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ABSTRACT : The preparation of poorly water soluble drugs in the form of
nano-emulsion is of increasing interest in the current drug delivery system, as it appears as
an excellent drug vehicle to facilitate the delivery of hydrophobic pharmaceutical ingredients
into gastrointestinal tract, thereby improve the drug oral bioavailability. In the present study,
an energy •efficient ultrasonic cavitation method was utilized to prepare a well- optimized
formulation of aspirin nano-emulsion by using a 20 kHz ultrasonic horn processor. It was
found that the optimum level in terms of emulsion composition, acoustic amplitude, and
ultrasonic processing time is crucial to achieve minimum droplet size. The present paper
demonstrated that 0/W nano-emulsions system of 20 wt% Lauroglycol® FCC and balance
water with average droplet diameter as low as 232 nm could be achieved with the presence
of 5 wt% Cremophore-EL as surfactant. Results are comparable to those emulsions prepared
with a magnetic stirrer and an ultra-turrax homogenizer. The microscopic results showed
that the emulsion droplet after 1 min ultrasound irradiation were almost spherical in shape
and excellently stable with no apparent flocculation and coalescence over the two-week
storage at room temperature. It is strongly suggested that the use of ultrasound for
preparation of 0/W aspirin nano-emulsions was superior in terms of droplet size and energy
efficiency, as compared to conventional magnetic mechanical devices.
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INTRODUCTION
The poorly water soluble aspirin (acetylsalicylic acid) is well-known as a non-steroidal antiinflammatory drug (NSAID) which has been widely used in treatment of variety of pains and
diseases due to its multi-therapeutic properties; for instance, anti-inflammatory, antipyretic,
anti-rheumatic, analgesic and anti-platelet effect. Because of its established efficacy and
proven safety record, aspirin appear to be one of the highly recommended medications in
the pharmaceutical market and furthermore, it is always available over-the-counter (Amann
& Peskar 2008, Vane & Botting 1998). However, the long-term administration of high dosage
of aspirin can often result in several systemic adverse side effects like gastrointestinal
(GI) intolerance, stomach bleeding, hypersensitivity and angio-edema (Laine & Mcquaid
2005). An attractive alternative drug delivery system had recently been proposed for
administration of aspirin, and it revealed that the anti-inflammatory property of
aspirin was significantly enhanced if delivered in the form of nano-emulsions
prepared by Microfluidizer® processor (Li & Fogler 1978).
The production of nano- (submicron) emulsion with a narrow size distribution is of
intensive research interest and has been attracting considerable attention in food
(Kentish et al., 2008, Jafari et al., 2007, 2006, 2008, Floury et al., 2003), pharmaceuticals
(Subramanian et al., 2008, Singh & Vingkar 2008, Mou et al., 2008), personal care and
cosmetics (Tai-Figiel 2007) industries in recent years. In pharmaceutical, nano-emulsion
drug delivery system has become one of the promising and popular approaches, as it
had been reported as an excellent candidate for efficient delivery of poorly soluble active
pharmaceutical ingredients (API) by enhancing the drug dissolution as well as permeation
due to its extremely low surface tension of the whole system and interfacial tension of 0/W
droplets.
According to ( Stig et al., 1996), emulsions are a class of disperse systems consisting of two
immiscible liquids: the liquid droplets (dispersed/internal phase) are dispersed in another
liquid medium (continuous/external phase). Nano-(submicron) emulsions are kinetically
stable systems that they appear to be either transparent (droplet diameter< 200 nm) or milky
(droplet diameter :::: 500 nm) (Izquierdo et al., 2002). They were also referred to as miniemulsions. Their long term physical stability associated with leading small
nanosized droplet enables the system to remain dispersed with no apparent
flocculation or coalescence (Tadros 2005). Theoretically speaking, emulsion formation
is non-spontaneous and a large amount of surfactant or energy is required to break a drop
into smaller ones (submicron, as is the case with nano-emulsions).
The use of low frequency ultrasound for production of nano-(submicron) emulsions has been
the focus of much recent work and they can be applied in variety of processes; biological,
physical and chemical processes as it had been reported to intensify and enhance the
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process of extraction, chemical reactions and micro-encapsulation (Suslick 1989).
Recent studies has shown that, for production of nano-(submicron) emulsions, ultrasound
had emerged as an excellent yet superior tool as compared to rotor stator in terms of
droplet size and energy efficiency (Tadros 2005, Abismail et al., 1999, Kentish et al., 2008).
Additionally, the results indicated that, in the case of producing an emulsion with desired
diameter, the required amount of surfactant was significantly reduced; the energy
consumption was considerably lower than other classical mechanical devices. More
interestingly, the resulting ultrasonic-treated emulsions were all found to be excellently stable
and more homogeneous with low polydispersity.
Admittedly, the final droplet size distribution of an emulsion is controlled by the rate between
two opposing processes; droplet break-up and droplet re-coalescence (Floury et al. , 2004).
Therefore, acquiring the knowledge of the effect of operating parameters and the emulsion
formulation on droplet break-up and coalescence is essential as to obtain smaller droplet
size with narrower distribution. The balance between these two dominant processes strongly
depends on the energy input during emulsification and the geometry design of the device
(Jafari et al., 2008). Hence, in the present paper, the aims of the present study were to
investigate the practicability and efficiency of an ultrasonic probe (or horn) system with
acoustic power- amplitude control in producing and . developing an optimal novel
aspirin 0/W nano-emulsion, preferably with minimum surfactant concentration,
prepared using ultrasound cavitation technique with an ultimate purpose to improve its oral
bioavailability when delivered as liquid nano-emulsion.

