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Abstract
Non-aqueous emulsions are prepared by mixing two immiscible liquids such
as a non-aqueous polar liquid and a non-polar liquid with emulsifier to
stabilize the system. Ostwald ripening plays a critical role in the stability of
these non-aqueous emulsions. One of the main factors to develop a non-
aqueous emulsion is the choice of non-aqueous polar liquids that should
have the ability of a good solvent for the solvophillic part of the surfactant
molecules and to make it immiscible with non- polar liquid or oil. The other
factor is to select the surfactant having the ability of selective solubility in
either of immiscible liquids. In addition, it is necessary to choose the
surfactant that will not irritate the mucosa or tissue. This emulsion shows
two types of crucial instability including creaming and breaking. The stable
non-aqueous emulsions could be prepared by using two block copolymer

surfactants and suitable oil-immiscible polar liquid.
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Introduction

The delivery of poorly water-soluble drugs has been the
subject of intense research, as approximately 40% of new
chemical entities are hydrophobic in nature.’ Emulsion has
been developed as a delivery system for these poorly water
soluble compounds. An emulsion is a system in which one
liquid is dispersed in another with which it is immiscible.
Macroscopic phase separation of these immiscible liquids is
prevented by the addition of suitable emulsifiers such as
surfactants. In general, pharmaceutical emulsions are oil-in-
water (O/W) or water-in-oil (W/O) systems.?* However, there
are some limitations with regards to water. First, water is not
appropriate for certain drugs, which are unstable in the
presence of water or are water insoluble and therefore cannot
be incorporated into aqueous formulations. Second, bacterial

growth and drug crystallization are common in aqueous

Inaaduaaasuarivennisguaiw 1 15 aifu 4, aa. — 5A. 2563

282

phase.® To overcome these problems, a water-free liquid
preparation is desirable. Emulsions can be formulated without
an aqueous phase to produce anhydrous, non-aqueous or oil-
in- oil emulsions to replace regular aqueous emulsions
wherever the presence of water is undesirable.? For example,
the production of polymer particles where catalysts or
monomers were sensitive to water such as polyurethane
particles which monomer diiocyanate and catalyst reacted with
water quickly.® In addition, the non-aqueous emulsion (also
known as oil-in-oil or anhydrous emulsion) is formed from two
immiscible liquids, a non-aqueous polar liquid used instead of
water and a non-polar liquid and emulsifier to stabilize the
system by preventing a phase separation.

There are several advantages of non-aqueous emulsion

systems over aqueous emulsions. For example, it is suitable
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for the hydrophobic drugs or substances that are sensitive to
water or degraded by hydrolysis. Also, it can be used as a
carrier for lipophilic compounds or used for controlled drug
release. Moreover, these systems have low viscosity and
lower boiling vaporization temperature compared to aqueous
system, which makes them particularly suitable for spraying
application of paints. ®” Non- aqueous emulsions were
developed since the early 1960s. The first formulation was a
system of olive oiI-in-egcerin.8 Another example of an early
application of non-aqueous emulsions system was polyol-in-
oil emulsion system with polar phase that included glycerin,
propylene glycol and polyethelene glycol 400 ( polyol
compound). Olive oil was used as a non-polar liquid phase
and representative anionic, cationic and nonionic surfactants
were employed as an emulsifier.® Up to now, although their
unique features are useful for many applications, non-aqueous
emulsions did not attract much attention.

This review offers a general idea about non- aqueous
emulsion systems, as well as information about its
components, types, preparation techniques and stability. A
non-aqueous emulsion (also known as oil-in-oil or anhydrous
emulsion), similar to an aqueous emulsion, is formed from two
immiscible liquids which employs, a non-aqueous polar liquid
which is used instead of water, a non- polar liquid and
emulsifier to stabilize the system by preventing a phase

separation.

Fundamental of the non-aqueous
emulsion system

Several non-aqueous emulsion formulations prepared by
a broad range of compounds have been reported. The non-
aqueous emulsion system constitutes three main
compartments: (1) polar phase, which is formed by a non-
aqueous polar liquid, (2) oil phase, and (3) emulsifier. In the
next section, each of these compartments will be discussed in

detail.

