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Abstract

Skin is one of the main target organs for optical imaging diagnosis, but the high scattering proper-
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ties of skin tissue limit the imaging depth and scanning accuracy of optical coherence tomography
(OCT). Real-time processing of isolated skin tissues using high-frequency ultrasound combined
with optical hyaluronics synergizes optical hyaluronics into biological tissues to improve the opt-
ical clearance of skin tissues. The changes in the relevant parameters of OCT of isolated skin in the
two treatment modes were compared in the experiment. The dermal scattering coefficient de-
creased by 0.27 within 60 minutes after PVP viscosity-modified 80% PEG-400/PEG-200 combined
with high-frequency ultrasound at a frequency of 1 MHz and a power of 1 W/cm? was used for the
treatment of isolated skin tissues. This is a year-on-year increase of 3.3-fold when compared with
that of the control group. This result demonstrates that high-frequency ultrasound can effectively
improve the optical removal efficiency of skin tissues with OCAs and enhance OCT optical imaging.
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6 2E M T2 T 4% 352 K (Optical Coherence Tomography, OCT)& —FhaEeft R, AR A HBEH =20
HERIBASFIARL] [2], ZFAH Huang 25N 1991 F kR3], 1EA—FBi B G BA, OCT
{14 I FH A3 4 FH e BT PR AR R T 40 JE B A LA BRI B RA[6] [71+ BRI [8] LA K Ca ML B [9] [10]55 45
e

KEWF T CEUE B 5N mB &N ST R AW 5 1Y) )% 2% 3% W77 (Optical Clearing
Agents, OCAS) REH A U EARAE D) B R 2R N I BE AL E B0 [2] [11] [12] [13], @it e in e 2% 32 B35 2 5 51
FEC R JER L3 N 30 )4 S 2R DT« ot 7K A P R R i B 0 AR 8 = R ML BB A8 S IR T B R Y6 28 i IR B 38R
SR T B2 R H 2R R R Th e 1, B A 53 )2 (Stratum Corneum, SC) T BE A 1 1 i 5 32 &5 4 T S B0 Ar) 1
[ (PBFEEBRIR, 2 ROSAR I 2504 3 52 31 ™ B IR [14] . O T IO FIB BRI A b Je IR BRI Th g, ©
ST T EMAERAEEAR, HREE BT SC 4RI s @M. 1B IE R LAY
B g 80 T B OB UE AT ANIE OCA IR [ 2% . 4 F 45 #j(Transdermal Drug Delivery, TDD)H14:
B BB R, = BT PY(DMSO) [15]. MHER[16]FI% M (Azone) [17]5F, CiEonHnE OCA
() B B3 1 o T BRI 1 0 5 I B AG B TB N[18] FLEEFL[19]. 7B N [20]. i [21] Hotiimah[22]
ANE I k23]

TEARZ W3 775\, 8 75 (Sonophoresis, SP){FE A — G BIIIEE 7772:, A& —Fh+ 40 Rl st siG T
Jiik, HJREN ] OCAs 45 A I, o H B IR S0 2418 BRI sR I ROk [24] . 81T B iR R 1 k2
RGBT 1) 22 75 B /1 (Optical Clearing Potential, OCP), 7 T8 W /NN SE 5 5 5538 e ik, ©F
RERIBEFARE 7N Filad R kAL i . AR T — Mg RN AR R AN VED B T VR R B i3 36 i i %
PE[25] [26]. FATERGE MR R, JRHR R =B B G AR, AT A e T B Ik 4 S 40 4k Bt
IR . BT RS AR AE T R O AR T AN R EE AR RE A AR . Rk T
W FE A BET LA B At AR RRURT S o S T DAE Y e P A R i U 55 3 1) R VB 0 1 B B E T T R R
HEAEH[27]. MG IR A 5 B AR AR 75 BT, 3045 40 P DR TE B kS5 A8 G A o2 i R T A i A I R 1

ik

DOI: 10.12677/app.2024.146041 372 S A B


https://doi.org/10.12677/app.2024.146041
http://creativecommons.org/licenses/by/4.0/

kel 2

Gbo BRI, EXTEEIOL B WM R 25, G5 A o B (A0 B A SR B, B S 5 3 (0
PR BRANNAR A BT OCT AR IR FBENN L 2 W S 4508 o IE A T 7 7 ik 48 i e PR32 W R T AT
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2. SCIGERSY
2.1 RERHEXHE

FEARHURT A8 23R, KR R BN HH, SREA B AR A RS 2 em (20.2 mm), 1]
JE PR BB A X E N, bR RO R DU R . BT R R A 8 /NI A SE B
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23 HEEBH

(1) SE3G KA SD-OCT #4i(3£ [ Thorlabs 7], %5 : TELESTO)HI Aoyt 1300 nm, F i % 7
S¥¥R%E 5.5 um, RS B A 91 KHz. FHEEE, A B T x B2 DL dB g shr (1915 S amAE,
y A LA mm O B TR B

(2) f/H UT1041 B A PBOR A TR BRI AR R B R A w]), TAESHE 1 MHz, &AL 1
Wiem?, Sz 1 em? K55Sk g AR B OCAs XTREA AL FE 5 min J5##E 5 min, JFAIH OCT szt
0K

