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Background: Abrogation of the epidermal permeability barrier results in an increased lipid

synthesis and lipid synthetic enzymes. Recent studies have shown that ultrasound can induce changes

in the epidermal calcium gradient that increase lamellar body secretion without increasing transe-

pidermal water loss (TEWL).

Objective: We undertook this study to identify whether ultrasound can stimulate lipids synthetic

enzymes and lipids synthesis.

Methods: Ultrasounds were applied to the skin of hairless mice, and we then quantified lipid
synthesis, real time RT-PCR to measure mRNA activities of lipid synthetic enzymes and TEWL. We
also performed RuO4 post fixation and calcium ion capture cytochemistry.

Results: There were no significant changes of TEWL before and after ultrasound treatment. Cal-
cium in upper epidermis decreased and that in lower epidermis increased after treatment of

ultrasound and some recovery of epidermal

calcium gradient after 6 hours. In RuO4 post fixation,

lacuna dilatation, partial distension of intercorneocyte space, loss of multilamellar structures and
increased lamellar body secretion were observed in the epidermis of the ultrasound treated hairless
mice. The mRNA levels of 3-hydroxy 3-methylglutaryl coenzyme A (HMG CoA) reductase, serine
palmitoyl transferase (SPT), fatty acid synthase (FAS) and lipid synthesis were increased in the

epidermis of the ultrasound treated hairless mice.
Conclusion: Ultrasound can increase mRNA of lipids synthetic enzymes and lipids synthesis

without increasing TEWL by changing calcium ion gradients.

(Korean J Dermatol 2005;43(5):619~629)
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AP ZF FRAE 65%4 70% Iz LA, I
HEH AA 59 AAFHANNE 40%2 7Hasi, b
AHZANNE 40% BEolAT HRZ AFE 15%714
Aty FEY S £ (transepidermal water loss, TE
WL) %& F oA Al7Fd 0.1-0.4 mg/em” 3 Eo]t}. E 3
T3 Ado] &4 W= AL 2y XA FAel Tkt
U Z7171 BREA Fete gog WA sd olyd I
Aol AAEt. ol AxY FEEH AAUE ZIHAA
el Ao #AdE FAR PAHAD g
AR FE 4L FE dodle By FHAE g
ol glol EAe g o]&vhE WA IE oY
THOR FTHAAS EHFNE % AR Zgol
Zod AzA¥Agn & £ JA HUP. w5y T}
delel &4 Agutels, ZusHE, AG APEate]
TS SR e ol o] 52 FAst=d He e
T49 mRNAL Z7A70. 2o 22 s &%

ZA #A9 3-hydroxy 3-methylglutaryl coenzyme A (HMG
CoA) reductase®} A 1x]Ae] A S HASlE= serine
palmitoyl transferase (SPT)2] mRNAL 3 H3 Ad o
=28 71g W RoA] =71t HMG CoA reductasel}
SPTe| 5ol oJAAlE MAg Afole e &3

~guAde] el dARm, A% £48 Ed i
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1. MEEE

12529 oA FER2 A3 F (hairless  mice:
5 40-60%Ate] o] AbE2Z
AA T EFTAIRS RS FHS D A A2

2N TFEENE, FHe FHLS LOWem o2 A,
3MHze] 2g9+8 WEIEE zgatdvt. TR
ol 2538 AeE vbE $ 251 ZTEH(probe)E T
ol MAAZ F SR 24 sb Ageigt ded
o 250g AYNS TX dn WYL B 2oy Zg
BE 5E d&sie] BARY

FEIE ST AR FHEH 3AZE 643F, 244 7ho]
A3 FTo| A EAMu 1, 25, 3, 4, 6, 12, 24N 7 Z
A EgIr e A A AR zAS A vk
7t dAmict AEE FE &4 S Tewameter TM 210
(Courage + Khazaka, Germany)& &7 3}51t}.

