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Abstract

Colloidal emulsion aphrons (CEAs) are considered as the micron-sized water-in-oil (W/O) emulsion-cores encapsulated by a “soapy sh
consisting of multi-layer surfactant molecules. In this dispersion, the emulsion-core sizes are mainly in 4109 that of the inner phase
droplets are in 1-h.m. CEAs not only behave analogously to emulsion liquid membrane (ELM) in extraction with advantages of high concentratiol
ratio, counter-concentration extraction and combination of extraction with backwash together, but also have the large interface are@satiasy scatt
and quick extraction which colloidal liquid aphrons (CLAS) possess. CEA extraction overcomes the restriction of partition equilibrium between tt
water and the oil phase that CLAs have. They have greater extraction capacity than CLAs. In this study, the application of CEAs to drug overd
treatment was studied using salicylic acid as the model drug, paraffin oil as the membrane phase, PEG-30 dipolyhydroxystearate (P135) a
hydrophobic surfactant, nonylphenol ethoxylate-10 (NP10) as the hydrophilic surfactant and NaOH solution as the receptor phase. Also sc
factors affecting the stability of this dispersion and extraction ratio were investigated. In order to prepare CEAs successfully, the cosadntratio
NP10 and P135 should be in 1.5-3.0% (w/v) and 0.25-1.0% (w/v), respectively, together with the ratio of the volume of oil phase to the volur
of inner aqueous phase of CEA®, > 1:1. For the extraction of salicylic acid, the pH value of the feed phase was supposed to be lower than 2.(
and the suitable NaOH concentration of the receptor phase was higher than 0.02 mol/L. Under this condition, more than 98.7% of salicylic a
was transported into receptor phase in half a minute.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction investigated Erankenfeld et al., 1976; Chiang et al., 1978
although these methods have some limitations.

There are many cases of human poisoning involving drug Colloidal emulsion aphrons (CEAs) are composed of micron-
ingestion each yea€Chiu, 1996; Hanley et al., 1998; Byard etal., sized water-in-oil (W/O) emulsion-cores encapsulated by a
2000; Ostamo and Lonnqvist, 2001; Romain etal., 200&di-  “soapy shell” consisting of multi-layer surfactant molecules
tionally, acute poisoning treatment involves attempts to reducéseen inFig. 1) (Deng et al., 200b The emulsion-core sizes
drug absorption from the gastrointestinal tract. Emetics, periare mainly in 10-10um and that of the inner phase droplets
toneal dialysis are often used for the therapierfis et al., are in 1-5um. The structure of this dispersion can be con-
1974; Stein et al., 2001; Jeremy et al., 2D@rally uptake acti-  sidered as the combo of ELM.i{ 1968; Patnaik, 1996and
vated charcoal has been applied for this purpé&afa et al., colloidal liquid aphron (CLA) dispersionsSg¢bba, 1987; Lye
2000; Deshpande et al., 1999; Sato et al., 26081 also the and Stuckey, 1998The extraction with CEAs probably has the
application of emulsion liqguid membranes (ELMs) has beeradvantages of high concentration ratio, counter-concentration

extraction and combination of extraction and backwash together
which ELM extraction has, and also has the large interface areas,

* Corresponding author. Tel.: +86 22 60270037/0043; fax: +86 22 6027303¢2@SY Scatteration and quick extraction which colloidal liquid
E-mail address: yjdai@126.com (Y. Dai). aphrons possess. On the other hand, CEA extraction overcomes
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Nomenclature

cHsa  total concentration of salicylic acid (mol/L)

cNaoH  concentration of sodium hydroxide (mol/L).

E extraction ratio of salicylic acid

HSa salicylic acid molecule

Ka ionization constant of salicylic acid

nysdnNnaon Molar ratio of salicylic acid to sodium
hydroxide

PVR ratio of the volume of water-in-oil emulsion-cores
to the volume of hydrophilic surfactant aqueous
solution which encapsulating emulsion-cores of
CEAs or the ratio of the volume of oil phase to
the volume of continuous hydrophilic surfactant
aqueous solution of CLASs.

Rac treat ratio, which is the ratio of the volume of feed
phase to the volume of CEAs or CLASs.

