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The Effect of High Dose Systemic Steroid and its Long-term Usage on

the Skin Barrier of Hairless Mice

Jin Wook Lee, M.D., Hana Bak, M.D., Sung Ku Ahn, M.D, Eung Ho Choi, M.D.,
Seung Hun Lee, M.D"

Department of Dermatology, Yonsei University Wonju College of Medicine, Wonju, Korea,
Department of Dermatology, Yonsei University College of Medicine', Seoul, Korea

Background: Prolonged exposure of topical and systemic corticosteroid to skin can result in
well-recognized cutaneous abnormalities including cutaneous atrophy, easy bruisibility, increased skin
fragility, and increased risk of infection. Skin barrier impairment is also reported as a steroid-induced
side effect. A major function of the skin is the formation of a permeability barrier between the
external milieu and the organism. Recent studies have shown that chronic corticosteroid negatively
impacts epidermal barrier function. As well as this topical corticosteroid not only has antiproliferative
actions but also inhibits the differentiation of the epidermis, resulting in structural defects in the
epidermis.

Object: We wanted to determine whether high dose systemic steroid injection would display
adverse effects, specifically on; epidermal functions, permeability barrier homeostasis and stratum
corneum integrity and cohesion. The basis for such changes was also to be determined.

Material and Methods: Systemic steroid was administered by injecting each hairless mouse, 8-10
week of age, intraperitoneally with 0.3 mg triamcinolone acetonide, two times per week for five
weeks, For the controlled hairless mice, 0.9% normal saline was administered by the same method
of injection. Every week, transepidermal water loss (TEWL) was checked and skin biopsies were
taken. Skin specimens were prepared for electron microscopy using both 0.25% ruthenium tetroxide
and 4% osmium tetroxide postfixation. For light microscopy staining hematoxylin-eosin and ion
capture cytochemistry was used.

Results: The results were as follows ;

1. From about 1 week onwards, high dose systemic steroid usage produced visible cutaneous
changes and significantly increased the TEWL in the group of 0.3 mg triamcinolone acetate injected
hairless mice compared with the control.

2. Light microscopic observations of the steroid-injected hairless mice showed gradual thinning of
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the epidermis from about 2 weeks onwards, compared with the control. Loss of stratum corneum
was also observed in the steroid injected hairless mice.

3. The ruthenium tetroxide staining of high dose systemic steroid treated specimens revealed that
the lipid bilayer was impaired and fragmented from about 3 weeks. Intercellular spaces were widened
and the lipid bilayer either disappeared or showed damage when compared with the control.

4. From about 3weeks onwards. electron microscopic studies revealed, not only a marked decrease
in the number of lamellar bodies, but also an abnormal transformation of lamellar bodies in the
steroid injected hairless mice compared with the control.

5. Throughout the five weeks, the calcium gradient gradually disappeared in the 0.3 mg
triamcinolone injected hairless mice compared with the control. Consequently, high dose systemic

steroid use results in barrier dysfunction and morphological abnormalities.

(Korean J Dermatol 2004;42(3):281~289)
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Hairless mice® FZ92 % /M9 EFEEZMm=15),
Nz2Tn=10)]22 FEHT A¥FL triamcinolone 0.3
ng (12 mgfkg) & B7HN FAISIE R HETE 09% A2
A+-E FHIN A2 dFdd 23] FAlEdew
553 Algstg) vis A slEAE 9 AgaSs
EEA(TEWLYE S48t 98 2FHFAE Agsdnh