MATERIAL AND METHODS
Chemicals and reagents

Aspirin (acetylsalicylic acid) were obtained from Fischer Scientific Co. Ltd, (Malaysia).
Free samples of propylene glycol monolaurate (Lauroglycol™FCC), medium chain
triglycerides (Labrafac lipophile®WL 1349), propylene glycol dicaprylocaprate,
(Labrafac PG), diethylene glycol monoethyl ether (Transcutol®HP) were generously provided
by Gattefosse Co, (Cedex, France). lsopropyl palmitate (IPM), and polyoxy 35 castor oil
(Cremophore EL) were purchased from Sigma Aldrich Chemicals Company, (Malaysia).
Water used in the preparation of formulations was obtained from a Milli-Q® Integral 5 water
purification system (Millipore, Billerica, USA). All other chemicals used were of analytical
grade.
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Solubility study
The solubility of aspmn in various oils was determined. An excess of aspmn
(approximately 1 g) was added into 2 ml of each vehicle in 15 ml screw-capped
centrifuge tubes, followed by vortex mixing (Vortex Mixer; VM-10, Malaysia) for 5
min to ensure final solubilisation. Mixtures were shaken for 48 h at 37 ± 1.0 °C in a
thermostatically controlled shaking water bath (Certomat® IS Incubator-shaker, France),
followed by equilibrium at 25 °C for 24 h. Mixtures were then centrifuged at 5000 rpm for
5 min and the supernatant was filtered through a 0.22 µm PTFE (Teflon) membrane filter.
Samples were suitably diluted with methanol and drug concentration in each oil was obtained
via UV validated method at 275 nm using methanol as a blank. Resultswere reported in unit
of mg/ml.

