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Table 1. Conditions of treatment with various enzymes used in the experiment

Enzyme Buffer Concentration Incxtli?géion Fixation
0.1M Tris-HCl buffer (pH 7.4) -
Qollagenase 10.2M NaCl4+4mM CaCl, 1mg/ml 40min -
Chondroitinase ABC 0.1M Tris-HCl buffer (pH 8.0) Tu/ml 2hr +
Chondroitinase AC  0.1M Tris-HCl buffer (pH 8.0)  lu/ml 2hr +
Hyaluronidase 0.1M Acetate buffer (pH 5.0) 20u/ml 2hr +
Trypsin &OOB}IWM %;%ECI buffer (pH 7.8) 1mg/m! 40min _
«~Chymotrypsin 0.08M Tris-HCI buffer (pH 7.8) 1mg/ml 40min _

+0.1IM CaCl,
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Fig.1. Cross sections ‘of the collagé fibers in hedénnises of micAe/ 1

months (D) and 25 months old (E). X% 30,000.
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Fig. 2. Immature elastic fibers in the papillary dermis of a 3-week-old mouse (A) representing oxytalan fiber
(arrow) and elaunin fibers, and mature elastic fibers in the reticular dermis of a 13-month-old mouse (B).
Tannic acid stain, X 30,000.

Fig.3. Fine network composed of ruthenium red
(RR) positive filaments and granules representing
proteoglycan aggregates in the papillary dermis
of a 3-week-old mouse. Individual collagen
fibers are invested by thin RR-positive material.
Ruthenium red stain, %45,000.
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Fig. 4. Epidermal Eaééfnent rﬁémrahes and4af1chor1ng tibrils of a 3-week-old (A) and a 13-month-old (B)
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Fig.5. Thick and rigid filamentous structure with flocculent material (A), and fine network disclosed after
incubation with the buffer solution for 90 min (B) in the papillary dermis of a 13-month-old mouse.

Ruthenium red stain, X30,000.
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Fig. 6. Giant collagen fibers appearing in the reticular dermis of a 13-month-old mouse.

B, longitudinal section. X 45,000.
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Fig.7. Disappearance of filaments and partial
preservation of granules after treatment with
chondroitinase AC in the papillary-dermis of a 13-
month-old mouse. Ruthenium red stain, X30,
000.
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Fig. 8. Complete digestion of RR-positive fila-
ments and granules after treatment with
chondroitinase ABC in the papillary dermis of a
13-month-old mouse. Ruthenium red stain, X30,
000.
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Fig. 9. Complete elimination of RR-positive
material investing collagen fibers by treatment
with a-chymotrypsin for 90 min in the reticular
dermis of a 13-month-old mouse. Ruthenium red
stain, X 30,000.

Fig.10. Collagen fibers in the reticular dermis of a
13-month-old mouse treated with urea for 2
hr.  Xx30,000.

Fig.11. Collagen fibers in the reticular dermis of a
13-month-old mouse of treatment with' oxalic
acid for 2 hr. % 30,000.
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Fig.12. Collagen fibers in the reticular dermis of a
13- month-old mouse after treatment with bacte.
rial collagenase for 40 min. A, longitudinal
section; B, cross section. Note electron lucent
oblique lines (arrow) in the longitudinal section
and irregular clefts in the cross section. X45,
000. '
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Fig.13. Diameter histograms of collagen fiber (A-D) and fiber bundle (E-H) in the reticular
layers of mice of 3 weeks (A and E), 3 months (B and F), 13 months (C and G) and 25

months old (D and H).

A n=400, mean=80nm, S.D.=16nm. B: n=400, mean=123nm,

S.D.=22nm. C: n=400, mean=143nm, S.D.=40nm. D: n=400, mean=138nm, S.D.=

47nm.

E: n=100, mean=150gm, S.D.=0.70um. F: n=100, mean=2.70gm, S.D.=1.

1Bum. G:n=100, mean=2.96xm, S.D.=1.86gm. H:n=100, mean=3.34ym, S.D.=2.

40um.
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Abstract

Ultrastructural changes of extracellular matrix components of the skin with age were studied,
using ddY strain male mice 1 day, 3 weeks, 3 months, 13 months and 25 months of age. The
routine electron stain as well as ruthenium red and tannic acid stains was employed. Studies
were also made on the tissues treated with streptomyces hyaluronidase, chondroitinase AC,
chondroitinase ABC, bacterial collagenase, 30% urea and 10% oxalic acid. The collagen fibers of
the reticular layer of dermis showed most remarkable changes. The diameters of individual
collagen fibers and collagen fiber bundles were 80 % 16 nm, 1.50 £ 0.70 um in 3-week-o0ld ; 123 £
22 nm, 2.70 £ 1.13 um in 3-month-old ; 143 + 40 nm, 2.96 + 1.86 um in 13-month-old and 138
+ 47 nm, 3.34 * 2.40 um in 25-month-old mice respectively. It was noted that the thicker the
collagen fibers, the less vulnerable to urea, oxalic acid and collagenase. Irregular-shaped giant
collagen fibers which showed branching into thick collagen fibers, appeared in the reticular
dermis of aged mice. These fibers were first observed in the deeper reticular dermis of mice
3 months of age, and they were scattered in the entire thickness of the reticular layer with
advancing age. The giant collagen fibers showed same vulnerability to urea, oxalic acid and
collagenase as that of thick collagen fibers. These findings indicated that the age-related changes
were an actual increase in thick collagen fibers with many intermolecular cross-links and an
appearance of giant collagen fibers which were formed by fusion of adjacent collagen fibers. In
addition, plasma components attached to proteoglycan aggregates were frequently observed
between collagen bundles in the reticular dermis of mice of 13 months of age, assuming that
abnormal distribution of tissue fluid secondary to tightly packed collagen fibers with age resulted
in focal aggregation of plasma components. Further discussion was made on the spiral structure

of collagen fibers disclosed by the treatments of urea and oxalic acid.




