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Fig. 3. The effect of HLB of oil-soluble PEG-PLA (5.3 wt.%) on the diameter of PEG-PLA
nanoparticles; open key: in the absence of PEG4~PLA,, closed key: in the presence of
PEG4-PLA; (0.1 wt.%).

soluble PEG-PLA and PEG4~PLA, competitively adsorb onto the oil-water
interface. The capability of PEG,~PLA, was more excellent than that of oil-
soluble PEG-PLA due to large mobility of PEG4~PLA; which has low
molecular weight.

4. Conclusions

In summary, PEG-PLA nanoparticles were prepared with oil-
soluble PEG-PLA through oil-in-water emulsion solvent diffusion
method in the presence of water-soluble PEG-PLA as a surfactant, The
nanoparticles with a size range of 75-360 nm were obtained by

971

altering the water-soluble PEG-PLA concentration. In addition, the
particles diameter decreased with increasing HLB of oil-soluble PEG-
PLA in the absence of water-soluble PEG-PLA, whereas the particle
diameter was constant in the presence of water-soluble PEG-PLA.
Therefore, it was found that the oil-soluble PEG-PLA also acted as a
surfactant and that water-soluble PEG-PLA showed more excellent
capability for a surface-active reagent than oil-soluble one and
facilitated the formation of PEG-PLA nanoparticles less than 100 nm
in diameter. Consequently, this preparation technique would provide
a wide range of applications such as drug delivery system.
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An emulsion generating microchannel device oscillated by 2.25MHz ultrasonic vibrator
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In this study, an emulsion generating device by an ultrasonic vibration and a microchannel has been used to obtain emulsions,

The process to generate emulsion consists of Y-type microchannel and ultrasonic device. Once micro meter size emulsions were

generated by Y-type microchannel, after that, micro emulsions are sonicated by the ultrasonic vibration and the microchannel to

obtain emulsions. Though the diameter of emulsions was 30pum by using Y-type microchannel, sonicated emulsions’ diameter

was about 200nm. In addition, as the applied voltage increased, sonicated emulsions became smaller and distribution became

sharper.

Keywords : emulsion, sonication, ultrasonic vibration, microchannel, emulsification

1. Introduction

An emulsification is an important technique and used in
many fields such as cosmetics, food production and medical
science. Especially, monodisperse emulsion is very useful
because it imprdves the quality and stabilities of products and
facilitates the control of properties 1).

A lot of emulsification techniques have been studied 2). For
example, a high pressure homogenization 3, 4), a membrane
emulsification 5, 6), a microchannel emulsification 7, 8) and a
PIT (Phase Inversion Temperature) method 9, 10).

Some devices used an ultrasonic vibration to generate
emulsions 11-15). These devices use a cavitation effect to
generate emulsions. The cavitation effect is occurred when a
liquid is irradiated by ultrasonic, the pressure amplitude of the
applied sound source reaches a certain minimum threshold and
some micro bubbles in the water are collapsed 13, 14). The
formation of cavitaion is growth and subsequent collapse of
microbubbles caused by the pressure fluctuations of the
acoustic wave 11), Cavitational collapse generates intense local
heating, high pressure and liquid jet stream 13)., By these
functions, emulsions are generated.

From some references, ultrasonic emulsification has certain
trends 11-15),

As the irradiation power increases, the dispersed phase

droplet size decreases.

As the residence time increases, the dispersed phase droplet

size decreases

As the concentration of the dispersed phase increases, the

require irradiation power increases to reduce the dispersed

phase droplet size.
In fact, the irradiation power, the residence time and the
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concentration of the dispersed phase influence the dispersed
phase droplet size and the quality (stability) of emulsion,

A simple way to generate emulsions by ultrasonic is by
immersion of a transducer horn into the solution and using
cavitation. However, as this driving frequency is around 20
kHz, noise is made loudly. Furthermore, as this process is
batch process, contamination of the emulsions can’t be
avoided. In addition, entire devices become large because
transducer horn is large.

We have studied generation of emulsions by a torsional
Langevin-type transducer and a micropore plate 16). However,
it is difficult to generate ‘nano size emulsions because
emulsions’ diameter is depend on micropore diameter.

The aim of this study is to fabricate an emulsion generating
device using an ultrasonic vibration and a microchannel. By
integrating the ultrasonic device and the microchannel, the
small device and a flow process will be realized. In addition,
contamination of the emulsions can be avoided.