(1) Non-aqueous polar liquid

For non-aqueous emulsion preparations, the selection of
solvents is of critical importance, while the key determining
factor is polarity of the solvents.'® A liquid capable of replacing
water in an emulsion should have an appreciable polarity to
make it immiscible with oils and to make it a good solvent for

the solvophillic part of the surfactant’' s molecules. The
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hydrogen bond formation of polar liquid may play a crucial role
in the solvating ability of both ionic and non- ionic
surfactants. %® Preferentially, the polar liquid which exhibits a
dipole moment from 0.9 - 4.5 should be selected. Moreover,
if the emulsions are intended for personal care application,
then the non-aqueous polar liquid should be physiologically
compatible and can be formulated into desirable dosage
forms. Examples of solvents which were used as a non-
aqueous polar phase such as propylene glycol, ethanol, propyl
alcohol, iso-propyl alcohol, acetyl triethyl citrate and acetyl
tributyl citrate.'

Reagents commonly used as the dispersed phase or the
continuous phase which are the non-aqueous polar liquids
include glycerin, propylene glycol, polyethylene glycol,
ethylene glycol dimethyl ether, tetraethylene glycol dimethyl
ether, triacetin, medium chain ( Cg- C4q) triglycerides and
propylene glycol Cq diester.”'® There was the formulation of
non- aqueous in situ PLGA microparticle forming emulsion
using the injectable water miscible liquid such as DMSO as
the non- aqueous polar liquids. The transformation from
emulsion into microparticle was owing to solvent exchange
mechanism. "' In addition, as non-aqueous polar liquids, the
water miscible organic solvents such as N-methyl pyrrolidone
(NMP) and 2-pyrrolidone (PYR) were utilized in the in situ
forming microparticle emulsion. Owing to their thermal stability
and biocompatibility, these polar aprotic solvents have been
used. '? Previously, DMSO, NMP and PYR were used as the
non-aqueous solvents for the oil in oil emulsion containing
doxycycline hyclate to prepare in situ forming microparticle
(ISM) with solvent exchange for periodontal pocket delivery.'

In this regard, the development of a system to aid in the
solvent selection process could predict the miscibility and
behavior of surfactant will greatly facilitate the formulation of
non-aqueous emulsions. The influence of solvents on the fluid
emulsion of ISM had been

characteristic of oil in oil

investigated which DMSO and 2-pyrrolidone could be used to

fabricate the emulsion with suitable manner of injection.™'®

(2) Oil phase

The composition and type of oil also play an important role
in the non-aqueous emulsion. The oil components in the
external phase not only influence the viscosity but also impart
the lubrication of the system. ' Examples of solvents

successfully used as oil phase in non- aqueous emulsion
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preparations were, for example, hexamethyldisiloxane,

octamethyltrisiloxane, vegetable oils and synthetic oils.” '

(3) Emulsifier

The emulsifying stabilizer is any surface active agent of
pharmaceutical cosmetic or food grade that has an
amphiphillic nature to stabilize the emulsion. It can be divided
into 2 groups: surfactant and amphiphillic block copolymers.
The consideration for hydrophilic- hydrophobic balance (HLB)
value could facilitate the selection of suitable emulsifier for

non-aqueous emulsion systems.

(3.1) Surfactant

Emulsions may comprise one or more emulsifying agents
to stabilize the system. The range of industrial surfactants was
screened using subjective visual assessment for their ability
to form a non-aqueous system with medium- chain and long-
chain triglycerides. The concentration of surfactant or
emulsifier is necessary to be considered for stabilizing the
emulsion. For the injectable non-aqueous in situ forming
microparticle (ISM) emulsions, the 5% glyceryl monostearate
(GMS) showed a superior stabilizing potential prolonging the
emulsion stability from a few minutes to more than 12 h."" In
a previous study, the 2.5% GMS dissolved in olive oil was the
most suitable component when prepared using 1:1 of the

external and the internal phase ratio."