4. ®Xt ®€0|E 3

1) Calcium-ion capture cytochemistry

MR 228 05mm’e] 27}o 2 2% glutaraldehyde, 2%
formaldehyde, 90mM potassium oxalate, 1.4% sucrose’} &
e nyded 212 455 AYA st5 9 Bt nFs
F 2de AAGE 2HE F AL B S AE
osmium/pyroantimonatec]] 313+ & pH 109 27} =
F42 1087 A 3sten. 2258 0.1 M sodium caco-
dylate bufferol] 1037t 331 50% ethanolZ 5E4 23],
70%9F 95% ethanol2 Z}Z} 1084 23], 100% ethanol=
Zkzy 2084 43 @A)zt @4 § 100% propylene
oxide2 Zt7} 1583t 23] A& A5 A7 A<
Wler ZujAzl 3 B3zt @n) 7 (H-500, Hitachi,
Japan)©. 2 & 3}it}.
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2) Ruthenium tetroxide (RuQ4) £ 1HY
2% glutaraldehyde, 2% paraformaldehyde, 0.06%

calcium chloride, 0.1 M sodium cacodylate buffer pH 7.4%

e

ZA¥ modified Karnovsky &9 Yol 13 3k =
Ao Ao A 1AZF B WA E F 182441 7F B

ZAaola BAEI T Kamovsky &9 2 A8 & 0.1 M
sodium cacodylate bufferZ 4054 33 A& dA )y o] 3
TaANE HEEE 025% RuOs 0.1 M sodium cacody-
late buffer &9o] A 2o|A] 4587+ Al&l&t gl ol |
% 0.1M sodium cacodylate bufferol 4] 1087} A2 e &

z
50% ethanol®. 584 23], 70%%} 95% ethanol2 z}7} 10

B 28], 100% ethanol® 7} 2084 43 @57t &
4 % 100% propylene oxide®Z 7}7} 15E7F 23] A S

-

AE A7) 3
incubator<]] A]

A oz ZujAlA 3543 TR

resing  polymerization A]Zl 3 uliwa thin
sectiong 3+ F =AFA Q] uranyl acetate®} lead citrate 2
Astol FEm A=} @ e 7 (H-500, HITACHI, Japan)© & 3
a9,

5 XEEHN

259 Ald E, 2D n=5)2 37H o] dlA
8mm AR E o] &ste] IHFEAL AHIATE 05%
trypsin PBS (pH 7.2-7.4) &< ﬁﬂéaﬂ/\l of W s}

204 1208 A% A

olg & & ?‘7174] sttt %
o o A Askgid. PBS

¢ ¥ x9E 2

A okE —?—
AAstAT. A=
Bligh-Dyer&-215 m
24X 7k Eobk A

3. kim wipes= 7;7]
Z4en Aand &
z

oA WA BT
A&l CHCI3: MeOH
Ael sk mobE el
2B, 6mlE Y Y94 E2](2000rpm, 10
AL Wl A2 35TlA
Z38}1, CHCI3: MeOH (2:1)o] =of
A HdEAg ¢33 Chromatography =
silica gel2 31 HPTLC plate (60F254, 20x10cm, Merk,
Germany)E AH&etqith. A ZA FEA S 9 A2
82 &+ Phytosphingosine (PS), Galactoserebroside (GS),
cholesterol (CH), cholesterol sulfate (CS), triolein (TG), oleic
acid (FF A), cholesteryl oleate (CE) (©]%} Sigma Chemical
Co. St Louis, MO, U.S.A), ceramide type III, ceramide IV,
squalene (SQ)¥} Ceramdie VI (Doosan Chemical Co. Korea)
E AFEsIAY 25 3kE TLC sampler III ATS3 (Camag,
Switzerland) & A} &-8te] 7z+ platenjc} 7 T EET
=3 2,5, 10, 15, 20 u¢® plate 3t<tel]l 10 mmel] 7 mme)
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9 Ad fgol viA e &%

ez x% JA st 2 platesE Camag AMD instru-
ment= (1) methanol/ chloroform/ water (19:79: 2), (2)
methanol/ chloroform/ ethyl ether/ hexane (20:25:40:15), (3)
chloroform/ ethyl ether/ hexane (25:50:25), (4) ethyl ether/
hexane (52:48), (5) ethyl ether/ hexane (5:95)2] £-uj3}olj A
A7hstiet. ARvtEIRS  F 10%  (wfv)
cupric sulfate pentahydrate (in 8% (v/v) o-phosphoric acid
B-g o & charringAl 7] 31 40T oA 15E3F