2.  Structure and material

2.1  Emulsion generating system

The process to generate emulsion consists of Y-type
microchannel and ultrasonic device. Schema of the emulsion
generating system is shown in Fig. 1. Once oil and water are
supplied by syringe pumps to Y-type microchannel, micro
emulsions are generated because of the fluid shear fore caused
by two flow rate difference 9). After that, micro emulsions are
sonicated by an ultrasonic vibration and a microchannel to
obtain emulsions.

By using this method, the flow process can be conducted
and contamination of the emulsions can be avoided.
Furthermore, as it is possible to integrate the Y-type



microchannel and ultrasonic device, small emulsification
device can be fabricated.

Figure 2 shows the photographs of the Y-type microchannel.
The Y-type microchannel is four-layer structure and consists of
two stainless steel block, a thin Y-microchannel and a glass
substrate. The thin Y-microchannel is sandwiched in between
the stainless steel and the glass substrate. The Y-type
microchannel is made of stainiess steel. Figure 3 indicates the
each microchannel width of the Y-type microchannel. The
water phase, the oil phase and the emulsion phase
104pm and 137um,
respectively. The Y-type microchannel is 35 mm long, 60 mm

microchannel width are 141um,

wide and 21 mm thick.

41 Water phase
Syringe pump

Ultrasonic ~ Y-type
device microchannel

Fig. 1 Schema of the emulsion generating system

Fig. 2 Photographs of the Y-type microchannel

A
Emulsion phase = Channel width(pm)
- a 141
b 104
c 137

Fig. 3 Y-type microchannel’s width

Vibrating plate
Piezoelectric /

element

: Inlet

’
Outlet  Microchannel plate

Fig. 4 Schematic view of ultrasonic device '

The ultrasonic device consists of two plates. One is
microchannel plate and the other is vibrating plate on which a
piezoelectric element is bonded. The lead zirconate titanate
(PZT) is used as piezoelectric element (Fuji Ceramics Co.,
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Japan). These plates are made of stainless steel. These plates
are clamped when they are used. Figure 4 shows schematic
view of the ultrasonic device.

The corss-sectional view and the top view of the
microchannel are indicated in Fig. 5. The microchannel is
0.71lmm wide and 0.35mm deep. Total length of the
microchannel is 24 times of the top view in Fig. 4. The
centerline of the microchannel is 1630.6mm and the volume of
the microchannel is 342.4mm°. The plate is 50mm long, 80mm
wide and 5mm thick. The piezoelectric element is 20mm long,
60mm wide and Smm thick. Photographs of the fabricated
ultrasonic device are shown in Fig. 6.

2.2 Materials

Table I shows the materials used for generating emulsion in
this study. The materials used were aqueous glycerol solution
as water phase, tricaproin, tricaprylin, Tween 80 and egg yolk
lecithin as oil phase 17). Tween 80 and egg yolk lecithin were
used as a surfactant. These surfactants change the interfacial
tension and make it easy to generate emulsions.

Table ] Materials.
Water phase Aqueous glycerol solution
0il phase Tricaproin, Tricaprylin,

Tween 80,Egg yolk lecithin

RO.6
‘ 0.7‘11 ‘
s
RO.3 [mm]

Cross-sectional view  Top view

035

Fig. 5 Cross-sectional view (left) and top view (right) of
the microchanne

Fig. 6 Photographs of ultrasonic device: Microchannel plate
(left) Vibrating plate (left)

3. Experimental results

3.1 FEM analysis
To confirm the vibrational mode and the resonance
frequency of the vibrating plate, finite element method (FEM)



analysis was conducted by ANSYS. The analytical result is
shown in Fig .7. As shown in Fig. 7, thickness vibration was
generated and the resonance frequency was about 2.3MHz.

