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2 ek B dFqME= W,/O/W, tEfslel Wi =03 MgSO,, 5-fluorouracil, rose
bengal 5¢] Al 714 &9 FEo] thEf3le] dAA A vAE £oE HuAd 23 B
2 Yol BEEE, AR 33E §3ld 2AREEY R REGER MgSO,& =9%
Aol 2719 ER37 Ao ARekaldl o dAA TR BrHA FHAM B¢
AEe o4 F AU} 784 471548 rose bengalg ZEGEE 9L o, 13 #3F A
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ABSTRACT: The effect of model drugs on the stability of W,/0/W, multiple emulsions was
studied by the methods of microscopic observation, release of inner water phase and viscosity
measurement. MgSO,, 5-fluorouracil and rose bengal are incorporated in the inner aqueous
phase of multiple emulsions as model drugs. The results revealed that the presence of MgSO,
increased the dispersability of W, phase in the oil phase and stability of the multiple emul-
sions. However, long term stability was not achieved due to the osmotic pressure gradient
across two water phases. In contrast, extremely unstable emulsion was obtained in the case of
rose bengal which has an ampbhiphilic nature. Phase inversion to O/W,; was frequently ob-
served during the primary emulsification process as the aqueous phase increased. It was spec-
ulated that rose bengal having hydrophilic surfactant-like strucure interferes with
hydrophobic surfactant at oil/inner water interface. In an effort to afford a stable emulsion
with rose bengal-like drug and electrolyte, gelatin was introduced in the inner water phase. It
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was found that physical stability of multiple emulsion was remarkably enhanced when gela-
tin was added to the inner aqueous phase, which might be attributed to the formation of more
coherent W,/O interfaces inhibiting transfer of phases.

Keywords: W/O/W multiple emulsion, encapsulation, gelatin, drug delivery, viscosity.
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Table 1. Chemical Structure
Weight of Model Drugs

and Molecular

model drugs  chemical structures ~MW. manufactures
rose bengal logggy  Junsel
Chem
i
N,
5-fluorouracil l \N( 130.0  Sigma Co.
. ‘ ~n
h)
magnesium MgSO, - TH,0 Cameleon
sulfates MesO, : 246.38 Chem

43, YEekE 2= rose bengal (Junsei Chem.)#}
5-fluorouracil (Sigma Chem.), F7]9A¢1 MgSO,
(Chameleon Chem.)Z A}&-3}gtt. Table 194 &=
7 R ofge F2E YEpUTH

W,/O/W, 0”%1’“—1 HZ=E. W,/0/W, theddd
& Herberto] 2244 34& AMS-3l] A=t} A
A A ZA 244 314 Span 800] 5 wt% 2
exg 435o] U&= liquid paraffind] BHokEo)
2E F89L A3 Hr18EA]  homomixer
(Ingenieurbuero CAT)E A}&3ldd 8000 rpmo =
oA 587 wEki Y. £ WA dAldAE 9
o} e o g Azxd 1A qEAL A4 AW
2942 Tween 800] 10 wt% FEZ %6}}5]01 A
= o MAE HrkstEA 2000 rpm 0. E A2

Table 2. Ingredients of W;/0/W3 Multiple Emulsions
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2z | EA A= E 3% Aot M AL WA

Formula 1 Formula 2 Formula 3 Formula 4
dispersed water 120 g water 120 g water 120 g water 120 g
W phase
1 . .
model rose bengal 5-fluoriuracil
primary drug mone 0.12g 0.6g MgSO, 0.6¢
emulsion continuous liquid paraffin liquid paraffin liquid paraffin liquid paraffin
oil phase 57g 57¢ 57g 57¢
surfactant Span 80 3 g Span 80 3 g Span 80 3 g Span 80 3¢
. continuous water 109.6g  water 109.6g  water 109.6g  water 109.6¢
multiple W phase
emulsion : Tween80 Tween 80 Tween 80 Tween 80
surfactant
104g 104¢g 140 g 104¢g
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Table 3. Viscosity of W1/0 Primary and W,/0/W,
Multiple Emulsions Containing Various Model
Drugs in Inner Aqueous Phase

Formula Formula Formula Formula
1 2 3 4
primary 255
emulsion* 4440  (phase inversion 3900 5360
(W,/0) to O/W, enulsion)
multiple
emulsion®* 62 - 51 105
(Wi/O/W>)

* Spindle : No. 4, rpm: 30, Temp.: 231 C.
** Spindle : No. 1, rpm: 30, Temp.: 23+1 C.
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Figure 1. Photomicrographs of W;/O/W, multiple emulsions containing various model drugs in inner aqueous
phase; (A) none, (B) 0.1 wt% rose bengal, (C) 0.5 wt% 5-fluorouracil, and (D) 0.5 wt% MgSQ,, scale bar=25 micron.
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Figure 2. Viscosity changes of primary emulsions
with internal aqueous phase volume.

