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ABSTRACT:.
The aim of this work was to prepare the stable vitamin C rvater/oilirvater (w/o/w)

multiple emulsions, to investigate the usage of poloxamine 908, to observe the influence of
surfactant percentage on the properties of multiple emulsions. Multiple emulsions were prepared by
liquid paraffin, cetyl dimethicone copolyol and poloxamine 908 by a two - step emulsification
procedure. Vitamin C r,vas used as an antioxidant and r,vater - soluble model. The viscosity,
conductivity and globule size of multiple emulsions rvere follor,ved over time. The formulations
containing 1o/o cetyl dimethicone copolyol and I or Zoh poloxamine 908 lvere the most stable
systems. The globule size of multiple emulsions ranged from 20 to 37 pm and did not change
during time. The yield of multiple en-rulsions rvas betrveen 99.6Yo and 98.7o/o. The conductivity
increased and the viscosity of systems decreased during time. Increase in poloxamine 908
influenced the viscosity of the system, rvith the viscosity decreasing as the hydrophitic surfactant
concentrations were increased. Vitamin C rclease lronr the multiple emulsions u'as slow'; the release
rvas aft'ccted by both surlactant concentratior.rs. Poloxanrirre 908 could be used as a hydrophilic
surfactant for formulation of rv/o/rv multiple emulsions. The concentration of poloxanrine 908 was a
very important parameter in preparing stable multiple enrulsions. It 'uvas concluded that vitamin C
might be transported out by molecular diffusion and through a reverse micellar mechanism
controlled by the viscosity of the system.
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INTRODUCTION:-
Vitamin C (ascorbic acid) has been ',videly
used in formulations of skin care products.

emulsions and have sholvn promise in
cosmetic (t'), phur*aceutical and separation
sciences (l). Their potential pharmaceutical

Dr.re to its effects on collagen biosynthesis, it applications include uses such as taste

is considered as moisturizing and anti - aging masking, adjuvant vaccines, an

active ingredient. Instability problems such as immobilization of enzymes and sorbent

oxidation susceptibility have made reservoir of overdose treatments, and for
incorporating vitamin C in topical e,nhancement of enteral or dermal absorption

formulations a challenging issue tt). Multipl. (*). Multiple emulsions have been formulated
emulsions can be considered as emulsions of us cos*.tics, such as skin moisturizer (s).

152



Tikrit Joumal of Pharmaceuticol Sciences 2007, 3 (2):152 - 169

Prolonged release can also be obtained by
means of multiple structures (6). 

These
systems have some advantages, such as the
protection of the entrapped substances (7) 

and
the incorporation of several actives in the
different compartments (8). Despile their
potential usefulness, applications of multiple
emulsions have been limited because of
thermodynamic instability and their complex
structure. Water/oil/water (w/o/w) multiple
emulsions consist of dispersed oil globules
containing smaller aqueous droplets; each
inner aqueous droplet is separated from the
outer aqueous phase by an oil phase layer.
The presence of at least trvo surfactants is
required. One of them is predominantly
lipophilic for stabilizing the primary water/oil
(r,v/o) emulsion and the other is hydrophilic
for the secondary oil/water emr.rlsion. To
produce a rv/o/rv emulsion, the lipophilic and
hydrophilic surfactants are dissolved in oil
and continuous aqLleous phase, respectively.
T'he most conlnton preparations of w/o/w
doLrble emulsions are based on the tr,vo - step
entrlsification process. The stability and
release characteristics of multiple emulsions
are influerrced by different factors, such as

surfactant type, surfactant ratio and some
ph1'sical proirerties of the systenr (globule
size, viscosity, conductivity, phase volume
ratio, etc) (e). Tl"t. poloxanrine 908 used as a
hydrophilic surfactant is nonionic and a block
copolymer (r0). Cetyl dinrethicone copolyol
tused as a lipohpilic surfactant is the siliconic
polymeric surfactant, and shows good
trapping capacity, prolongs the release of
active molecules, and produces a wlo
emulsion rvith strong ir-rterfacial fihn lll). The
purposes of this research 'were (i) to
investigate the usage of poloxamine 908 for
w/o/w mr"rltiple ernulsion formulation, (ii) to
evaluate the formation and stability of the
multiple emulsion system, (iii) to investigate
the properties of the system and to observe
the influence of hydrophilic and lipophilic
surfactant percentage on the characteristic
properties of multiple emulsions.
EXPERIMENTAL:-
Chemicsls
The following substances were used for the
preparation of multiple wlolw emr"rlsions: The
oil used was liquid paraffin (SD|.

AbilsEMg 0 (cetyl dintethicorte copolyol,
Goldschmidt, France) \\'as used as a
lipophilic surfactanr. Tetronic@908

Qtoloxanirrc 908, BASF - Aol Jcrsey, USA)
was used as a hydrophilic nonionic
surfactant. Sodium chloride QllaCl) was
incorporated into the aqueous intemal phase
and used as a conductimetric tracer. Vitamin
c (^sD,D.

