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Abstract

Photothermal therapy refers to the use of heating from electromagnetic radiation to treat
various medical conditions, including cancer. For example, researchers have been using targeting
gold nanoparticles to specific tumor sites as a therapeutic agent with the application of near infrared
laser irradiation to induce heating and concomitant tumor cell necrosis. Comparing to other
technologies, photothermal therapy can be highly effective with low side effects. It becomes clear
that the quantity of gold nanoparticles that can be delivered and accumulated in the tumor is a key
factor determining the therapeutic efficacy as well as an important research subject. One of the
common approaches to enhancing delivery of the therapeutic agent is to employ micro bubbles as a
carrier. Nonetheless, these microbubbles are generally not stable. Therefore, the hypothesis of this
study is that by using nanodroplets as the carrier, the stability can be improved and thus the delivery
can be enhanced. Moreover, we further hypothesize that by combining laser and
ultrasound, liquid-to-gas phase change can be effectively induced and the subsequent bubble
destruction can improve the cavitational effects and thus the delivery of therapeutic agent. To test
these hypotheses, in vitro and in vivo experiments were conducted in this study. First, the in house
therapeutic agents were characterized. Second, the inertial cavitation does was measured under
various conditions to quantitatively represent the amount of the cavitational effects. Third, the
delivery efficiency of gold nanoparticles between microbubbles and nanodroplets was compared.
Finally, cell toxicity tests and animal experiments were conducted to evaluate photothermal
therapeutic effects. Results show that the combination of laser with ultrasound provides stronger
cavitational effects and synergistic treatment efficacy. Specifically, the destruction ratio of gold
nanodroplets using both laser and ultrasound is approximately 45% and the optical density value

representing the amount of gold delivered into the cells is 0.027, both are higher than those from
v



gold microbubbles. Furthermore, the cell viability under both laser and ultrasound is 42%, which is
also the lowest among all the treatment strategies that were included in this study. It is concluded
that the use of gold nanodroplets and the combination of laser and ultrasound does have the
potential to be an effective technology for plasmonic phothermal therapy.

Key words: photothermal therapy, gold nanodroplets, laser and ultrasound
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SFPLEE R o R E - fEw A F 4 ha B oo I PR 7 A Flis R [38] - #

PR R BRI [30] 0 T LB R AN B R R I e o
TERPF TN B R REAT AP ERIFH R ISR Tk [40] 0 &
# % Yk E (doxorubicin) @ s F ¢ 0 B RIFRPIEEBRERL S AR R AT IRF A
iﬁ%ﬁ@’&%%%#gﬁﬁﬁ | P SR TN 0 Y T LR e
o 56%:hv 2 F oo A AT I N IR A EFEFE RGO T T A
4 sk % 4 2% i (photo acoustic cavitation)[41] = % & StRR S 2 o £k P E L% F
AR B e BHERELNBELE MG eAH PR RFL RERE
& © 2006 & Murray n@ Fga m[42] > 1 T ot i K EpF AL e B

Edgd BT UEE L S R BA S -



4B R T T MR AT A B T MRS R R 2 g
RFAAHTFERIARLE cFIL AT RETH  -RFAE 2N ERF R
HESTT N 52 NPT PR P E P E S T

Sk B SR ek (P e

14 Py &2 %

BGA R bRkt MBI B RING T2 B ISRRT hiEE[43] 2R}
A ey B A F £ il ong > b EF e R LR
Hr 20, FPR AP E R 2 L ARFP R FieemRRsRg =R 22
iﬁg%%@%ﬁﬁ%oﬁﬁiﬂipﬁ4@ﬁﬁaﬁﬁﬁ%%kﬁﬁéﬁéﬁ
BRI TN AR RBTF CLSEA ARFAF LR e
WL AR R PR LS S R