72ro] 5-fluorouracile] #z}efo] 2
719} BEzlete] A 718t
F|z] ¢ WHH rose bengal-%
A daidd AFAdA tREA|
A3 ok wEtA R 293 A
AFA AwBAdAe} 2 AL sl S
2e A5 AUEAA] Ne5s
2l Aoz Fojdrh
L Eabol £QIEl OHE3M|2] HEk Rose bengal
S ZdokEE =93 AL O/W, dgdez v
= EAEE FE] A8A 22 &3 LS
Boles A A e I =qlste] Bakth 2 2 05
wt% 2] MgSO,& W#47dol rose bengalz 7
LPANA BN @,,,=0.67dM FdHoz AT
W,/0 dEAE & & AUt (Table 4). 23y
;‘431]’"0] 23} 0] AzE Fole ArIAA A
Holl A Fepo] LA = ol MajHof 23
LH*&«I AEQre] mAl ZrE7] WEd Aoz Bl
o WiAre] Aot o eao 2 HE &I F
Al AER AVBGA 7L FUEE At A, A
A 52 5% dE5f3 A= g7t shEsidio
o]= rose bengalo] WAl #/E FS tEf3lel
otgAo] FA3 #Aadhe A we AAE el
A "t} w2t rose bengal 52 FEol WAdd &
A" gEfall A Ar1E gAY Y 918k
WEFAH (Wl o8 d7atgd os] A=
AANHAY gelating F449 0~5wt% H7He 2

o2
o
o2
2]
2

Polymer(Korea) Vol 21, No. 3, May 1997



T84 %ol xFE W,/O/W, tEfste] I3 A

Table 4. Viscosity of W,/0 Primary and W,/0/W, Multiple Emulsions Containing Various Stabilizing
Agents in Inner Aqueous Phase

model drugs rose bengal rose bengal rose bengal 0.1 wt% rose bengal 0.1 wt% rose bengal 0.1 wt%
in W, phase 0.1 wt% 0.3 wt% MgSO, 0.5 wt%  gelation 1.0 wt% gelation 2.0 wt%
225* 138*

. "
f%ﬂ;g)y e (phase inversion  (phase inversion to 2780 3300** 3830™
1

to O/W emulsion) 0/W emulsion)
multiple emulsion
- - 61* 426 50.4*
(W,/O/W,)
* Spindle : No. 1, rpm: 30, Temp. 23%+1 C.
** Spindle : No. 4, rpm: 30, Temp. 231 C.
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Figure 3. Photomicrographs of W,/O/W, multiple 7] ¥ AHeAM e Bgute] HAPo 2 <3t B
emulsions stabilized by various concentration of gelatin A AA7s g o2 Al ).

containing rose bengal in inner aqueous phase after WA MgSO,9} gelatin® 3] £elsle] tiEg
preparatipn; (A) gelatin 0 wt%, (BA) gelatin 0.5 wt%, B2 Az 5 A7 B2 Hoe Wae By
(C) gelatin 2.0 wt%, scale bar=25 micron. o, dajael Aeds o AZE uel o] 2]
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Figure 4. Photomicrographs of W,;/0/W, muitiple
emulsions stabilized by various concentrations of gela-
tin containing rose bengal in inner aqueous phase after
15 days of aging; (A) gelatin 0 wt%, (B) gelatin 0.5
wt%, and (C) gelatin 2.0 wt%, scale bar=25 micron.
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Figure 5. Photomicrographs of W,/0/W, multiple
emulsions stabilized by various concentrations of gela-
tin containing MgSQ, (0.5 wt%) in inner aqueous phase
after preparation; (A) gelatin 0 wt%, (B) gelatin 1.0
wt%, and (C) gelatin 3.0 wt%, scale bar=25 micron.
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Figure 6. Photomicrographs of W,;/0/W, multiple
emulsions stabilized by various concentrations of gela-
tin containing MgS0,(0.5 wt%) in inner aqueous phase
after 7 days of aging. (A) gelatin 0 wt%, (B) gelatin
1.0 wt%, and (C) gelatin 3.0 wt%, scale bar= 25 micron.
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Figure 7. Water release rate of multiple emulsions
with various concentrations of gelatin in inner aqueous
phase.
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