3. BRI

P 1 SR RN ] 80%PEG-200/PEG-400, X R4 ME 40 0. 20, 40. 60 43%fH 4% 5 OCT mifgik
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FE, R SR ANER B Ot FIE bR . A IRTINERSBIE, HEENHKEBEERER 33
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. 3697 60 205M G, BURIREM 1.1 2K 5] 1.7 2K, J1F5 80% PEG-200 #4148 20 4050 /247
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1K FL D B P 35 1 1 R 8 R P e EH T A 5 T B R JER B SR P (U B ) A 1) 23 A, R ALY
B BAE S 20U U MR BUSUZ IR AL B, BRAK T 7 52 20 B 6 5 5 Dy e [ 28] « AH DA 58 B SR,
TEVHFLBNPI B e pt rp, BB S SC gHMu Al R R b B8 A SR ELA B R, MRS USHER)S,
SC HRFREM 4y 8 5e 2 bR G, OCAs RFE F s ke 1358 T3 OCT MG BURIETH 2+ &,
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Figure 1. OCT pictures of simple
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Figure 2. Normalized OCT-signal (a) 0.2 mm; (b) 0.4 mm; (c) 0.6 mm; (d) 0.8 mm; (e) 1.0 mm; (f) 1.2 mm
2. JA—{ES58E () 0.2mm; (b) 0.4 mm; (c) 0.6 mm; (d) 0.8 mm; (€)1.0 mm; () 1.2 mm
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Figure 3. (a) Changes in OCT signal intensity of isolated porcine skin tissues treated with 80% PEG-200, (b) Changes in R-value at
60 min of treatment in control and ultrasound groups (Control Group: PEG-200, SP Group: PEG-200/PVP/SP)
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Figure 4. Changes in 1/e light penetration depth of pig skin tissue after ultrasound and control treatments
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Figure 5. Variation of scattering coefficient at different depths of the skin under the effect of 80% PEG-200 (a) 0.6 mm; (b) 0.8
mm; (¢) 1.0 mm; (d) 1.2 mm
5. 80% PEG-200 1EF ™ Bk EIRE 85T R L (@) 0.6 mm; (b) 0.8 mm; (c) 1.0 mm; (d) 1.2 mm
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K 5 R T AE BN B AR N 80% PEG (Control Group 1) 80% PEG/PVP (Control Group 1)1 80%
PEG/PVP/SP (SPGroup) /i 0 & 60 438h A His 25201k .

TR R R G R 2, 0T DO R BRH AR B 9 = AN Xk, 32 R (0~0.4 mmy). HH 2 R ik
(0.4~0.8 mm) LA IR JZ K ik (0.8~1.2 mm).  HH T O650&E BRI 2 BAE T R R R 2, DR R 82
N 0.4 mm PR LR FIEUE R, BDE S Hi(a, b, ¢, d), MEIHRHTZRETTCAE H, X R4 A R
AT LR B, B R AR RN S R B S BTSSRI R LR B rIE S AR, Rk
JRB LR IZ B b, HU /BRSBTS RS, RIUNIEZRE &, X RGN
BN 285 A S K R EAIDE, BIZE A4 B3R N ik R iR e, B SN B % AR
JK - K - FRRKEIERR (R 1),

Table 1. Change in scattering coefficient of 80% PEG-200 in ultrasound group
5= 1. #B754H 80% PEG-200 Bi5t BRI 1k

Time/min 0.2 mm 0.4 mm 0.6 mm 0.8 mm
20 min 1.389671 0.111079 0.13544 0.07297
40 min 1.408635 0.263393 0.14192 0.14282
60 min 1.61627 0.356239 0.12234 0.17927

27 MR AT DL B R R B, (RN R K BCRAN ), 1 PEG-400 XRS5 PEG-200
FALE, SROAKAXTSS. BMNE 2, SWRFAEMHID 2B PRCR AR BT H KR L, RIEE
F S A NSRS S T S R UL, P EURBREUR >, 51EE Xiang Wen 3221 H il 5 T T 1 52
JFOCEAE I RIS 16— B [14]. BRAh, SR R A O R B3, AL A S T DO — i
2, IREEVARR BRI E, Wl S(d)FrR, 1ERZ BRHE AL, A2 P R FR R A Bk
IR 28 B0l N A K E ZE 1.2 mm PR AR AT B, AEAHTRII [V R Py ol 7 2L RO A 2 e 1)
FE IR R SN, SRR R 54518, R IHABRIE.

SEIG B IR A 20 B 9/ 1), (H5 R R BUZ SR IR VE PR, 2@ BRI R EUR. Ed
A HSXRA OCT S8 LRI, LA AR )5, HLDCEWI BRI RAG RART . 8 i R 15
P2 328 38 RO VA TR T e B JAE S 30 245 ) 336305 5 T P RRRE R AR IR, TR %482 #6 mT LA n 2H 2R 4 i
AR o

1 AU P T 5 AR ) OB RT DA TN 25 W AN i b 205 IO B REL30], SRS AR BN, BAd I T
fHt: 1) § ik ERIIHEN S (B0, BIAVTIR), 2) SN2 S rshee il 2598 Bk, 3) (2ikzy
YIRS, AT 4) B ssia T X MR . XA AR AT B T 2450 1 o i A BRURYTHL IR R R
B4 i RIS -

S ORI, G R A A SR B R, T AR 2 SR G B . E e, XM R
A AR R R T R AR R E R AR AR . SRR I M e A AR R
f A8 BT AR R IR A5 R R SRR . LK, AR H AN, ARSI IR BRI AR i S A AR
MU AE SCHR o 3K LWL RS v 388 3 2L R0 25 ) A J5 v BRI IR 95« 50 00 R 1 e L LAz P
fr[31]. SURMEI A M[28]15%, IS IndnfizE I SIS 7% 3 VE B R A B . X SR A —
S 5 m B A B RS AR AL . RTTT, P SRAEAS DRI AL S AR R I, AT R 4 A — et R AR D, (H A
S BRI A R LS 25 7 THEANA G, BUOSERZHUBOLT, fERREUbE, K72 B 3R
FrE (14 6(b))-
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Figure 6. (a) Ultrasound instrument diagram; (b) Non inertial cavitation occurring within the stratum corneum
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