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Morphological studies on the regeneration of rat submandibular
gland following YAG laser irradiation
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Kita 13, Nishi 7, Kita-ku, Sapporo 060, Japan
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Abstract: The purpose of the present study was to investigate the regenerative process of salivary
gland. 163 male Wistar rats of 7 to 8 week-old were used. After YAG laser irradiation to injury to
the submandibular gland, regenerative changes that occured were then observed morphologically.

The irradiated region showed an area of necrotic tissue which soon acquired a gradually increa-
sing amount of granulation tissue along its periphery. Duct-like structures remaining in the granula-
tion tissue were noted and observed to form epidermoid cell nests with high proliferative activity.
Electron microscopically, the epithelial cells of epidermoid cell nest and duct-like structure were
observed to consist of two cell types; an inner clear cell and an outer dark cell. Inner clear cells
showed tendencies to differentiate into duct epithelial cells. In addition, differentiation into striated
duct cell, intercalated duct cell, immature acinar cell, and myoepithelial cell were observed when the
lobular structure was newly formed.

These findings suggest that locally damaged salivary gland possesses active capacity for regeneration
and that;the regeneration process of salivary gland originates from the remaining duct-like structures
around the necrotic tissue which proliferate and differentiate into the various components of the

salivary gland.
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Fig. 1 Irradiated whole area, 0 day after irradia-
tion. Irradiated arca is slightly edematous, and
margins are not clear. H.E. x20
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Fig. 2 Irradiated wholc arca, 1day after irradia-
tion.
Irradiated arca exhibits necrosis and margins are

clear. H.E. x20

Fig. 3 Irradiated whole arca, 3 days after irra-

diation.
Necrotic area surrounded by granulation tissue is
seen. H.E. x20
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Fig. 4 Periphery of necrotic tissue, 3 days after
irradiation. '

Remaining duct-like structures in granulation

tissue is seen. H.E. x50

Fig. 5 Irradiated whole arca, 5 days after irra-
diation.

Increased amount of granulation tissue with many

epidermoid cell nests (arrow head) are seen at

the periphery ol nccrotic tissue. HLE. <20
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Fig. 6 Epidermoid cell nests, 5 days after irra-
diation.

Epidermoid cell nests composed of squamous cells
and some cell nests with ductal spaces are seen.
H.E. x100
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Fig. 7 Epidermoid cell nests, 5 days after irra-
diation.

Epidermoid cell nests, some showing mitotic

figures, extend branches toward the necrotc arca.

PAS x125

HLonH<, —iin gL,

@) 1 4~6HI
BEFE B 3 B ENCHAR R R LTy 7 BRI

BRI, MARMER SR N E LTk D, B
Birohic X» THMCRE ST e i
O A, 3 B ISR 2o A i

LT, Vo -BRaded LicHilngids e

furz (Fig. 5), WEEAR S mP LA &

DI » T B AR £ < A s h, piihic

FEBZROM 5 AR E A T A WP BRI A 2

BRI ABRIEL B - (Fig 63 Jlir Ao b AW T



120 ks 35

115-146, 1993.

Fig. 8 Irradiated whole area, 7 days after irra-
diation.

Reduction of necrotic tissue and granulation tissue

is seen. H.E. x25

Fig. 9 Pcnphcrv of regenerating lobule, 7 days

after irradiation.
In addition to duct-like structures, immature
acini and transitional structures f{rom duct to
acinus are seen. PAS x 100
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Fig. 10 Irradiated whole arca, 10 days after irra-
diation.

A small area of necrotic tissue is hardly seen

with further reduction in granulation tissue, H.E.
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Fig. 11 Irradiated whole area, 21 days after
irradiation.
Granulation tissue is hardly seen and margins of

irradiated area is indistinct. H.E. %25

Fig. 12 Irradiated whole area, 28 days after

irradiation.
Granulation tissue is absent and lobules of irra-
diated region are loose. H.E. x20
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Fig. 13 Connective tissue between lobules near
the necrotic tissue, 1 day after irradia-
tion.

Some spindle cells are BrdU-positive. BrdU %200
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Fig. 14 Remaining duct-like structure, 3 days
after irradiation.

In additon to spindle cells, BrdU-positive cclls

are scen in the remaining duct-like  strueture.

BrdU x375

. k.
) @
Fig. 15 Epidermoid cell nest, 5 days after irra-
diation.
BrdU-positive cells are idendfied in the epider-
moid cell nest. BrdU %200
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Fig. 16 Immature acini, 7 days afier irradiation.
BrdU incorporation is identified in immature
acint. Many of BrdU-positive cclls are seen at
the periphery of lobule.  BrdU 2200
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Fig. 17 Regenerated lobule, 28 days after irra-
diation.

Only a few BrdU-positive cells are noted in

duct-like structure and immature acinus. BrdU
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Fig. 19 lrradiated acinus, 0 day after irradiation.
Irradiated acinar cells are degenerating, but basement membrane is relatively held.
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Fig. 20 Fibroblast-like cell, 1 day after irradiation.
Fibroblast-like cell is spindle-shape, showing well-developed RER. Collagen fibrils are
scen around its periphery. UA & LC x3,000
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Fig. 21
Duct-like structure is composed of various types of cells. UA
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Fig. 22 Epithelial cell of duct-like structure, 3 days after irradiation.

Well-developed tonofilaments with some aggregating into bundles can be seen. UA &
LC x13,500

Iig. 23 Epidermoid cell nest, 5 days after irradiation.

Two types of cell are seen: clear cells & dark cells. Dark cells are scen 1o occupy
the outer aspect of the cell nest while clear cells occupy the inner aspect ol the cell
nest. UA & LOC x3,000
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Fig. 24 Inner clear cell, 5 days after irradiation.
Fine tonofilaments running irregularly and Golgi apparatus near the nucleus are seen.
UA & LC x18,000

Fig. 25 Outer dark cell, 5 days after irradiation.
Tonofilaments are well-developed and most of them are seen in aggregates. UA & LC

x 18, 000
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Fig. 26 Epidermoid cell nest,

mE e BEECHT S

5 days after irradiation.

Narrow luminal space is noted. UA & LC x2,300
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Fig. 27 Higher magnification of Fig. 26.
Inner clear cell and outer dark cell are seen. The inner clear cell stretches out micr-
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ovilli into the luminal space. UA & LC x10,000
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Fig. 28 Terminal portion, 7 days after irradiation.

Polygonal cells constitute the terminal portion. Their nuclel occupies most of their
cell body. UA & LC x3,000

Fig. 29 Immature acinar cell, 7 days after irradiation.

Fingerprint-like ov striped structure are seen in secretory granule. UA & LC x 12,000
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Fig. 30 Duct-like structure that has large ductal space, 10 days after irradiation.
At the basal region of duct cells, developing basal infoldings are identified and mito-
chondrias are distributed between infoldings. UA & LC x6, 000

Fig. 31 Duct-like structure near acinus, 10 days after irradiation.
Ductal space is narrow. Electron dense granules are seen within duct cells. UA & LC
x 12, 000
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Fig. 32 Immature acini, 10 days alter irradiation.

Immature acini are seen adjacent to duct-like structures. UA & LC x2,300

Fig. 33 lmmature acinar cell (AC), 10 days alter irradiation.
Lamellar arrangement ol RER around chromatin-rich nucleus are scen. UA

x 11, 000

& LC
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Fig. 34 Regenerated myoepithelial cell, 10 days after irradiation.
Spindle cell (arrow) is seen between immature acinar cell (AC) and basement memb-
rane. Very filne myofilaments can be seen within the cytoplasm. UA & 1.C" x 23, 000
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