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Abstract: Uniform microcapsules containing ionic model drugs were prepared by controlling various conditions of
emulsification procedure using a lab-scale membrane emulsification system with a SPG (Shirasu porous glass) tubular
membrane. We observed the effects of various emulsification parameters [concentration and molecular weight of poly-
caprolatone (PCL) polymer, transmembrane pressure and emulsifier concentration in disperse phase and continuous phase,
stirring speed] on the mean size and size ditribution of microcapsules containing lidocaine-hydrochloride (cationic drug), so-
dium salicylate (nonionic drug) and 4-acetaminophen (anionic drug) used as a model drugs. Also, release characteristics of
a model drugs from PCL microcapsules were investigated. Controlling membrane emulsification parameters, uniform PCL
microcapsules with about 5 um of the mean size were finally prepared. The release rate and the burst effect of micro-
capsules were decreased in condition of the acidic solution, but it was increased in condition of the base solution.
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1. Introdution in characterizing any emulsions. Stability and resistance

to creaming, rheology, chemical reactivity and physio-

The stability of an emulsion greatly depends upon logical efficiency are influenced by both the relative
the emulsifying agent, droplet size, net charge and me- emulsion size and the size distribution [2].
chanical and physical properties of the adsorbed film Various instruments exist both on the industrial and
on emulsions [1]. In particular, the distribution of laboratory scale to produce emulsions, e.g. colloid
emulsion droplet size is the most important parameter mills, toothed discs, dispersing machines and high-pres-

sure homogenizers [2,3]. The emulsions made by those
2 A 7}(e-mail : khyoum@chungbuk.ac kr)
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instruments show considerable polydispersity such that
the droplet size distribution is usually between 0.1 and
100 um. The preparation of uniform emulsions is con-
sidered to be more difficult using the above instru-
ment.

A new emulsifying technique, called membrane em-
ulsification, was proposed by Nakashima et al. [4]. In
this method, a microporous glass membrane with a
narrow pore size distribution was used as an emulsify-
ing tool. The concept of this method is that a dis-
persed phase is permeated as uniform droplets through
the pore of membrane into a continuous phase flowing
alongside the membrane surface by constant pressure,
and then formed droplet are detached on the membrane
surface and suspended into the continuous phase [5].
This technique has the capability of producing not only
uniform emulsions, but also multiple emulsion such as
W/O/W emulsions.

A microcapsulated drug is one of prospective drug
delivery system because it has obvious advantages,
such as improving the therapeutic effect, prolonging
the biological activity, controlling frequency, and so
on. It is especially important for anticancer drugs,
which can be target administration to increase the drug
concentration in the disease area with reduced toxicity
of drug in the healthy area, as well as lowing the side
effect of the drug. Therefore, the study of microparticle
preparation has attracted much interest for the past
decade [6-9]. By controlling the size of microspheres,
the targeted delivery of drugs to the required area of
various organs becomes realizable. Polydisperse micro-
spheres of biodegradable polymer have been developed
for a hormone delivery device settled under the skin.
Highly monodisperse microspheres smaller than 1 pm
can be applied to the targeting of drug delivery to var-
ious organs, such as the lungs, liver, kidney and espe-
cially the brain. Since Nakashima et al. [4] reported
the preparation method of monodispersed microspheres
using SPG (Shirasu porous glass) membrane, various
kind of monodisperse microspheres with a narrow size
distribution have been developed [10-13].
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Biodegradable polymers are widely used as drug car-
riers for drug-controlled release and as operation re-
pairing material in medical surgery [9,14]. poly-
caprolatone (PCL) is one of the biodegradable poly-
mers that can be degraded by hydrolysis and is the
widely used biodegradable polymer due to its good
drug permeability and biocompatibility. Considering its
good drug transportability, PCL is a potential bio-
degradable polymer for used in the biomedical field.
However, the degradation rate of PCL is not fast since
its crystallinity is too strong to be hydrolyzed [18].
With the aim of improving and controlling the degrad-
ability of PCL, a number of PCL copolymers that
comprise & -caprolactone and other lactones such as
glycolide, lactide and valerolactone have been synthe-
sized [19,20]. In particular, PCL demonstrates a low
melting point (57°C) and low glass-transition temper-
ature (-62°C). PCL, as matrix of microparticles, can be
degraded by microorganism as well as by hydrolytic
mechanism under physiological condition and also de-
composed into non-toxic and low molecular weight
species with release of the drug and then metabolized
or absorbed by organism. Therefore, many investiga-
tion have focused on the application of biodegradable
microparticle drugs in recent years [15-17].

