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Effects of Ultrasound and Glycerol on Skin Optical Clearing
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Abstract The skin tissues, which dealt separately by low-frequency ultrasound, 80% glycerol and both of them,

were observed by optical coherence tomography (OCT). The 1-D OCT image of epidermis and under 0.012 mm of the

skin tissue surface were quantitative analysis by computer. The results of measurements showed that the low-

frequency ultrasound and 80% glycerol not only can change the depth of light penetration of the skin tissue in short-
time, but have synergistic effect on optical clearing of skin tissue in vitro.
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Fig.1 OCT images of fresh porcine skin which dealt by 80% and ultrasound at 0(a), 10 min(b),15 min(c),
30 min(d),60 min(e)and 90 min({)
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Fig. 2 OCT images of fresh porcine skin which were dealt by 80% and ultrasound at 0(a), 10 min(b),15 min(c),
30 min(d),60 min(e)and 90 min(f)
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Fig. 4 OCT images of fresh porcine skin which were dealt by 80% and ultrasound at 0(a), 10 min(b),

Fig. 5

15 min(c),30 min(d), 60 min(e) and 90 min(f)

poN
o o

Axial depth /mm
Do — =
=S o o™

Axial depth /mm
5 &

o
o

1.0 2.0 3.0 1.0 2.0 3.0 1.0 2.0 3.0
Lateral length /mm Lateral length /mm Lateral length /mm

2% 80 Yo H vl A0 B 75 I A 3 Y 4% Bz ZH R AE 0(a) , 10 min(b) , 15 min(ce) .30 min(d),
60 min(e) Fl 90min(D I %I OCT K%

15 min(c),30 min(d), 60 min(e) and 90 min(f)

3.0 160 T ® epidermis
g —_ L strastum corneum
5 5120 | .
< & A \W‘ dermis
o = "

20 & 5 80 f M
= F |
g g 40 t ‘ LK
g |:> L prickle cells I,

10 ot m"W/layer(epidermi%”ﬂ”“"k“\w'w

-0.2 0.2 0.6 1.0 1.4
Axial depth /mm

25 20 15 1.0 05
Axial depth /mm

5 (W) 2-D OCT EIE s (W AHXS LAY 1-D OCT fi5 5 &
(a)2-D OCT image obtained from the fresh pig:(b)1-D OCT signal corresponding to (a)



2508 h | 4 ot 36 &
A X
207 (a) control =20 (b) ultrasound
3 180} S 180t
8, &
T | 31— F
£ 10} & 140}
a 7]
= =
Q
8 10} =l
O T 15 30 e 90 60 : ' ' ' '
. ) 10 15 30 60 90
Time /min Time /min
220 k )
(¢) 80% glycerol 2204 (d) ultrasound+80% glycerol
-
5 180t .
s S 180t
3 g
=1 —
8 140} 3
kG 5 1401
n
3 3
100 3 100}
60 60

0 10 15 30 60 90
Time /min

0 10 15 30 60 9
Time /min

B 6 AS[RIALBEG3E H2 H2 F 0. 012 mm Ab7E 0,10 min, 15 min, 30 min, 60 min Al 90 min )5 7] & & OCT {5214

Fig. 6 OCT signal of porcine skin in the deepth of 0. 012 mm under skin surface with different treatment at 0,

10 min, 15 min, 30 min, 60 min and 90 min

Kl 7 2o AN [m] Ak 2R 5 25 5 ol 40 2 AE O,
10 min, 15 min, 30 min,60 min F1 90 min ) J5 8] &2
45 OCT {5511, K groupl.2,3.4 73 Bl £ R % H
X REZH AR 5 DAL PR L 80 Y6 H M AL B L AR S Uk
80 Y0 HimIL R Ab #ELH . M W] L& B, groupl 7E
HE K I A IR ] P 28 A AR 2D 5 group2 5 ] 6 (b) 9722
A — 2 78 0~15 min By T8 7 B A A4E A L 45 2
LR A B I ) T e AR S R b i 3 B 2 X 0 Y
HOH AR 5, 5 B B AR S Ry 055 . (22 7R 30 ~
90 minfifi & P45 15 88 P I 00 B ) i 20 208 18k
JEIR A% )2 1) OCT {5 5 o 48 18 K 52 )5 {H 5 7] i