j\ﬁﬂi"’ﬁ B OBLIEZE % - BLE T '&T#M’i&q BT U Z K & 75

—i“vr

vt 2 RARERR o 5 F - BAZ N ERIFT RS DR g oy

o

2} ;J}F]»h[42]~‘&§,1-;_}1 REAERTF 2N &R F T UFF L § B T
PR EERY DA ERFY CFEARAE IR ERFLFEAF TG

FURNRG o § 2 A RRFRTHRIE L EF 0 AR AR

~

B ERALERFPDRIERFIOREF LA ERFFEAER
FA ST AL A R B ”*%giﬁ”%é<%ﬁ7%i@ﬁ%
L F AL > PR A PR AT M AR AT P (BB)T L FF A A
ERFELEMRBERE > aAZF A | TAF RBBTE KRN ERFF
R e ¥ eh s B4 § A7 5 dn Baom 25 F ePfE R 330§ i > T AR o Ak
FEGRF RS g RN A 2 ERFFF PR T AR

r"q‘:ﬁ"Lm?‘ Y pamRsl e ?Z- IRERUREN et | I G LR A
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Sihz ol Ak o B RBISFTE o

Main processing Assisted

Laser

Vaporization

Ultrasound

Assisted

Main processing

B 5: ;sg,.l-,.,tz,i&q % 4B o 3 5 Qalé\sﬁ nb*x)j‘%#g‘f RABITR iaq/ﬁ» I
Sl RATLH ES F o

AR~ TR A A

F_k

R e AR B AcT (B 6) F ARBE A & nF
AT E o FREEIE AT TR BT R R R R
Bk FTHEGTHEHARFA AT S NHIF ERF R UERRE S DL
BomR GRS AT AR AN AR L AT RE RN &R

FEZAEF L RIEr 3N THhE AL IR kBELE TR L &LT R

WK 2 B Y RSB Tme R PRIFEE ] B PR RN D E AR R T
;IS
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At BAR C BERBVERMR

Bk THERBORBHE  ERC TRALSZkeRTF
RER EE R eRA

2R A RALE R e R
FERER

ERERBASKARLZ
Bk AR TFRBHKEER

HBIEHE R

Bl 6:F7% P2 s

L5 % %
AT B - B R R RGSR A D MRS o ] g L R
Gk B R R L BT R B RN R R SRR 2 k¢

TR ITEARR BFPIE 2K &R

‘ﬂ?
Sy
s
W
P
&
b
&
&
3
S
%
E
=
/
[N

F AR IOLE TR KRN RETR c R R ML T AR HREE o F
R EAHEFRARN TR AT E T IEY PR 3

adi® e
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FoR RmRHpaca

2.1 MY E
211 FHEHE in

A Al %% p @Weh3 K &% F (gold nanodroplets, AUND) i 5 § 22 %
ol gt A o BT (R 7)F R ARACT DK 20% 0 A SE i Bed
(Octapharma AG, Lachen, Switzerland) £2 ¥ jc*## & % 808nm 1% #F £ % (gold
nanorod, AUNR)Z 1: 3 cfiff it bl e r 2ml s g P R E > 3BT F i 2
JPETH AESSAER L -E K £-0 Fo R ERY 1110 oA G| R
fb=7% (phosphate buffered saline, PBS) ~ = =X -k (ddH,O) ¢ 4 572 & -k ;8 & % ~ 50ml
oo g d o arkip i o~ CoFpp f BeykRT™ * Az § k45 Btk (Branson, Danbury,
USA)Z T 1~ X4 fsd Wl # = & bt & 323t 4°Crk 48 ¢ /4 4% (condensation) »

FEBB I EREENTYES Tz EERF

ETETpY
E—"’/ i! =
i
|

B7:0W524 aRF Rl 8 - CoFoR MCBFiLEr » GBFAKBF
BB AM® 2 PBEs § 9 o Arkis P i~ CoFpp f WA T o % g3 B B RAEF 4
HEFS YT X
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CoFp e Wi ¥ BT @85 29 C > 57 8 B AR = 5 10 FJut @ # ghif
FLE Ao E o B-CoFp i MK FLY &) r > % B R~ PB4 L R A

B it 0§ CoFp iR MG S0C A KR ¢ P § 1 > 4eopt i a0 - i e CsFpp

A4 &R UIER S RFEFEF R G R T gh B LR
B AR R TR LR Y AR R RS

F g e Gk E kAR S o

212 F VI 4 18 il

—

F i b AL F R T KR RER G S 0 4

>, N

SR R ET)A8LE 5UPR Laplace pressure 0 R B R 5 F ¢ o K TR

&S
<ol

a\
Srs

=l

E BRI R LR EEI (RS LAY SRR B RBER - IS B

Bl
P

N
NN
s
Ak

[ad

[¢

2y 2
|

o

M8: L Waf e R TE 1P BRRABBER - BBEFRRFF R o P
e S R R T R S LI
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2.1.3 B & 3F R