Preporation
emulsion

of v,/o/u: nrukiple

Multiple emulsions were prr,'pared by a two -
step emulsification process (l:). The first
emulsification was to prepare the *'/o primary
emulsion and the second emulsification step
provided the formation of the *'/o/r,v multiple
globules. The compositions ol formulations
are sho,uvn in (Table l). Electroly'te or both
electroly'te and vitamin C \\'ere dissolved
merely in the aqueous phase of the primary
rv/o enrulsion. The conccntnrtions of paraffin
oil and elcctroiyte in prinrarr cmulsions rvere
fixed at 30 and 0.3oA, r'r.spectively. The
percentage of the primarl' entLrlsion rvas also
constant at 80%. Water/oil prirnarl' emulsions
\\'ere prepareci rvith diflerent concentration of
a lipophilic surlacta-nr (AL.'il '' E\'190). Two
concentration of Abil@EN490 uere used in the
prinary curulsion (2 and 10/'o). The oily
nrixture ol Abil€EM90 ancl paralfin rvas
hcated to 75'C and then aqueolls solution at
the sanre temperature \\'as added to this
mixture by stirring at 1500 rpnr at 75'C for 30
minutes. The first step u'as carried out using
nrechanical niixer (Maxi - t\lix illrrt 65800,
Therntolyne, USI) to producc fine droplets.
The emulsion.prepared rvas then cooled to
room temperature. The stability of the r.v/o

primary emulsion prepared at the first
emulsification was an irnportant factor'
determining the stability of the wlolw
emulsion. Therefore, the accelerated physical
stability of primary emulsions was tested
under centrifirgation (Table Top Centrifuge,
Triup International Corp, Korea) during 1

hour at 3500 rpm, and the occurrence of
phase separation was examined. The stability
of w/o emulsions under centrifugation reflects
the strength of the interfacial fllm between the
aqlreous and oil phases. No change was
macroscopically observed in any of the
primary emulsions in this study, rvhich were
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quite stable. Moreover, no phase separation
rvas observed during 6 months at room
temperature. Water/oil/rvater multiple
emr-rlsions containing vitanrin C were
prepared by the same emulsification
procedure under the same conditions. Both
vitamin C and NaCl were dissolved into the
inner aqueous phase, For the preparation of
the w/o/lv multiple 'emulsion, the freshly
prepared w/o primary emulsion (80 g) was
emulsified further in an external aqueous
phase (20 g) inside rvhich the hydrophilic
surfactant was dissolved at room temperature.
The mixture (100g) \,vas stirred using
mechanical mixer at 700 rpm until the
formation of multiple globules. To avoid
bursting the multiple globules, stirring was

moderate and was stopped after their
forrnation. During the mixing procedure, a
small drop of the emulsion sample was placed
on a glass slide rvith a small cavity in the
ccnter, the slide rvas mollnted in an optical
microscope, and the fornration of uy'o/lv
entulsion strllcture was confirmed. The
formation tinres of nultiple globules rvere
determined, and this experiment rvas done
rvith nrtrltiple emulsions containing vitamin
C. The vitanrin C concentration of multiple
cnrulsions was 15%.

C h o rocterislics of m ultip I e e m ulsio rts
Alter preparation of the multiple emulsions
not containing vitanrin C, several physical
tests rvere carried out in order to determine
their characteristics, strch as viscosity, mean
multiple globule size and conductivity. In this
study, the physical stability of rv/o/w multiple
emulsions prepared was also examined using
viscometric, conductimetric and
granulometric methods. In addition,
formtrlations were evaluated by.visual
observation of tl-re phase separation.
Macroscopic analysis was carried out to
observe the homogeneity of the systems. The
multiple emulsions were stored at 25 and
40'C, and the characteristic properties of the
systems were followed until phase separation
was observed. At a definite time, the
emulsions were allowed to return to room
temperature before observation, and then the
viscosity, mean multiple globule size and
conductivity values were determined. The
data rvere evaluated by statistical analysis

according to the Student's - t test. In addition,
standard error (SE) l\'as colnputed for every
nlean value.

Microscopic unulysis, nteusurenrcnt af
globule ond droplet size
Microscopic analysis rvas carried out using an
optical immersion microscope (Soif Model
4G8, and observations *'ere nrade at 100X16
magnification after diluting in the appropriate
external phase of emulsion. This examination
provided direct information on the multiple
structures. We could see the internal aqueous
phases as droplets in a r,v/o/w emulsion
structure. The existence of multiple globules
was checked microscopicalll' during all
experiments until the phase separation was
observed. Granulometric anall,sis (Sympalec
GmbH, HELOS, Germanl),,r'as carried or.rt in
order to characterize the globule size of
nrLrltiple emulsions and the droplet size of w/o
primary emulsion. As prinrary emulsions
rvere diluted rvith liquid paraflin, the samples
of multiple emulsions n'ere clilLrted both in the
distilled 'uvater and in iso - osruotic NaCl
solution r,vith regard to the internal aqueous
phase . Fresh dilutions were made for all
measLlrelnents. The dilution ',,,'ith 

"vater 
did

rrot aff'ect the size of ntultiplc globules; in
fact, the globule size of nrLrltiple emulsions
rvas the same r,vhether distilled rvater or iso -
osmotic solution rvas usecl.

M et s u re t t rc n t of v is c o s i t.y,

For the viscometric nreasurements, the
samples of mr,rltiple emulsions lvere examined
using (J. I'. Selecto, s, o., Abrcrs "Barcelona"
Spain) at2.5,5, 10 and 20 rpn-r. Eacl'r reading
r.vas taken after equilibration of the sample, at
the end of tr,vo minutes. The f'lolv curves of all
multiple emr.rlsions lvere obtained by directly
reading the viscosity (mPa.s) and shear stress
(rpm) from the viscometer. The
measllrements at 2.5,5,10 and 20 rpm were
also carried or.rt dr-rring storage time at 25 and
40'C, and all measurements were performed
three times, The viscosity values that were
only at 5 rpm were selected for tables (Table
I and 4) and figures (Figures 4 and 6).

