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Abstract  Morphological changes in dermal collagen fibers in growing mink were in-
vestigated using a scanning electron microscope (SEM).

The SEM view of dermal collagen fibers varied throughout the newborn, growing and
mature skin phases. The reticular layer of newborn mink dermis was plate-like, and appears to
be composed of fine collagen fibers, proteoglycans and glycoproteins. With mink growth, ran-
domly entangled dermal collagen fibers, which were relatively fine and curled or waved, show-
ed regularity of the three-dimensional network.

A three-dimensional network of thick collagen fibers was observed in the mature mink der-
mis, and the fiber arrangement altered in relation to the depth from the epidermis, i. e., in the
upper dermis, many fibers were arranged diagonally to the skin surface, whereas in the mid
and deep dermis, thick fibers were conspicuously arranged parallel to the skin surface. The col-
lagen fiber network was formed by repeated branching and anastomosis of the fibers.

There were thin elastic fibers in the dermal-epidermal junction and between the collagen
fibers and skin appendages.

INTRODUCTION

In mammals, collagen is the most abundant structural constituent of the dermis, accoun-
ting for approximately 70~75% of the dry weight of the skin. However the content of skin
collagen is not constant throughout life, and age-related qualitative and quantitative changes
have been reported (Korn and Scuniper, 1989). In the mink, the skin varies both biochemical-
ly and histologically, that is, the dermal thickness and collagen content change not only with
growth but also the hair cycle, which includes seasonal molting (Nisurum ef al., 1986; Konno
and Nisuomi, 1991).

It is also well known that dermal collagen fibers present a three-dimensional organiza-
tion. Changes in the quality and quantity of collagen are naturally correlated with collagen
fibrillar organization. However, the arrangement of collagen fibers in the mink dermis is far
fully understood and, in particular, their three-dimensional organization has yet to be analys-
ed.

The present study reports the age-related changes in the three-dimensional arrange-
ment of collagen fibers in the dermis of mink, as revealed by scanning electron microscopy
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(SEM). Although the structure of connective tissue fibers as revealed by SEM is disturbed
by the presence of hampering cellular and extracellular amorphous elements such as
glycosaminoglycans, these substances were removed by the method of Mever ef al (1982).

MATERIALS AND METHODS

Male Sapphire mink, all originating from the same sire, born around May 8, 1985, and
raised under identical conditions were selected and sacrificed at a rate of one animal per
week until December 6, 1985. The animals were frozen immediately after sacrifice in order
to prevent as much as possible changes in the structural elements of the skin that body
temperature might cause.

Skin samples were excised from the dorsal region after hair removal. Each sample,
measuring approximately 5xX5X3mm, was immersed and frozen in OCT compound
(Tissue-tek, MILES), and sagittal and horizontal sections were cut at a thickness of 50~60
um on a cryostat (DAMON) at —20°C. The sections were then placed on a circular
coverglass 10 mm in diameter.

In order to treat the sections for SEM, we applied a modification of the enzyme treat-
ment method of MEeyer ef al. (1982). The sections were incubated with 0.1% hyaluronidase
{type IV-S, SIGMA) in 50 mM Tris-maleate buffer (TMB, pH 5.4) for 5 h at 37°C and after-
wards rinsed in TMB twice for 2 min. The sections were incubated with 0.1% bacterial
crude o-amylase (type IX-A, SIGMA) in 50 mM TMB for 12 h at 37°C and rinsed in distill-
ed water twice for 2 min. They were then fixed with 10% formalin and serially dehydrated
in ethanol (70~100%). To minimize distortion, the dehydrated sections were immersed in
xylene (Tsuj et al., 1979) and finally dried in a desiccator.

The specimens were attached to brass standard stubs with silver paint (Q. D. Colloidal
Silver, BIO-RAD). The prepared stubs were then coated with a thin layer of gold using an
ion-sputtering apparatus (JFC-1100, JEOL). Observations were made with a JEOL
JSM~-T20 scanning electron microscope operated at 19 kV.

RESULTS

View of dermis in infancy

The SEM view of newborn mink dermis showed a flat appearance without any clear
fibrous structure (Fig. 1A). The squashed mid and deep dermis lost its solidity, and the sur-
face of the coverglass was evident in some places. On the other hand, the upper dermis
below the epidermis appears sponge-like but its framework was membranous (Fig. 1B).
Detailed observation revealed fine fibrillar networks in the sponge-like structure (Fig. 1B),
and also thin fibers were observed around the hair follicles (Fig. 1C). There were two kinds
of fiber, one extending straight from the hair follicle to the dermis and the other looped in
the dermis (Fig. 1C).
View of dermis during growth

As shown in Fig. 2, the solidity of skin sections increased with mink growth until the
10th week. The fibrous structure of collagen in the dermis was partially evident, but most
of the dermis was covered with amorphous substances. A sponge-like structure in the upper
dermis below the epidermis was observed, but the three-dimensional organization and/or ar-
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Fig. 1. Scanning electron micrographs of sagittal sections of infant mink dermis (2 weeks old).