B RARBRERT LR R RIS PR E ERF R TG AP
SRR 1I§Jmp:\ g o Flgt I Fres 8 4 %[ 2 600 ~ 900 ~ 1200 % 1500rpm = fd % e 4
WA 3448 0 BOEIURS B2 RES AR RSP 1 ImlddHO w R R AR e
RO Z A4 BEF - BRBUK A 1 ImlddH,0 w3 0 B 5 * Coulter
MultiSizer 111 (Beckman-Coulter, Hamburg, Germany):® & f i<k & % it ; @ &5

GRA > i 8 E 41 * Coulter MultiSizer 1 gL 3 ik & % 1

2.1.4 2B B % iR

2K gRF el LS AP %R EEE T2 K £ # /2 (nanogold microbubble,

4y

AUMB)H iF42 5 » 2 7 FE T Z F &3 F AR BIRFY o FRLAIF F e a o

ROFBRERIER AR M RRR A RS e Rk o Rk &

e F 2 1500 rpm dtes = A48 0 4R F Bk 4 4 500Ul e ok w0 2 f,;» AR

s Rhai A ERF > REJ TP RFFT MBI HBIEELI N ERF ~RFE K

AR A R dEF 3 300nm o] e MR A (5 e0F oF £RFRIFR

K £ TR E AR AT B TR RPIRIRRDR R ETR IS
,}

2 gg‘g
2, o
i

4»*

e g

ey

Fez ok gk F 2B

22 F B XBIETR %
221 FHREFE AR

Gl RECRT R LT ORY EFo R R gD T RECHIE
FiE A R F FORE AR AR Rk o PRI TEAELT A D

3 WR AL it &) (Plastic Hardener, M-F Manufacturing Co., Inc.)f= % %} # it & (Plastic
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Softner, M-F Manufacturing Co., Inc.)¥53 8 & » B F ¥ 8 & 3|4 #4 F 12 300
CHBINEFEPRLE LY > FFALFRALTRITR L -

?.%’,iﬁﬁi FRA-TERO. F48¢ £ 3 - B2 LK 4mmo FAE 5 20mm - £
5 250Ul ] o * koEHLE R A 22 5 IMHZ gz R BB E 3 (V302
Panametrics-NDT, Waltham, MA, USA) » # R & #FliaE - F ¥ & o FHT 3 L4
3 A dRdcdEEE > B4 % 5 10MHz (V312, Panametrics-NDT, Waltham, MA, USA) &
TR R FRlT DI SRR A | AU EL 0 Tt A FREE R U 00 R AP T R KA
Feo ¥R EH pun: b3 Gk 808nm il FF S ke B A H I g
Bl AR EFRAPR -

A H AR E R P T AP i 4y 3+ (digital-to-analog converter,
CompuGen 1100, GaGe Applied Technologies, Lachine, QC, Canada) > + %ﬁr} g1}
(LabVIEWS.1, National Instruments, Austin, TX, USA)4#] 2 42 5 & ¢ S HE & ~ "% fir
Bk~ T R OREFE AFAE S o A B ﬁ%l i KE F s F
( RF power amplifier, 250A250A, Amplifier Research, Souderton, Pennsylvania, USA )
Tk o R F BRE IMHz SR EE W SR o AR ELEE AL Y 10MHZz R 8 0 SUELAR
Eforts 0 58 % 22+ B (Pulser/Receiver 5072PR, Panametrics-NDT, Waltham,

MA, USA) 2z =+ » & s d apt fici= g4+ (analog-to-digital converter, CompuScope
12100, GaGe Applied Technologies, Lachine, QC, Canada ) &4z 32 > ¥ 4] * Matlab

( Mathworks, Natick, MA, USA):+ 5 ) &b sz i & £ 58 & o
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(a)

g CW Laser head
o «
Amp C
US Tr Sample

Plastic Phantom

US| Transducer
10MHz

Pulser

PC
A/D converter
D/A converter

(b)