Roi ratio of the volume of oil phase to the volume of
inner aqueous phase of water-in-oil emulsion.

Sa salicylic acid anion

Greek symbols

o ratio of the equilibrium concentration of non;
dissociated form to that of the total salicylic acid
in the aqueous solution

v extraction velocity

Q=
the restriction of partition equilibrium between the water and the

2. Principles

The inner aqueous phase of CEAs can be formulated to form
a high capacity sink for the drug in the feed phase by (a) pH con-
trol, (b) plasma proteins to bind the drug, (c) activated charcoal,
or (d) specific drug antibodies, etc.

Some drugs are organic weak acit®o(nain et al., 2003;
Jeremy et al.,, 2001; Deshpande et al., )99hey can be
extracted with CEAs by pH control. In this study, the application
of CEAs to drug overdose treatment was studied using paraf-
fin oil as the membrane phase, PEG-30 dipolyhydroxystearate
(P135) as the hydrophobic surfactant, nonylphenol ethoxylate-
10 (NP10) as the hydrophilic surfactant and NaOH solution as
the inner phase.

Salicylic acid (substituted for HSa) is a weak acid. In the
aqueous solution, there exists ionization equilibrium in acidic,
neutral or basic conditions.

OH OH Q
OH o
—_— +H*
HSa Sa 1)
The dissociation constait, (Degim et al., 200)is
[H]SaT] 4

=-————-=6.98x10 2

[HSa] x @

oil phase that CLAs have. They have greater extraction capaggnpere [H] is the equilibrium concentration of H [Sa"] the

ity than CLAs. Compared with ELMs, CEAs can disperse inequilibrium concentration of dissociated form and [HSa] is the
the aqueous phase more easily. The extraction with CEAs mayqguilibrium concentration of non-dissociated form of salicylic
meet the demand of quick extraction or the extraction withougciq in aqueous solution.

sufficient stirring.
To understand the properties of CEAs in drug overdose treatyay pe expressed as

ment, in vitro studies were conducted under different conditions

with salicylic acid as a model drug.

Outer surface of
surfactant soapy shell

Emulsion Core

Membrane Phase

O~0 © ,} Inner Phase
Soapy shell a
)S' /

Outer phase

Fig. 1. Proposed structure of the CEA aphrbe(g et al., 200p

The total content of salicylic acid in the outer solutigyss,

cHsa= [HSa]+ [Sa] = <1+ [fi ) [HSa]

Then the ratio of the equilibrium concentration of non-
dissociated form to that of the total salicylic acid in the aqueous
solution ise,

[HSa]
CHSa

©)

[H']
CREYS @

It is can be seen that the pH influences the existing form of
salicylic acid remarkably. The effect of pH araccording to Eq.

(4) is shown inFig. 2 Under pH > 5.2, 99% of the salicylic acid
exists in the dissociated form of salicylic anion {§ghowever it
mainly exists as the non-dissociated form (>99%) when pH< 1.2
in aqueous solution.

Fig. 3illustrates the principle of extraction by CEAs. The
non-dissociated salicylic acid, which is soluble in the membrane
oil phase, transports across the soapy shell and the membrane
phase into the receptor phase (inner phase). The driving force is
simply the concentration gradient of the non-dissociated form
of salicylic acid. Because the gastric juice is acidic (pH 1.2)

o (%) = x 100 = x 100
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100 3. Materials and methods

80 3.1. Regents
The membrane phase used in this work was paraffin oil
60— (A.R. the First Chemical Regent Plant of Tianjin, China).
P135, a PEG-30 dipolyhydroxystearate, block copolymer with
a molecular weight of 5000 (ICI Surfactants, Wilmington, DE

o /%

40 of U.S.A.), was used as hydrophobic surfactant and NP10 (C.P.,
. Wuhan Shengshi Fine Chemical Ltd., China) was employed as
20 hydrophilic surfactant. Salicylic acid (A.R. Beijing Chemical

Plant of China) was used as the model drug. The water was
deionized water, and all the other regents are analytical pure.