(3.2) Amphiphillic block copolymer

In comparison to low molecular weight surfactants, such
as sodium dodecylsulfonate (SDS), much lower concentration
of an amphiphillic block copolymer are required to form a
stable micelle.'® Poly(styrene)-b-poly(dimethyl methacrylate),
poly(styrene)-b-poly( methyl methacrylate), poly(styrene)-b-
poly(ethylene propylene), poly(styrene)-b-poly(isoprene) and
poly( isoprene) - b- poly( methyl methacrylate) are used to
prepare dispersions with non-polar continuous phase. For
example, aliphatic hydrocarbons and silicone oil. ® The
relatively large size of tri- block copolymers may contribute to
the emulsion stabilization. It proved that large surfactant
molecules such as PEO- PPO- PEO triblock copolymer
surfactants are more effective stabilizers for formamide
emulsions than low molecular weight surfactants which has
received a considerable interest in recent years.?® Another
report documented the stabilization of non-aqueous emulsions
by poly(2- vinylpyridine) - b- poly( butadiene) in the system of
polyethylene glycol (PEG 400) dispersed in a typical liquid
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glycerin ester (Miglyol 812)." Very recently, a biocompatible
non-aqueous emulsion preparation has been reported. Being
stabilized by a well- defined poly( butadiene) - poly( 2-
vinylpyridine) - poly( ethylene oxide) triblock copolymer, the
emulsions were developed for the system Miglyol 812
dispersed in PEG 400."®

Types of non-aqueous emulsion

Similar to an aqueous emulsion system which is classified
as O/ W and W/ O emulsion, non- aqueous emulsion is
classified into 3 types: (1) those using a non-aqueous polar
liquids as an oil-in-polar solvent, (2) polar solvent-in-oil, and
(3) oil-in-oil system which is formulated without a non-aqueous
polar liquid but using two immiscible oils. In this section,

examples of each type will be discussed.

1. Oil-in- non-aqueous polar liquid emulsion

Examples of this subtype of non-aqueous emulsion are
olive oil in polar phase including glycerin, propylene glycol and
PEG 400. In this particular system, anionic, cationic and
nonionic surfactants were used as an emulsifier to investigate
the effect of emulsifier type on the stability of the system.®
Another example is the system of dichloromethane in
perfluorohexane. Copovidone or Eudragit® RS is used as an
emulsifier to form microparticles by microencapsulation
method. '° This type of emulsion is more similar to aqueous
systems than systems comprising two non- polar oils due to

the fact that they both have a polar continuous phase.

2. Polar solvent-in-oil emulsion

Amphiphillic block copolymers in dimethyl formamide or
acetonitrile was employed as a dispersed phase and alkanes
as a continuous phase. The designed amphiphillic block and
copolymers, such as polyisoprene- b- poly( methyl
methacrylate) were used as the additives to stabilize these

emulsions.'®

3. Oil-in-oil emulsion

The example of this subtype is non-aqueous emulsion
formulated for controlled release by using castor oil as the
disperse phase and dimethicone or cyclopentasiloxane as the
continuous phase. This study used only silicone surfactants
(cyclomethicone/dimethicone copolyols) which were miscible

in silicone oil to stabilize the emulsions. Another preparation
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is a development of castor oil-in-silicone oil using varying type

of silicone surfactants to stabilize the system.*

Polymer

In addition, polymers have been widely used in emulsions
for sustained drug release profile. Non-aqueous emulsions
formulated with polymers can also achieve such propose.
Various types of hydrophobic and hydrophilic polymers are
available for the preparation of non-aqueous emulsions. The
presence of polymer in non-aqueous emulsion could be in the
dispersed phase or the continuous phase as in the following

examples.

(1) In dispersed phase of polar solvent-in-oil emulsion for
in situ forming microparticles

The in situ microparticle has been fabricated from polar
solvent- in- oil emulsion comprising polymer solution phase
dispersed in external oil phase. Polymer solution phase can
be prepared by dissolving a biodegradable polymer such as
poly(lactide-co-glycolide) (PLA) or poly lactic-co-glycolic acid
(PLGA) in a water-miscible biocompatible solvent such as N-
methyl pyrrolidone (NMP), 2-pyrrolidone, dimethyl sulphoxide
(DMSO), triacetin or low molecular weight polyethylene glycol
which are able to form highly concentrated polymer solution
in the combination of surfactants such as tween 80 or
polyoxyethylene-polyoxypropylene copolymer (Pluronic F 68).
Peanut oil and sesame oil can be used as a biocompatible
external phase with surfactant such as span 80 or Miglyol 812
with/without aluminium stearate or aluminium mono stearate.?
The injectable biodegradable in stiu forming o/ o emulsion
microparticles was developed comprising PLGA polymer
solutions dissolved in NMP or 2-pyrrolidone as the internal
phase which was mixed with 2-syringe connector with the
external phase of peanut oil stabilized with 2% (w/w) Span
80. It was observed that this system was more easily
injectable with smaller needle size thus expected to be less
painful and provide a better patient comfort/compliance.?"%2