In this paper, the monodisperse microcapsules of a
biodegradable polymer, PCL wete prepared by control-
ling various conditions of membrane emulsification
procedure using a lab-scale system to prepare PCL mi-
crocapsules containing a drugs with different ionic
properties that were a lidocaine-hydrochloride (cationic
drug), 4-acetaminophenol (nonionic drug) and sodium
salicylate (anionic drug). Also, release characteristics of
drugs with different ionic properties from PCL micro-
capsules were investigated. In the experiment, we con-
sidered various conditions of membrane emulsification
procedure such as the weight ratio of PCL, concen-
tration of emulsifier, stirring speed of continuous pha-

se, and transmembrane pressure.
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Fig. 1. Schematic diagram of membrane emulsification system.
2. Experimental

2.1. Materials

Polycaprolactone used as a dispersed phase was pur-
chased from Sigma Co., USA. Deionized water used
throughout the process as a continuous phase was pre-
pared from Milli-Q Ultra-pure Water System, USA.
Sodium dodecyl sulfate used as a emulsifier was pro-
vide from Acros Organics Co., USA. Methanol and
acetone were provided from Merck Co., Germany. All
chemicals were used without further purification. SPG
membranes of average pore sizes, 2.6 pm, were pur-
chased from Ise Chemical Co., Japan. Lidocaine -+ hy-
drochloride, sodium salicylate and 4-acetaminophen used
as a model drugs that have different ionic properties
were provide from Sigma Co., USA. Phosphate buffer
solution (pH 2.0 pH 7.4 and pH 9.0) were respectively
purchased from Shinyo Pure Chemicals Co., Japan.

2.2. Membrane Emulsification System

Fig. 1 shows the membrane emulsification apparatus.
Used SPG membrane tubes were 10 mm outer diame-
ter, 1 mm thickness and 250 mm length. The dispersed

phase was stored in the dispersed reservoir which was

connected to a nitrogen gas tank. The continuous phase
was stirred gently with a magnetic bar in a tall beaker
(250 mlL) to prevent the aggregation of the droplets.
By applying a given pressure of nitrogen gas, the dis-
persed phase will permeate through the uniform pore
of the SPG membrane into the continuous phase to
form the droplets, then be stabilized by polyvinyl-
alcohol (PVA) and sodium dodecyl sulfate (SDS) dis-

solved in the continuous phase.

2.3. Preparation of Polycaprolactone Micro-
capsules

A typical procedure for the preparation of PCL mi-
crocapsules was shown in Fig. 2. PCL was dissolved
in a mixture of dichloromethane and PVA, and was
used as an oil phase. The aqueous phase where SDS
and model drug were respectively dissolved was used
as continuous phase. Typically, the dispersed phase
was prepared as 0.1 g of SDS and 0.1 g of drug dis-
solved in 10 mL of water, and oil phase was prepared
as 1.0 g of PCL dissolved in 23 mL dichloromethane.
Then the dispersed phase was added into the oil phase
and sonicated for 3 min in 2 kW, 20 kHz to form
W/O emulsion.

Membrane J. Vol. 17, No. 1, 2007
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Fig. 2. Preparation procedure of PCL microcapsules using
membrane emulsification method.

W/O emulsion prepared as a dispersed phase was
added into dispersed phase reservoir. The W/O emul-
sion permeated through the uniform pores of a SPG
membrane by the pressure of nitrogen gas into the
aqueous phase as a continuous phase to form the
droplets.
room temperature for 24 hr. Finally, the produced mi-

Then dichloromethane was evaporated at

crocapsules were collected by filtration, washed with
distilled water and methanol, and dried by vacuum for
48 hr to obtain powder-like PCL microcapsules.

2.4, Determination of Size and Size Distri-
bution of Microcasules

The volume-averaged diameter of the PCL micro-
capsules and their size distribution were measured with
a light scattering particle size analyzer (Mastersizer
2000, Malven Instrument Ltd., UK). The size dis-
tribution was evaluated with the Span value defined as
follow [18] :

- DIO%

()
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Here, Dy, (N = 10, 50, 90) means that the volume
percentage of microcapsules with diameters up to N %.
The smaller span value indicates the narrower size
distribution.

