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2 o MY W/O/W, BFABAE 7] A% N2 AEs a7 HAch 994 248 184 $349h PCL-PEO-PCL triblock
copolymer Atol9} AWGE gol ATHUE W/O/W, Tholl @A & 2d7 WEoz AzsAch A44 $3 24 Arlacel P-1359 212
4 F3AZA Synperonic PE/F 1274 AHE-81910 1, Eutanol-GE £ 940 2 AL&315ith thFo e o] y24ake] Aok wE223 24 NaCl
& Ahtglen, ole E&Es AT o PR AL BT 245 Fa@u AL o] 88t HrbstA:. 9 UAbe] PCL-PEO-
PCL triblock copolymer® &3t} 4@ 23} 2k-4k-2ke} 6k-4k-6ke} 24 2= copolymer2 AZ# T} P A0 A NaClel wEo] =4
#astgth ol AL copolymerst F3AZE A FTuig WE $2E ¥ A AW EIYS Y48y gTolgn A
Zk-dk-2ke] 24 2= PCL-PEO-PCL triblock copolymer 12 wt %] $#0.2 A28 thol @ o)A NaCle) S474%E 264 x 10 gem?/s
°1 2, Bk-4k-6kll M= 3.23 x 10 gem™/s3kS AT NaClel 27] 59| Z7bol] W} NaCl o] 245491, Higuchi®] B% 284S 7)
Aetel 43 A3, D8A matrixe] BAHE A2k WER DT FALS KineticR Fo] ThEl P Ao NaCle] ¥ HFgto] wAL T}

Abstract © A new approach to obtain stable W1/0/W> multiple emulsions has been studied ; The basis of the interfacial interaction between
a PCL-PEO-PCL triblock copolymer and a lipophilic emulsifier in the dispersed oil phase was examined. Wi/0/W: multiple emulsions were
prepared by the two-step method. Arlacel P-135 was used as a liphophilic emulsifier and Synperonic PE/F 127 as a hydrophilic one.
Eutanol-G was used as an oil phase. NaCl was encapsulated within the multiple emulsion droplets as the internal marker and its release
rate studies were carried out. The stability of the multiple emulsions have been assessed by measuring Separation Ratios(%) and
microscopic observations. The release of NaCl was significantly reduced in Wi/Q/Wa multiple emulsions containing PCL-PEQ-PCL triblock
copolymer(2k-4k-2k or 6k-4k-6k) in the oil phase. It may be concluded that the copolymer and the emulsifier form effective interfacial
complex to enhance stability and to control the release rate. The effective diffusion coefficients of the NaCl were estimated as 2.64 X 10>
and 323 X 107 gem¥/s for the Wi/O/W- multiple emulsion containing 1.2 wt % of PCL-PEO-PCL triblock copolymers with compositions of
2k-4k-2k and 6k-4k-2k, respectively. The rate of release decreased with the increase of the initial concentration of NaCl. The results were
examined in view of Higuchi mechanism. A kinetic model which is similar to the model for release of dispersed drugs from a polymeric
matrix was found to be suitable for the release of NaCl from W,/O/W> multiple emulsions.
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Table 1. Compositions of PCL-PEO-PCL Block Copolymers

Sample Nol Poly(ethylene glycol) PCL-.I.)EO-PCL
M.W(g/mole) Compositions(k=1000)
f&‘_’%"f“;&)g/mole) 4000 1k-dk-Tk
Sl\cl)ll_)\())\llyfn;(r)o?)g/mole) 4000 k-4k-2k
mytm;&gog/me) 4000 fk-4k-6k
SI\?II.)\(;I/YIZU(;SO?)Og/mOIe) 8000 ABdk
Sl\(l)llt)\(l)ﬁllyringg(;))Og/mole) 20000 20k-20k-20k
f&ﬁyf“frm?mg/mde) 20000 40k-20k-40k
o) 0

Il Il
H(C17H35C)xO— (CH2CH,0)y — (CCr7H35)xH

Arlacel P-135

HO(CH2CH,0)y— (?HCHzO)x_ (CH2CH20)yH
CHs

l78ynperonic PE/F 127 l

o) 0
I [
H(O(CHz)s C)xO~(CH2CH20)y— (C(CH20)H

[ PCL/PEO Block Copolymer |

Fig. 1. Chemical structures of emulsifiers and PCL-PEO-PCL
triblock copolymer used.
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Table 2. Compositions of the W)/OW: Multiple Emulsions

o

oy
e
e

Composition(wt%)
Phase Component Multiple
Emulsion Batch No. sample 1 sample 2 sample 3 sample 4 sample 5 sample 6
Eutanol-G 18 18 18 18 18 18
Arlacel P-135 24 24 24 24 24 24
Oil PCL-PEO-PCL
Copolymer - 12 12 1.2 12 12
(MW) (6000) (16000) (8000) (60000) (100000)
W NaCl 12 1.2 12 12 12 12
! Dionized water to 60 to 60 to 60 to 60 to 60 to 60
Synperonic PE 20 20 20 2.0 20 20
FN127
W, Keltrol-F 02 02 02 02 02 02
Dionized water to 100 to 100 to 100 to 100 to 100 to 100
Preservatives a.s a.s Qs Qs a.s as

Eutanol-G with

Arlacel P-135
and PCL/PEO
copolymer
Fxrst Step L’j’-J
Homogenization
. water with
Synperonic PE/F127

Second Step and Keltrol-F

Agi-mixing

@ .