(2) In the continuous phase of poly(ethylene glycol) (PEG)
droplets in non-polar solvent system

Some investigators prepared the non-aqueous emulsions
where the dispersed phase consists of poly(ethylene glycol)
(PEG) droplets and the continuous phase formed by a polymer
solution consisting of a film forming polymer dissolved in a

volatile organic solvent. The stability of these emulsions is
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achieved with either polybutadiene- poly (ethylene oxide) or
poly (terbutylstyrene)-b-poly(ethylene oxide) block copolymer.
The emulsifying stabilization efficiency of polybutadiene- b-
poly(ethylene oxide) and poly (ter butylstyrene)-poly(ethylene
oxide) diblock copolymers is examined in non- aqueous
emulsions. These emulsions are formed by a dispersion of
polyethylene glycol mixed with a cationic surfactant acting as
a biocide, in a continuous phase of a thermoplastic elastomer
dissolved in methylcyclohexane. Emulsions with controlled
droplet size and excellent stability were obtained by solvent

evaporation which leads to elastomeric films containing

droplets of confined disinfecting liquids.?®

Preparation techniques

There are many techniques for the preparation of a non-
aqueous emulsion system. However, perhaps the simplest
method is manual shaking. In this method, an emulsion is
prepared by adding both internal phase and external phase
into a small container then shaking it by hand until a viscous
emulsion is formed.® Alternatively, the high mechanical force
such as homogenization®, Rotamixer® and sonication/ probe
sonication* have also been used. Another preparation
technique is used in the in situ forming microparticles
preparation, also known as the 2-syringes connector method
as presented in Figure 1. In this approach, the internal and
external phase are filled separately, one phase in separate
syringe. The syringes are connected through a connector. The
formation of emulsion is achieved by pushing one phase
through the syringe to mix it with the other phase repeatedly

for about 50 cycles at a speed of 2 cycles/second.?>*®

Linking the internal phase and the external phase in 2 syringes coupled with
a connector.

R B
Non-aqueous emulsion after mixing the internal phase and the external phase.

Figure 1 preparation technique of non-aqueous emulsion

using the 2-syringes connector method.
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Stability of non-aqueous emulsions

Stability has long been a major concern which limits the
usage of non-aqueous emulsions. In general, the emulsions
showed two types of instability. The first is creaming caused
by the inner phase going upward direction. This is called
upward creaming. On the other hand, if it is going downward
direction, it is called as downward creaming or sedimentation.
The other is breaking, caused by coalescent of droplets, which

ultimately

2,27

leads to a complete separation of the two

phases.

(1) Creaming

This process always started immediately after emulsions
were formed. Creaming is caused by density difference
between the two phases. Density difference normally gives
rise to a diffusion boundary as larger droplets rise faster than
smaller ones. However, the process is strongly enhanced by

clustering of droplets, which is caused by the flocculation. 2

(2) Breaking/coalescence and Ostwald ripening

Coalescence is a phenomenon that small droplets of
internal phase fuse together to form a larger droplet, whereas
Ostwald ripening is a phenomenon that smaller droplets of
emulsion disappear but the larger droplets gradually grows.
Both coalescence and Ostwald ripening lead to a complete
separation of the two phases called breaking. Ostwald
ripening plays a major role of destabilization of non-aqueous
emulsion.? This Ostwald ripening can be prevented by adding
a small amount (1%) of an oil that has a very low solubility in

the continuous phase or using larger size of surfactant

molecules such as triblock copolymers.?

Stabilization technique

There are two basic strategies for the preparation of stable
non-aqueous emulsions, specifically using two incompatible
block copolymer surfactants and using suitable oil-immiscible

polar liquid.