Aste] wAA AT ARET
dhalE] wl = photodensitometer (TLC2  scanner
I)(Camag, Switzerland) ¢} TLC evaluation software (ver.
3.15)(Camag, Switzerland)E A}-83}o] slit width 0.4 X7 mm,
% 7} plaes o) 7}7}e]

plate=
solution) | ko3
5T g
FaEe

AAREE

wavelength 570 nmZ scanning 3t

ErEdel wEs Agel mE zizte dme WA
=getel Amete] ARe Fobel, ARS HEA

d= AHEEA

6. XIZEM0 Zolst= &2
RT-PCR

HE <28t real time

S

1) RNA £2/|21-23

A& WS A A5t 10mM EDTA in PBSo| ®©7} 3
7Tl 3587 incubationdled E ¥ 9} Myt He He
2 slgtt. 295 28 Fo] 1.5ml wbed] & F lysis
solutiong 500 W& 7islsivh =322 33 & 3870 A
Lo 4] incubation A|Z Tl 0.1 ml chiroloformg 7}3F %
9% & 587 &4 a9k 4T 13,200 pmol| A 155871

2%
A EY Stlvh FEFAE Rol F&l 0.5 ml isopro-

phyl alcohol-2 7}l ¢t% F10&E7 &4 ddch 4T
13,200 rpmefl A 1033+ A4l & stdch &d2 &0} 1
8 & DEPCZ AHulgh 75% oleh-&& 7ietdch 1587k
94 weletel d@ee o AAG F AL n —~Wcﬂ
A ookE AR & Wz st mkE sbE Ao 20-30
°] DEPC A &g /5 F sl RNAE St

2) RNA A&t

RNAE DEPC A z3l =749 1:1002=2 3A =
spectrophotometerS  ©] 3] &4 % 260 nm$} 280 nmeol| A]

Sk

3) real time RT-PCR

% 50mle] PCRzAE AFste]l 2+ vkg F 10mM
dNTP Mix, Z} 5nmol®] 5 ‘¥} 3°  primer, 25 mM MgCls,
1 nmol2] probe, 2211 Light Cyler-FastStart DNA Master
Hybridization Probes (Roche Applied Science)E ©] &6}&1
W2 277 &4 529248 593 Zdﬁ’.f‘_
Atk F % F7le 5532 A A I{P&i
g 4EY 2% gwo web Wag Ak W
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Fig. 1. Effect of ultrasound on skin barrier function. There was no significant difference in TEWL level between control and

ultrasound treated hairless mice skin.
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Fig. 2. Normal epidermal calcium gradient: The gradient
of calcium within the epidermis, with highest levels in the
stratum granulosum (SG) and lowest levels in the stratum
basale (SB), was very important for both permeability barrier
homeostasis and epidermal differentiation. Scale bar: 0.2 um

Exe FE7e whgo] aAHd wg dZ2" AH5EH
st el fAAVE SEEUAM BeldHe d7 @A

o 4z wrgol olaia LA
A sl

Zt}. Serine Palmitoyl transferase (forward primer 5°-CTG
CTGAAGTCCTCAAGGAGTA-3’, reverse primer 5’-GGTT
CAGCTCATCACTCAGAATC-3"), HMG-CoA reductase (for-
ward primer 5’-GATCCAGGAGCGAACCAA-3’,
primer 5’-GCGAATAGACACACCACGTT-3"), fatty acid
Synthase (forward primer 5’-CCTCACTGCCATCCAGATTG-
3’, reverse primer 5’-CTGTTTACATTCCTCCCAGGAC-3").

reverse

6. SAANzE

EAEA 9v= two-tailed unpaired Student’s t testE
o] g3te] AMstACh AT mean+SD.E EAATL, &
ofst& Mttt

ol -2 0.05

18 i £Age 29 A, T dE2dY 259
A BFoA fFogk sty gl ol thp>0.05)(Fig.1.)
2. XA sold zha