85
‘*—»,,,,

Vot 77:7 v
s 751 ¥ .
3t ) —
'S 65t
20 L 3 ~
[} *
8 55 v gowpl .
© group 2

45 | —»— group 3 2 = *

L = group 4 =

Time /min

&7 ASTa) Ak 2 8 3% B R 4H e 2 4E 0,10 min, 15 min,
30 min,60 min F 90 min [¥)5 1] X OCT {Z5(H
Fig. 7 OCT signal of the prickle cell layer of epidermis
for porcine skin tissue dealt by different methods

at 0, 10 min, 15 min, 30 min, 60 min 1 90 min

group3 Al groupd BYAZ Lt 5 & 6 (c) F1(d) —%L,
Wi A S A o 1) B TR0 K el 80 %6 H i 1938 i il
7% OCT {5512 12 3k />, {0 j& group 3 1 groupd W
2 AR5 I 1] B A2 A 1 3 R R BN [ BT ) L&
IAE 0~30 min N group4 kb group3 2%k 3 & B
[fE 0~30 min N, %5 4 418 K B H H 80. 771 +
2.019 (a.w.) FFEH 45. 34541, 134 (a. u. ), M4
34 2 80. 516 £ 2. 013 (a. uw.) FWH
58.280£1. 457 (a. u.) ], fHZETE 60~ 90 min
group3 Lt groupd ZF AL # R [ FE 60 ~90 min N,
WA R BEME R 43. 830 £ 1.096 (a.u.) FRER
41.41241. 035 (a.u. ). MM 5H 3 4L & iy 54. 711+
1.368 (a.u. ) Ff&R 44.93041.123 (a. u. )],

4 % e

Mt OCT xf 25 [xf B4l . FUite i 7= e 4 . 1
Jiti i 80 %6 H il Ak B A DA K [R]85k 80 X6 H il A
I A TR AR 0 AT S W e B BA R R S
PEAFAS 23 (0 4 2017 ' 37 B P 0 o S T 2 0 55 4
BIJEAE 15 min F5 W] &, (HF] 90 min B L& & 5]
75 I A AT 00 s 24 R 80 26 H vl Ak B AT DA AR 4r
b A A U 37 B 5 R R 7 I R 80 26 H il
FAEE A AN 23 45 5l P8 75 J it BHL LR 20 2L 0
75 WP L AR B H: B Bt T 80 V6 T il B A 20 2L O



10 4] PhosisSE . RS PRI TY =R B R A W A 5 2509

75 WP ) A AR SR R A, ELEL A AR A e ) B AR
FH o PR v B AR A3 75 35 R A2 35 0 80 D6 H il X
AW PE B A R RO VR . R B &3 S,
Mitragotri 58 % A B & K jk 76 #2 52 A% 5 8 75
(20 kHz, 125 mW/cm?®, 100 ms/s) &b 3 A 7] B+ 1]
G5 L R AT 7 I N 2 BB R R R T R 1 K B
) s . R I E B 20 3% L 5 ) A R 3 R 80 Vo
THAE S G % 38 B 4 433 WA Pk 1 [m] st LA 2 4
PERPLE G FHORER 2 A H 0 g $e it 17 ]
et .

& & X #t

1 C. Dunsby, P. French. Techniques for depth-resolved imaging
through turbid media including coherence-gated imaging[J]. J.
Phys. D:Appl. Phys., 2003, 36(14) . 207~227

2 Shusen Xie, Hui Li, Buhong Li. Measurement of optical
penetration depth and refractive index of human tissue[J]. Chin.
Opt. Lett., 2003, 1(1): 44~46

3 A. N. Bashkatov, E. A. Genina,V. 1. Kochubey et al.. Effects
of scattering particles concentration on light propagation through
turbid media[ C]. SPIE, 2000, 3917. 256~263

4 Deng Yong, Luo Qingming, Lu Qiang. Characteristic of diffuse
backward single-scattering mueller matrices in turbid medial[ J].
Acta Optica Sinica, 2006, 26(3): 419~424
OB, IS, B MR TR MBS 1) 5 R I O oK B A
AR ], 5 4R, 2006, 26(3): 419~424

5 Wang Cheng, Fan Jin, Ren Qiushi. Visible light reflectance
spectrum for measurement of cancerous tissue[ J]. Spectroscopy
and Spectral Analysis, 2008, 28(1) . 33~36
oo 8 B, ARRKSE. AR AN WO R SRS R LT ], R
%55 k4, 2008, 28(1): 33~36

6 D. G. Kassan, A. M. Lynch, M. J. Stiller. Physical
enhancement of dermatologic drug delivery: Iontophoresis and
phonophoresis [ J ]. J. American Academy of Dermatology .
1996, 34(4) . 657~666

