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Fig. 1. An undifferentiated fibroblast around the venule in a 7 - day wound. It has a large nucleus
and relatively small cytoplasm containing numerous ribosomes, in contrast with poor development
of rough endoplasmic reticulum. Xx11,000
e v e

Flg. 2. A fibroblast ina 7 - day wound. Well developed rough endoplasmic retlculu is arranged
in parallel, and Golgi apparatus is fairly well developed. There are thin collagen fibers in the
extracellular matrix. X7,700.
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structures, some of which show a pattern of fibrous long - spacing aggregates as indicated by
arrows. X25,000.
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Fig. 4. A macrophage (upper) and a fibroblast in a 7 - day wound, stained vith ruthenium red (RR).
The macrophage has RR - positive vesicles in the periphery of the cytoplasm. The fibroblast is
invested by RR - positive materials. The intercellular matrix contains collagdn fibers and
proteoglycans (insert). X7,700, insert: Xx18,000.

Fig. 3. Gélgl apparatus of a fibroblast in a 2 week wound. The Golgi‘vaéuoles contain filamentous
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Fig.5. Protion of a myofibroblast in a 7 - day wound. Note bundles of microfilaments with dense
bodies and abundant rough endoplasmic reticulum. A patch of the basement membrane can be seen
(arrow). The cell contacts with an adjacent myofibroblast. X 25,000,
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Fig. 6. Scar in a 7 - month wound. A fibroblast has an indented nucleus, dilated rough endoplasmic
reticulum and a few vacuoles containing collagen fibers. The extracellular space is filled with
dense collagen bundles. x8,1000.
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Fig. 7. Subepidermal scarring tissue of a 5-month wound, showing accurnulation of basement
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membrane - like materials which are positively stained with RR. X9,000. Insert demonstrates
higher magnification of the basement membrane - like materials. RR stain, X 35,000.
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Fig. 8) Correlation of reparative process with the surface area of

time
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14 21 28 42 56 10 84 days

Fig.8. Change of the surface area of the wound is represented by the percentage of that of the

circular wound {¢ 1.0cm) created on the dorsal skin.

Dotted line indicates wound size after

complete regeneration of the epidermis. Note increasing wound size with the growth of animals.
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Fig.9. Portion of a fibroblast 3 days after re - incision made in a 4 - month wound. The cytoplasm
is occupied by numerous vacuoles containing collagen fibers. Collagen fibers show various
patterns of degeneration, such as swelling (V)), dissolution (V,, V3) and fragmentation (V,). X9,

600.

y &&ﬂ Wil RN &
Fig. 10. Gomori’s acid phosphatase reaction in a fibroblast of a 7 - month wound. Re
are demonstrated in the collagen fiber - containing vacuoles. X 24,000.
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Fig.11. A macrophage 3 days after re - incision made in a 4 - month wound. The cell contains a
large number of vesicles, vacuoles and lysosomes. No vacuoles with collagen fibers are
identified. Xx15,000.

8w

Fig.12. H*- Thymidine ausoradiography of a 3 - day wound. Silver grains are demonstrated in the
proliferating fibroblasts and endothelial cells of the blood capillaries x450.
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Fig.13. H?*- Thymidine autoradiography of a 3 - day re - incised wound in a 7 - month wound scar.
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Note little uptake of *H - thymidine in fibroblasts. X450.
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Table 1. Morphologic difference of fibroblasts in the healing wound

Uudifferentiat- Active Involuting
ed fibroblast fibroblast Myofibroblast fibroblast
+ + +
rER + (tubular) (tubular) (dilated)
Golgi apparatus + +# + +
Filaments in Golgi — + — +
Microfilaments - + + —
Lysosomes — + + +
Mitosis # # + _
Localization perivascular diffuse base of open scattered
wound
Preponderant term 3D~1W 5D~4W 5D~2W M ~T™M

Abbreviations :

rER ; rough endoplasmic reticulum,
D; days, W; week(s), M ; months,

+or— implys the degrees in appearance

Table 2. Sequential changes of the extracellular components in wound healing.

Fibrin

Collagen

Microfibril

Elastin

Proteoglycan

Period of time

1D~3D
(Exudation)

5D~4W
(Granulation)

4M~7™M
(Scar)

.H.

H

H+ —

H* +

Abbreviations : D; day(s), W ; weeks, M ; month(s), 4 ; markedly increased,

# ; moderately increased, + ; mildly incresed, — ; not increased
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Abstract
Wound healing courses of fibroblasts of the rat skin were investigated by light and electron
microscopy, successively during a period of 1 day to 7 months after an artificial excision, In
autoradiography using tritiated thymidine, it was strongly suggested that proliferating fibro-
blasts were derived from primitive mesenchymal cells around small blood vessels. Concomitant
with wound contraction, some fibroblasts were observed to transform into myofibroblasts, which
were characterized by the pfesence of intracytoplasmic microfilaments, dense bodies and focal
basement membrane. As wound scarring progressed, cell organelles of fibroblasts reduced in
number and rough endoplasmic reticulum dilated and perforated into the extracellular space,
resulting in diminution of volume of the fibroblasts. This sequence of cellular changes of fibro-
blasts was considered to be irreversible on the basis of the fact that tritiated thymidine uptake
in the involuting fibroblasts was scarcely demonstrated and that the fibroblasts did never alter
to an active form even though an additional incision was made in the area of the original wound
in order to stimulate their cellular activity. It was noted that the fibroblasts in the scarring tissue
had many vacuoles containing collagen fibers in which acid phosphatase reaction was positive.
Particular discussion was made as to whether such intracellular collagen fibers represented
phagocytized collagen fibers or intracellular collagen aggregates induced by overproduction of
collagen.