0 ! 2 8 N ° 6 ! 8 3.2. Equipments
pH
Fig. 2. Effect of pH on HSa and Sashift. A PHS-3C pH meter, made by Shanghai Leici Instrumen-

tal Factory, was employed to measure the pH value of salicylic
acid solution. A two-blade paddle impeller of 26 mm diame-
ter with 10 mm width was used for stirring. An X80 ultrasonic
_generator manufactured by L&R Manufacturing Company of

centration gradient of non-dissociated salicylic acid betweerllJ'S'A' and a D40-2F electric stirrer made by Hangzhou Electric

the outer feed phase and the inner receptor phase, the Strngstrumdent fac:ory cig?g‘évﬁrf err:wployte d for (.;,jEAl\)prgﬁara—
base solution NaOH was introduced into the inner phase t n and extraction. -11 tachometer (made by Shang-

exhaust the non-dissociated salicylic acid by the followin ai Tachometer Factory) was employed to measure thg stirring
reaction: 4 y gspeeds. A 722s spectrophotometer produced by the Main Work-

shop of Shanghai Analytical Instruments of China andp0.2
cellulose acetate filter membranes (Advantec, Japan) were used
for measuring the concentration of salicylic acid to determine
the extraction ratio of the extraction.

Due to the basic condition of the inner phase, the sal-
icylic acid dissociates spontaneously and irreversibly into3.3. Preparation of CEAs
Sa  (Eqg. (5)), which is insoluble in the membrane phase
and cannot penetrate the membrane backwards. Thus the There are two essential steps for the preparation of CEAs: (1)
salicylic acid can be collected and reserved in the innethe preparation of water-in-oil emulsion and (2) the formation
phase. of CEAs.

According to the analysis above, the pH of the outer feed
solution of salicylic acid must be adjusted to lower than 1.2 an®.3.1. Preparation of water-in-oil emulsion
the pH of the receptor phase should be higher than 5.2 in order Some quantity of paraffin oil containing P135 and some
to keep the maximum concentration gradient between the feesbdium hydroxide aqueous solution were taken into a 125 mL
phase and the inner phase to facilitate the extraction of 99%onical flask and then the flask was covered with rubber plug to
salicylic acid from the feed phase. prevent losses by splashing or evaporation. The oil-water mix-
ture was violently stirred at 2500 rpm for 10 min under ultrasonic
condition. The mixture formed a water-in-oil emulsion with the
inner aqueous droplets of 1y3n in diameter.

(Xu, 2000, the salicylic acid is mainly in the non-dissociated
form under this condition. In order to sustain a large con

HSa+ OH™ = Sa + HxO

HSa ' | oo ___. -
-> > HSa OH 3.3.2. Formation of CEAs

To make CEAs, some volume of NP10 aqueous solution was

: takeninto a 125 mL conical flask and shaken until good gas foam

was formed. The water-in-oil emulsion previously prepared was

: gradually dropped into the foam. The foam would soon disap-

Sa’ pear and some aphrons shaped. The emulsion was being added

Menmbrane phase Tnner phase continuously under low-speed stirring (100 rpm, too violent the

! stirring may destroy the emulsion and let the inner phase out)
at an average rate of 1.0 mL/min until all the required volume
emulsion was added and then the CEA dispersion formed. When
Fig. 3. Mechanism for CEA extraction. the PVR (ratio of the volume of hydrophilic surfactant aqueous

Sa

Outer phase

Soapy shell



168 Y. Dai et al. / International Journal of Pharmaceutics 311 (2006) 165-171

solution to the volume of water-in-oil emulsion) reached 5, the 100§

dispersion showed viscous and no distinct signs of phase sepa

ration for more than 48 h, but too high the PVR would (roughly

more than 10) make the CEA dispersion ruined. So allthe CEAs 80
used in extraction in this article was with PVR =5. ;

- |

60|
3.4. Extraction of salicylic acid

E%

In a 150 mL beaker with 100 mL of 8:010~*mol/L sali- 404
cylic acid, 10 mL of CEAs was added under stirring, the treat
ratio, Rgc which is the ratio of the volume of feed phase to the 20
volume of CEAs, was 10). The CEAs were quickly dispersed
in the salicylic acid solution and 5 mL of samples was taken at
intervals and then filtered using membrane filter. The salicylic 01— R S A A
acid concentration in the filtrate could be determined using spec- i
trophotometric methodeeta and Baggi, 1988The extraction Time/h

ratio of salicylic acid £) can be calculated by the equation: Fig-4 4. Changes of HSa extraction ratio with time (pH 2fsa=8.0x
10~*mol/L, Ryc=10).