Fig. 2.

Lack of a clear fibrous structure in the whole dermis (A, X 150), a sponge-like structure
of the fine fibrillar network in the upper dermis (B, X450), and thin fibers around a hair

follicle in the mid dermis (C, X450) are evident.
Scanning electron micrograph of a sagittal section of growing mink dermis (8 weeks old).
The fibrous structure of collagen is partially evident. X200
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Fig. 3.
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Scanning electron micrographs of mature mink dermis (12 weeks old). In sagittal sec-
tions (A and B), collagen fibers cross each other in two main directions, which run
diagonally to the skin surface in the upper dermis (A, x450), and collagen fibers are ar-
ranged parallel to the skin surface in the mid and deep dermis (B, X300). In horizontal
sections (C, D, E and F), one direction of the collagen fibers in the upper dermis is
parallel to the hair follicle, and other crosses it almost at right angles (C, X 150); bran-
ching and anastomosis of these fibers are evident at high magnification (D, x875), The
orientation of collagen fibers in the mid and deep dermis is predominantly horizontal,
and the collagen fiber bundles with branching and anastomosis are interwoven among
hair follicle groups (E, X80; F, x440).
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Fig. 4. Scanning electron micrographs of sagittal sections of sufficiently mature mink dermis
(30 weeks old). A thicker collagen fiber arrangement parallel to the skin surface and a
decrease in the interfiber space are evident in both the upper dermis (A, X450) and mid
and deep dermis (B, x450).

Fig. 5. Scanning electron micrograph of a sagittal section of the dermal-epidermal junction. Ex-
tremely thin elastic fibers are connected with dermal collagen fibers. 14 weeks old. X700

Fig. 6. Scanning electron micrograph of a sagittal section of the subcutis. A twist of fine col-
lagen fibers is evident. 24 weeks old. X350
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rangement of collagen fibers was not evident.
View of dermis at maturity

After 10 weeks of age, the dermis was filled with collagen fibers, although the arrange-
ment of collagen fibers varied with depth from the dermis. In sagittal sections, collagen
fibers in the upper dermis generally crossed each other in two main directions running
diagonally to the skin surface (Fig. 3A), and almost all of the collagen fibers in the mid and
deep dermis were arranged parallel to the skin surface (Fig. 3B). The collagen fibers were
straighter than hitherto, and single fibers, or smaller fiber bundles, often emerged from one
bundle and passed into another, forming a closely interwoven dense network. In the deepest
dermis, the transitional region of the dermis and subcutis, plate-like bodies composed of
numerous fibers side by side were observed.

Additional sections parallel to the skin surface were studied in order to grasp the
three-dimensional network of collagen fibers. In the upper dermis, collagen fibers parallel to
the skin surface crossed each other, forming a lattice, while the fibers arranged diagonally
to the skin surface showed two directions; one was parallel to the hair follicle and the other
crossed it almost at right angles (Fig. 3C). In addition, branching and anastomosis of col-
lagen fibers were observed, as in the sagittal sections (Fig. 3D). Therefore, the collagen
fibers in the upper dermis showed a complicated stereolattice network. The orientation of
collagen fibers in the mid and deep dermis was predominantly horizontal, and the collagen
fiber bundles were interwoven among hair follicle groups (Figs. 3E and 3F).

As compared with the situation of 12 weeks of age, the dermis in 30 weeks old mink,
when sufficiently mature, had thicker and more abundant collagen fibers running parallel to
the skin surface, and the interfiber space decreased (Figs. 4A and 4B).

View of dermal-epidermal junction and subcutis

As shown in Fig. 5, a network of finer collagen fibers was evident as a random arrange-
ment at the dermal-epidermal junction, and the extremely thin fibers which connected der-
mal collagen fibers with the epidermis appeared to be elastic fibers.

Although penetration of the dermis through the subcutis was observed as a band by
light microscopy, this region appeared as a twist of fine collagen fibers, like a rope, using
SEM (Fig. 6).

DISCUSSION

The present SEM study has confirmed the alterations in the shape and arrangement of
dermal collagen fibers during the growth of mink.