TR F R RAR T R EHEE TR o @F" DIAF IR AN S HaR G i

BhAE AR AL b Er > RHEEY 2 gz dAnk o

¥ &7 B-mode ¥ BT HM > g3 T O IR TIFER S F Y AL AIFE

(10L and LOGIQ 500, GE Medical Systems, Milwaukee, Wisconsin, USA ) & /& 8°
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GBS ERFeF CEEHRG o

222 F v a2 48 & iR
2.2.2.1 B-mode ¥ B2

%ﬁd AZF Ak B-mode 2T MEARBREZ N AR AT R ART AR T Wy
ARG AT g LR o BRI EE LMY B F o B AR AT HT
5 A4E o RITH A PEH??%%‘E’ BrAZR AR BZL R Aot T E
BREPIFIZ A ERFOF VRG> R BB G EETTE 0 AT

AR R A o

2.2.2.2 FIT R 2E

F1#* MultiSizer 2 2R & 2 F 2% F 23 W oALF A Z TS AT W
B e R AR FEGH AT R Ty PG LR c ABRZ K ERFRIR
2 900rpm e 3 A 4a 0 T B~k g0 02 Aml ddH0 v o ;gﬁb &% Jk T < 3t lum
E K ERIFRFRHRoRF R MultiSizer I € A 5% & 3 X &)
B RgF TR GHEEEALRAITY Z 248 &1 MultiSizer £ =t B £

PUCER R TR A K ARFRTIF AL Tk R L o

2.2.3 RABIT 2 HF 2 W B
2.2.3.1 B-mode ¥ 2 i

B-mode B/ 57 11 F BB E K AR F LT A T HE TG R (v

NY
\-H?

Tk o KRR FRAT G REEAL - RFREFMY T A

REPAZF A TEHEGHFPRFATY 08 FRBED AR RFFRE
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A

P kiR T RARERILTEL o Ra

A LR SVt Y S SER T 229 R A CRE ol

2.2.3.2 #IEER P TE

F1* MultiSizer & iR € 2 3+ & TR SR R ST
ek R R PR R AT R o 5K &% F 11 900rpm Hre 3 44
Btk w s o Iml ddH 0 0 & E AT 3E T 4 3t lum en3 o £RIFE R %

Yot TR R E B ORI R T Y(T00nm) i@ & R A e ek P IR R R TR T YR

s

ki s R L B EE RS

: B 5 R B
PiE- AR LR RARA BT R A
2233 TE RETBHE L 72

e

R R Mg ok e

s - HAPEE S TP AR
& 2 i £ (Inertial cavitation dose, ICD) -

R
TRER AT

FI* - SEIFECF AR AMBLE 3 E R RHE

\’qv
6& i

1 Tfh
% SHETHA o LA BBADRMETIE T - 0 AT I

P o iR

R e AR K FEE A BT AT A B 5 d

/')"]

BBt 3o F
{HFEE S » AT T EJI R F TR e 7R R

R A Al B A ehpE Y 2

L¥ e (R 10) 0 § o RIELAPFE A2 - BRI
(spike)(® 10-a)

W e 2 EEET E R - B AL(R 10-b) 0 v g
F B IR P 13U 3RS ] i i@ B 3243 (Root Mean Square, RMS) >
£ xR E R(R 10-c) > BB o~ (R 10-d)T v B3 - EFFR R s
< J&s ) £ (Inertail cavitation dose, ICD) » #-pt #icig jH--k A 4p F F 2R T 0 ICD
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AR

7 3 differential ICD(dICD)> ~#7 3 # * M #icE

FFT

A\ 4

Amplitude

time

Integration
‘+——

ICD value

o}

without ICD  with ICD

-
£

B 10
ERH#T @5 T
P e AR A T

v EE

| ICD

kR 8% FAE

-~

22331 %R

BB EAER LD - f A

N

7
~

T &k

;ﬁ\d DB e m@] 1

FRBTEAE L b B

Magnitude

b Calculation range
<
|

RMS amplitude

RBTBEREETLE @ R
(C)B" E‘*ﬁﬁ'—’;% Baas i

R T T
PRz &
TR MR M RS R

ETRHR BEET

xR E Ak
a1 [44]F B R R R

P A 2w 06, 14,312 51 MPa ch g

19

frequency

— — ———— —

| RMS calculation

ICD area with cavitation

LWJD area without cavitation

ol e Ap s P AR (h)giEE =
o T AP PR GAR] o (d)B 354

=S

Rl r

22 OF £iRF
it Rv"’kaﬁ'i%' VAN R Rt
» I F

3 mRE R /J fp—;