In addition, two-dimensional acoustic analysis was
conducted to obtain the pressure distribution. The acoustic
analytical result is shown in Fig. 8. Fig. 8 shows one of
microchannle’s acoustic analytical results of pressure
distribution. The ultrasonic irradiation direction was from
bottom to up in Fig. 8. From Fig. 8, pressure distribution was

corresponding to the half length of the acoustic wave.

s s WANSYS]|
Py P43
TR 2Rt ERIT
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Fig .7 A vibrational mode of the vibrating plate by FEM:
Frequency was about 2.3MHz

_ Ultrasonic

Fig .8 Pressure distribution in the microchannel in section by
FEM

3.2 Evaluation of device performance

The relationship between the applied voltage and current
was measured and the result is shown in Fig. 9. From the Fig.
9, the power consumption were 13.5, 31.2, 46.5W, when the
applied voltage were 50V, 80V, 100V, respectively.
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Fig. 9 Relationship between the applied voltage and electric
current and power

- jrradiation direction
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The vibrational amplitude was measured by using a laser
Doppler vibrometer. The vibrating plate was clamped at both
ends when the vibrational amplitude was measured. Figure 10
shows the schematic view of measurement area. The center of
the plate was x origin and y origin and dots in Fig. 10 were
measurement points. The vibrational amplitude was measured
from the center to side to side at Smm intervals to 20mm in x
direction and up and down at 5Smm intervals in y direction.

The relationship between the distance and the amplitude was
shown in Fig. 11. From this result, vibration had slight
variability on the sides of plate. This reason is considered that
piezoelectric element and vibrating plate were not boned
uniformly.- Therefore, there was a slight variability on the sides
of plate.

Plate

Piezoelectric element

+5 1
0 ——

5

i 1 X
-20 0 +20
Fig. 10 Schematic view of measurement area
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Fig. 11 Relationship between the distance and the amplitude

The temperature character of the ultrasonic device was
measured. The experimental condition was that the applied
voltage was 100V, and driving frequency was 2.25MHz. The
result was shown in Fig. 12. As shown in Fig, 12, the
temperature was in thermal equilibrium in 15 minutes. The
temperature was 90 degrees. This temperature increase caused
by the ultrasonic device driving didn’t effect generation of

emulsion greatly.



100

80 |

Temperature [degrees C]

0 10 20 30 40
Duration time [minute]

Fig. 12 Relationship between the duration time and the
temperature

3.3 Emulsion generation

Firstly, the generation of emulsion by Y-type microchannel
was conducted. The flow rate of the water phase and the oil
phase were 100pl/min and 1plmin, respectively. Figure 13
shows the optical microscope photographs of generated
emulsions by Y-type microchannel. According to Fig. 13,
polydisperse emulsions were generated. Most diameters of the
generated emulsions were about less than 50pm.

Table 2 shows the flow rate of the water phase and oil phase,
applied voltage and driving frequency. The flow rate of the
water phase and oil phase and driving frequency were constant
value 100pl/min, 1ul/min, 2.25MHz, respectively. Applied
voltage was changed 50V, 80V, and 100V, respectively.
Figure 14 shows optical microscope photographs of the
generated emulsions sonicated by ultrasonic device when
applied voltages were 50V, 80V, and 100V, respectively.
From the comparison of Fig. 13 and Fig. 14, emulsions became
so small that it is difficult to observe emulsions by optical
microscope. Figure 15 indicates the distribution of the
emulsion diameter measured by the dynamic light scattering
(DLS) when applied voltage were 50V, 80V, and 100V,
respectively. From Fig, 15, as the applied voltage increased,
the peak wide around 200nm became sharper and the
distribution around 6um reduced. This result means that the
ultrasonic irradiation intensity was important factor and as the
ultrasonic irradiation intensity increased, generated emulsion
became small and distribution became sharp. This result
corresponded to the references.

Fig. 13 Optical microscope photographs of generated
emulsions by Y-type microchannel: The flow rate of the water
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phase and the oil phase were 100pl/min and 1pV/min,
Table 2 Flow rate, applied voltage and driving frequency.

A B C
Water phase [ul/min]} 100 100 100
Oil phase  [ul/min] 1 1 1
Applied Voltage [V, ] 50 80 100
Power [W] 13.5 31.2 46.5
Driving frequency [MHz] 2.25

Fig. 14 Optical microscope photographs of generated
emulsions by ultrasonic device: Upper (A) condition, middle
(B) condition, under (C) condition

Intensity (%)

1 10 100 1000 10000

Size (d.nrh) v
f—S0V,,  mmm B0V, e=e=100V,,

Fig. 15 Relationship between emulsion diameter and intensity
measured by DLS when applied voltage was changed