In newborn mink dermis, fewer collagen fiber bundles were demonstrated in a light
microscopic study (Nisuiumi ef al., 1986), while the plate-like substances composed of a felt
adhering to much thinner collagen fibers were apparently dominant in this region by SEM.
Recently it was reported that hyaluronic acid, which is the most common glycosaminoglycan
in the dermis, was combined with collagen fibers and glycoproteins such as fibronectin
(Isemura ef al., 1982), and that collagen fibers formed plate-like substances in the presence
of large quantities of hyaluronic acid (Docuerry ef al., 1989). It was also recognized that a
felt-like membranous organization of collagen fibrils was built up in the presence of pro-
teoglycans or glycosaminoglycans in vitro (Vocir ef al., 1984). In addition, the highest pro-
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teoglycan content was found in newborn mink skin (Nisuumi ef al,, 1991). These findings
suggest that the plate-like substance in newborn mink dermis may be built up by a close
combination of collagen fibers with proteoglycans and glycoproteins, and therefore this
substance may have been difficult to dissolve, even the enzymes we used.

With mink growth, the plate-like substances in the dermis were transformed into a
regular three-dimensional network of collagen fibers via randomly entangled collagen fibers,
which were relatively fine and curled or waved. Although the three-dimensional network
was maintained after the age of 10 weeks, an increase of collagen fiber diameter and a
decrease of the interfiber space were observed, confirming the morphological changes in col-
lagen fibers with skin aging (PravLier ef al., 1979; Lavker ef al., 1987).

The present study also showed that the collagen fiber arrangement producing the
three~dimensional network in mature mink dermis altered in relation to depth from the
epidermis. The arrangement of dermal collagen fibers has been investigated extensively,
and is reported to depend mostly on the two-dimensional construction of a scissors lattice
or a three-dimensional stereolattice network, but is still under discussion (Gisson ef al.,
1965; BrownN, 1972; Pratier ef al.,, 1979; Mever ef al.,, 1982; Mever and Neuranp, 1987;
Lavker ef al., 1987). According to MEevEr ef al. (1982) and Mever and Neuranp (1987), the
bulk of the dermis is dominated by a massive three-dimensional network of collagen fibers,
which cross each other in two directions. The present study showed that in the upper der-
mis, collagen fibers ran diagonally across each other, as in previous reports, whereas those
in the mid and deep dermis were conspicuously arranged in parallel to the skin surface.

The collagen fiber network in mink dermis is not formed by piles of sheets, but by the
three-dimensional architecture of collagen fibers crossing each other, with repeated bran-
ching and anastomosis. This architecture appears to contribute to the increase in solidity of
the mink dermis in spite of its relative thinness in priming time and then to subsequent to
increase in strength of mink fur skin.

It is evident that the elasticity, power to absorb shock, extensibility and tension of the
dermis are not completely dependent on the collagen fiber network, as mentioned above.
This is especially true when considering that the longitudinal extensibility of collagen fibers
and fibrils is not very great (ELpen, 1980). It is the elastic component, i. e., the elastic fibers
forming a wide-meshed sponge throughout the whole dermis, that creates constant tension
of the skin (MEeYER ef al., 1981). Although the elastic fibers constitute 2~5% of the dry
weight of the dermis (Kuioman and Baviy, 1989), it has been observed by SEM that the
elastic fibers occupy a considerable amount of the dermal compartment (Tsun ef al., 1979,
MEyYER ef al., 1981), suggesting that the elastic fibers are extremely light. Our investigation
of elastic fibers using conventional orcein-stained sections (Konpo ef al., 1991) gave an im-
pression that the fibers were rather sparser than those mentioned in the previous SEM
reports. It seems that the collagen fibers, making up the great bulk of the dermis, evidently
mask the minor elastic component. Therefore, it was difficult in our SEM observations to
identify the elastic fibers, since the dermal collagen fibers were not removal. ImavaMa and
BraverMan (1989) illustrated the increasingly complicated entanglement of both collagen and
elastic fibers with aging, and proposed that this fiber entanglement enabled the dermis to
sustain a higher stress. In the present SEM observations, this_entanglement could not be
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confirmed, although very fine elastic fibers were arranged perpendicularly to the skin sur-
face at the dermal-epidermal junction and horizontally between collagen fibers and skin ap-
pendages, e. g. hair follicles and skin glands. It is assumed that the elastic fibers at the der-
mal-epidermal junction may function as a cushion against external pressure, although the
roles of these fibers in this region are still uncertain. On the other hand, the elastic fibers in-
terconnecting the skin appendages with collagen fibers appear to play a role in the an-
chorage and maintenance of these appendages.

REFERENCES

Brown, 1. A., 1972, Scanning electron microscopy of human dermal fibrous tissue. J Anaf., 113:
159-168.

Docugrry, R., Forrester, J. V., Lackiz, J. M. and Grecory, D, W., 1989, Glycosaminoglycans facilitate
the movement of fibroblasts through three-dimensional collagen matrices. J. Cell Sei., 92: 263-270.