2.5. Morphology of PCL Microcapsules
PCL microcapsules were well dispersed in deionized

water and then air-dried onto a piece of aluminum foil.
The samples were coated with gold and then observed
with a field emission scanning electron microscope
(LEO-1530FE, LEO Instrument Co., Germany).

2.6, Determination of Drug Content

To evaluate the drug content that was loaded from
different ionic properties in the PCL microcapsules, the
known amounts of microcapsules were weighed and
completely dispersed in the phosphate buffer solution
(PBS, pH 9.0) of 30 mL. Then, the PCL microcapsules
dispersed in PBS were sonicated for 3 min. They were
left to a shaking bath at the shaking rate of 150 rpm
for 2 days to be completely dissolved. To determine
the percentage of drugs loaded per dry weight of PCL
microcapsules (w/w), it was calculated with a below

equation.

weight of drugs loaded (g)

Drug loading (%)= x100 (2)

weight of microcapsules dried (g)

2.7. Determination of Drug Release

Drug release from PCL microcapsules was studied
under sink condition in pH 2.0, pH 7.0 and pH 9.0
phosphate buffer solution. PCL microcapsules (70 mg)
were suspended in 20 mL release medium in a glass
vial placed in a shaker bath at 60 cycles/min and at
37°C. The samples were collected at various time
point. filtered through a 1.2 pm filter (Wattman) and
assayed by using a UV/Vis spectrophotometer at 193
nm for lidocaine * hydrochloride, at 207 nm for sodium
salicylate and at 197 nm for 4-acetaminophen.
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Fig. 3. SEM images of PCL microcapsules prepared with different PCL concentrations (Mn = 42,500 g/mol). (a) 3.3% (w/w) sol-
ution, (b) 5.0% (w/w) solution, (c) 6.7% (w/w) solution, (d) 10.0% (w/w) solution.

3. Results and Discussion

3.1. Preparation of PCL Microcapsules
3.1.1. Effect of PCL Concentration

The effect of PCL polymer concentration on the
mean size of the microcapsules prepared by membrane
emulsification method was investigated. Fig. 3 shows
SEM images of the prepared microcapsules with vari-
ous PCL concentration. The concentration was varied
form 3.3 to 10% (w/w).

When the concentration of PCL solution was 10%
(w/w), the dispersed phase had high viscosity and dif-
ficult to control continuing emulsification since the mi-
croporous glass membrane was hardly wetted owing to
high viscosity of the PCL solution. Also, the prepared
microcapsules were easily crushed due to their good
solidity. Therefore, prepared microcapsules using the
high concentration of PCL solution were not uniform
in shape, suggesting that the use of low concentration
lead to the uniform of PCL microcapsules. Hence, the
microcapsules tend to crush because the structure of
the matrix becomes strong when the high PCL concen-
tration are used. On the other hand, the PCL solution
of 3.3% (w/w) concentration had relatively low vis-
cosity and easy to pass through the pores of membrane
without applying higher pressures to disperse phase.

The effect of PCL concentration in the dispersed
phase on mean particle size and size distribution were
shown in Fig. 4. As shown in Fig. 4, it observed that
the mean size of microcapsules increased gradually
with increase in PCL concentration. That is to say, the

mean size of the microcapsules at high concentration
of PCL solution was larger than that at low concen-
tration because of the increase in viscosity.

On basis of the above facts, monodispersed micro-
capsules were obtained when the concentration of the
PCL solution was 3.3% (w/w). Thus, as the PCL con-

centration is decreased the mean size is also decreased.

3.1.2. Effect of Molecular Weight of PCL

Fig. 5 shows SEM images of the microcapsules pre-
pared with various molecular weight of PCL. Also, the
effect of different molecular weight of PCL on the
mean size and the size distribution of prepared micro-
capsules was shown in Fig. 6. As shown in Fig. 5, al-
though molecular weight of PCL was varied, the mean
particle size and size distribution was nearly uniform.
As a result of this, we were confirmed that the mean
particle size and size distribution of PCL microcapsule
prepared by membrane emulsification methods are not
affected on PCL molcular weight.