Ct

E®)=|1- e x 100 (6) will lead to the hydrophilic surfactant agueous solution to be
co x Vat+Vox pyker encapsulated into the water-in-oil emulsion and the water-in-oil-

in-water (W/O/W) type CEAs cannot be obtained. However, too

co, ¢, are the concentration of salicylic acid in the feed phase afigh the NP10 concentration makes the globules of emulsion-
the starting time and moment, respectivelyq is the volume  ¢ore 5o small that the inner receptor solution leaks out. The

. 1 .
of the feed phasé/y is the volume of CEASVo X pyregisthe  gyitable NP10 concentration for preparing stable CEAs was
volume of the hydrophilic surfactant solution which encapsulattoynd to be in 1.5-3.0% (W/v).

ing the water-in-oil emulsion-cores in CEAs. The hydrophilic | order to approach the in vivo situation and to lower the
surfactant solution can mix with the outer feed phase to form &ffect of osmotic pressure on the stability of CEAs, 0.5% (w/v)
homogeneous outer aqueous phase during the extraction. CONjaC| was added in the feed phase. Atthe beginning of the extrac-
pared withVq, the volume of hydrophilic surfactant solution tjon, the transfer of salicylic acid reaches equilibrium rapidly
is very small. In order to obtain reproducible results, & coMvithin 1 min. After therk slowly decreases because of the break-
paratively low-speed mixing rate of 250 rpm was adopted. Inage of CEA aphrons, therefore the decrease of the salicylic acid
this study, CEAs were made wify =1, 0.08mol/L NaOH &s  extraction ratiaf is an important parameter for the determina-
receptor phase and 0.5% P135 (w/v) of paraffin oil as memyjon of CEAS’ stability in the extraction procesSig. 4 is the
brane phase, 2.0% (w/v) NP 10 as the hydrophilic surfactarghanges of HSa extraction ratio with time after CEAs were dis-
solution and the extraction of salicylic acid were done withpersed into the feed phase and then deposit at static state. It is
c0=8.0x 10~*mol/L, Ryc of 10, mixing rate of 250 rpm unless can be seen that CEAs can keep stable in the feed phase for

specific declaration. a comparatively long term with minor leakage. The extraction
ratio of salicylic acid only decrease from the maximum 98.7%

4. Results and discussion t0 96.1% in 20 h.

4.1. Stability of the water-in-oil emulsion and CEAs 4.2. Extraction velocity of CEAs

The stable water-in-oil emulsion is the precondition for  The extraction velocity of the dispersion can be determined

preparing a stable CEA dispersion. In order to get a stable watepy the reduction of the concentration of salicylic acid in the feed
in-oil emulsion, some hydrophobic surfactant must be added iphase with time

the oil. In our experiments, P135, which is an excellent water-
in-oil type surfactant, was dissolved into paraffin oil to stabilize,, — _%
the water-in-oil emulsion. If the P135 concentration is lower dr
than 0.25% (w/v), the water-in-oil emulsion cannot be stabi- But because the drastic decreasegfy within the first half-
lized satisfactorily. Moreover the solubility of P135 in paraffin minute, it is difficult to measure the extraction velocity by the
oilis roughly as much as 1.0% (w/v). The suitable P135 concensampling method. The comparison of the extraction of CEAs
tration for preparing stable water-in-oil emulsion is in the rangewith that of emulsion liquid membranes under the same mixing
of 0.25-1.0% (w/v) and the emulsion prepared can exist stablyate, concentrations of inner NaOH solution and salicylic acid
within 7 days. in the feed phase can be seen frbig. 5.