Ultrasonic experimental set-up for preparation of nano-emulsions
The apparatus used in this present study was a 20 kHz Ultrasonic Processor VCX 750
with V4" (6 mm) stepped microtip (Sonics & Materials, Inc, Newtown, USA). This ultrasonic
immersion horn system primarily consisted of a power generator, a sealed converter and
a horn microtip. The interior part of converter was made up from piezoelectric lead
zirconate titanate crystals (PZT). The horn microtip (probe) was used to amplify and radiate
the ultrasonic energy into the smaller volume sample (10 ml - 50 ml). The maximum peak-topeak amplitude {; of the probe is 123 µm. The maximum power output of 750 W can be
delivered with the flexible control of amplitudes. The magnitude of amplitude {; was displayed
on the screen as a percentage of the maximum amplitude {;max. Due to the constraint of
operating amplitude of microtip ( {;max= 40 %), 3 levels of the maximum amplitude ~ : 25 %,
30 % and 35 % were tested in the current study.
Prior to the ultrasonic horn processing, the horn tip was submersed in the emulsion before
the sonication was turned on to any desired amplitude. The control of ultrasonic
processing time (2 - 6 min) was done using integrated process timer. During ultrasonic
emulsification, all experiments were performed in a 20 ml scintillation vial containing
about 10 ml of the pre-emulsion initially prepared by Sandelin SONOREX® Ultrasonic
Bath. All emulsions formed were of the oil-in-water type. All experimental studies were
carried out in batch type operation. As to allay the sonication thermal effect, cooling is
provided to the samples of pre-emulsion immersed in an icebath while the ultrasonic
treatment is applied. Despite applying the cooling effect, it is unlikely to keep the
temperature of sample at constant level, especially when the longer sonication time with
higher operating amplitude is performed through out the experimental study. For that
matter, further investigations could possibly be carried out to study the thermal effect of
ultrasonic processing on particle size distributions of final emulsions. Therefore, each
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emulsion was carefully sampled and subjected to particle size analysis after.. 24 hr
preparation.
Experimental parameters
The present study investigated the influence of composition of emulsion and processing
variables of ultrasonic horn tip system on production of a novel oil-in-water type
aspirin nano-emulsion with acoustic cavitation. The characteristics of emulsions after the
preparation formed were observed in terms of particle size distributions and stability.

The studied parameters and experimental conditions are summarized in Table 1.
Table 1. Experimental parameters
Parameters studied

Emulsification induced by acoustic cavitation
First of all, as noted above, in an ultrasonic processor system, the electrical energy is
converted into mechanical energy in the form of oscillating vibration due to the
repetitive expansion and contraction action induced by piezoelectric lead zirconate
titanate crystals. Secondly, this mechanical vibration is transmitted to the horn tip and
then transformed into acoustical energy in the form of ultrasonic waves which propagate
through the surrounding liquid medium. At high intensity ultrasound, the liquid
molecules oscillate in phase with the expansion and compression cycles caused by the
pressure fluctuations of the acoustic waves. Millions of microbubbles or cavities are formed
when the local vapor pressure is reduced to that of the liquid medium resulting from the
large negative pressure associated with the expansion cycle of the sound waves. These
bubbles will continue to grow and contract under the two alternating cycles. The growing
bubbles will eventually reach their critical size where they no longer sustain themselves,
and then leads to the subsequent collapse of the microbubbles. This local phenomenon is
referred to as cavitation (Suslick 1989). This event causes extreme levels of highly localized
turbulence driven by the millions of intense shock waves generated at the implosion sites.
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The generated enormous concentrated energy as a result of the micro-implosions acts
as a powerful yet efficient tool of breaking up the larger primary oil droplets into a liquid
medium. However, the exact process of oil droplet formation and disruption due to acoustic
cavitation is not yet fully understood because of scant supporting evidence, rendering these
crucial explanations unsubstantiating as it stands. There are two possible mechanisms which
are believed to be responsible for acoustic emulsification (Li & Fogler 1978). (1) Droplet
formation as a consequence of the instability of interfacial waves produced within the
acoustic field. (2) Droplet break-up by the acoustic cavitation: the formation, growth, and
subsequent collapse of cavities.

Emulsion droplet size analysis

The particle size of the finer emulsions were analyzed by Zetasizer Nano ZS
a wavelength of 635 nm and at a scattering
(Malvern Instruments, UK) at
The size measurement of the emulsions formed was
angle of 90° at 25 °C.
performed by Dynamic Light Scattering particle size analyzer, which was used to
measure the Brownian motion of the particles, which indirectly proportional to particle size.