3.1.3. Effect of Emulsifier Concentration
The mean size, size distribution and span value of

the microcapsules with change of emulsifier concen-
tration in the continuous phase were shown in Fig. 7.
The emulsifier concentration in continuous phase was
changed with 0.2, 0.4, 0.6, 0.8 and 1% (w/w). As
shown in Fig. 7, it was observed that the mean size
and size distribution of the microcapsules decreased
gradually with increasing emulsifier concentration in

the continuous phase. When the emulsifier concen-

Membrane J. Vol. 17, No. 1, 2007
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Fig. 4. Effect of PCL concentration on mean size, size distribution and span value of microcapsules (Mn = 42.500 g/mol). (a)
3.3% (w/w) solution, (b) 5.0% (w/w) solution, (¢) 6.7% (w/w) solution, (d) 10.0% (w/w) solution.

(a)

(b)

(c)

Fig. 5. SEM images of the PCL microcapsules prepared with different molecular weight of PCL. (a) 10,000 g/mol, (b) 42,500

g/mol, (c) 80,000 g/mol.

tration in continuous phase was 1% (w/w), the mean
size of microcapsules was the smallest. Therefore, it
was considerable that microcapsules were increased
emulsifying power and stability by increasing emulsi-
fier concentration in the continuous phase.

Also, the effect of emulsifier concentration in the
disperse phase were shown in Fig. 8. The emulsifier
concentration in disperse phase was changed with 0.2,
04, 0.6, 0.8 and 1% (w/w). As shown in Fig. 8, it

By, A 17 B A 1 &, 2007

was observed that the mean size and size distribution
of the microcapsules decreased gradually with increas-
ing emulsifier concentration in the disperse phase.
When the emulsifier concentration in disperse phase
was 1% (w/w), the mean size of microcapsules was
the smallest. Therefore, it was considerable that micro-
capsules were increased emulsifying power and stabil-
ity by increasing emulsifier concentration in the dis-

perse phase.
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Weight ratio of D/C emulsifier concentration :

3.1.4. Effect of Stirring Speed
The stirring speed of the continuous phase is consid-

ered as one of the main parameters affecting the mem-
brane emulsification technique because droplets formed
on the surface of the membrane detach under the influ-
ence of the flowing of continuous phase. The effect of
stirring speed of the continuous phase on the mean
size, size distribution and span value of the micro-
capsules were shown in Fig. 9. The stirring speed was
adjusted at 300, 400, 500, 600, 700, 800 and 900 rpm.
As shown in Fig. 9, the largest change in the mean
size of microcapsules occurred at lower stirring speed
range. These results can be explained as follows; At
lower stirring speed the formed droplet size increase
rapidly and the size distribution becomes much broader
because the droplets grow and coalesce at the mem-
brane surface before finally being detached. However,
there is no significant influence on the mean size and
the size distribution of microcapsules at high stirring
speed.

wegl, A 17 A A 1 &, 2007

o add okl om 1
Ratio of D/C emulsifier concentration
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3.1.5. Effect of Transmembrane Pressure

The effect of transmembrane pressure on the mean
size, size distribution and span value of the micro-
capsules is shown in Fig. 10. Transmembrane pressure
was adjusted with 30, 40, 50, 60 kPa. As shown in
Fig. 10, it was observed that the mean size and the
size distribution of microcapsules increased sharply
with the increase in transmembrane pressure because
the droplet grew and coalesced on the membrane sur-
face at high pressure before finally being detached.

3.2. Drug Release Properties
3.2.1. Drug Loading Contents

Cationic drug (lidocaine - hydrochloride), nonionic
drug (4-acetaminophenol) and anionic drug (sodium
salicylate) were loaded into the microcapsules. The
amount of the drug loading was set at the ratio of
drug to PCL; 0.1:1, 02:1, 0.3:1, 0.5:1, respec-
tively. To increase the amount drug loading in the mi-

crocapsules, the disperse phase was strongly stirred for
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perfect mixing of the PCL and the drug solutions dur-
ing emulsification. To determine the amount of drug
loadings in the microcapsules, the dissolution experi-
ments in phosphate buffer solution with pH 9.0 was
performed. Fig. 11 shows the amount of drug contents
in the microcapusles. As shown in Fig. 11, the loading
amount of different drugs was increased in the follow-
ing order, anionic< nonionic< cationic drug, respec-
tively. Due to ionic repulsive or attractive force be-
tween drugs and carbonyl group in PCL, the cationic
drug has attractive force with PCL but the anionic
drug has repulsive force with PCL. Cationic drug
(lidocaine * hydrochloride}) was loaded 27.0% (w/w)
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g/mol).

when the ratio of drug and PCL was 0.5 : 1. Also, the
amount of loading for 4-acetaminophen (nonionic drug)
was 11.5% (w/w) and 4.5% (w/w) for sodium salicy-
late (anionic drug).