(1) Using two incompatible block copolymer surfactants
The design of block copolymer surfactant system
each of which is

This

constitutes two incompatible blocks,

selectively soluble in different immiscible liquids.
approach needs to be characterized as a new surfactant for

each combination of liquids. For example, diblock copolymers
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of polystyrene and polyisoprene were able to stabilize DMF
and hexane emulsions for almost 24 h.?® For stable emulsions,
the surfactant must lower interfacial tension. On the other
hand, it provides the interfacial fiim to be sufficiently
viscoelastic to protect the surface.??® In addition, another
factor needs to be considered. Some investigations compared
the dominant factor for stability of non-aqueous emulsion.
When both alkyl and aryl poly( oxyethlyene) ethers and
silicone- based surfactants have the ability to lower the
interfacial tension at the castor oil- silicone interface, a
dominant factor for stabilization is the solubility of the

surfactant in the continuous phase.?®

(2) Using suitable oil-immiscible polar liquid

For the investigation of a suitable oil-immiscible polar
liquid which can effectively replace water, the one criterion is
to be a good solvent for the solvophillic part of the surfactant
molecule. For example, non- ionic surfactants with HLB
numbers around 12 were found to stabilize oils dispersed in
formamide.?’

There are no guidelines for stabilization of two immiscible
non- polar oils or polar-solvent phases, because HLB system
was not applicable for this system.? An optimized non-
aqueous emulsion can be obtained through the
implementation of pseudo-ternary phase diagram constructed
by the titration method.?” The most significant factors affecting
the stability of a non- aqueous emulsion system is the
surfactant concentration in continuous phase by using the
factorial design based on a reduced-fit quadratic model to
confirm contribution of various factors on the stability of the
emulsions.?

Although there have been only occasional reports for non-
aqueous emulsion systems, a non-aqueous emulsion could
be used to replace an aqueous emulsion where the presence
of water is undesirable. In the pharmaceutical field, this
system is developed as the vehicle for hydrophobic drugs or
drug susceptible to hydrolysis. A major problem of non-
aqueous emulsions is due to its limited stability resulting from
Ostwald ripening. The most important factor affecting the
stability is the concentration of surfactant. A challenge in this
field awaits further development for the methods to generate
a fairly stable non-aqueous emulsion. The role of physical
properties in the development of non-aqueous emulsions and
their pharmaceutical applications are further mentioned in Part

Il. To provide an overall perspective as to the diversity of
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reagents which may be used to formulate a non-aqueous
emulsion, the components of previously established non-

aqueous emulsion preparations are summarized in Table 1.

Table 1 Components of previously established non-

aqueous emulsion preparations.

[of Sur
Dispersed phase Ref.
phase of surfactant
Olive oil Glycerin Anionic, cationic 8
Olive oil Glycerin Non-ionic 9
Olive oil Glycerin Saponifying agent of ammonia and 2-amino-2- 30

methyl-1,3-propanediol (AMP)

Glycerin, propylene glycol  Olive oil Gleceryl monostearate or sodium stearate or 9
or polyethylene glycol 400 sorbitan monosterate

Mineral oil Glycerin Anionic, cationic and non-ionic 31
Dodecane Formamide Non-ionic 2
Dodecane DMSO Non-ionic 2
Castor oil Silicone oil Non-ionic 29

(dimethylsiloxane)
Castor oil Dimethicone or Silicone surfactant (cyclomethicone/dimethicone 4

cyclopentasiloxane copolyols)

N,N’-dimethyl-formamide n-hexane Poly(isoprene)-poly(methylmethacrylate) block 32
(DMF) copolymer
Acetonitrile Cyclohexane Poly(isoprene)-b-poly(methyl methacrylate) block 32
co-polymer and
poly(methylmethacrylate) block copolymer
Acetonitrile Tetradecane Poly(isoprene)-poly(methylmethacrylate) block 32
copolymer
Castor oil Silicone oil Silicone surfactant 33
Acetone Triglyceride Sorbitan monooleate 19
(Myglyol 812)
Dichloromethane Perfluorohexane Perfluoro polyester 19
Polyethylene glycol 400 Glycerin ester Poly(2-vinylpyridine)-b-poly(butadiene) (P2VP-b- 17

(Myglyol 812) PBut) copolymers
DMF or acetonitrile Alkanes Polyisoprene-b-poly(methyl methacrylate) (PI-b- 16
PMMA)
Acetonitrile Cyclohexane Iron(lll)-induced synthesis of 16
poly(ethylenedioxythiophene) (PEDOT)
Alkanes Perfluoroalkanes Amphipolar polymeric emulsifier with fluorous and 16

aliphatic side chain

Olive oil or Glycerin Glycerin or Olive  Span 20,40,60,80, 85, Tween 20,40,60,80, SLS, 27
oil GMS
Glycerin ester (Myglyol Polyethyl glycol Pol: poly(2-vinylpyridine)-poly(ethylene 18

