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ABSTRACT

Due to large surface to volume ratio, the nano-scale structures have unique properties and dissolution behaviors
which are expected to avoid the unwanted side effects and the higher conventional dosage levels in case of Active
Pharmaceutical Ingredients (APls). The suitable micro-emulsion is an interesting and potentially powerful
alternative carrier for the targeted drug delivery. In the present study, well known API, 2-acetoxybenzoic acid or
acetyl salicylic acid or Aspirin, nano-particles were obtained by W/O micro-emulsion technique, where AOT, n-
heptane and chloroform were taken as surfactant, oil phase and solvent, respectively. The micro-emulsion with
synthesized Aspirin nano-particles was characterized by the Dynamic Light Scattering (DLS) for obtaining
distribution of particle size, Transmission Electron Microscopy (TEM) for estimation of particle size and
particle morphology and UV-Vis spectroscopy for the estimation of particle size and energy band gap. The particle
size was found to be within 5 to 9 nm and the energy band gap was estimated to be 3.60 eV. The results are
discussed.
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INTRODUCTION

Aspirin (acetyl salicylic acid; IUPAC name: 2-acegbenzoic acid) is chemically identical to thalisylic acid;
which is a well known analgesic, anti-inflasory and antipyretic drug. It is one of the papuNon steroidal
Anti-inflammatory Drugs (NASIDs) and prescribed wig all over the world. It has attracted the aitentdue to its
efficiency in the anti-platelet therapy for maimtiaig vessel potency in patients after undergoingmrary artery
bypass grafting or angioplasty [1]. A wide spectrofditerature is available on Aspirin [2-4]. Thiest satisfactory
mechanism for the action of this drug was propdsg&ane [5]. The most common adverse effect of thigy is
gastrointestinal disturbances such as, nauseagdja@nd vomiting [6].

Various properties of bulk and crystalline Aspisamples have been studied rigorously. The monactirystal
structure was reportdd@-8] and several spectroscopic studies were choid, for example, NMR [9] fluorescence
and phosphorescence spectroscopy [10-11]. Moredamhhani et al [12] have grown Aspirin single ¢ays and
characterized them by FTIR, TGA, Powder XRD studistwithstanding, the studies on nano-particleggpbirin
are not well reported. Aspirin is involved alonghwehitosar{13] and albumirj14] nano-particles for drug delivery.

Micro-emulsion has large number of applicationsamious fields, which is reviewed by Gupta e{H]. Micro-
emulsion has been used for the targeted drug deglteeavoid the side effects [16]. Some chemicaltherapeutic
agents exhibit successvitro but fail to produce the same effect in tieman body om vivo because of the
limitation to target the designated area. Asslt, the high concentrations are administeoepiatients and the
consequences are more intense side effects [17].
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It has been already known that the particle sizearfActive Pharmaceutical Ingredient (API) is armpariant
parameter in drug formulation and processing. lorameter range, the size effect of particles onpawtion and
tablet formation is reported [18]. When the paetisize decreases to nano meters, the effects éeedifterent [19].
The large surface to volume ratio present in naatigles is expected to bring different physicabperties. The

Lee[20]. As Aspirin being widely used API, in the pant study, Aspirin nano-particles were syntheskaetlv/O
micro-emulsion technique and characterized by Dyoainght Scattering (DLS), Transmission Electron
Microscopy (TEM) and UV-Vis spectroscopy alongtwithe micro-emulsion form.

MATERIALSAND METHODS

For any micro-emulsion it is first required to ctnst the phase diagram. At room temperature, agdégram for
the AOT/n-heptane/water system was constructedabying their concentrations in a step wise mararet a
single phase region was determined. A limpid sofutivas obtained for the single phase region. Thgleiphase
region was used to obtain the micro-emulsion ofithsmano-particles.

The surfactant AOT was dissolved into the oil phaka-heptane and then the desired amount of wedsradded
to maintain [water] / [surfactant] molar ratio withthe single phase region [21]. After the additmihwater, the
mixture was treated with continuous magnetic isgyruntil a limpid solution was obtained arttiereafter, the
solution of Aspirin in chloroform was added a drop-wise manner. Finally, the system veamin treated
with magnetic stirrer for 15 - 20 minuteSreatments with stirring were necessary to giveahergy to the
system to speed up the formation of the reversellag: The micro-emulsion with Aspirin nano-pakiiwvas used
for further characterization.