7 V. V. Tuchin, I. L. Maksimova, D. A. Zimnykov et al.. Light
propagation in tissues with controlled optical properties[J]. J.
Biomed. Opt., 1997, 2(4). 401~407

8 Y. H. He, R. Wang. Dynamic optical clearing effect of tissue
impregnated with hyperosmotic agents and studied with optical
coherence tomography [ J]. J. Biomed. Opt., 2004, 9 (1):
200~206

9 A. K. Bui, R. A. Mcclure, J. Chang et al.. Revistiting optical
clearing with dimethyl sulfoxide [J]. Lasers in Surgery and
Medicine, 2009, 41(2) . 142~148

10 J. Y. Jiang, M. Boese, P. Turneret al.. Penetration kinetics of
dimethyl sulphoxide and glycerol in dynamic optical clearing of

porcine skin tissue in vitro studied by Fourier transform infrared

spectroscopic imaging [ J]. J. Biomed. Opt. ., 2008, 13 (2).
021105-1-7

11 D Zhu, J. Zhang, H. Cui e al.. Short-term and long-term
effects of optical clearing agents on blood vessels in chick
chorioallantoic membrane[J]. J. Biomed. Opt., 2008, 13(2):
021106-1-8

12 X. Q. Xu., Q. H. Zhu. Feasibility of sonophoretic delivery for
effective skin optical clearing [J]. IEEE Trans. on Biomed.
Eng. . 2008, 55(4). 1432~1437

13 C. Y. Huang., B. Liu, M. E. Brezinski. Ultrasound-enhanced
optical coherence tomography: improved penetration and
resolution[J]. J. Opt. Soc. Am. A, 2008, 25(4); 938~946

14 S. Mitragotri, J. Kost. Low-frequency sonophoresis: A review
[J]. Advanced Drug Delivery Reviews, 2004, 56(5): 589~601

15 A. Tezel, A. Sens, S. Mitragotri. A theoretical analysis of low-
frequency sonophoresis: Dependence of transdermal transport
pathways on frequency and energy density[ J]. Pharmaceutical
Research, 2002, 19(12) . 1841~1846

16 S. Mitragotri, D. Blankschtein, R. Langer. Transdermal drug
delivery using low-frequency sonophoresis [ J]. Pharmaceutical
Research, 1996, 13(3): 411~420

17 M. Ogura, S. Pahwal, S.
sonophoresis; Current status and future prospects[ ] ]. Adwvanced
Drug Delivery Reviews, 2008, 60(10) . 1218~1223

18 O. Vargas, E. K. Chan, J. K. Bartone al.. Use of an agent to

Mitragotri.  Low-frequency

reduce scattering in skin[J]. Lasers in Surgery and Medicine.
1999, 24(2). 133~141

19 Cen Jian, Zhu Dan, Luo Qingming e al.. Monitoring osmotical
agents induced the change in optical properties of mouse skin [J].
Acta Optica Sinica, 2004, 24(6) . 873~876
LR PR IRIER L BB BRRE IR O A R
RSB MMOI]. K FR. 2004, 24(6): 873~876

20 Zhong Huiqging, Guo Zhouyi, Zeng Changchun et al.. The optical
coherence tomography imaging research on the acetic acid gastric
ulcer in rats[J]. Acta Laser Biology Sinica, 2007, 6 (06):
727~1730
BhUE . SR R SF. KRS RRIE S B B R a2 A T
JEHT G IEL)]. ok A M 4R, 2007, 6(06): 727~730

21 H. X. Dong, Z. Y. Guo, C. C. Zeng e al.. Quantitative
analysis on tongue inspection in traditional chinese medicine using
optical coherence tomography[J]. J. Biomed. Opt., 2008, 13
(1) 011004

22 L. Machet, A. Boucaud. Phonophoresis: efficiency, mechanisms
and skin tolerance [ J]. International J. Pharmaceutics, 2002,
243(1-2): 1~15

23 K. Ruikang, Y. H. Wang. A. V. He. Effect of dehydration on
optical clearing and OCT imaging contrast after impregnation of
biological tissue with biochemical agents [ C]. SPIE. 2004,
5316. 119~127

24 Xu Xiangqun, Wu Liu. Dependence of optical clearing effect on
tissue structure[]J]. Chinese J. Lasers, 2006, 33(7): 998~1002
e, RO RRZHAEDAL B HERKEIT] +8
Bk, 2006, 33(7): 998~1002