Furthermore, the generation of emulsion by changing the
flow rate of water and oil phase was conducted. This
experiment’s aim was to investigate the emulsion generation
by the difference of the residence time. Table 3 shows the
residence time, when the water and oil phase flow rates were
100-1ul/min, 200-2ul/min, and 50-0.5pVmin. The applied
voltage and driving frequency were constant value 100V, and
2.25MHz, respectively. Optical microscope photographs of



generated emulsions by Y-type microchannel were shown in
Fig. 16 when the flow rate of the water phase and the oil phase
were 50 -0.5ul/min anq 200-2pl/min, respectively. From Fig.
16, as the water and oil flow rate decreased, generated
emulsion became lager. Figure 17 shows the optical
microscope photographs of generated emulsions by ultrasonic
device when the flow rate of the water phase and the oil phase
were 50-0.5ul/min and 200-2pl/min, respectively. As is the
case when the flow rate of the water phase and the oil phase
were 100pl/min and 1ul/min, sonicated emulsions were foo
small. Figure 18 shows the distribution of the emulsion
diameter measured by DLS when water and oil phase flow rate
was 100-1pu¥/min, 200-2pul/min, and 50-0.5ul/min, respectively.
According to Fig, 18, the difference of residence time had little
effect on the emulsion diameter. This reason is considered that
concentration of the oil phase was so low. Therefore, change of
the residence time didn’t influence the emulsion’s diameter

greatly.

Table 3 Flow rate, residence time, applied voltage and driving

frequency.
C D E
Water phase [pl/min] 100 50 200
Oil phase  [ul/min]} 1 0.5 2
Residence time [min] 34 14 6.8
Applied voltage [Vp.] 100
Driving frequency [MHz] 2,25

(1)

Fig. 16 Optical microscope photographs of generated emulsions
by Y-type microchannel. Upper: (D) condition flow rate, under:
(E) condition flow rate,
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Fig. 17 Optical microscope photographs of generated emulsions
by ultrasonic device. Upper: (D) condition, under: (F) condition.

....................................................................................

Intensity (%)

10000

Size (d.nm)
s 50-0.5 [i/min} == 100-1{pVmin] === 200-2 {ul/min]

Fig. 18 Relationship between emulsion diameter and intensity
measured by DLS when flow rate was changed

In addition, the experiment of changing oil phase
concentration was conducted. The applied voltage and the
water phase flow rate were constant value, 100V,, and
100pl/min, respectively. The oil phase flow rate was changed
2, 5, 10pl/min. Figure 19 shows the distribution of the
emulsion diameter measured by DLS when water and oil phase
flow rate was 100-2pl/min, 100-5ul/min and 100-10pl/min
respectively. As shown in Fig. 19, as the concentration of the
oil phase increased, sonicated emulsions became larger. This
reason is considered that the require irradiation inten§ity to
generate small emulsions was increased as the concentration of
the oil phase increased. This experiment also corresponded to
the references.

100
Size (d.nm)
=5 100-2ful/min} - =100-5 [il/min] meme= 100-10 [ul/min}

1 10

Fig. 19 Relationship between emulsion diameter and intensity
measured by DLS when concentration of the oil phase was
changed



4. Conclusion the Japanese society for the study of xenobiotics Annual
Meeting, 2006, p. 224.

In this paper, the generation of emulsion was conducted by
the ultrasonic device and the microchannel. By integrating the
ultrasonic device and the microchannel, the small device and a
flow process were realized. In addition, contamination of the
emulsions was able to be avoided.

As the applied voltage increased, sonicated emulsion
became smaller and distribution became sharper. When the
applied voltage was 100V, sonicated emulsions’ average
diameter was about 200nm. However, as the concentration of
the oil phase increased, sonicated emulsions became large.

In the future, to realize emulsion generation when the
concentration of the oil phase is high, microchannel’s
cross-section would be changed. In addition, microchannel and
ultrasonic device would be laminated to be smaller type.
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B2RERY RV L TE 2 EFEERET ZAIHT D RBENER S VRV Y LRI T A
v BB AK - PUBBUERRO SR L IR 2009 422 A 5 B, MILKFERFR B R EHERS

FEXYILES U REH PEG BEFURY—LD P-HEF /0
HEERBAAMIZHT S in vivo rﬂigiﬁ%t‘?ﬂ) ~
B

KARE—. & K, §EME, KA
FlXE XPEREERPBEHAT EPR

[B#]