Co nd ucti nletric sn aly s is
The conductivity was measured with
conductimeter (HI - 9033, Hanna Inst.). lt
was necessary to dilute mLrltiple emulsions
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rvith water or iso * osmotic NaCl solution to
measure conductivity. The preliminary
studies rvere performed to establish whether
further dilution could influence the
measurement. The measurements were made
at room temperature on samples of the
multiple emulsion diluted l/20 in distilled
water. The dilution with rvater did not affect
the conductivity irf the emulsion, as
confirmed by using the NaCl solution that is
iso - osmotic rvith the internal aqueous phase
of multiple emulsions. The entrapment
percent or yield value (E"a) rvas cdlculated
according to the follorving equation:

Ez = 100 X (Ci- C,) / C1...(Eq. l)
where Ci is the conductivity of the internal
aqlreous phase (0.3% NaCl solution,4800 pS)
and C1 is the condr.rctivity value of multiple
ernulsion at a given time t.

In vitro releose studies
Release study of vitamin C fronr multiple
emulsions lvas investigated by a dialysis
ntethod. Before this experiment, the
saturation solubility of vitanrin C in buffer
solution (pH 5.2) at 32'C rvas determined in
triplicate. An excess amount of vitamin C was
added into 50 ml of buff'er solution stirred.
Alter 24 hours, the supernatant rvas. filtered
and vitanrin C \\'AS assessed

spectrophotometrically. Diaiysis tubing
(scatnless, D - 0105, lot; 01H07 t3, Sigma)
was used as a membrane for the release str"rdy

and r.vas r.vashed several times rvith distilled
r.vater and left soaking in buffer solution (pH
5.2) overnight before use. Immediately after
preparation, 2 g of the multiple emulsions
containing 15% vitamin C rvas introduced
into the dialysis tubing dotrbie - tied at each
end and dialyzed in 300 ml br-rff-er solution of
pH 5.2 as the release medir"rm at 32+1'C under
constant stirring. Two milliliters were
r.vithdrawn from the dialysis medilrm arld
replenished r.vith the same volurne of fresh
buffer solution at an hour interval. The
concentration of the vitamin C dialyzed was
analyzed spectrophotometrically at 28Onm
(UV - Visible Recording $tectrophotometer,
UV - 160 Shimadzu, Japan). Release studies
were carried out over times up to 6 hours, in
triplicate.

RESULTS AND DISCUSSIONS:-

In the developntent o[ *'/o/w' multiple
emulsions, it is necessary tr) estirnate their
physical stability experimenrally. Viscosity,
nrultiple globule size and conductivity
measurements are convenieut methods for
this purpose (t3). In this study, rve tried to
formulate a stable multiple emulsion with
TetronicogOS in the externrl phase as the
hydrophilic surfactant and u'ith Abil@EM90
in the inner aqueous phase as the lipophilic
surfactant. Trvo different concentrations of
the lipophilic .surfactant and three different
concentrations of the hydrophilic surfactant
r.vere used in order to evaluate the influence
of the sr-rrfactant percentage on the
characteristics of multiple enrulsions (Table
l). It rvas sho.,vn that the stability of the w/o
emulsion requires the presence of electrolyte
in the aqLleoLls phase; it is rvell knolvn that the
electrolyle concentratioll or Osnrotic pressure
of the internal aqueous phase of w/oAv
eurulsions plays a critical rolc' in the physical
stabilitl' ol'thc system (''). 'l'l',r,s, the optimun-r
balartce should be ensuretl between the
internal and external aqucous phase of w/o/rv
multiple enrulsions (15). Therefore, we
examined the literature regarding the
lbnlulation o f .rv/o/ri' m u I t ip1.. emulsions, and
it rvas decidccl to use NaCl at a concentration
of 0.3o/o (0.0513 molar) as electrolyte (t61.

Viscosity, ntean globule size and conductivity
were detennined to investigate the
cltaracteristics of multiple ernulsions not
containing vitamin C as a firnction of time.
Measurernents rvere made up to five months
at monthly intervals follorving preparation of
the emulsions, In addition, phase separation
and pl-rase inversion of mLrltiple emulsions
were also investigated, and the results of
visual observations are sumntarized in (Table
3). The beginning of phase separation is
shorvn, which revealed a destruction of
multiple globules of the sy'stem. During
storage time,.no phase inversion was
observed in any multiple emulsions. It is well
knorvn coalescence is arnplified with
temperature. In this study, the beginning of
phase separation at 40'C occurred earlier than
at 25'C, elcept for formulations containing
4% AbilErEMgO. For example, phase
separation was observed at the fourth month
for the multiple emulsion containing 2%
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AbileBMg0 at 40'C, rvhereas. phase
separation r.vas observed at the filth month at
25'C. When the physical stability of multiple
ernulsions containing l'arying amounts of
Tetronic@9O8 and a constant of Abil@EMgO
was evaluated, it was observed that the
stability decreased as Tetronic@908
concentration increased. At high
Tetronic@9 0 8 co nce ntrati o n (4o/o) coalescence

occurred, resr-rlting in phase separation within
three or four months. On the contrary, no
phase separation or physical stability problem
occurred over five months at 25'C for
multiple emulsions rvith prepared lower
concentrations of Tetronic@908 (l and 2%).
fuIutsttttrota et al, (17) explained the effect of
an increase amount of hyd,rophilic surfactant
on the physical stability of multiple emulsions
as: During the second emulsification, some of
the molecules of the lipophilic surfactant
from the oil layer may Lre solubilized in the
external aqueous phase clue to amount of
hydrophilic surfactant that is above critical
concentration. This phenomenon may be a

very important cause of the rupture of the oil
layer covering the internal aqLreoLls phase

droplets after preparation of thc system.