3.2.2. Drug Release with Different Drugs
Three kind of drugs loaded in the microcapsules

were released using pH 7.4 phosphate buffer solutions
in shaking incubator for 7 days. Drug release percent-
age vs. time curve is shown in Fig. 12. Cationic drug
more retard than anionic one and the initial release of
anionic drug was faster than that of cationic drug. It is
shown that negative charges of the microcapsule ma-
trixes and ionic characterisitcs of drug influence the
drug release rate. i.e. : PCL microcapsules have ester
groups of negative charge, so that they have attractive
force between microcapsules and with positive buffer

solution.

3.2.3. Drug Release with Different pHs

Fig. 13 represents drug release behaviors in buffer
solution with different pHs for 7 days. These drug re-
lease profiles indicated that the release was sustained
in acidic medium. The release experiments for the
three selected drugs showed slower release behavior in
pH 2.0 than in pH 9.0 and exhibited the retarded re-

lease characteristics during the overall release time. For
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the release of lidocaine + hydrochloride, the release rate
was delayed in pH 2.0. The initial release was retarded
and showed the half amount of other drug releases.
We confirmed that the release of drug loaded in micro-

capsules had pH sensitive characteristics.

3.2.4. Drug Release with Different PCL Mole-
cular Weight

Fig. 14 shows a drug release from PCL micro-
capsules prepared with a different molecular weight
PCL. When using the highest PCL molecular weight
(80,000 g/mol), drug release occurred most rapidly. As
the molecular weight increase, the crystallinity is con-
siderably reduced, and long period length increase.
Based on the facts, when the molecular weight is
large, the amorphous region will be wide open and
form a coarse crystalline microstructure through which
the drug will diffuse rapidly. Thus, it was found that
the internal crystalline plays an important role in drug
release.

3.2.5. Drug Release with Different Drug Load-
ing Contents

Fig. 15 shows total released of lidocaine * hydro-

chloride from the PCL microcapsules against drug

loadings. As shown in Fig. 15, the larger the amounts

of loaded lidocaine * hydrochloride, the faster drug re-
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hydrochloride in pH 7.4 at 37°C (Mn = 42,500 g/mol).

lease due to the hydrophilic drug properties. Therefore,
as the drug becomes more hydrophilic by increasing
the loading contents of drug, hydrophilic interaction is
stronger and drug release is faster. Also, the reason of
rapidly drug release was caused by a thin of outside
wall thickness for microcapsule by increasing drug
loading,

4. Conclusions

PCL microcapsules containing three kinds of ionic
drugs were prepared by the membrane emulsification
method using SPG membrane tubes. Effect of ex-
perimental conditions of membrane emulsification on
the size and size distribution of PCL microcapsules
and release characteristics of ionic drugs were inve-
stigated. Results are as follows :

1) Uniform microcapsules with the mean diameter of
about 5 pum were finally prepared using membrane
emulsification and the optimal conditions for prepara-
tion of those microcapsules were as follows : PCL
concentration = 3.3% (w/w), emulsifier concentration =
1% (w/w), stabilizer concentration = 1% (w/w), tras-
membrane pressure = 30 kPa, stirring speed = 700
rpm.

2) Although molecular weight of PCL was changed,

Membrane J. Vol. 17, No. 1, 2007



78

Ho
pul
}O{I
oY
ok

mean size and size distribution of the PCL micro-
capsules had not nearly an effect of it.

3) The increase of emulsifier concentration and stir-
ring speed of the continuous phase decreased the mean
size of PCL microcapsules, but the increase of trans-
membrane pressure increased the mean size of PCL
microcapsules.

4) The more increased molecular weight of PCL,
The better released drug of loaded in PCL microcap-
sules, because amorphous area of PCL microstructure
is greatly by increasing PCL molecular weight.

5) The more increased drug loading contents of
PCL, the better released drug in PCL microcapsules
because increasing drug loading contents caused by a
thin of outside wall thickness of microcapsule.

6) The release behavior of lidocainehydrochloride
from PCL microcapsule in phosphate buffer solution of
pH 9.0 was much faster than those of microcapsule in
pH 2.0 and 7.4.

7) The release behavior of ionic drugs from PCL
microcapsules in phosphate solution of pH 7.4 was
made rapidly released of anionic drug rather than cati-
onic drug and nonionic drug.