E, IBARIBRROERIZL Y, EEEFRIBAFIDERIZBONTHVLNL TV AR, FihiA
FEEOBEEREWERICL Y, 2 OBRAHEAE, BoBHNLHRELR/#E2 ShTna, L
LB D, ZOEHAREEIZ L0 BNAMBBHSAFN T St 2 %5 U, YO FEN R~
AR T4 5 2 ERERBICH LIZLIERD b, PALERECBIT 2ERRBEEE RT3, B
EEL OMMHALA D= X LABREENTOEN, TOFTHHEBAFOEMBREIC LV | AP M
SURR—E—THDH PEELZ L NIE (Pgp) BHEAMEELCERFTEINDZ N BAKBELT
DOMHEERICBIT A EERERO—2LEX N TS, Z0 P-gp ORHEFHEIC LV iHEL L
AFRRIZ X AHETEARZ B9 & LT, Pgp FAER L IR AKIOGA. i +EREOFIAIZ X 2
P-gp &4 L7=fBas B o[, P-gp % =— K95 MDR1 BETORRMHERE, 2< D7 7n
—FRRBELITWVBN, EKRE L THHRPEDED DI DITITE - TR,

T ZTAMETIE, < v ARG A RS AR Colon-26 (C26) 2H\WTC, 4”"755/\/%‘ REyie
v v (DOX) 1okt L CHittE % 753 P-gp @38k (C26/DOX) %#Isr L. Z4UC & 0 1ERE L= B A8
AET N RZEBT 5 invivo FUEEIREHEE S LT, 2OmMMHRRE B LEX OB Z1To
7o

[EBRFEROOTHER V]
C26/DOX @ DOX (x4 5 in-vitro B34 DFE{H
FEEBIZ VS P-gp B EE C26/DOX i3, RAHE D C26 (C26/control) tzxt L, DOX ¥ L 7=
S CEMBICEEE L, FORMEBELBMAICHEML TV Z &Itk v Lz, C26/DOX @
DOX x4 % in-vitro B EE MTT 7 v 112 & 0 35 L 7= R 3R, C26/DOX (Zxt4 5 DOX D ICs0
fEi1X C26/control & H# L THI 250 fE@mv MEZ R L, C26/DOX 3 DOX {Zxb3 St 2 45 L Tu
DT EBRALNTRoT,

In-vitro I B} % DOX itk Ofst

DOX FME OSSR O E. C26/DOX DHIRaRN DOX &5 C26/control & bk U CHHE
IRN S E BB BN E o, $EVIRAF LTy MNEKC X BT ORE, C26/DOX TiX P-gp
FHEN C26/control & il L THEICE\Z AR SNE, S5IC, C26/DOX (23T P-gp M
EHTHHNT I AORAICL Y. DOX KT 5BEMOE LVEARBD b &b,
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C26/DOX @ DOX \Zxt¥ 2 B DR TIo ik, A Bl &R U7z P-gp 12 & 5 DOX D#EfEs~
OHEHENRHMBEE L TWAZ ENRHALNE o T,

In-vivo HFUlEE R O FHE

. DOX KEEDOHIRNIE S 51T o7 & = 5., C26/control BT C26/DOX BEERAET V<Y
2125t LT in-vivo FUEEDRIIRD b, 20O—FTDOX IC L A#|MEEAL LT, HELKE
WA B, £ TRIC, 2EHORERZERM L, B oBBHEREN~0 DOX OFREZ
DHZLEEHE LT, BFEEEICBWTIAL D 515 Enhanced Permeability and Retention
Effect (EPR %)) % #14$T& 5 polyethylene glycol (PEG) {&fi U Y — A2 DOX ZNH L7z,
DOX W%t PEG &8V &Y —2A (PL-DOX) ML, WFHIFAVz, C26/control KT} C26/DOX
B AEF < 9 2| PL-DOX &8RS Lz L Z A invitro TORFR & 138729, C26/DOX
BERAET < 9 RN T C26/control EFRATT /L~ U A L RIFRE O ESHEEIH]
SHEROEFEABDOEEDESRBO ORI ZEBRRALNE 0T,