The DLS study was performed on BROOKHAVEN 90 PLUStigle size analyzer. TEM analysis was conducted
on PHILIPS-TECNAI using EHT potential 200 kV. UV-¥/ispectroscopic analysis of micro-emulsion contajni
nano-particles was carried out on UV-1601 SHIMADZphectrophotometer with 190 nm to 400 nm scanningea

RESULTSAND DISCUSSION

Reducing the particle size of API is found to beeffitient and reliable method of improving the d¥ailability of
relatively insoluble drugs, which is many times ited by poor dissolution [22]. As per the Noyes-Wikly
equation, the dissolution rate is linearly dependensurface area and hence the large surfaceltoneoratio of
nano-particles increases the dissolution rate [Z3]ganic nano-particles such as cholesterol, rhibvand
rhodiarome were synthesized by using micro-emulsgmhnique by Destree and Naf@l]. Recently, cholesterol
nano-particles have been synthesized by W/O microlgion by Vyas et al [24]. The usual preparatibromanic
nano-particles is by direct precipitation ofiet active compound in aqueous cores of neonaision.
Generally, this occurs through several stages. sihation of the active compound, here, Aspirin.chioroform
penetrates inside the aqueous cores by crossingitéréacial film. The solvent plays the role oamsporting the
active compound inside the water cores. This aactopound precipitates in water cores due to gslirbility in
water and thus nuclei formed. These nuclei growhfirrbecause of the exchange of the active compbatwleen
the water cores. Ultimately, the nano-particlesséabilized by the surfactant present in the sotuti

The micro emulsion technique is a versatile teamifinding applications in the numerous fields [2Because of
the ease of micro-emulsion preparation, the drbgs dare thermo-labile are easily incorporated withtbe risk of
degradation [26]. In drug delivery, micro-emulsiariimately increase the surface area of drugsclimproves
their solubilization and permeation behavior. Tlaeg shown to increase solubility and bioavailapitf Class Il

and IV drugs according to the biopharmaceuticaydrassification system. Class Il drugs have higlatslity but

low permeability and Class IV drugs have low sditpiand low permeability [26]. Plasma concentratiprofiles

and drug bioavailability have been shown to be mmepeoducible in micro-emulsion formulations [28B]2The rate
of penetration of drug is much faster from microetsion systems than from other drug delivery vedsciwhile

having controlled drug release rates, slow degiagiaand target specificity [26]. Micro-emulsionave a higher
solubilization capacity for both hydrophilic anddmgphobic compounds than simple micellar soluti®@ecause of
their thermodynamic stability, they are more faldeathan regular emulsions or suspensions sinceoreitiulsions
can be established or manufactured with very létlergy input and have a long shelf life [27].

Micro-emulsions have some disadvantages as waii&ion of micro-emulsions generally requires laaggounts
of surfactants and/or co-surfactants. All of thashigh concentrations are, generally, irritatifigiot slightly toxic,
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to the biological system [29, BOMany outside factors, such as temperature andrgluence the stability of mic-
emulsions as wellConsidering the large applications of m-emulsions the present authors used water/oil 1-
emulsion of Aspirin for study.

DLSAnalysis

Figured shows DLS plot of Aspiri nano-particles containing micro-emulsimdicating the maximum number
particles within the sizélistribution of -7 nm range. The mean diameter of Aspnano-articles was obtained

around 6.6 nm.
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Fig. 1. DLSplot of Aspirin Nano particles

TEM Analysis

Fig. 2. TEM image of Aspirin Nanoparticles

Figure2 shows the TEM image of Aspirin n-particles indicating thenearly spherical morphology wisize
range of 6to 9 nm. Thigsultis in good agreement with the results ole@ifnom DLS analys.
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UV-Vis Analysis
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Fig. 3. UV-Vis spectra of Aspirin Nanoparticles and Bulk