e

R RS 3 =
P X 2B 2Tl eh5e B 4
Ra o RRIT S
MR Tg > HP g3 AP S HE S

i
7 %

J\

\\\Xr

HA i

ETIAS



1.023MHz i 5 3 545 B 5 2.6W » 423 ik 9% e d 448 % 5 100HZ >

22332 % siv#k

f17 LabVIEW 3 #5543 ok 3 Sk OB % < el chag 2 % 10 o 4 bk die L
FERB R NE & Sl — 0 ¥ AR E R AR R B4 AR5 [45] 0 &
sk ul® 5 10, 15, 2 20 BE M HGTR R BB AR LR o oH T PR

B 5 3.1MPa # w4 % 1.023MHz > % e d 448 & 5 100Hz > i 5 3 5435 & 2.6W o

22333 §HRAE

ARl T SR G 808nm s - ek h LR T oS 2 B

PR AT IR RAF[46] 0 FlE 4 808NM i (7 Bed B R AT T e PRIE (T

ity o B2 P FRARF AR T ML B T K 8T ¢ H 4 R B

e A7) TR AP RE O RRF T AT FERORE > F LRI A
Y £y

T 945 % 20,16,26 fr 3TW T IR H R4 e H R o TR v HER

B 5 31MPa> ¢ w#f 5 1.023MHz » % i d 448 & 5 100Hz » 4 54 1% # 20 o

22334 e BIER

WA YR AR R AR R TRARR 0 B RERAE - T4
Bots Ry fsin B € BA4eT 5 [48] - A F % 10°-2.5%10° - 5%10° 2 10% 4/ 2
rRERBEZNARFATHE PRI AT AR RARCLE TR
% BB L 31MPa > ¢ wHE S 1.023MHz > "% BRE AFAE S 5 100HZ » % St
20 -
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23 % F T Bk P %
2.3.1 ¥R

FI* B2 @ E DR 12um B end F £iRiF 2 B A B e X%
FRBERAPT - 2 A & F e lAEERFE 0 LB A F e R S CoFg
P RFPEEL 2,4 B4Rz X A% F Y 900rpm des 3 448 > B A% 1830
g Tk o £ % Iml e ddH0 w3 0 EF 2 900rpm Fres 3 A4 0 R 4% Y
FTovEo R Iml erddH0 w03 FF BRSSO § 5 Leum hz F 2R GF o

256 & F e BIALT 900rpm s 3 4480 F T F IR & (cake) I 4e » Iml s ddH,0

wA o FFL Y 900rpm Hres 3 A48 0 - B IV A T4 » Iml (o ddH0
B0 TE AL A 5 LBum A & FoE o R RIS REFRK

BT e RE R A @W’?ﬁmddeo 1Ef‘rﬁrf$ » AT RTER Z L ARIT D

NI
RNES
\4%7

B e ok it e S(W 11) -

Differential Mumber

75007103 -
7000*10°
650010°
8000*10° -
55004107 -
5000°10° _:..J._ -

4500'103--‘--‘.‘.._ L |
4000*10°
35007107
300010 <

Mumber ( per mL}

2500*10° - -

2000°10° -

150010°

1000%10° -

50010°
0

Particle Diamater {(pm)
M1l 24 &F @34 RFLRLRRATE 1" oz 2 702 6
MR R AT E K ARFE Bk AR e F R S e

232§$#ﬁaw

ARkt AGUR Y R SR DI 2 B kR 0 B R

PRI ELE & F KRR A MR FAZF AW RH WMDY ITD F 40T
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Pl F RS ok 2% E R AR B A A IR SISt
BFEPREFEAEY » BRAIPEL 2HRTRTERTEUGETT 224 o
B E (R 12)c DY £ F - BT 2ml o ¥ ar) ok ol F
FREL 2R BT ERIGERC P R IMHZ MR B I P R0 R
Bt § S RTT BRI E A 0 ATF LB SR ARd 221 SacitAp e o d R DAY