C26/DOX B AETFIL < 7 AR 2 in-vivo FUEEBE O FB A H = X b OFRLT

C26/DOX B ATT <7 ARV TRD LI EL invive FUBBAROERICHFET D2
BIE A H = X LD &R AH 7=, £, [BHl-cholesteryl hexadecyl ether THRE —EE & HH 1R
L7 PEG & V B Y — ADOERNEEEE O, I hENRMIRO~—I—5HFTH5 CD31
DL SRS ET L 0 BEEEN MLE SR OFHE &2 1T - R mEBSAET V< U ART
PEG &85V Y — ADIBEMEN~OERME, R OMEEAGN O MESMIEICZITTED bhiaho
7=, iz TUNEL Refaisic & 0 S aEBN CaRENI TR b— Y AOBRELWERSATT V<
W e BV THRE LR, C26/DOX BRRAETF L~ Y ADBEHRBATERSNDETA h—v
2 DIREEN, C26/control BN AEF N~ T AL LB L THEEIENZ LAHALN R0, O
Z Lt C26/DOX IoBWTRD bR EE in-vivo FUEEZHEIC, DOX D03 AHMKE~OEHEIER L
S OHRENR TS LTV TR R RIS 5 b D Th -7, 2T, TEEHEMMN O & PRI R §
% DOX OB ENEESE 2, TTHENEMBEOETFVE LTRAShS, b MEFFHIRL
HHEME (HUVEC) @ DOXIZxd 5 in-vitro @&z MTT 7 v A XY RET LT, EORER,
HUVEC 254 % DOX @ ICsofi%. C26/control 25 H1E & 1ZER%E TH Y, HUVEC % DOX
WS LB VRS R 2 B LN E R ol & bICIESEENOMEARZMmE TR R
BE T LTV AR - ER G T & 25, C26/DOX BERAET L= 7 A OREEHERKM
BT ISP & 7 R b — U AR AR L BB /A 0 — AT b D R Ry e BT
WENES TR DL, —OfERIT, C26/D0X EEBAET L~ YR TR bIEE,
in-vivo HUIEEE SN E -  EEMREEN I BI5E U7z DOX O NESHHE#EPN L8 PN B RBAR I 39~ 2 B 20 R |
BROVERICHE D B HAEOHEEANBEE L TVWDILERRTEHDOTH D,

\\}&

= SR

(1) Ogawara, K. Un K., Tanaka K., Higaki K. and Kimura T., In Vivo Anti-Tumor Effect of PEG
Liposomal Doxorubicin (DOX) in DOX-Resistant Tumor-Bearing Mice: Involvement of Cytotoxic
Effect on Vascular Endothelial Cells. J. Controlled Rel., 133, 4-10 (2009).
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REF Y NVEY URNE =F Y — ADOENENREIE R L OFEED R O
OKXRFIF B—. Tamer Shehata, W4E FnFE. KK BAIRER
(R L KRE - EEEK)

=F Y —hid, A A HEREEERNC X VB AN ZEEICEDNREVMETHY, URY—ALR
BROBENLRBEERT OO0 FEEERTHIZ b, e PB bR 2E T2 2NICE AT
X5LEZON, ERF v V7T —L LTORABEFHIN TS, ZZTHAHFETIE, Bio/ HB HE2F
T35 3 EEDOHEA A HEREEMAl Brij 72, Span 20 or Tween 60) ZAWTHE=FY — L& B,

Th o OYELERSE, RO ICENENBSEICE L CEEMRFEME Mz, SHIRPAR KXV v
vy (DOX) ZAE L7 DX WE =4 Y — A2 L, Zho0oFEEEHEICE L CHLFMLE, Zhbo
IS L, =4 Y —akmERI = F LYY a— (PEG) W& VIEM L7~ PEG E/MAL IR L, T
BREZE2ToM, FE=AY—L2% Ty MIBIRNEE LIZBOENEREZFM L Z A, Brij 72 50
i Span 20 =AY —AIZRBW T, BEZESCHRMEEFT NS OBEEPREDON-DICH L, hbn=F%
Y—hFKEE PECICLVEMTHIZ LICL Y, MPHEESEEZICHARTEZENHALN ko, —T,

Tween 60 =Y — A Tid PEC EMiO G I L 5 ENBE~OFEIIRD bR o7z, S HITDOX ZWNEL
Bl Y — L Z2BERBAET <0 ZCEIRNIES- L, DOX o REHER 2 & GBS RS
P L7-#5 R, Brij 72 5V Span 20 =4 Y — AW TCIE, PEGEMIC X ¥ DOX Dl #BREO R D
THEEAB~OBTRELVARICEANTAZ ERHALM L RoTz, £72 DOX RE =4 Y — AHIRMBE R 5%
OFEE SR 2 M U7 E., PEG E#iz i L7 Brij 72 5\ d Span 20 =F Y —AIZBWVWT, BEELE
FHEEMEISRPBO b, TOMRITEBHOLDOLEBRL THLENLDOTHo T,
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%255 DDS ZRRREE
R Y B X AESE TR T RH O EANB R R CHUBERE 2RO
OFE Mk, T A, KWR B—. BE fFE AN BRI
FILRZRZR EHEEREUER