Microscopic stttl globule size qnalysis
Microscopic technique is the useful direct
method to assess the fomration and to follor.v
the stability of multiple globules. The various
stability problems, such as globule
deformation and phase inversior.r to simple
emulsion, may be detected using this method.
All multiple emulsions were prepared
sr-rccessfully using the method described. The
structure of lv/o/w multiple emulsions was
observed under the rnicroscope during
manufacturing. Many multiple globr.rles were
observed very well and many small droplets
were seen in the internal phase of multiple
globules. The microscopic vie',v of a multiple
emulsion is shown in (Figure 1). To evaluate
the type of multiple emulsions, a drop of a

water - soluble dye (methylene blue) solution
was added to the system ar-rd dissolution of
dye solution was observed. The colored
mixture was then examined by optical
microscopy. This procedure reveaied that
water was the continuous phase and that the
sample was a w/o/w emulsion. The size of
globules is the most important parameter in

rheology and physical stabilitl' of any
ernulsion. l'he globule sizc' of multiple
emulsions as a function of tinre is shown in
(Figure 2). When change in rnultiple globule
size rvas investigated, no significant increase
or decrease was observed in the mean size
during storage time at 25 and 40'C; this may
not be evidence of non - coalescence. A
similar result rvas also reported by Florence
ard lVhitehill QB) and Ontoto.s/ra 

(re). They
reported that an increase in globule size of
multiple emulsions due to coalescence might
be offset by a decrease in size due to water
loss from the internal to the external aqueous
phase (r8). This may explain why no
significant change in globule size of multiple
emulsions was observed. Although the
globule size of multiple emulsions rvas stable
during storage time, the viscosity
significantly decreased and unfortunately,
phase separation u'as obselrcd in some of the
nrultiple cnrulsions. 'l'he nrcan multiple
globule sizes of enrulsiorrs uerc recorded in
the range 01'20+0.025 ptnr ancl 37t0.031 pm
(tnean * confidence intc'nal). The particle
size nreasr-lrenrents of rvio plimary emulsions
clernonstratcd a mean droplet size (*CI) of the
aqueous phase, 3.38*0.01l6 lrm and
3.44+0.0541 pLnt lbr emulsiorrs prepared with
2% Abilt'EM90 ancl 4o,'o Abil@8M90,
re spectively ('o). Thcse values \vere
statisticalll' the same (p>0.05). This result
shor,ved that thbre rvas no sigrrificant effect of
high lipophilic amount (4%) orr the interfacial
tension betrveen rwater and oil phase; the
efi-ective reduction of interfacial tension rvas
probably ensured by 2% ol nbilegMg0. The
globule size of primarl' entulsions did not
change, and no visual sign of physical
destabilization was obsen,ecl in systems at 25
and 45"C during storage time. As expected,
the mean globule size of rnultiple emulsions
depended on the surfactant concentrations.
When the effect of' Tetronic@908
concentration on globule size of multiple
emulsions r,vas investigated, a small increase
with increasing surfactant amount was
observed; thg higher concentration of
hydrophilic surfactant most likely caused the
coalescence of globules dLre to rupture of oil
layer betrveen two aqlleous phases during
manufacturing (lzl. However. there was no
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significant effect of Tetronicog08
concentration (for low concentration, I and
2Yo) on globule size of multiple emulsions
containing the same percentage of
Abil'EM90 (Table 2) (p>0.05). When the
percentage of Rbil@ENrt90 was increaSed from
2% to 40 , the globule size logically
increased. The excess of Abil@EM9O was
located in a molecular form in the oil phase
between external and internal aqueous phase,
and this caused swelling of the oil globules
(Table 2). On the contrary, the globule size of
multiple emulsions containing vitamin C
decreased with increasing Abil@EMgO
percentage and the sanle concentration of
hydrophilic sr"rrfactant (Table 4). it was
conclr.rded that vitamin C influenced the
tension of the second interface during the
second emulsifi cation step.

Co n d u cti nrct ri c o n t l.y s i s
This analysis was carriecl out in order to
directly measure the entrappe.cl elc-ctrolyte
rvithin the internal aqueous phase ancl to
confin.rl the entulsion type. Concluctivity data
generated good infornration about the
emulsion type. Both drying method and lorv
positive conductivity values demonstrated the
lv/o/rv type emulsion. Multiplc emulsions
yiclded low condr.rctivity valLrcs inrmediately
after preparation of formulations. The yield of
the emulsions (entrapment percent, Ey") rvas
between 99.6% and 98.1Yo, meaning that a
portion of the NaCl in the inner aqlleolls
plrase, approximately bet'ween AA% and
1.3o , leaked into the external aqueous phase
during the preparation of multiple emulsions.
Although the yield values were high,
runfortunately phase separation r,vas observed
in some formulations during storage time at
25 and 40'C (Table 3). During storage of
rv/o/rv emulsions, the conductivity values
increased with time (Figure 3). The increase
in conductivity during storage time can be
ascribed to the increase in NaCl in the
external aqueous phase due to (i) a diffusion
of NaCl through the mineral oil film (2r)or (ii)
the coalescence of internal and extemal
aqueoLrs phases (22), destruction of oil film
because of osmotic pressllre and then
expulsion of internal aqueous phase. This
most likely explains the phase separation
observed in this study. Due to rising

