in Fig, 2—4, 5.

pGPC and GPC were localized in basal area of the
gland and contacted with cytoplasmic procsss of MRC
(Fig. 3-1, 2). Nucleug of pGPC was located in basal
part of the cells and elongated cytoplasmic processes
were obzerved in apical part. Thesze cells contained
well-developed rough endoplasmic reticulum, Golgl
and mitochondria near the nusleus (Fig. 3-3, 4, 5). In
these cells, some cytoplasmic proceszes with well-
developed microvilli structure wers observed {data not
ghown).

GPC contained secretory granules, elestron dense
materials, and well-developed rough endoplasmic reti-
culum near the nucleus. In apical region of the cells,
granules containing part of cytoplasm were secreted

(Fig. 1; Fig. 3-3, 6, 7).

2. Rearrangement of pigment and endothelial
cells

Newly formed collagen fibers in regenerating dermal
arsa wsre observed on 10 day aftsr wounding. At this
time point, zanthophores were localized under the re-
generated epithelium (Fig. 4-1). The zanthophores
became slongated in shape and contained irregular
shaped nucleus. Pterinosome, carotenoid, and small ve-
sicles were distributed throughout the entire cytoplasm.
Pterinoszome wag an oval or a globular in shape with
well-developed or developing lamella structure. Caro-
tenoid vesicles were low slectron denss and observed
together with other small vesicles (Fig. 4-2). Some cells
had numerous rER, which were observed around these
chromophores (Fig. 4-3, 4].

In regenerated dermal region on 13 day, the size of
the zanthophores was larger than thoze on 10 day. These

cells contained very invaginated and lobuled nucleus.

Moreover, the number of pterinozome and carotenoid
vesicles was significantly increazed (Fig, 4-35). Irido-
phores {after 16 day), appeared later than zanthophores,
were localized under the bazement membrane of
regenerated epithelial cells and elongated in shape (Fig,
4-35). Reflecting plates, consisted of limiting membrane,
were obzerved 1n their cytoplasm. At thiz time, irido-
phores were also obssrved under the zanthophores (Fig,
4-6).

On 19 day after wounding, early-ocbzerved melano-
phores moved across the collagen fibers. Most of these
cells were found around iridophorsz. High electron
densze granules accurmulated in their cytoplasm and nu-
cleus were located at the peripheral membrane area (Fig,
4-7, ). Formation of vagoular system was detected on
19 day after wounding, At this time, endothelial cells
were extensively lobuled and elongated in ghape. Cne
endothelial cell process made cellular contact with the
others. However, in this csllular contact, any csll bind-
ing structures such as desmoszome were not observed

{(data not shown).

DISCUSSION

In mammals and birds regensration of cutansous tis-
sus is restricted to a few sxzamplss. For instance, no
hairs and glands are developed in the area of 2 wound
after healing, sven in embryonic chick skin no feather
buds develop after wounding {Thevenet, 1983). How-
ever, rabbit ears are unique in that they are the only ears
known to close and fill in holss which have been punch-
ed through them (Goszz & Grimes, 1975). Recently,
glands formation is reported in submandibular region in
rat after lager irradiation {Takahashi etal., 1997).

The findings in the present study showed that the
amphibian skin regenerates epidermal construction such
as glands, chromatophores, and vaszcular systemn throu-
ghout the healing process. On 4 day after injury, kera-
tinocytes were concerned in duct regeneration of gland.

Epithelial cells participated in regeneration of zkin
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moved to region of dermis and were in spindle shape
with keeping a distance at a uniform intercellular spacs,
The cells of front region had long and slender cell pro-
cesses and led to regeneration of duct. According to pre-
vious reports, 1t has been known that gland morphology
returng to normal after duct recanalization (Tamarin,
1971a; Takahashi et al.,, 1998). Therefors it waz assum-
sd that formation of duct by epithslial cells is the first
gtep of gland regeneration.

In the present study, the pattern of cell migration
during gland formation was obssrved. Movemsnt of re-
generative epithelial cells into middle region was shown
in cell-free face generated by artificial wounding and
the pattern of rolling was observed in these cells. Thiz
finding iz coincided with our previous report (Jeong &
Moon, 1998). We also obssrved other cells with the pat-
tern of zliding movement. These epithelial cells moved
to cytoplazmic procssses of MRC, MRCs in injured
dermis were astrocyte—like in cell shape sines they pos-
geszed large and long cytoplazmic processes. The cells
had smooth surface and were not connected to other
cells by desmosomes. Constant space wag obassrved
between cells. Theze cells protected damaged dermis by
elongated cytoplasmic processes, Basement membrane
on bazal area of the cells was also observed. Cytoplasm
of the cells contacted with sach other and epithelial cells
stopped growth by contact inhibition. From this obaer-
vation, it iz implied that amphibian epithelial cells have
a pattern of identical movement compared with mam-
malian cells {sspecially epithelial cells) in wound heal-
ing process.

