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Abstract

Dry skin is caused mainly by the perturbation of stratum corneum lipids which
affected by ageing, change of season, excess use of surfactant and the effect of disease
like atopic dermatitis and psoriasis. Intercellular lipid structures in stratum corneum are
responsible for the barrier function of mammalian skin. The major lipid classes that can
be extracted from stratum corneum are ceramides, cholesterol and fatty acid, which
make up approximately 50, 25, 10 percent of the stratum comeum lipid mass,
respectively. Small amount of ¢holesterol suifate, phopholipids, glycosylceramide and
cholesterol esters are also present. Recent studies have shown that application of one or
two these lipids to the perturbed skin delays barrier recovery; only equimolar mixtures
allow normal recovery. We observed that barrier recovery rate was improved in hairless
mouse by topical application of single neutral lipids (ceramide, free fatty acid,
cholesterol) and lipid mixtures. Whereas the application of single lipid didn’t allows a
significant enhancement comparing with normal barrier repair, the equimolar mixtures
of 3 components(including synthetic pseudoceramide PC104) improved barrier repair,
as assessed by the transepidermal water loss. At clinical study to the volunteers aged
over sixty, skin dryness was recuperated by the increase of moisture(capacitance) and
the reduction of scaling. Utilization of physiologic lipid mixture containing natural
ceramides or synthetic pseudoceramide could lead to new forms of topical therapy for

the dryness and dermatoses(e.g., psoriasis, atopic dermatitis and irritant dermatitis).
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Fig. 1. The general fomula of synthetic pseudoceramide PC104
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Fig. 2 . The TEWL values of Young(8week), Aged(72week) hairless mouse at normaland d

ry condition. Top; Comparison TEWL between young/Aged hairless mouse at normal condition(l

eft) & dry condition(right), Bottom ; Comparison TEWL between normal/dry condition in young(l

efty & aged(right) hairless mouse.
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Fig. 3. The number of SC layers under normal humidity(40-60%) and dry environment

(<10%). 6w(nl) : 6 weeks aged mice under normal humidity. 55w(nl) : 55 weeks aged mice

under norma! humidity. 6w(dry) : 6 weeks aged mice under dry environment. 55w{dry) : 55

weeks aged mice under dry environment.* The SC layers were counted under EM(x5,000).
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Fig. 4. The epidermal thickness under normal humidity (40-60%) and dry envirorment

(<10%). * The epidermal thickness was measured from the top of granular layer(SG) to the
bottom of basal layer(SB) under EM(x5,000).
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Fig. 5. Changes of the number of SC layers after barrier disruption by aceton
treatmentunder normal humidity(40-60%) and dry environment (<10%). There were no
statistical signiﬁcances according to age and humidity. 6w(nl-a) : 6 weeks aged mice treated by
aceton under normal humidity. 55w(nl-a) : 55 weeks aged mice treated by aceton under normal
humidity. 6w(dry-a) : 6 weeks aged mice treated by aceton under dry humidity. 55w(dry-a) : 55

weeks aged mice treated by aceton under dry humidity.
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Table 1. Improvement of skin barrier recovery by topical application of lipid and

lipid mixtures.

Barrier recovery rate(%)"'

Jtem case
1br 2hrs 4hrs 6hrs 8hrs

Untreat 10 14126 + 658 12470 t 6.07 96.64 + 639 8539 + 5.20 7572 £ 599
Vehicle? 15 11622 + 914 11658 £ 851 93143 + 7.68 8021 + 627 7921 + 220
Cholesterol 5 140.02 £ 1535 12217 + 639 91.69 + 10.16 6E55 + 578 6112+ 743
Linoleic acid 5 11881 + 715 121.70 £ 14.62 69.11 £ 944 6381 £ 9.02 57.87 + 824
Palmitic acid 5 170,58 + 2027 14534 + 1227 13700 + 284 102.18 + 19.07 79.66 * 16.76
Stearic acid 5 19124 + 30.51 155.49 £ 31.11 101,10 + 1226 91.64 + 27.98 104.73 + 1856
Ceramide 111 5 133.53 + 8.2t 14127 + 823 113.48 + 1092 8728 + 1247 7333 ¢ 694
Ceramide IV 5 11933 + 231 12090 + 627 94.04 1 1027 9061 £ 3537 6409 = 2.63
Pscudoceramide 10 156.10 + 8.61 12888 + 11.17 11613 £ 2627 86.06 £+ 585 8012 + 668
Ceramide 3B 5 130.70 ¥ 669 14659 £ 6.67 9528 + 899 7998 + 464 77.64 + 347
Lipid Mixture’ A 5 9653 + 7.07"  90.43 £ 1193 7019 + 429 5266 + 3317 5097 & 497"
Lipid Mixture B 5 11322 + 8.02 8280 + 361" 7244 1 3.62 4713 £ 206° 4288 1 3517
Lipid Mixture C 10 12762 £ 671 107.17 £ 10.77 8824 + 7.19 57.94 £ 14.52" 5682 ¢+ 7.69"
Lipid Mixture D 10 10799 + 954 7873 + 828" 6195+ 5967 5628 + Si6" 4922 & 439"
Lipid Mixture E 10 15140 £ 1995 103.67 = 10.13 83.95 + 10.66 68.89 + 11.60 5822 + 7.69