Ewpey, H. R., 1980, Physical properties of collagen fibres. In “International Review of Connective
Tissue Research” (Hau., D. A. ed.), Vol. 4, pp. 283-348, Academic Press, New York.

Gsson, T., Kenepr, R. M. and Craix, J .\E., 1965, The mobile microarchitecture of dermal collagen. Br. J.
Surg., 52: 764-770.

Imavama, S. and Braverman, 1., 1989, A hypothetical explanation for aging of skin: Chronologic alteration
of the three-dimensional arrangement of collagen and elastic fibers in connective tissue. Amer. J.
Pathol., 134: 1019-1025.

Isemura, M., Yosuizaxi, Z., Kowg, T. and Owo, T., 1982, Interaction of fibronectin and its proteolytic
fragments with hyaluronic acid. /. Biochem., 91: 731-734.

Krioman, A.M. and Bauix, A K., 1989, Aging of human skin. In “Aging and the Skin” (Baun, A. K. and
Kueman, A. M. ed.), pp.1-42, Raven Press, New York.

Konno, K. and Nismumi, T., 1991, The pelage development in young mink (Mustela vison). J. Fac. Agric.
Hokkaido Univ., 64: 247-255.

Koxno, K., Nismum, T. and Nakamura, F., 1991, The histochemical changes in mink skin with seasonal
moulting. Memo. Fac. Agric. Hokkaido Univ., 17: 365-375 (in Japanese).

Korn, R, R. and Scunipeg, S. L., 1989, Collagen changes in aging skin. In “Aging and the Skin” (Bauw,
A. K. and Kuoman, A. M, ed.), pp. 121-139, Raven Press, New York.

Lavker, R. M., Zuenc, P. and Downg, G., 1987, Aged skin: A study by light, transmission electron, and
scanning electron microscopy. J. Invest. Dermalol., 88: 44s-51s.

Mever, W., Neuranp, K. and Rapke, B., 1981, Elastic fibre arrangement in the skin of the pig. Arch. Der-
matol. Res., 270: 391-401.

Mever, W., Neuranp, K. and Rapke, B., 1982, Collagen fibre arrangement in the skin of the pig. J
Anat., 134: 139-148.

Mever, W. and Nguranp, K., 1987, A comparative scanning electron microscopic view of the integument
of domestic mammals. Scanning Microsc., 1: 169-180.

Nismiom, T., Konno, K. and Osuet, T., 1986, Changes of the skin, especially hair follicles and dermis, in
mink growth. Hikaku Kagaky, 32: 145-151 (in Japanese).

Niswiomi, T., Nakamura, F., Osucr, T. and Konpo, K, 1991, Changes in connective tissue components in
mink skin during the hair cycle and growth. Scientifur, 15: 115-122,

Praweer, K., Suureg, G., Scuminr, W, and Dworscuax, K., 1979, A critical revalution of fibre arrangement
in the mid-zone (stratum reticulare) of human corium. Anal Anz., 145: 404-412.

Tsup, T., Lavksr, R. M. and Kuoman, A.M., 1979, A new method for scanning electron microscopic



SEM of mink dermal collagen fibers 111

visualization of dermal elastic fibers. J. Microsc., 115: 165-173.
Vooer, K. G., Pauvisson, M. and Hemwecarn, D., 1984, Specific inhibition of type I and type II collagen
fibrillogenesis by the small proteoglycan of tendon. Biochem. J., 223: 587-597.

Iy OEEI BT BEE R T — 7 iRt A TE T BB
P T2 bl GO MR

*U KSR PE TR, IR BT 724
*2 b R S BEEED, LI 060

LY OMBIBT SHE D 5 — 5 U MIESGE L &, BRI FBINEL (SEM) 28Tl L
72

SEM %06, Bz 5 — s it MR, KRR, BUERINe 3 oo B SRR
BoEMHmERIL, HEEBOI vy BEER S v FIRBESPLTH Y, TaFd sy oRefliy Ry
HEaS— 7 BN EBBCES LTS P IREEBR L0 L EL LR D, 07 ORI,
B 5 — & ke, I, 0 Ko e BiEST L A AR D o o LR, B
BIIE LV ERIERN® Yy by —2 BRI,

2G5 =L OZRENR Y bU—-20%, BBRLLEECHE SR, ol Edoa T~ HRHEoRAIREE
i, BEOBESOBRBIC LY R -t Tihbh, HEEHO 25— B BRI LCRbbici
B L, TR TR O, W RV 2 5 — & B B T L ORI L, H Ao
2GR, S5k, Sl AIELTC, ERIERy bu—-2 BB LA,

B - BEIEEEE LU T — A S R B E o, SRR R v by -2 RETEL
12,