conductivity, declining ','iscosity and the
approximately stable globule size of multiple
ernulsions during storage tinre, it was
concluded that the solute ancl ri'ater molecules
r,vere transported from the oil rnembrane by a
diffusional mechanism. The conductivity
profiles sholved that the transport rate of
NaCl molecules from inner to outer aqueous
phase decreased with time (tirst order kinetic)
(Figure 3). The caLrse for the decreasing rate
was interpreted as: The inner aqueous
droplets of r.ry'olw emulsions probably grow
with time due to coalescence of smaller
droplets because of the higher percentage of
hydrophilic surfactant. How'ever, in this
study, the volurne of tlie oil phase was
constant, and therefore the oil layer covering
inner grorving aqueoLls clroplets thickened.
Thus, the thickened la1'er delayed the
transport of electrollle ntolecules. The
tcniperature accelerated thu' diftirsion or
transport of NaCl moleculcs from inner to
external aqLreoLls phasc. l'he calcr.rlated
conductivity rate constants (tn pS/month)
rvere significantly different n'hen compared
*'ith the fbrmulations having the same
conrposition at 25 or -{0"(' (p<0.05). For
exanrple, thc conductivitv nrte constants of
nrultiple, e nrulsions containing l%
Tetronic'D908 and 2% eUittEtr,lglO were
calculated as 0.229t0.0183 tn pS/month ancl
0.339*0.0i In ptS/rr-rontir ar 25 and 40'C,
respectively. The eff-ect of AbiloEMg0
concentration on conductivitl' of the system
'vvas investigated, ancl lto significant
difference rvas obtained antong fbrnlulations
containing l% Tetronic ! 908. Conductivity
valrres r.vere similar with 2 or 1Yo AbiloEMgO
concentration at 25'C. At higher
concentrations of Tetronic@908 (2 and 4o/o1,
the trvo - fold increase in lipophilic surfactant
did not hinder the increase in conductivity
(Figure 3). Unfortunately, the increase in
concentration of lipophilic surfactant could
not provide the physical stability of the
system (Table 3). This finding was in contrast
rvith previous literature (tt' tJ). There was a
direct relationship between the percentage of
Tetronic@908 and the condLrctivity of multiple
emulsions. As could be seen in (Figure 3), the
conductivity of systems containing the same
amoLlnt of lipophilic surfactant increased with
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increasing Tetronic@908 concentration. This
result was also observed by the other
investigators (17' 21). As nientioned previously,
the excess amount of Tetronic*'9O8 in the
external aqueous phase probably caused the
formation of micelles and then the
solubilizing of Abil@EMgO molecules, thus
rveakening or rendering unstable the interface
of the w/o system. Therefore, NaCl molecules
migrated more easily from the internal to
external aqlleous phase.

Viscometric analysis
Measurement of viscosity gives us useful
data, especially in quality assurance of
emulsions. The variation in viscosity of
systems may explain son.le differences
betrveen formulations and at the same time
provide important inforntation abor.rt

coalescencc or globule size change. The
viscosity of the wloltv nrultiple emulsions
was measured at four dillbreltt rpnt to follow
the tinre dependence of viscosity. The
viscosity values only at 5 rpnt ri.ere selected
for tables and figr.rres. The viscosities of
emulsions at first day alter preparation are
shorvn in (Table 2). There are ntany factors
aflecting the viscosity of multiplc emulsions;
one is the multiple globule size. There \,vas a
direct relationship betrveen thc viscosity and
globule size of multiple enrulsions. As
expected, the minimr-rm viscosity was
observed rvith the higher globule size (Figure
4). Higher viscosity may be attributed to the
small globule size of nrultiple emulsions
prepared rvith the same concentration of
Abil@EM90. Increased hydrophilic surfactant
influenced the viscosity of system, rvith the
viscosity decreasing as the Tetronic@908
concentrations were increased (Table 2),
rvhereas no significant diffbrence in viscosity
as a function of Abil@EMgO percentage was
observed (p>0.05). All the multiple erirr.rlsions
exhibited non - Newtonian florv and shear
thinning behavior. It means the viscosity of
system decreased with increasing shear stress.
The viscosity of multiple emulsions reduced
with increasing shear stress from 5 to 20 rpm.
Only one example of the plots of viscosity
versus shear stress (rpm) is shorvn (Figure 5).
In some literatures, the bursting of multiple
globules (2s) or phase inversion under shear
stress (t6) llau. been shown, but we did not

observe any destruction o1' niLrltiple globules
or phase inversion alter viscosity
nleasurenlcltt using optical microscopy. It
rvas concluded that shear stless used in this
study did not indLrce irre'"'ersible structural
changes in multiple emulsions, such as
coalescence or phase inversion. Viscosities of
all the multiple enrulsions decreased
continuoLrsly during storage u'ith time (Figure
6). This may be due to (i) clifiirsion of water
molecules lrom the inner to the outer aqueous
phase and then the volunre decrease of
globnles in the wlolw emulsions, or (ii)
bursting of nultiple globules due to osmotic
pressure. When all multiple emulsions were
compared considering phasc- separation at
25'C, systents containing 2% AbiloEMgO and
1 or 2o/o Tetronic@908 rvc-re stable at least five
nronths, although increasing conductivity and
clecreasing r,'iscosity rvith tintc- rvere observed.
Ir-r these formulations. u uter molecules
probably nrigrated through the. liquid paraffin
la;'er rvithout al f ecting thc' entirely of
nrultiplc globules. This has becn described by
(i) micellar transport nrcclrnnisnr, (ii) the
h1'clrated sLrrlactant nrechanism or (iii)
diftirsion ol r.vater nrolecules across the oil
layer bctuecn internal ancl cxternal oil phase
(22,271.