1) FERL|FEENY 53

TEWLE A3 737 thFT2 hairless miceol] 4% chloral
hydrate®  B7hH FAbsel whA® Fol 2gsac
TEWL &% 2 Tewameter TM 210 (Courage Khazaka,
Germany)& ©|&&Rom, A AWeEs 24T, AW
FEE 40~50%% FAT FAAA AlstAt.
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TEWL &% %o ZAHAE Algden dga 7
N Z72] hairless miceo|A] Z}zt 47}R]9] MAHZZ S A
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Fig. 1. Photograph of the hairless mice injecting with
0.9% normal saline (Left) and with 0.3 mg triamcinolone
acetonide (Right), for 5 weeks. High dose systemic steroid
produce visible cutancous changes including skin atrophy and
telangiectasia.
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Fig. 2. Changes in transepidermal water loss (TEWL) for
5 weeks, of 0.3mg triamcinolone acetate and 0.9% normal
saline (p<0.05). Triamcinolone (T-A), normal saline (N/S).
Disruption of the epidermal barrier was reflected by an
increase in the TEWL in 0.3 mg triamcinolone acetate
injected hairless mice compared with the control. In
agreement with the decrease in the stratum corneum (SC)
layers and SC lipid contents, the TEWL demonstrated a
significant increase in 0.3 mg triamcinolone acetate injected
hairless mice compared with the control.
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Fig. 3. Light microscopic observations of the epidermis after injection, for 5 weeks, twice per week, of 0.9% normal saline
(A) and 0.3 mg triamcinolone acetonide (B). Steroid-induced atrophic skin showed obvious thinning of the epidermis, compared
with the control. Loss of stratum comeum was also observed in the steroid injected hairless mouse.
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Fig. 4. Electron micrographs of intercellular lipid layers of
the stratum corneum after injection, for 5 weeks, twice per
week, of 0.9% normal saline (A) and 0.3 mg triamcinolone
acetonide (B). High dose systemic steroid treated specimen
revealed that the lipid bilayer was impaired and fragmented.
Intercellular spaces were widening and the lipid bilayer
disappeared or was damaged (RuO; x 100,000).

Fig. 5. Electron micrographs of the stratum granulosum
showing lamellar bodies after injection, for 5 weeks, twice
per week, of 09% normal saline (A) and 0.3 mg
triamcinolone acetonide (B). Decrease lamellar bodies were
observed in 0.3 mg triamcinolone acetonide treated epidermis
(Os0s postfixation, < 20,000).
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Fig. 6. Visualization of calcium gradient by calcium-capture cytochemistry. (A) Normal, control epidermis. Note progressive
increase in number of precipitates in stratum granulosum. Density of precipitates is far less in stratum spinosum. (B) For 5
weeks, twice per week, 0.3 mg tiramcinolone acetonide injected epidermis. Calcium gradient is disappeared. (C) Calcium-capture
cytochemistry < 5,000).
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incubatorol] A resing BtF T AMHAHE EAFAQ uranyl
acetate®} lead acetate® A EuAza FHe|H
(JEM-1200EX, Japan)©.2 ##&}ch.

@ Calcium-capture cytochemistry

ZAE 42 A nAF A @] 4T YR
At @AY : 2% glutaraldehyde, 2% formaldehyde,
90mM potassium oxalate, 1.4% sucrose), 2A]7t o] Fo] Z
g AAG g d527 HolA] EUET WA
1A AlFHTh ©o]%F 1 kmd O0sOs (4%) 2+ 3 km¢ potassium
pyroamtimonate stock SH(2%)c] EFdHE FuPdez 2
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B2 A og 449 Wwyes g4 4 ZaE A
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1. Oj§e| |okd 2Hal(Fig. 1) ¥ TEWLS ¥sl(Fig. 2)

A8Fo AA AH|Eolr o] AL hairless mice2] 3
Fo] FEHE HIE FUSAT. BEFAY Fa ¥ ol
g A% A7E #FF & Aoy =AEH &
Aaze] vebydth dixgtel Hste d¥Te 27IFEH 4
d 5FA A Ha e g TEWLe| F7lstdi ol gh
TEWLS Z7te Ad 1FHRE duidA Fristact
(p<0.05).

2. Ye|=H&H 2AH(Fig. 3a,3b)
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3. BEOojXi@e| Hal(Fig. 4A.4B)
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4. &AM M3 #H|(Fig. 5A,5B)
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5. &S0 7187I(calcium gradient)? 2A4l(Fig.
6A.6B)
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interleukin % tumor necrosis factor (TNF-1) $& ¥3&at
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