The nano-materials have discrete quantized energald due to quantum confinement effect and egusntly a
larger band gap is observed compared to $tuidies. These quantum size effects on the bapdagsorption
energy can be measured by UV-Vis absorption spempy. UV-Vis study of quantum dots and the thécak
aspects are well known [31]. The particle size measents have been carried out using UV-Vis abeorspectra
for metal and semiconductor nano particles [32] $lze dependence of band gap energy of semicarduaho-
crystals is considered by using Brus equation éwmesal compounds [33]. For example, the band g&pggris3.6
eV for bulk ZnS sample, while it is 4.03eV for naparticles of ZnS [34]. There are several orgamimpounds
behave as semiconductor materials, which are diedusn detail by Coropceanu et al [35]. The organic
semiconductors incorporate critically the efficignveith which charge carriers (electron and/or hplesve within
ther-conjugated bonds of materials.

The nanostructured organic semiconductors have tigtgamed via direct supra-molecular assembly biydatore et
al [36]. Moreover, the self assemblies of 1 —D aigaemiconductor nanostructures were derived byydg et al
[37]. The preparation of high quality organic seomductor nano-particle films by solvent evaporatioduced by
self assembly is reported by Zheng et al.[38]. Afram this, the opportunities for organic nanotjzdes in science
and technology has been reviewed by Rannard [39] .

Figure-3 shows UV-Vis absorption spectra of Aspinano-particles in micro-emulsion and the bulk iAsp
materials. The well-defined surface-plasmon barab&erved at 290 nm.

By using the standard equations, the cut off wawgth).was calculated as 344.46 nm and the energy band gap
was found to be 3.56 eV for the bulk crystallingpiis. This indicates that Aspirin is wide band gagmiconductor
material like ZnS [33]. In the present study, tfile@ive mass model is considered to calculatepdmticle size of

the Aspirin nano-particles in the micro-emulsioonfr the UV-Vis absorption spectrum. The effectivassimodel

is discussed by several authors [32, 40].

The Average particle size was calculated by usitigWing equation [40],

— -1
cc_gwe, nt( 1 1) 18 _ o0124e* (1, 1
o 9 2r2 {m, m, ) 4mer Riamey)?lm. m, "
Where,
]
9 = Band gap energy of the nano-particle (eV)
bulk

¢ = Band gap energy of the bulk sample in (eV)
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34
h = Planck’s constant (6.62@-0 J's)
r = Particle radius (m)

-31
m. = Mass of a free electron (9..’ti|.-0 kg)
m. = Effective mass of a conduction band electron9@md )
m, = Effective mass of a valence band hole

(0.80m )
e = Elementary chargd (602x 107 ()

-12
€0 = permittivity of free space (8.834L0 F /m,
€ = Relative permittivity of the sample ~2

In this equation, the first term is known as themfum localization term, which shifts, Bo the higher energy
proportionally to r?, the second term is due to the screened Coulorebaittion between hole and electron and
shifts K to lower energy as™r and the third term is size independent term ititig the salvation energy loss [32].
The average particle-size was found to be 13.60Tira.variation found in the values of particle sigempared to
the same obtained from DLS and TEM studies, wastduearious assumptions made in the formulatiorhe T
energy band gap values for the nano-particles hadtlk were found to be 3.60 eV and 3.56 eV, retbpedy.
Higher energy band-gap value for nano-particlesiccdne explained as it varies with diameter Zs[41] and
predominance of the first term of equation (1) aer second term. The energy band gap values adfiAgulk and
nano-particles are at par with that of ZnS and faah various applications as organic quantum dikealhe ZnS
guantum dots.

CONCLUSION

Aspirin nano-particles containing W/O micro-emufsivas successfully established. The average pasize of
Aspirin was obtained by DLS analysis and TEM, whigds found to be 6.6 nm and within the range ofr6¥ The
average particle size was also calculated by UVspisctroscopy and found to be 13.60 nm. The erzagg-gap
was found to be 3.60 eV for Aspirin nano-partichebjch was higher than that of the bulk materidueaof 3.56
ev.
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