Microscopic Observation

An inverted microscope (Olympus, model IX51) equipped with a mounted CCD video
camera module was used to perform a morphological image study of the geometric shape
of droplets formed in the emulsions prepared by MST Basic magnetic stirrer, Ultra-Turrax
T18®Basic, and Ultrasonic Processor vex 750. During the image characterization, a 25 µI
emulsion of each sample was placed on the glass slide without any dilution.
Phenomenon of flocculation and coalescence that bear on the instability
of emulsions after two-week storage was carefully studied.

RESULTS AND DISCUSSION
Solubility study

The solubility of poorly soluble drug in oil is an essential pre-requisite for the screening
of oily phase component for nano-emulsion. The main reason is that the increased solubility
of drug in oil phase will commensurately enhance the ability of nano-emulsion to
maintain drug in solubilized form. The solubility of aspirin in various oil vehicles is presented
in Figure 1. Amongst the various oily vehicles tested in this study, Lauroglycol™FCC was
identified to have the highest drug solubility compared to other oils. This is attributable to its
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virtue of good solvent properties which promote the solubility of. aspirin and water
penetration. In this work, Cremophore EL, a non-ionic surfactant was selected for study due
to its superior emulsifying performance with higher HLB number ( Mou et al., 2008, Suclick
1989, Li & Fogler 1978) and its nature of low toxicity and tastelessness. Additionally,
Cremophore EL was reported to possess inhibitory effects on p-gp ad CYP enzymes,
thus it was usually accepted for oral use (Chen 2008). Besides, the good miscibility of
Lauroglycol™FCC with Cremophore EL was visually confirmed by the clarity study of
different oil/surfactant solution mixture (result not shown) where the resulting emulsion is
relatively stable without no apparent flocculation or creaming being observed. The proper
selection of oil and surfactant having maximal solubilizing potential is of paramount
importance in improving the -drug loading capacity and promoting the formation of emulsion
prior to the preparation of optimal formulation.
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Optimization of dispersed phase weight fraction
At constant energy density in terms of operating amplitude, the average emulsion
droplet size increased strongly with increasing weight fraction of dispersed phase, namely
the oil content (Figure 2). This typical trend is in consistent with the result of some earlier
experimental works and comparative investigations by ultrasonic emulsification (Kentish
et al., 2008, Jafari et al., 2007, 2006, 2008, Pangu & Feke 2004, Gaikwad & Pandit 2008,
Behrend & 2000, Majumdar et al., 1998, Leong et al., 2009). To elucidate this result, several
possible reasons had been proposed which were believed to be responsible for the observed
increased droplet size. Firstly, with rising of oil content, droplet disruption process would be
more difficult as due to increased viscosity of the dispersed phase which leads to the rising
of the critical Weber Number, ( N weCrit ), and hence the droplet break-up rate would be
severely restricted. Secondly, for an emulsion with fixed surfactant concentration, it is entirely
possible that there is an insufficient amount of surfactant present to cover the freshly formed
interface completely and thus this limitation increases the average droplet size. Thirdly,
part of the effect could be attributed to the increased rate of collision frequency, particularly at
low surfactant concentration, between the emulsion droplets followed by an ultimate increase
of coalescence frequency. In this study, all the resulting emulsions appeared to be milky
except the emulsion with oil content of 7.5 wt% where clear aqueous solution with slightly
bluish was formed. Both emulsions of 7.5 wt% and 15 % exhibited the minimum average
droplet size vis-a-vis other emulsions, with Z-average diameter at 84 nm and 165 nm,
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Figure 2. The effect of oil concentration on the average droplet diameter of 0/W emulsions
initially stabilized by 5 wt% Cremophore EL. About 10 g samples were sonicated
for 3 min at operating amplitude of 24.60 µm
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respectively. In spite of this, the incorporation- of larger amounts of oil ( == 20 wt %) is
always preferred in pharmaceutical dosage form as it correspondingly increases the drug
content presented in the emulsions, and thus increases the efficacy of the drug when
orally administered.