Fornmtion time of nrultiple globules
The eft-ect of surfactarrt concentration on
l'ormation tinre of rrrultiplcr globules is shown
in (Figure 7). As can be seen, the required
fonnation tinre of nrirltiple emulsions
preparecl with 2o/o AbilrJEMg0 rvas similar
w'itlr^rrrtrltiple emulsions plepared with 4oh
AbiloEMgO for the same concentration of
Tetronic@908. In contrast. the lormation time
ri'as significantly affected by the percentage
of TetronicsgO8; the fbrmation time of
multiple globules increased u,ith an increase
in hydrophilic surfactant. It rvas considered
that Tetronic@908 may inflr"rence the
interphase between the external aqueous
phase and oil layer, which has been described
by Gnrti (:3). AbiloEMg0 was probably
solubilized via the micelles forrned by part of
the Tetronicog0S molecules. Thus, as
Tetronic@908 concentration increased,
formation of multiple globules was delayed;
the higher the Tetronicog0S concentration,
the longer the formation time.
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Irt vitro release studies
To investigate the release characteristics of
rnultiple emulsions, vitamin C rvas used as
the model solute. When vitamin C was
introduced in the internal aqueous phase of
multiple emulsions, the viscosity and multiple
globule size of emulsions changed (Table 4).
The solubility of vitamin C was found to be
300*0.97 mg/ml (saturation value, Cr) (pH:
5.2). During release experiments, the release
rate should not be influenced by the
concentration gradient between the vitamin C
concentration of release medium (Cr,n) and
the saturation concentration of vitamin C (Cr)
in release medium. If the C,,,, is less than or
equal to "C, X 10/100" for every sampling
time, it is said that a sink condition is
maintained. So, when \,ve used 300 ml of
release medium, even if all of the vitamin C
(o.3 gm) in tr.vo gratlls of nrultiple emulsion
released, Cr,,, could not be higher than "C, X
10/100" valtte (: 300 X l0/100 : 30 mg/ml).
"lherefore, it rvas corrclucled that the volume
of dialysis medium was not rate lintiting in
diftirsion of vitarnin C and the experiments
rvere conducted under sink conditions. The
cnmulative percent release of vitantin C from
multiple enrulsions is shor.vn in (Figures 8 and
9). Points and bars in each ligure represent
nrean valuefstandard error (SE). When the
SE 'uvas smaller than the size of symbol, no
bar rvas shor,'u'n. All release profiles exhibited
an initial rapid reiease phase and then a
slorver release of molecules. First phase of
release profiles (the first hour of profile)
might be due to vitamin C existence in the
external aqueous phase during the
manufacturing; dr-rring the second
emulsification, vitamin C molecules probably
leaked out of the intemal aqlleous phase.
Therefore, the secondary emulsification was
stopped immediately after observation of
multiple globules on microscope. The vitamin
C molecr.rles at the external aqlleous phase
were free molecules that were released
immediately. The release of vitamin C in the
external phase of w/olw emulsions was
completed within approximately 2 hours.
Negligible vitamin C release from multiple
emulsions was observed between the 1st and
2''d hours. This may be attributed to the slow
transport of vitamin C from the intemal

aqueous phase; a period ol tinre w'as probably
required for vitamin C nrolecules to transport
from interrral droplets to the dialysis
nrembrane. Atier 2 hours, r'itanrin C in the
internal aqueoLls phase rras released slowly at
a rate governed by the interphase barrier
betrveen the inner and outer aqueous phases
because the hydrophilic vitamin C molecules
could not pass freely thror"rsh the oily layer.
So, the second phase might be attributed to a
prolonged release of vitamin C from the
internal aqLleoLls phase. The release rates
presented in (Table 4) u'ere determined from
slopes of the release percerltage versus time
betrveen the 2nd and 6'l' hours. These rates
rvere used the explanation and comparison of
tire effect of surfactant concentration on the
release profiles.

The effect of hydrophilic surfoctont
cottcettlroliott
Profiles show'n in (Figurcs 8 and 9) indicate
that enrulsior.rs corrtaining 4% Tetronic@9O8
enhancecl thc' drug rel.-asecl in conrparison
rvith the other concentration ol this surfactant.
It u'as also observed that nrLrltiple emulsions
containing 1 or 2o/o of Tetronic@908 guu.
alrnost sinrilar patterns of vitamin C levels.
When the release percentaqcs at the end of
tlte releasc c.rperiment \\'ete compared, the
clift'erence bettveen values \vas not very
pronounced, except foL the entulsions
containing 4% Tetronic'!'908. In fact, the
release percentages of l'itamin C from
fonrulations containing I or 2%
Tetronic@908 after 6 hours were not
significantlv different (p=0.849). On the
contrary, rvhc.n the release percentages for
nrLrltiple^ emulsions prepared with 4%
'l'etronic@908 r,vere compaied after 6 hours,
the difference was statistically significant
(p:0.0297) , 41.1 and 54.2% of the total dose.
Wlten lve used the ANOVA, it was found that
there r,r,as the significant diflerence between
the release rates of multiple emulsions
containing diftbrent amount of hydrophilic
surfactant (p:0.OtZ;. Although the release
rate or rqlease o/o of vitamin C for formulation
containing 4o/o TetronicogO8 was relatively
large, the physical stability of those emulsions
was not better than the other multiple
enrul s i o ns c ontai ning lo/o or 2Yo T etr onic@g 0 8

as shown in (Table 3); the high concentration
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of hydrophilic surfactant did not irnprove the
physical stability of s1'stern. This finding
agrees rvith those of Matsutttoto et al, (17) 

und
Jiao and Burgess (2e). These authors
suggested that the usage of a high
concentration of hydrophilic surfactant
caused the solubilization of lipophilic
surfactant and then, disnrption of multiple
globules. In our study, the higher
concentration of Tetronic@908 in the outer
aqueous phase may have served to solubilize
the molecules of the lipophilic sLrrfactant,
rvhich probably led to the rupture of the oil
layer and then the rapid release of molecules
of vitamin C to the external aqlleous phase. In
addition, this situation probably caused the
phase separation. In this study, Tetronic@9O8
rvas used in concentrations of l, 2 and 4Yo

and these percentages are ,nruch higher than
critical micelle concentration defined by
Altrvood et al, (30) 

ancl Dorrg et al,(31), 0.020%
at 40'C and 0.160/o, at 25'C. rc'spectively.
Theretbre, Tetronic@908 chrins probably
formed micelles in both aqlreolls and oil
phases and this facilitated the transport of
vitamin C molecules through the oil phase, as
described Omotoslto et al, (3:).