1) Calcium-ion capture cytochemistry

g2 £9 ZF ol Exes JYHIdM 1 =& =

e BYn FAETE, NANEZZCR U 7laM A
gto] 714 A EFAM g Re FrE HIAohFig. 2).
fz}% S ﬂ AT W% (Fig
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Fig. 3. Calcium gradient changes [0 min (3A), 15 min (3B), 1 hr (3C), 3 hr (3D) and 6 hr (3E)] after 3 MHz ultrasound
treatment in hairless mouse skin. Calcium in upper epidermis decreased and calcium somewhat increased in lower epidermis in
fig. 3A, 3B, and 3C. There was some recovery of calcium gradient in Fig.3E, compared with Fig. 3A - 3C. Scale bar: 0.2 ym

Fig. 4. The elecromicroscopic findings of the SC-SG inter-
face of hairless mice of control group, It showing typical
multi-lamellar structure (arrow) and lamellar bodies in SG.
Scale bar: 200 nm

TREAE)E BREHFE 4. 2ET QX TN A
@ RuO4 94 244 23 AA F ZA|(Fig SAAY, 1
A7t F(Fig. 5B), 3 A7t Z(Fig. 5C,C°), 6 A7t Z(Fig.
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4. HMG CoA reductase? serine palmitoyl
transferase, fatty acid synthase 2] mRNA &

1) HMG CoA reductase2l mRNA &
2519 % & HMG CoA reductase®] mRNA 9F2 o
zZad v 79 A F7FeFA ThHp<0.05)(Fig. 7).
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Fig. 5. Alteration of

SC -SG interface [0 min (5A,A’),

1 hr (5B), and 3 hr (5C,C")

ultrasound treatment in hairless mouse skin. Lacuna dilatation, partial distension of intercellular layer, loss of multi-lamellar
structures of the stratum cormeum and increased lamellar body secretion were observed in ultrasound treated hairless mice skin.

These findings were observed also in 6 hr post treatment sample. Scale bar: 200 nm

and 6 hr (5D,D’)] after 3 MHz

Table 1. Changes of ceramide, cholesterol and free fatty acid after 3 hr, 6 hr, and 24 hr treatment of ultra sound
control 3 hr 6 hr 24 hr
ceramide 100 103+16.3 125+ 15.7* 122+23.4%
cholesterol 100 115+24.7% 116 £ 25.5% 111+25.9%
free fatty acid 100 98+ 17.2 115126.2% 113+25.8*

Unit, % of control, * p<0.05 vs. control
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cholesterol

free fatty acid
cerimide
Control - 3.1!1'_ vest 6 Hr 24 Hr
Fig. 6. Changes of ceramide, cholesterol and free fatty
acid after 3 hr, 6 hr, and 24 hr treatment of ultra sound

2) Serine palmitoyl transferase (SPT)2l mRNA &

SPT ©] mRNALS =53 #2] 1 AIZF F 83 + 57%
2 A A e e Hygoy BAgH oot
Sk 289 HA 3 3 A7 T SPT ¢ mRNA%HE
301+ 140% 2 HoE Z7) Romp<0.05)E L T i
sl kel B w9 th(p<0.05)(Fig. 8).

3) Fatty acid synthase (FAS) 2 mRNA &

FASS] mRNA & &3 X FoA thFETol v
Z7ket e oAbl w89l ohp<0.05)(Fig. 9).

HMG—-CoA reductase

= 400
o
=
S 300 [
“— *
Q
® 200
T T
2 100
<
=z
(am)
e 0
Control 1hr 2.5hr

]

3hr 4hr 6hr
Time

Fig. 7. HMG CoA reductase mRNA level after ultrasound treatment in hairless mouse skin, * p<0.05 vs. control

Serine Palmitoyl transferase

500

400

300 *

200

100 [

mRNA level (% of control)

Control 1hr

2.5hr

3hr 4hr 6hr

Time

Fig. 8. SPT mRNA level after ultrasound treatment in hairless mouse skin, * p<0.05 vs. control
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Fig. 9. FAS mRNA level after ultrasound treatment in hairless mouse skin, * p<0.05 vs. control
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