Optimization of surfactant concentration

As mentioned earlier, the final particle size of an emulsion is the result of equilibrium of droplet
break-up and droplet coalescence. The rate . of droplet break-up is primarily controlled
by the type and amount of shear applied to droplets as well as the droplet resistance to
deformation whereas the rate of droplet coalescence is determined by the ability of the
surfactant to rapidly form an absorbed monolayer onto the newly formed interface (Tadros,
2004). The latter is mainly governed by the surfactant surface activity and concentration.
As shown in Figure 3, there is a clear correlation of the surfactant concentration with the
average emulsion droplet size. Initially, a dramatic decline in average droplet diameter was
achieved with the incorporation of increasing amount of Cremophore EL. However, above
5.5 wt% of Cremophore EL content, the opposing trend was being observed where there
was an increase of average emulsion size. It infers .. that, at low Cremophore
EL concentration, there is an insufficient amount of surfactant molecules for complete
coverage of fresh interface; thereby the newly formed droplets tend to coalesce
and hence the resulting average emulsion size is increased.
At the beginning, the initial increasing amount of surfactant results in a steady reduction in
term of average emulsion droplet size as there are more and more surfactant molecules
available for surface coverage of newly formed droplets. But, the trend reverses, that is,
the emulsion droplet size increases once the surfactant amount present is in excess. This
indicates that the surfactant concentration in the emulsion system is apparently sufficient for
rapid interfacial absorption onto newly formed droplets. Therefore, any further increase of
surfactant content will, when a surfactant concentration plateau is reached, not lead to further
reduction in average emulsion size droplet.
Similar result had been reported in previous work, (Abismail et al., 1999) and it was found
that the resulting particle size of both 0/W emulsions prepared by ultrasonic horn and
rotor-stator system was significantly decreased with increasing of surfactant concentration
(Tween 60), but remained unchanged when it approached the saturation absorption
of surfactant. Nonetheless, an increase of emulsion droplet size after surfactant
concentration plateau may due to the increased continuous phase viscosity in the
0/W emulsion system (Behrend et al., 2000). In other words, the addition of hydrophilic
surfactant leads to the increase of the viscosity of the continuous phase, thereby partly
suppresses the further emulsion droplet disruption mechanism from cavitation.
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Figure 3 demonstrates that the surfactant concentration region where minimum average
droplet size can be obtained is lying in the range of 5 to 6 wt% of Cremophore EL.
Therefore, the least amount of 5 wt% Cremophore EL was selected for the subsequent
studies. Again, most importantly, it indicates that, for a desired emulsion droplet size, less
surfactant is needed when ultrasonic emulsification is applied.

380
360

E

340

Cl)

320

..s.
N

"ci.i
Cl)

c3

tta

c..

300
280

~ 260
....
Cl)

>

ta
I
N

240
220
200
0

2

3

4

5

6

7

Cremophore-EL concentration (wt%)

Figure 3. The effect of Cremophore EL content on the average droplet diameter of 20 wt%
0/W emulsions. About 1Og samples were sonicated for 3 min at operating amplitude
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Influence of co-surfactant concentration on droplet size
Regarding the effect of co-surfactant concentration, the result shown in Figure 4 is opposite
of what is expected, which the average emulsion particle size increased slowly with the
incorporation of increasing amount of Transcutol®HP. The gradual increase of emulsion
droplet size is possibly caused by the poor solubilizing potential of Transcutol®HP as well
as its poor surfactanVco-surfactant synergy with Cremophore EL despite its larger content
of diethylene glycol. The inefficiency of Transcutol®HP as a lipophilic co-surfactant may
partially be attributed to its longer linear molecular chain length which restricts its solubility
behaviour. Consequently, the obtained average emulsion size tends to be bigger rather
than expected smaller droplet size. Hence, in the present work, 0/W emulsion with single
surfactant system was used for the subsequent study on the ultrasonic processing parameter
in preparation of optimal emulsion.
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Figure 4. The effect of Transcutol®HP content on the average droplet diameter of 20 wt%
0/W emulsions initially stabilized by 5 wt% Cremophore EL. About 10 g samples
were sonicated for 3 min at operating amplitude of 24.60 µm