There is also a suitable scale of hydrophilic surfactant for The extraction with CEAs was far more rapid than that with
the preparation of CEAs. Too low the concentration of NP10emulsion liquid membranes. For the process with emulsion lig-
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Fig. 5. Comparison of the ELM extraction with CEA extraction (pH 2.0, o i i )
chsa=8.0x 10-4mol/L, Ryc = 10, mixing speed of 250 rpm. The emulsion and Fig. 7. Effect of Ry on salicylic acid extraction ratio (pH 2.0,

CEAs are all made witfo; = 1, 0.08 mol/L NaOH as receptor phase and 0.5% CHsa=8.0x 10-*mol/L. Rgc =10, mixing speed of 250 rpm. CEAs made with
P135 of paraffin oil as membrane phase). a PVR =5, 0.08 mol/L NaOH as receptor phase, 0.5% P135 of paraffin oil as

membrane phase and 2.0% NP10 as hydrophilic surfactant aqueous solution).

uid membranes, the extraction needed 20 min to come to equili%— dintoi h llthe followi )
rium, but for that with CEAs, it needed only half a minute. This & transported into inner phase. So all the following experiments
were conducted at the feed phase pH of 2.0.

rapid extraction is very important for the treatment of drug over-
dose. The quick extraction of CEAs is mainly due to large mass
transfer surface areas resulting from the small globule diametefs
of emulsion-cores.

4. Effect of R,; on extraction ratio

The thickness of the oil phase is important for the stability of
liquid membrane, which is mainly determined By; (ratio of
the volume of oil phase to the volume of inner aqueous phase

Before each batch of extraction, the pH of the feed phase Wa%f CEAs). Extremgly lowRo; will mak_e the membrane too thin
adjusted with 1.0mol/L HCI. The extraction ratio of salicylic 21d 1€ads to drastic leakage of the inner phase, therefore leads
acid in different pH value of feed phase was showrFig. 6, to low extraction ratio. The effect adty; on extraction ratio is
Compared withFig. 2, the practical extraction curve with pH depicted irFig. 7. If Ro < 2/3, the water-in-oile_mulsion i? easily
was steeper than the theoretical analysis. The reason for thl?goken and CEAs cannqt be 9btamed. Wheis 1:1 or h|gher.,
phenomenon is unknown now. The favorable extraction ratignore than 98.7% salicylic acid can be transported into the inner

(>98.7%) can be obtained when the pH value of feed phase hase.

lower than 2.0, whereas at pH 3.5, salicylic acid nearly cannot i i
4.5. Effect of cNaoH on extraction ratio

4.3. Effect of the feed phase pH on extraction ratio

NaOH concentration in the inner phase also influences the
transfer of salicylic acid. According to reacti®), highercnaon
will make the equilibrium shift to right and offers higher driving
force for the transport of salicylic acid, thus higher extraction
ratio can be achieved. The effect@fzon On extraction ratio of
salicylic acid is illustrated ifFig. 8. It can be seen whef\aoH
is lower than 0.02 mol/L the transport decreases acutely. This is
becauseiysdnnaon Was greater than 1.0 and the react{dh
was nearly completed. So in order to get better extraction ratio,
cNaoH should be higher than 0.02 mol/L. On the other hand, too
high thecnaon Will make the dispersion unstable, so the selected
cNaoH in other experiments was 0.08 mol/L.

80 -

60

E /%

40 -

20

1 . | ) I ) I ) | . ] \ 1
1.0 1.5 2.0 25 3.0 35 4.0

4.6. Comparison of the CLA extraction with CEA extraction

pH The comparison experiment of CLA extraction was done
Fig. 6. pH effect of feed phase on salicylic acid extraction ratio With the same oil phase, concentration of hydrophobic and
(chsa=8.0x 10~* mol/L, R4 = 10, mixing speed of 250 rpm). hydrophilic surfactant as CEAs under the same PVR Rqd
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salicylic acid with this technique, the pH value of the feed phase
100 - was supposed to be lower than 2.0. The necessary NaOH con-
centration of the receptor phase is higher than 0.02 m&jL,

is needed to be as much as 1:1 or more. More than 98.7%

wor of salicylic acid was transferred into receptor phase in half a
minute.
X 80}
w
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