Acknowledgements

This work was supported by grant No. R01-2002-
000-00322-0 from the Basic Research Program of the

Korea Science & Engineering Foundation.

References

1. Z. Haque and J. E. Kinsella, “Emulsifying proper-
ties of food proteins and bovine serum albumin”,
J. Food Sci., 53, 416 (1988).

2. D. J. McClements, “Food Emulsions: Principles,
Practice, and Techniques”, CRC Press, Chapter 1,
1 (1999).

3. E. Dickinson, “Emulsions and droplet size control”,
in: D. J. Wedlock (Ed.), “Controlled Particle, Dro-
plet and Bubble Formation”, Butterworth-Heine-

AB, A 17 B A1 &, 2007

4
BN
i
ot

10.

11.

12.

13.

. T. Nakahima, M. Shimizu, and M.

a7
o
}O‘l

mann, Oxford, Chapter 7, 189 (1994).

Kukizaki,
“Membrane emulsification by microporous glass”,
Key Engineering Materials, 61-62, 513 (1991).

. S. M. Joscelyne and G. Trigérdh, “Membrane em-

ulsification -a literature review”, J. Memb. Sci.,
169, 107 (2000).

. S. Omi, “Preparation of monodisperse microspheres
2

using the shirasu porous glass emulsification tech-
nique”, Colloids and Surfaces A: Physicochem.
Eng. Aspects, 109, 97 (1996).

. P. A. Kramer, “Albumin microspheres as vehicles

for achieving specificity in drug delivery”, J. Parm.
Sci., 63, 1646 (1974).

. E. Celikkaya, E. B. Denkbas, and E. Piskin, “Po-

ly(DL-lactide)/poly(ethylene glycol) copolymer par-
ticles. I. Preparation and characterization”, J. Appl.
Polym. Sci., 61, 1439 (1996).

. K. Juni, J. Ogata, M. Nalano, T. Ichihara, M.

Mori, and M. Akagi, “Preparation and evaluation
in vitro and in vivo of polylactic acid microsperes
containing doxorubicin”, Chem. Pharm. Bull., 33,
313 (1985).

V. Schroder, O. Behrend, and H. Schubert, “Effect
of dynamic interfacial tension on the emulsification
process using microporous ceramic membranes”, J.
Colloid and Interface Science, 202, 334 (1998).
R. A. Williams, S. J. Peng, D. A. Wheeler, N. C.
Morley, D. Taylor, M. Whalley, and D. W. Hould-
sworth, “Controlled production of emulsions using
a crossflow membrane Part II: Industrial scale
manufacture”, Trans IChemE, 76, Part A, 902
(1998).

S. Nagashima, M. Koide, S. Ando, K. Makino, T.
Tsukamoto, and H. Ohshima, “Surface properties
of monodisperse poly(acrylamide-co-acrylic acid)
hydrogel microspheres prepared by a membrane
emulsification technique”, Colloids and Surfaces A:
Physiochem. Eng. Aspects, 153, 221 (1999).

Y. H. Choi, D. E. Wiley, and K. H. Youm, “Pre-
paration of alginate microspheres using membrane



14.

15.

w5890l 23 AE-a)4] Polycaprolactone vho]lZ 249 A9t HEWE 54 79

emulsification method”, Membrane J., 14(3), 218
(2004).

A. Berthoid, K. Cremer, and J. Kreuter, “Prepara-
tion and characterization of chitosan microspheres
as drug carrier for prednisolone sodium phosphate
as model for anti-inflammatory drugs”, J. Control.
Rel., 39, 17 (1996).

C. G. Pitt, T. A. Marks, and A. Shimdler, “Con-
trolled release of bioactive materials”, Academic
Press, Chapter 1, 19 (1980).

16.

17.

18.

H. Jaffe, P. A. Giang, D. K. Hayes, J. A. Miller,
and B. H. Stroud, “Controlled release pesticides
and pharmaceuticals”, Plenum Press, 303 (1981).
C. G. Pitt, M. M. Gratzl, and A. R. Jeffcoat, J.
Pharm. Sci, 68, 1534 (1979).

V. Schréeder, O. Behrend, and H. Schubert, “Ef-
fect of dynamic interfacial tension on the emulsifi-
cation process using microporous, ceramic mem-
branes”, J. Colloid and Interface Sience, 202(2),
334 (1998).

Membrane J. Vol. 17, No. 1, 2007