Optimization of applied ultrasonic amplitude
Figure 5 shows the emulsion droplet size distribution for a set of 20 wt% Lauroglycol™ FCC
0/\N emulsions stabilized by 5 wt% Cremophore EL. At operating ultrasonic amplitude
of 36.90 and 43.05 µm, it was found that smaller average emulsion droplet size was,
surprisingly, achieved with a total sonication time of only 30 seconds whereas an optimum
sonication time of 1 min was required, as for the case of low ultrasonic amplitude of 30.75
µm, in order to produce desired result with smaller droplet size. As shown in Figure 5, it has
been observed that emulsion droplet sizes reach a minimum point at initial operating time
of ultrasound and then increase at specific higher energy densities. This typical trend has
been found to be similar with the earlier investigations of high-energy emulsification, but at
an intermediate processing point (Jafari et al., 2007 and Desrumaux & Marcand, 2002). In
these studies, this phenomenon has been described as "over-processing" (Jafari et al., 2007,
2006, Floury et al., 2003). This effect can be explained by the so called secondary acoustic
forces.
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As mentioned earlier, in the present study, the use of stepped microtip with smaller diameter
(6 mm) is known to amplify and radiate the ultrasonic energy in a narrower and more
concentrated field. Because of this, the intensity of cavitation (number of collapsed event)
will increase with an increase of sonication time, eventually gives rise to a higher value of
secondary acoustic force. According to Pangu and Feke (Pangu & Feke, 2004), owing to the
negative value of acoustic contrast factor of the dispersed oil droplets, they will be driven
towards the pressure antinodes of the standing ultrasonic wave field by the primary acoustic
forces and then followed by subsequent coalescence caused by the secondary acoustic
forces. Therefore, the surrounding droplets adjacent to the region of acoustic radiation forces
would tend to coalesce and form larger emulsion droplets thereby result in increased particle
size.
On the other hand, the effect of ultrasonic amplitude on the average emulsion droplet size
can also be seen in Figure 5. It shows that as the operating acoustic amplitude increases, the
particle size distribution level of resulting emulsion reduces, but at a small degree of extent.
Evidently, the energy conversion of the ultrasonic power input is less efficient when higher
operating acoustic amplitude is applied. It indicates that the efficiency of the horn transducer
decreases with an increasing amplitude. Three main reasons had been proposed to explain
this observed phenomenon: (1) Increase of dielectric and mechanical losses in the immersion
horn system at increased operating amplitude (Lin & Zhang, 2000). (2) Microbubble cloud
cushioning effect as a result of increased cavitation intensity at higher acoustic amplitude.
This effect hinders the remaining emulsion from further exposure to ultrasonic radiation forces
and thus results in lower efficiency of horn transducer. (3) Strong decrease of acoustic load of
irradiated liquid caused by the decreased acoustic impedance (Z0 =pf c1 t As a consequence
of decreasing acoustic load, the amount of energy required for constant amplitude of the
·vibrating horn tip is therefore reduced which, in turn, leads to a reduction of measured power
quantity delivered to the emulsion system (Loning et al., 2002). Despite of these effects, the
resulted emulsions with Cremophore EL as surfactant, when ultrasonic immersion horn
system is used, presented excellent result of monomodal particle size distributions with
Z-average droplet diameter of around 200 nm and low polydispersity index (Pdl) after 1 min
sonication (Figure 6).
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Emulsion stability
As shown in Figure 7, microscopic observations reveal that the oil droplets of aspirin
nano-emulsions prepared by three different processes were almost spherical in shape
after they were being stored at room temperature for two weeks. Most interestingly,
it shows that the emulsion prepared by ultrasonic horn processor exhibited superior
homogeneity with its nanosized oil droplets, as compared to other emulsions. Additionally,
the oil droplets of ultrasonic-treated emulsion were all finely dispersed in the water
medium in more uniform manner relative to emulsion prepared by Ultra-Turrax
homogenizer. The result is in line with Dynamic Light Scattering particle size analysis,
showing that the aspirin emulsion droplets are present in nanometer scale, ranging around
200 nm (Table 2). Further study to increase the stability of the aspirin nano-emulsions against
Ostwald Ripening effect will be the future subject of investigations of this project.
Table 2. Comparison of particle size distributions of emulsions produced by different
mechanical methods.
Emulsion Preparation Method