TItc effect of lipophilic sutfuctunt
concentratiort
Previous literatures have shorvn that the
percentage of the lipophilic surlactant plays
an important role in the release amount of
active molecule. In sonre of these reports,
rvhen the lipophilic surfactant concentratiorr
rvas increased, the release of solute molecules
decreased due to maximum viscosity of the
system. The cause of increasing viscosity has
been explained as the maxintum swelling of
multiple globules of the system (23' 3r). In
contrast, in other reports, an increase in
lipophilic surfactant amount caused an
increase in the release rate of solute and ,uvater
(32' 3{). This has been explainecl by the authors
as foliolvs: During the first emulsification, the
reverse micelles form in the oil phase of w/o
primary emulsion due to the higher
concentration of lipophilic surfactant that is
above critical value. In addition, during the
second emulsification, the existence of
hydrophilic surfactant may cause the
forrnation of mixed inverse micelies. Thus,
both rvater and water - soluble molecules in

the micelles could be easily'carried across the
oil layer betueen the internal and external
aqueous phase of n'/o/ri' ernulsion. In this
study, the eflect of AbilrllN{90 concentration
on the release rate or release amount of
vitamin C is shorvn in (Table 4). It can be
seen that as the concentration of lipophilic
surfactant in the prinrary 'uv/o emulsion
increased, the release rate of vitamin C from
multiple entulsions increased. In addition, the
percentage of vitamin C released from
ninltiple enrulsions corrtaining 4%
Abil@EM9O w'as greater than rhat of the other
nrtrltiple emulsions containing 2%
Abil@EM90 preparecl rvith same
concentration of hydrophi.lic surfactant. The
release rates of multiple eutrlsions containing
2o/o of lipophilic surfactant \\'cre compared to
the release fates of ruultiple emulsions
containing 4o/o of lipophitic surfactant using
ANOVA test. lt rvas founcl that the difference
rvas not statisticalll' signilicant (p=0.114). In
our study', thc droplet sizc of rv/o primary
emulsion was approxinratc-l1' the sanre for two
concentratiorrs ol Abil'JLiN190. r,vhich likely
indicates that the t*o - {bld increase of
lipophilic surlirctant no longer significantly
clecreasecl thc interlacial tension. Thus, it is
plausible to ussulne that a concentration of
2oA Abiln'EM9() ri,as just sLrf'licient to cover
the innel aqueous phase ol the primary
enrulsion; the excess alnount was likely
located in a molecular and micellar form
(containing water, vitamin C and NaCl) in the
oily phase of the primary eutul-sior.r. So, when
a higher concentration of Abil'uEM90 is used
in multiple enrulsions, vitanrin C molecules in
the imer aqueous phase nral' be transported
by micelles in addition to the molecular
diffusion. The release stuclies showed that the
release rate of vitamin C ',vas faster for those
sy'stems r.vith lower viscosity at the same
percentage of abiloEMg0; this also depended
on increasing Tetronic8908 concentrations.
The viscosity of systems \,vas more effectual
than the globule size of mr-rltiple emulsions,
because emulsions'uvith sn-raller globules were
unable to generate the faster release rate.
Therefore, although the globule size did not
affect the rate .of drug released, the viscosity
of multiple emulsions did dLre to consistency
of the system. Based on results of release
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experiments, it was concluded that r,itamin C
might be transported out b,v ntolecular
diffusion and through a reverse micellar
mechanism controlled b1' the viscosity of the
system.

Tlte possible kinetic nrcdel for release
of vitamin C from multiple enttilsions
In tlre previous studies, Higuchls mechanism
for release of molecule fronr dispersed
polymeric matrix was modified and adapted
for multiple emulsions (8' 3r). fuIugdossi and,
Garti applied this model to w/o/rv type of
multiple emulsions and defined the following
equation (3s):

3t2 (r -(l - F)"') - tr' : [(3 X D X C,) / (rs2 X
Co)l X t...([q.2)

rvhere F is the fraction of the drug release
lrom globule; D is the diff usion coefficient of
drug throtrgh oil membrane; C, is the dnrg
solubility in the oil menrbrane betrveen the
inner and outer aqueous phases; rs is the
radius of the mean globule size of multiple
emulsion, Cois the initial concr'ntration of the
drrrg. F^or sintplification tlre value ol "3/2 (l -
(t - f)t") - F " r.as calleci B. In our study, we
tused this equation and the calculated B values
r.r'ere plotted against time, t (Figure 10). The
vitanrin C solubility in the paraffin film and
"D" valLle were assuuted to be constant. The
srvelling of the globules of multiple
emulsions was also cancelled, because as
nrentioned bcfore the mean size of multiple
globules rvas not changed during time (Figure
2). As shorvn in (Figure 10), the profiles
exhibited two phase for ali the multiple
emulsions. This was the trnexpected situation;
the relationship between B and t could be
linear. Selo et al, (3{) 

explained the first phase
of profile as resulting from the time required
for the formation of reverse micelles and
solubilization of water and vitamin C in these
micelles. The second and linear phase was the
straight line as expected; this confirmed the
validity of the equation and the 12 values was
higher than 0.978 (Tablet 5). As a result, it
can be concluded that the release of the
vitamin C molecules tluough the paraffin film
probably was controlied by diffusion
mechanism.