' Percent change of recovery rate indicate (TEWL grade at any time / TEWL gr-ade atOhr) * 100 +

SEM

2 Vehicle solution (propylene glycol : EtOH = 7:3)
¥ Lipid mixture A (cholesterol : ceramidelll : linoleic acid : paimitic acid =1:1:1:1), B(cholesterol : ceram
idelV : linoleic acid : palmitic acid =1:1:1:1), C (cholesterol : ceramide3B : linoleic acid : palmitic acid
=1:1:1:1), D(cholesterol : pseu-
doceramide : linoleic acid : pahmitic acid =1:1:1:1), E (cholesterol : stearic acid : palmitic acid =1:2:1)

* significantly lower than untreat { P<0.05) by paired T-test
" significantly lower than vehicle ( P<0.05) by paired T-test
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Fig. 6. Changes of epidermal thickness after barrier dlsruptlon by aceton treatment under

normal humidity(40-60%) and dry environment (<10%). There were no statistical

significances according to age and humidity.
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Fig. 7. The comparison of barrier recovery (TEWL) by the topical application of single
lipids and lipid mixtures at 4hrs after acetone treatment. Vertical axis represent the barrier
repair rate calculated by the transepidermal water loss based on the initial disruption state. Lipid
Mixtures follows A (Chol : Cerlll : linoleic acid : palmitic acid =!:1:1:1), B (Chol : CerlV :
linoleic acid : palmitic acid =1:1:1:1), C (Chol : Cer3B : linoleic acid : palmitic acid =1:1:1:1),
D (Chol : pseudoceramide : linoleic acid : palmitic acid =1:1:1:1), E (cholesterol : stearic acid :

palmitic acid =1:2:1). The concentration of all applications performed at 1% (w/w).
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Fig. 8. The comparison of barrier recovery rate by the topical application of single lipids and lipid

mixtures after acetone treatment. Vertical axis represent the barrier repair rate calculated by the

transepidermal water loss based on the initial disruption state.
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Fig. 9. Electron microscopic analysis of stratum corneum layer of hairless mouse at 4hrs
after barrier disruption. A(136,660X) and B(111,150X) is the SC applied vehicle(propylene
glycol : ethanol = 7:3 ). C(120,840X) and D(103,580X)} is the case of lipid mixture (cholesterol :

pseudoceramide : palmitic aicd: linoleic acid = 1:1:1:1).



Fig. 10. The SC intercellular spaces of old hairless mice. A: under dry environment on ly —
some seperated lipid lamellae and slight expanded lacuna, B: application of lipid mixture
without barrier damage — slight seperated lipid lamellae, C: aceton treatment — moderately
seperated lipid lamellae and expanded lacuna, D: application of lipid mixture after aceton

ireatment — nearly normal lipid lamellae except focally seperated area
p<0.001
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Fig. 11. The number of SC layers in young hairless mice after application of lipid mixture
including synthetic ceramide under dry environment(<10%) bw(dry-lipid) : 6 weeks aged
mice after application of lipid mixture under dry environment. bw(dry-a-tipid) : 6 weeks aged

mice after aceton treatment and application of lipid mixture under dry environment.
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Fig. 12. The number of SC layers in old hairless mice after application of lipid mixture
including synthetic ceramide under dry environment(<10%). 55w(dry-lipid} : 35 weeks
aged mice after application of lipid mixture under dry environment. 55w(dry-a-lipid) : 55 weeks

aged mice after aceton treatment and application of lipid mixture under dry dry environment.
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Fig. 13. The increase of some lamellae lipids during skin barrier recovery after acetone

treatment. Vertical axis represent the lipid content (1zg/cm?) per unit area.
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Fig. 14. The increase of some lamellae lipids by topical application of lipid mixures during

skin barrier recovery. Lipid Mixtures follows A (Chol : Cerlll : linoleic acid : palmitic acid
=1:1:1:1), B {(Chol : CerlV : linoleic acid : palmitic acid =1:1:1:1), C (Chol : Cer3B : linoleic
acid : palmitic acid =1:1:1:1), D (Chol : pseudoceramide : linoleic acid : palmitic acid =1:1:1:1),

E (cholesterol : stearic acid : palmitic acid =1:2:1).Vertical axis represent the lipid content

(1g/cm?) per unit area.
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Table 2. The effectiveness of lipid mixture in moisturizer formula by evaluating the

visual scoring.

Intial 1 week 6 weeks
Treat Untreat Treat Untreat Treat Untreat
Normal Moisturizer 0.76 0.76 0.00 0.33 0.19 0.39
Lipid Mixture
1.50 1.50 0.00 0.67 0.44 1.39

Moisturizet

Visual scoring was performed by both leg sites of treat and not. We grade the value of scaling and fissure

with 3 points(0-~3), and the value of erythema with 4 point(0-4) by the severances.

Table 3. The effectiveness of lipid mixture in moisturizer formula by evaluating the

capacitance.
Increase rate of capacitance(%)
3 days 7 days 2 weeks 4 weeks 6 weeks
Normal
o 19.83 13.89 18.60 19.86 7.28
Moisturizer
Lipid Mixture
21.76 19.39 *27.86 *27.44 8.20

Moisturizer

* Significant difference was achieved at 2, 4 weeks{one way ANOVA test).
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