Magnetic

Ultra-Turrax

Ultrasonic

Stirring

Homogenization

Emulsification
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Figure 7. Microscopic views (x 200) of 20 wt% oil /5 wt% Cremophore EL with balance
water after 2-week storage, prepared at T 25 °C through three different methods:
(A) Magnetic stirring (7 hrs); (8) Ultra-Turrax homogenization (5 min at 13,500
rpm); (C) Ultrasonic emulsification (1 min at 30. 75 pm amplitude)

=
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CONCLUSIONS
In the present paper, it has been evidently shown that ultrasound cavitation is a powerful yet
promising approach in efficient production of aspirin nano-emulsions with smaller average
particle size around 230 nm. Similar to prior works, the results has confirmed that there is an
optimum level of emulsion composition, acoustic amplitude, and ultrasonic processing time
where minimum droplet size could be achieved. On the one hand, an improvement of the
efficiency of ultrasonic horn processor, particularly when operating at higher acoustic
amplitude, is essential in order to effectively further reduce the mean particle size of
emulsion below 200 nm. Nevertheless, prior to this, a study on the influence of dug loading
on the droplet size and stability is underway of current investigations in this optimization study
for preparation of optimal aspirin nano-emulsion.

ACKNOWLEDGMENT
This project was financially supported by the research grant from Malaysia Ministry of
Science, Technology and Innovation (MOST/). This financial assistance is gratefully
acknowledged.

REFERENCES
Abismail, B., Canselier, J.P., Wilhelm, AM., Delmas, H., and Gourdon, C. (1999).
Emulsification by ultrasound: drop size distribution and stability. Ultrasonics Sonochemistry.
6(1-2): pp 75-83.
Amann. R., and Peskar. BA. (2002). Anti-inflammatory effects of aspirin and sodium
salicylate. European Journal of Pharmacology. 447: pp 1-9.
Behrend, 0., Ax, K., and Schubert, H. (2000). Influence of continuous phase viscosity on
emulsification by ultrasound. Ultrasonics Sonochemistry. 7: pp 77-85.
Chen, M. L. (2008). Lipid excipients and delivery systems for pharmaceutical development: a
regulatory perspective. Advance Drug Delivery Reviews. 60: pp 768-777.
Floury, J., Desrumaux, A., Axelos, M.A.V., and Legrand, J. (2003). Effect of high pressure
homogenization on methylcellulose as food emulsifier. Journal of Food Engineering. 58: pp
227-238.

194

A Novel Formulation and Optimization of Aspirin Nano-Emulsion
Prepared by Cavitation Induced by Ultrasonic Waves