£

SRR ho® O R > T PR SN R Rt R R

B 120 gt %t iR s ’f?’ B3 MM HAGHY PR FP R =y
BEINFHL S o

2.3.3 BLE| L B3R 2

Hd o2 FREE PR P RRDENERFE AN EFE LR
= 4t

Coulter MultiSizer 111 ;p] & 2 F £ 7%

it
W
e
T
i
)
\UM\
é

SOl ER O BEFANR
PARIACTHE SRR IR T A FARFE SN A Fr RABE
=t & * MultiSizer ;p] & ¥+ &)k B & 1L ,;ﬁ PR A G X R - P s F
G oLF Ly o 2o 2 ENFRSS NER 2L A0S Foek o pELE
P P B B E SRV RPN DR N E T EE AR T AL T
A0 FIptiE- HfI* Rk EIFRZEER L
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ZXERFEEZAFEF D IERDERNITNG  BFHAAF L - TH
PR BARIAZHEEHINERIFE N EF TR o BT F 1D bt H
b gz 300nm =+ o) engk 33 4 g A (GF-75, Advantec, Japan)iE g 0 4 T3 K £
ko] X 40nm o @ R SE ERGFE AN & F e h ] K L7um o F]pt g s R A
fs fif‘u? M R P BN ARG IS H R RS BEF Y
MultilabelReader(PerkinElmer, Waltham, Massachusetts, USA)R| & /g% % 808nm ™
R EE TR ARITF T 2N EFEEZ L ERFDZA G T F KL

2o

2.4 k#ISH P %
2.4.1 ¥ * wm%e P B

2411 RHREHE AT

it § B LR Henmop > FINA P KEEE R

|k
1%
S
s
i)
A
=
?

B
LEAERFUME R EBF AL F R AR AR E A 4

R o BZoF £7%0F 1 1500rpm o 3 A 4B 4R F R IER S AR T AT B

+

TE R D)L IS lum hR oK £ F o B S EHEE 23.24pF o
fre A R R RIIBe g Y o AR~ TR TR AR L TEY RE

w3 EEF AR

2412 ‘mie it & 3 wmie it B 2 N

*F FEArid * cnwe §_BNLIMEATRL "Wgimoe o d 3 H 4 L g v % 4 312
o FER M A TR R o Bwie § ot mre g £ ag(flask)” B & 0 B A
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v

=+ 4~ = DMEM (Dulbecco's Modified Eagle's Mediumm GIBCO, Grand Island, NY,

USA) ~ 10%:5%s 2 i i (fetal bovine serum, GIBCO) £ 1%:n42 % (penicillin ) -
Bk AT LG B T e s L (5] B R R E e e B [49] 0 B F T
sor g 2mi e g9 > & B E PN 9T 1% 5w o
BT EE L F - BHE L 3mment 2 A4 5 (B 13) ) A 5 p L Th
> QBRI o FEIAF A F-BEARTEEYRRI P el F S
BAE e B A E R e il 'ﬁ M R ZEEE RIS N ez il r%
M o AFEHRBET LS AN FEF - I NFAL I R AN
PR o fmig 3t g 050 4eT
B endm e B p
Her i
104
Fli3 5 mre pr g v A0S BN E(trypan blue)% & - Flpt (B R 35E B P en

X 2

S LAY VICTEED)

B R R A B X d N E R oA 100 F At h g H

il

it WEIE A 5 e 0 F - AL NG E PR e KBTI

CRA
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1 mm

B 13: iiﬁélﬂz‘égé}ﬁi Bl 5 o BT ¥ g Pl B L O R AR RTER
3 NP ERI RREN D R L e BFF O NP e ER -

2413 ¥ * mre F %

ﬂd\
>
Srs

A d-lwie 2 BB E DY RS o G R eadpe g e + &
RFE e n BV RS E RS F e i E L P A - D 4 e (4 2):
FHle g3 pe - fse s TR BRI e 5w 10°% w8 2k 4
iF e mre cnfc g vt £ 1200 0 F ST Y L IR BCBAERLE - Bawme 4 4ol o
S F AR AN THITY oAz e 3AMPadg S L T Z A& F bt
A O26W il T BT = o 4so F BB EAAS s S 3AMPa sz A 2 2.6W