The preszent study demonstrates that four types of
celle are involved in regeneration of gland: epithelial
cells, mitochondria rich cells, pro—granule producing
cells, and granule producing cells (shown in Fig, 1; Fig,
3-3). In case of rat parotid duct, complets obstruction
of healing results in lozz of all acinar cells (Walker &
Gobs, 1987). This finding was mads by the significant
logs in gland wweight and failure to identify acinar cells

ultrastructurally after complete ohatruction (Redman,

1994, Therefore theze reports indicate that residual
epithelial cslls and duct cells were not dedifferentiated
acinar cells. In toads, glandular regeneration was corm-
pleted more slowly than those in other studies (Burford -
Mason et al,, 1993; Cummins et al,, 1994). Duct cell
proliferation in the duct-ligated zalivary gland iz accom-
plished more fast than in an area of total glandular
destruction, where duct have to be reconstituted, befors
gignificant acinar cell differentiation and proliferation
can proceed (Takahashi & Wakita, 1993). In exocrine
glandular tissue, as a whole, stem or presursor cells are
thought to reside in ducts.

In contrast to our findings, it has been reported gran-
ular cell can syntheszize granules in the abzence of an
efferent ductal pathway (Tamarin, 1971b). After this
pathway ia resstablished, the synthesis of more granules
iz asgociated with reconstruction and increasze in the
amount of rER and Golgl areas. However, GPCs and
pGPCs in the early phase are quits differsnt from those
in normal granular cells since they appear densze. In con-
clusion, our finding suggests that remodeling of zecre-
tary gland may give rise to precursor cells through on-

going differentiation and proliferation.
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FIGURE LEGENDS

Fig 2. Fine structural views of duct and MEC in newly formed granular gland.

Fig 3.

Fig 4.

1. TEM image of gecretion of grarmles (G) through duct of gland. Gland is newly formed after wound closure on 4 day after
njury.

2, 3. Epithelial cells of duct region in gland. Thess cells talce a sliding movemernt. The cells have amooth surface but are not
commected to other cells by desmozomes. Constant space is observed between cells. Long and slender cellular processes
(CP) are obzerved in front region of the cells.

4, 5. Phagocytosed dead cells are obaerved in cytoplasm of mitochondriarich cell (MEC). It is observed that damaged dermis
after one—day post injury. Enlarged cytoplasm containg abundant rod type mitochondria (Mt).

Regenerating cells in cavity and bottom region of gland.

1, 2. Long process of mitochondria rich cell forms a gland cavity. Hemidesmosomes (Hd) are formed under the cell process.

3. Bazal cavity of newly formed gland consists of mitochondria rich cell (MEC), pro granular producing cell (pGPC), and
granular producing cell (GPC).

4. TEM images of pro granular producing cell, rER are abundant in cytoplasm . Grarular producing cell is seen below this

cell.

. Higher magnification of well-developed rER in the granular producing cell. Golgi apparatus (GA) iz obzerved in the

cytoplasm.

. Pro granular producing cell is irregular in shape with long cytoplasmic processes. These processes were In contact with

procasses of adjacent mitochondriarich cell {arrow).

7. Higher magnification of elongated cell process of pro-gramlar producing cell. The cell junctions are not form ed between
two cell processes (circle).

Regenerating and arrangement of dermal pigm ent cells under the epithelial cell layers.

1, 2, 3. It iz obaerved that xanthophores Zn) move to under the epithelial tissue on 10 day after wounding. These cells

contain munerons pterinosomes (Pf) and carotenoid vesicles (CV). Immathre pterinosomes are large and carotenoid
vezicles modarately electron dense.

. The cell containing abundant rER in cytoplasm is found near the chrom atophores.

. Cn 13 day after wounding, xanthophores contain abundant carotinoid vesicles and lammelated pterinosomes. Mitochondria

are found near the lobulated nuclens,

. Iridophores (Ir) are obgerved adjacent the developing xanthophores on 16 day post injury. Cytoplasm of these calls

contaings mumerous reflecting plateleta (RP).

h

O

h

O

7. Photomicrograph of regenerating skin on 19 day post injury. Arrows indicate regenerated melanophoras.

o0

. Melanophoras (Me) including mum erous melanosomes in cytoplasm are obssrved under the ridophores.
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