812) 400 oxide) (PBut-P2VP-PEO) tri block copolymers

Conclusion

Non-aqueous emulsion is prepared from two immiscible
liquids which employs a non-aqueous polar liquid instead of
water, a non-polar liquid and emulsifier to stabilize the system

by preventing a phase separation. There are three types of
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non- aqueous emulsion including oil- in- non- aqueous polar
liquid emulsion, polar solvent-in-oil emulsion and oil-in- oil
emulsion. The fairly stable non-aqueous emulsion is mainly
from Ostwald ripening. The use of suitable emulsifier is
necessary for preparation of stable non-aqueous emulsion. In
addition, it is necessary to choose the surfactant that will not
irritate the mucosa or tissue. The review for the role of physical
properties in the development of non-aqueous emulsions, and
also the evaluation and application of non-aqueous emulsion

will also be mentioned in Part II.

Acknowledgements

The authors are grateful to the Research and Creative
Fund, Faculty of Pharmacy, Silpakorn University, Thailand.
The support from Miss Kotchamon Yodkhum, Tiraniti
Chuenbarn and Purin Charoensuksai is grateful. We thank
University Research, Innovation and Creativity Administration

Office for supporting native speaker proof-reading.

References

1. Kalepua S, Nekkantib V. Insoluble drug delivery strategies: review of
recent advances and business prospects. Acta Pharm Sin B
2015;5(5):442-453. (doi: 10.1016/j.apsb.2015.07.003)

2. Imhof A, Pine DJ. Stability of nonaqueous emulsions. J Colloid Interf Sci
1997;192:368-374.

3. Imhof A, Pine DJ.
templating. Nature 1997;389:948-951.

4. Suitthimeathegorn O, Jaitely V, Florence AT.

Ordered macroporous materials by emulsion

Novel anhydrous
emulsions: formulation as controlled release vehicles. Int J Pharm
2005;298:367-371.

5. Verma S, Dangi JS. Non-aqueous microemulsions : Ideal vehicles for
lipophilic drugs. Indian J Novel Drug Delivery 2012;4:223-226.

6. Gerkmann Y. Non- aqueous dispersions of particles and their

applications. Dissertation. Zur Erlangung des Grades, Doktor der

Naturwissenschaften, im Promotionsfach Polymer Chemie am
Fachbereich Chemie, Pharmazie und Geowissenschaften der Johannes
Gutenberg-Universitat Mainz, 2015.

7. Baravkar VS, Jirage AS, Kate VK, Payghan SA, D’ Souza JI. Potential
application emulsion for drug delivery. Asian J Biomed Pharm Sci
2014;4(29):10-18.

8. 8. McMahon JD, Hamil RD, Petersen RV. Emulsifying effects of several
ionic surfactants on a nonaqueous immiscible system. Int J Pharm
1963;52:1163-1168.

9. Petersen RV, Hamill RD. Studies on nonaqueous emulsions. J Soc
Cosmetic Chemists 1968;19:627-640.

10. Payghan S. Non-aqueous emulsion: versatile vehicle for drug delivery.
Lastest Rev 2008;6:1-19.

11. Voigt M, Koerber M, Bodmeier R. Improved physical stability and

injectability of non- aqueous in situ PLGA microparticle forming

emulsions. Int J Pharm 2012;434:251-256.

Thai Pharm Health Sci J Vol. 15 No. 4, Oct. — Dec. 2020


https://dict.longdo.com/search/grateful

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Sanghvi R, Narazaki R, Machatha SG, Yalkowsky SH. Solubility
improvement of drugs using N-methyl pyrrolidone. AAPS Pharm Sci
Tech 2008;9(2):366-376.

Phaechamud T, Chanyaboonsub N, Setthajindalert O. Doxycycline
hyclate- loaded bleched shellac in situ forming microparticle for
intraperiodontal pocket local delivery. Eur J Pharm Sci 2016;93:360-370.
Phaechamud T, Praphanwittaya P, Laotaweesub K. Solvent effect on
fluid characteristics of doxycycline hyclate-loaded bleached shellac in
situ- forming gel and - microparticle formulations. J Pharm Invest
2018;48:409-419. (doi: https://doi.org/10.1007/s40005-017-0338-4)
Phaechamud T, Lertsuphotvanit N, Praphanwittaya P. Viscoelastic and
thermal properties of doxycycline hyclate-loaded bleached shellac in
situ-forming gel and —microparticle. J Drug Del Sci Tech 2018,44:448-
456.