SEF 41T, BABERNSAR Y Y FXEN PTX) ORADHBR EOMBERZHEZELRED
WAL LT, Twlia VRIFIROYRY —ABEICER L, EFET Y FROCERSAET IV
< 2 BT B, 2D PTX &E MK T RA IR 5.1 O RN BB © I HIESEZI R
B LT, 72, EPRBICL By VT #—FF 4 v 7 E#BME LT, TNEND PEG &
HifR L FEIC TR L, B ORMOBE, =< v s VEFIOEA, PEG EMOFEICHED
59, PTX I3 5% EPHIm 2 Ay a U bR ENRTWADIZR LT, U R Y —LBFANL,
fMHZ BN T PTX BB EICHRBL WA ZLRRER SN, £, YR Y —LREZ
PEG B#iThZ LIk, VAEY—L2HHRLICAE PTX OMPHEENEZFICER L,
ZHATHE, £ V£ < O PTX #EEEBREETE, B bEVIEEHEEMGIZER L EMHIRE
TR EMNHLMNE o, (400 F)
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REINAEVUCRET VT I EHi PEG Y R Y — ADEKRNEIREM: & 2 0HEESE
DM

mO B M seiE, AR B, BE fE RN BREER
BILRZERZRE  EHEARE DR

BEIZINETICRY=F L Z Y a—L (PEG) i) RV —LADORET LTI
YEALERICEAT LI LT, 20O MHHEEEOBRANFRTH I L EHLMNITLT
i, AENE, BEIEBRNET LTI I OBEFEOT T, BbE WL #ESE M
%R L7z Modified SPDP {E&BIR L, AESTIEIC LI VAR LT V7 I VEHfi PEG
URY — LI RNV 2RNE L, 2 OENBIRBRES D CNCHIIEEI R 23 HE L
Too ZOFER, PEG VAR Y —AEREIIT AT IV ELFNCEATLZ LICED, UK
Y= LRED C3R1gG & WV o TeREMRA T Y = OREP I S, RIS
BOYRY —LRLIT FF YA E L O BN, BEER~OBITENERT S
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University 1-1-1 Tsushima-naka, Okayama 700-8530, Japan

[Purpose] Angiogenesis, the sprouting of capillaries from pre-existing ones, is essential for the sustained growth of solid
tumors, which makes tumor angiogenic blood vessels a key target for potential therapeutic intervention. In this study,
we selected SU5416, a hydrophobic molecule with potent tyrosine kinase inhibitory activity toward VEGF-R2 known
to play a major role in tumor angiogenesis, and formulated it into O/W PEGylated emulsion (SU5416-PE).

[Method] In-vitro activity of SU5416 in Colon-26 carcinoma cells (C26) and human umbilical vein endothelial cells
(HUVEC) was evaluated by MTT assay. In-vivo disposition characteristics of naked and PEGylated emulsions after
intravenous injection were assessed in normal rats. In-vivo anti-tumor activity of intravenously injected SU5416-PE
was evaluated in C26 tumor-bearing mice.

[Results and discussion] MTT assay revealed that SU5416 selectively inhibited the proliferation of HUVEC and did not
show such an inhibitory effect in several types of tumor cells including C26. In normal rats, PEGylation significantly
prolonged the blood circulating time of emulsion. Furthermore, multiple injection of SU5416-PE significantly inhibited
the tumor growth and significantly prolonged the survival time of C26 tumor-bearing mice.

[Conclusion] SU5416-PE passively delivered into tumor tissues would inhibit the angiogenesis in tumor tissue, leading
to the efficient in-vivo anti-tumor activity. These findings indicate the potency of targeting of anti-angiogenic drugs
such as SU5416 to vascular endothelial cells for the development of efficient cancer chemotherapy. Now, we are
investigating whether SU5416-PE can exert similar in-vivo anti-tumor effect in other solid tumor-bearing mice model.
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