G T M T 2 A A SR BN E T e

1=
ik
[\

B BiEd o AR TR A G T RN R
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%2 wmre @B w2 v 3 N

R E S
m e G e N
D e = X 2 ea 3 X
rale fmP + AUND e m P2 i
A2 e w2+ AuND | #7423 w e AR Rk
B tn¥2 + AUND 75 & b P2 T8 &
T S e i 3 5 e P 3
fnPg + AuUND m e
AZq ke Z A2 2423t

242 | #

PR R

242.1 R SHEHE ns

* A% cnE BALB/C At v B & &) B R84 10° %8 BNL IME

ATRL ¥R me » hfi» = % L BT RRISKT & o

FORKEFAZTHYUREAARZE > FE I L 2 A5 & s (Rapid

prototyping system, EDEN350™, Objet Geometries, Rehovot, Israel) % i7
7* (% 14)
50 B % #p 2 ¥ 2

417

A FHEBROS P ERFRARELFRAPF LFRAETHE Y
o IMHz Az 3 A #FE B > > § S5

» fﬁwﬁi”ﬁiiTT PG %% ddHR0 Az A T Rl

N

1\\

TRt 2 h T ING Z B Y KA R O A R BT S Ow s kR

w2124k o

26



Bl 141425 A @ o LR o Flw A ARG ~ T A AT = FER

—;v rév o

2422 FHFARFABHIKHMP R R

FAT L BV AT PG I AL AR BT RF R
BOFALE SRR R o 10000 A A £ RF L T ILMeS N4
CEERE SRR EE EE ARSI SOEY EE SRR i L L T
I SRR o R AR Y S B IMHZ A Sk g 200 4

B B 3AMPa s @ T stensi B S 26W 0 (EF PR S 3 A48 o
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=% AEHE%

31 % # &R pHlies FiEe
311 #iFZ2 kR

F1* Zetasizer 2 Multisizer & B 2 K £iRiF kR 32 TR JT X ) o
Zetasizer B2 28 it 49 BRI PURAS-] Y Tum gt & > e 8N G 1 IR e E o B o
@ Multisizer &2 #% oo /2 ip) £ $1¢ A chlic g > @ £ 5] £ T FTE700nm o Fpt
EAFRHETFIERNZN ERFIRESIRR -

J&_Zetasiser e i vt 5| B ¥ A(®] 15)-700nm P e if < 5 8 2 386915% -

@ Multisizer ] 18 4 g5 B} e F B 4 R 2¥10° 85/ F 2 > F A o g kA A

g3 1005/ 2 o

1 0.764786 1781!

e e e e e e 7 T
l | Multisizer
| |
| |
Sbev| | | Bin DiamDiff.
: I (Lower) Number
opam_
L L 06 2037
L
| |
| |
| |
| |
| |
|

5 | |0.7743%  1568!
7l 10784045 1457,
A | 0793855 1302

|

|
e | |
100 1000 10000 ! |
Size (d.nm) : :

|
I
|
]
|
|
|
|
|
|
|
|
|
10755335 2041 |
|
|
]
|
I
|
I
|
I
|
|
|
|
|
|

Bl 150 2 oF &R sk BRI R B % o 2 8§ Zetasizer s 4 F B ¥ 2 F PS4 22 700nm
Hb B o 4R ¥ Multisizer gt % 8 il g fl.%? MAEERADE L ERIFER -
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FlrAZNgRFHERFHRZ - > FPr RS2 X ERFUEL TR

5

MR RA LT F PR Fr AR DR AR L T RS
PIF S AP B4 AW 16-8) 0 ok [k A0 § AR ok £ RF o 1Y
g E ey (TRE > - ] Rk R L 50um > Fp AR ) o Eehz of &
RF L HABUM oo d N R B R o FIRAREF T i F A o R F
FEERA P ERBYFER FEARAL AT 0CHET g IR F (R
16-b)H 2 /L) - A F PR F el AERAET R ROy 2y
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