Fig. 2. The flowchart for preparation of W/O/W2 multiple
emulsions.
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Fig. 3. Release pattern of NaCl from multiple emulsions {(NaCl
was present in the internal phase).
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20 F 7 PCL-PEO-PCL @ 20k-20k-20k
W PCL-PEO-PCL : 40k-20k-40k
3 PCL-PEO-PCL @ 4k-8k-4k
¥ PCL-PEO-PCL @ 2k-2k-2k

NaCl released(g)

Aging time(hours)

Fig. 4. Release pattern of NaCl from Wi/O/W> multiple emul-
sions with various PCL-PEO-PCL triblock copoly-
mers prepared at conditions given in Table 2.
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Fig. 5. Release pattern of NaCl from Wi/O/W> multiple emul~
sions prepared with various compositions of PCL of
PCL-PEO-PCL triblock copolymer.
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(a)

Fig. 6. Optical micrographs of Wi/O/W> multiple emulsion
prepared without PCL-PEQ-PCL triblock copolymer.
(a) fresh multiple emulsion (b) multiple emulsion
after 24 hour (stored at 37T)

,,

1

(b)

Fig. 7. Optical micrographs of Wi/O/W> multiple emulsion
with PCL-PEO-PCL(2k-4k-2k) triblock
copolymer. (a) fresh multiple emulsion (b) multiple

prepared

emulsion after 24 hour(stored at 37T)

Zqggs, A8 A A4 3, 1997

1k-4k-1k

6k-4k-6k

Fig. 8. Optical micrographs of W/O/W> multiple emulsion
prepared with PCL-PEO-PCL(1k-4k-1k) and PCL-
PEQ-PCL(6k-4k-6k) triblock copolymers.
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Table 3. Results of Stability Tests of W/O/W2 Multiple
Emulsions Prepared with Various PCL-PEO-PCL
Triblock Copolymers at 37C

Time of Observation(Separation Ratio(%))

Multiple emulsion
with lday 2days 4days 7days 15days 1Month

PCL-PEO-PCL
None -
PCL-PEO-PCL
(20k-20k-20k)
PCL-PEO-PCL
(4k-8k-4k)
PCL-PEO-PCL
(1k-4k-1k)
PCL-PEO-PCL
(2k-4k-2k)
PCL-PEO-PCL
(6k-4k-6k)
PCL-PEO-PCL
(40k-20k -40k)

- 357 530 6173 6173

- - 128 2% 30

- 128 133

- 46 154 %97 643 60

- - - - 137 163
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Fig. 9. Release pattern of NaCl from Wi/O/W> multiple
emulsions prepared with various concentrations of
NaCl (NaCl was present in the internal phase).
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Y = —0.00024 + 0.00012x, = 0.9922
0.007 T T T T T T

0.006 - T

0.006 - T

0004 |- -

0.003 N

0002 - 7

0.001 -

0.000

-0.001 1 i L 1 1

Aging time(hours)

Fig. 10. Plot of B vs. aging time(t) of NaCl released from Wy/
O/W, multiple emulsion prepared with PCL-PEO-
PCL(6k-4k-6k)" triblock copolymer (NaCl was present
in the internal phase).

Y = ~0.00039 + 0.00014x,
0.007 T T T T T T

0.006

0.005

0.004

0.003

0.002

0.001

0.000

-0.001 L L 1 L 1 1
24 32 40

Aging timethours}

Fig. 11. Plot of B vs. aging time(t) of NaCl released from W/
O/W- multiple emulsion prepared with PCL-PEO-
PCL(6k-4k-6k) triblock copolymer up to 48 hours of

aging time (NaCl was present in the internal phase).

Fig. 109 14Azt7AA1e] & A|7bel A 43 A $=(correlation
coefficient)7F 09922z 2te 2AS A%, Fig. 119 484
AR ] e AeASrE 0999 AAE Atk BE
AZbol AFE o & APAFE Hole AL gFdAdd
QjAte] gt M) Sdhe AL ety AZEd o7
M AEE AL sampe S0g el E¥H NaClel z7)%F
% Coe 06wt %, roi= ¢ 22umelth of #ER A4ke NaCl
9 Do & 323 X 107 16gcm/solﬂ 02 g gdFiEdER

Fo 454 2E A4

VeI T

Table 4¢] o8 %A ¢l PCL-PEO-PCL triblock copolymer
2 Az gFod Ao L2 NaClel B vs. 19 1A
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o o EAEe 27| wEFo] Ui

o
iAW Zon

copolymer® A&

48, A8 ¥ A4 F 1997

o

M)

it
Ao

0.002 T Y T T T T

0.001 - E

0.000 - R

*Oﬂ)l il 1 1 1 1 1
04 06 08 10 12 14

1/C (NaCl)}(wt2%)

18

Fig. 12. Plot of B vs. concentrations of NaCl from Wi/O/W>
multiple emulsion prepared with PCL-PEO-PCL (6k-
4k-6k) triblock copolymer (The percentage of release
was measured 14 hours after preparation).

Table 4. Deleffective diffusion coefficients) and r(correlation
coefficients) of NaCl from W, /O/W> Multiple
Emulsions Prepared with Various PCL-PEO-PCL
Triblock Copolymers

PCL-PEO-PCL De(effective diffusion r(correlation
copolymer coefficient) g + cm¥/s coefficient)
None 9x10” 0984
2k-4k-2k 264x 1077 0.9909
6k-dk-6k 323x10°" 0.9922
4k-8k-4k 664x10 0.9919
20k-20k-20k 45x10°" 0.9903
40k-20k-40k 72%x10°" 09802
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