Klapper M, Nenov S, Haschick R, Muller K, Mullen K. Oil- in- oil
emulsions: a unique tool for the formation of polymer nanoparticles. Acc
Chem Res 2008;41(9):1190-1201.

Atanase LL, Riess G. Stabilization of non-aqueous emulsions by poly(2-
vinylpyridine) - b- poly( butadiene) block copolymers. Colloids Surf, A
Physicochem Eng Asp 2014;458;19-24.

Atanase LL, Lerch JP, Riess G. Water dispersibility of non-aqueous
emulsions stabilized and viscosified by a poly( butadiene) - poly( 2-
vinylpyridine) - poly( ethylene oxide) ( PBut- P2VP- PEO)
copolymer. Colloids Surf, A Physicochem Eng Asp 2015;464:89-95.

triblock

Mana Z, Pellequer Y, Lamprecht A. Oil-in- oil microencapsulation
technique with an external perfluorohexane phase. Int J Pharm
2007;338:231-237.

Yapar EA, Inal ©, Ozkan Y, Baykara T. Injectable in situ forming
microparticles:

2012;11:307-318. (doi: org/10.4314/tjpr.v11i2.19)

a novel drug delivery system. Trop J Pharm Res

Rungseevijitprapa W, Brazeau GA, Simkins JW, Bodmeier R.
Myotoxicity studies of O/W-in situ forming microparticle systems. EurJ
Pharm Sci Biopharm 2008;69:126-133.

Inaaduaaasuarivennisguaiw 1 15 aifu 4, aa. — 5A. 2563

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

288

Rungseevijitprapa W, Bodmeier R. Injectability of biodegradable in situ
forming microparticle systems (ISM). Eur J Pharm Sci 2009;36:524-531.
Riess G, Cheymol A, Heorner P, Krikorian R. Non-aqueous emulsions
stabilized by block copolymer: application to liquid disinfectant- filled
elastomeric films. Adv Colloid Interface Sci 2004;108-109:43-48.

Dyab AKF, Atta AM, EI-Mahdy GA. Non-aqueous emulsions stabilized
by nonionic nonyl phenol ethoxylate reactive polymerisable surfactants.
Int J Electrochem Sci 2013;8:9868-9885.

Kranz H, Bodmeier R. Structure formation and characterization of
injectable drug loaded biogradable devices: In situ implants versus in
situ microparticles. Eur J Pharm Sci 2008;34:164-172.

Kranz H, Yilmaz E, Brazeau GA, Bodmeier R. In vitro and in vivo drug
release from a novel in situ forming drug delivery system. Pharm Res
2008;25(6):1347-1354. (DOI: 10.1007/s11095-007-9478-y)

Jadhav C, Kate V, Payghan SA. Investigation of effect of non-ionic
surfactant on preparation of griseofulvin non-aqueous nanoemulsion. J
Nanostruc Chem 2015;5:107-113.

Shekhar V, Dangi JS. Non-aqueous microemulsions: novel approach for
delivery of poorly soluble drugs. Int Res J Pharm 2010;1(1);51-56.
Jaitely V, Sakthivel T, Magee G, Florence AT. Formulation of oil in oil
emulsion: potential drug reservoirs for slow release. J Drug Del Sci Tech
2004;14(2):113-117.

Hamill RD, Petersen RV. Effects of aging and surfactant concentration
on the rheology and droplet size distribution of a nonaqueous emulsion.
J Pharm Sci 1966; 55: 1268-1274. (doi: https://doi. org/10. 1002/ jps.
2600551120)

Reichmann KW, Petersen RV. Temperature studies with nonaqueous
emulsions. J Pharm Sci 1973;62:1850-1856.

Mdller K, Klapper M, Mille K. Preparation of high molecular weight
polyurethane particles by nonaqueous emulsion polyaddition. Colloid
Polym Sci 2007;285:1157-1161. (doi: 10.1007/s00396-007-1670-1674)
Suitthimeathegorn O, Turton JA, Mizuuchi H, Florence AT. Intramuscular
absorption and biodistrubution of dexamethasone from non-aqueous

emulsions in the rat. Int J Pharm 2007;31:204-210.

Thai Pharm Health Sci J Vol. 15 No. 4, Oct. — Dec. 2020