The investigations presented lead us to
conch"rde that the multiple emulsions prepared

rvith Tetronic@908 rvere highll, uniform and
high yields of w/o/rv multiple emulsions were
obtained. Relatively stable systems were
forrned using Tetroniceg08 and AbiloEMg0
surfactant pair. It is possible to formulate an
optimal 

^multiple 
emulsions consisting of

Tetronic*908 (l%) in the or-rter aqueous phase
and Abil'EMg} (2%) in the oil phase. The
results indicated that Tetronic@9O8 as
hydrophilic surfactant might be good
ernulsifier for the preparation of w/o/w type
emulsions. Stability measurements showed
that the concentration of hydrophilic and
lipophilic surfactant \\'ere very important
parameter. The release of vitamin C as model
hydrophilic substance from system studied;
an initial rapid release follou,'ed by a much
'slorver rate of release ri'as obtained. Multiple
rvlo/w emulsion systents cau be utilized as
potential prolonged release closage forms. It
w'as concluded that surlactant concentrations
al'fected the release ratc, IrLrr.ther in - vitro
exanrinations such as clillclcnt type of oil
phase or the diflerent conrbinations of
aqlreous phase are still reqLrired and it is
recognized that further lblnrulation str.rdies
are needed to obtain the nrost stable
lbnnulations using Tetronic'&908.
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ca on lllon o wo/w multl em lons.
First cmulsification (for primary *'/o emulsion)

Without vitamin C
Oilphase

Liquid paraffin ..
Abila,EMg0 ......

Internal aqueous phase
Sodium chloride
Distilled water to

With vitamin C
Oil phase

Liquid paraffin ...

Abit@8M90 ... ...
Internal aqueous phase

Sodium chloride
Vitamin C .......
Distilled water to

... 30%
2 or 4Yo

... 0.3%
,... 100

. . .: 30o/o

2 or 4o/o

... 0.03%
.... 15%
..... 100

Second emulsification (for rv/o/rv multiple emulsion)"
Oil phase

Primary w/o emulsion .... .. 80%
Exlernal aqueous phase

Tetronic@908 ..,....... l,2or 4a/o

Distilled rvater to . .. ... , .. , . . 100
'The t,itcrntin C concentration of nuiltiple entrilsions : l5%,

Tikrit Journal of PharnnceuticalSciences 20A7,3 (2):I52 - 169

Table l: Composition of the Vo/w multiple emulsi

Tablc 2: Main properties of multiple erlulsions after immediatelv oreoarati

Table 3: Effect of surfactant concentration on physical stability of multi

n s ()r mLltnDIe el ulslolls afier lmmeolatelv Dr€

Abit'etrMg0
(%\

Tctroniceg0S
(r\

Viscosity- at 5
rpm (mPa.s)

Globulc size
(um)

Conductivity
(uS)

2 60000 20.6 21.3
2 2 58000 20.6 26.8
2 4 46000 34.6 28.4
4 60000 29.5 28.9
A+ 2 54000 30.2 53.9
4 4 44000 36.8 64.0

sr ()r sLlrlactant concenlrauoll n pnysrcal s lllty ol mLlltl e emLllslolls.
Abil''EMg0

(o\
Tetronic'908

(%\
1 month 2 months 3 months 4 months 5 months

2 I no PS

PS at 40"
2 2 no PS at 25'

PS at 40'
no PS at 25"

PS at 40"
2 4 no PS at 25'

PS at 40'
PS at 25"
PS at 40'

4 PS at 25'
PS at 40'

4 2 PS at 25"
PS at 40"

PS at 25"
PS at 40"

4 4 PS at 25'
PS at 40'

PS at 25'
PS at 40'

PS at 25'
PS at 40'

'-" indicates hase separati-on neither at25"C nor at 40"C; S, phase separation
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o altl r n

2% Abil'&EMg0 4yo Abil''ENI9O
Tctronic'8 908, ,% l,rl, 2"/" 4a loh 2'A 40

K,' 2.3 r 2.89 5.66 2.s6 3.82 6.95
(ReleasedTo/hour)" (0.36e.1' (0.496)" (0.51l)" (0.198)" (0.33 I )" (0.552)'
Viscosify (mPa.s) 54000 32000 30000 56000 48000 32000
Globulc size (uM) 25.5 34.6 36.6 19.6 20.6 35.8
ReleasedTo (*SD)' 14.8 15.9 18.3 17.2 19.0 30.9
(at first t*'o hours) (+ 1.17)' (r I .55)' (+0.673)" (*0.709)" (*0.154)' (+1.76)"
ReleasedTu (tSD) 26.3 26.8 41.1 26.4 27.6 54.2

(at 6tr' hours) (+ I .09) (*1.09) (r1.00) (*0.462) (*l.s l ) (r0.90s)
" r-)0.997, " SE of regression, " *standard dev., n = 3
Table 5' 6

Tikrit Journal of Phormaceutical Sciences 2007,3 (2):l52 - 169

Release rate constant of vitamin C and some physical characteristics of multiple
:ontaining vitartrin C.

of the kinetic model suggested by Magdassi and Garti for

Table .l:
enrirlsions

release of dm lets.
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Figure 2 (A): Globule size of nrultiple emulsions as a function of time at25"C.
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Figure 6 (A): The decreasing of viscosity as a function of time atzs"c (shear stress: 5 rpm).
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Figure 7: Effect of surfactant concentration on formation time of multiple globules.

166

ao
?o

-F eo

c50b'=
_ lJJ

=3ne
Eao

10

Tetronicc$tl€ {9$l

f1

3.5"

/qbiFlElrg{l



Tikrit Journal of Pharmoceutical Sciences 2002, 3 (2):I52 - 169

'AlQ.r-yJernulglonE contslnlng ? ?i Eftil EfilS0,

.+5

4J
' .iE

$3
?s
3S

15
1S

5
tr

--q:- I +t TFUanlD t{l€.

-:'- I 14 Totrqnlo Bt:'€,

- .- 4 +t TFtrsnlo t+€.
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