Gaikwad, S.G., and Pandit, ·· A.B. ·· (2008). Ultrasound emulsification: effect of
Ultrasonic and physicochemical properties on dispersed phase volume and droplet size.
Ultrasonics Sonochemistry. 15: pp 554-563.
Izquierdo, P., Esquena, J., Tadros, T.F., Dederen, C., Garcia, M.J., Azemar, N., et al. (2002).
Formation and stability of nano-emulsions prepared using the phase inversion temperature
method. Langmuir. 18: pp 26-30.
Jafari, S.M., Assadpoor, E., He,Y., and Bhandari, B. (2008). Re0 coalescence of emulsion
droplets during high-energy emulsification. Food Hydrocolloids. 22: pp 1191-1202. _
Jafari, S.M., He, Y., and Bhandari, B. (2006). Nano-emulsion production by sonication and
microfluidization -A comparison. International Journal of Food Properties. 9: pp 475-485.
Jafari, S.M., He, Y., and Bhandari, B. (2007). Production of sub-micron emulsions by
ultrasound and microfluidization techniques. Journal of Food Engineering. 82 (4): pp
478-488.
Kentish, S., Wooster, T.J., Ashokkumar, M., Balachandran S., Mawson, R., and Simons, L.
(2008). The use of ultrasonics for nano-emulsion preparation. Innovative Food Science and
EmergingTechnologies. 9: pp 170-175.
Laine, L., and McQuaid, k. (2005). Bleeding complications related to aspirin dose. American
Journal of Cardiology. 96: pp 1035-1036.
Leong, T.S.H., Wooster, T.J., Kentish, S.E., and Ashokumar, M. (2009). Minimising Oil droplet
size using ultrasonic emulsification. Ultrasononic Sonochemistry. 16: pp 721-727.
Li, M.K., and Fogler, H.S. (1978a). Acoustic emulsification. Part 1. The instability of the
oil- water interface to form the initial droplets. Journal of Fluid Mechanics. 88(3): pp 499-511.
Li, M.K., and Fogler, H.S. (1978b). Acoustic emulsification. Part 2. Break-up of the larger
primary oil droplets in a water medium. Journal of Fluid Mechanics. 88(3): pp 513-528.
Lin, S., and Zhang, F.(2000). Measurement of ultrasonic power and electro-acoustic
efficiency of high power transducers. Ultrasonics. 37; pp 549-554.
Laning, J., Horst, C., and Hoffman, U. (2002). Investigations on the energy in sonochemical
processes. Ultrasononic Sonochemistry. 9: pp 169-179.

195

Siah Ying Tang and Manickam Sivakumar

Majumdar, S., Kumar, P.S., and Pandit, A.B. (1998). Effect of liquid-phase properties on
ultrasound intensity and cavitational activity. Ultrasononic Sonochemistry. 5: pp 113-118.
Mou. D., Chen. H., Du D., Mao. C., and et.al., (2008). Hydrogel-thickened nanoemulsion
system for topical delivery of lipophilic drugs. International Journal of Pharmaceutics. 353:
pp 270-276.
Pangu, G.D., and Feke, D.L. (2004). Acoustically aided separation of oil droplets from
aqueous emulsions. Chemical Engineering Science. 59(15): pp 3183-3192.
Singh, K.K., and Vingkar, S. (2008). Formulation, antimalarial activity and biodistribution
of oral lipid nanoemulsion of primaquine. International Journal of Pharmaceutics. 347: pp
136-143.
Stig, E.F., Lisa, G.Q., and Martha, L.H. (1996). Theory of emulsions. In: Pharmaceutical
dosage forms disperse system volume 1, ed. Herbert, A.L., Martin, M.R., and Gilbert, S.B.,
Marcel Dekker, Inc., New York, pp 53-89.
Subramanian, B., Kuo, F., Ada, E., Kotyla, T., Wilson, T., Yoganathan, S., and Nicolosi, R.
(2008). Enhancement of anti-inflammatory property of aspirin in mice by a nano-emulsion
preparation. International lmmunopharmacology. 8: pp 1533-1539.
Suslick, K.S. (1989) The chemical effects of ultrasound. Scientific American. February: pp
80-86.
Tadros, T.F. (2005). Surfactant in nano-emulsions. In: Applied surfactants: Principles and
applications. Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim, Germany, pp 285-298.
Tadros, T.F., and Vincent, B. (1983). Encyclopedia of Emulsion Technology, ed. Becher, P.
Marcel Dekker, New York. pp 129-209.
Tadros, Th.F., Izquierdo, P., Esquena, J., and Solans, C. (2004). Formation and stability of
nano-emulsions. Advance Colloid Interface Science. 108-109: pp 303-31.
Tai-Figiel, B. (2007). The formation of stable W/0, 0/W, W/0/W cosmetic emulsions in an
ultrasonic field. Chemical Engineering Research and Design. 85 (A5): pp 730-734.
Vane. J.R., and Botting. R.M. (1998). Mechanism of action of nonsteroidal anti-inflammatory
drugs. American Journal of Medicine. 104(3A): pp 2S - as discussion 21S- 22S.

196

