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Abstract

In this work we present the formation of micro- and nano-scale oil and water emulsion droplets stabilized by an anionic surfactant, Aerosol-OT. The stabilizing effects of AOT were tested with high and low molecular organic phase (oil), and in the presence and absence of ethanol acting as a co-solvent and emulsion enhancer. The key findings of this work are formation of -

a)	Nano emulsions with lower molecular weight alkanes as the organic phase,

b)	Micro emulsions in with higher molecular weight organic phase,

c)	Stable emulsions over a period of 3 weeks in the absence of alcohol.
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Introduction


Emulsions of micro and nano sizes are used in topical applications for their increased bioavailability [1,2]. The smaller size of the droplets provides more surface area resulting in greater absorption of the pharmaceutical on the epidermal layer [3,4]. Aerosol-OT (AOT) is an anionic surfactant and is widely used as a stabilizer to form oil and water emulsions [5,6]. Due to its biocompatibility, AOT is also used in drug delivery and oral formulations and for the treatment of chronic constipation [7-12]. The objective of this work is to form stable micro and nano-scale emulsions which can potentially be used for drug delivery and pharmaceutical applications. We used octane (C8) and hexadecane (C16) as model organic phases to a) mimic the mineral oil which is also used as a laxative lubricant and b) demonstrate the ability of AOT to emulsify organics of different molecular weights [13]. Many emulsions based studies reported in the literature have used ethanol to stimulate the formation of the emulsion droplets by reducing the surface tension of water. Here, we report the formation of stable emulsions in the absence of ethanol, which is highly desirable in drug delivery and pharmaceutical applications. The resultant emulsions were prepared with equal ratios (by weight) of oil to deionized water. AOT constituted 60% by weight of the dispersant and was added to octane and hexadecane in the presence and absence of ethanol. Two different oil to water ratios-1:10 and 1:1 were tested. The formation of emulsions droplets, their size and stability were recorded by viewing them under an optical microscope for three weeks. The presence of emulsified phase in the vials were also visually inspected and reported through photographs in Figures 1 & 2. Table 1 summarizes the experimental test parameters such as oil/water ratio, type of oil (organic phase) used, and the resultant droplet size on Day 1 and Day 21 of the study




Table 1:    Experimental Matrix, Formulation Name and Size.
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Figure 1:    AOT stabilized emulsion in octane and water in the (1:1) a, b) presence of ethanol, c, d) absence of ethanol. 










Conclusion

Aerosol-OT resulted in the formation of Oil-in-Water emulsion (O/W) in both octane and hexadecane organic phases. Such behavior is attributed to the HLB (hydrophilic lipophilic balance) value of the surfactant. The HLB value is a measure of balance between the hydrophilic and lipophilic groups on the surfactant. Values of HLB in the range of 8-18 favor the formation of O/W emulsions [14]. HLB of AOT is reported to be 10.5 at a critical micellar concentration of 0.64 mM [15]. Thus, it is inherent of AOT to form O/W emulsions. In the presence of ethanol and octane as the organic phase, nanoscale emulsions of droplet size between 46-48 nm were observed throughout the study which reflects on the stability of the droplets as observed in Figure 1 (a, b). Creaming of emulsions is observed with time as represented in Figure 1. Creaming occurs in oils which have lower density than water. The droplets concentrate due to their lower density tend to move upwards [15]. Creaming is not breaking of emulsion but separation of the emulsions into two, in which one emulsion has a richer dispersed phase than the other. The rate of creaming is can be estimated from Stokes' law,






ν=2r^2 (ρ-ρ_0 )g/9η

where, ν is the rate of creaming, r is the radius of droplet, (ρ-ρ_0) is the density difference between the droplet density and the density of the medium, h is the viscosity of dispersion and g is the acceleration due to gravity [16]. Thus, no significant change is observed in the stability and the volume of the emulsions and the droplets size remained unchanged during the experimental period indicating an absence of coalescence. The absence of ethanol and with octane as the organic phase (Figures 1c & 1d), the emulsions formed did not have any significant change in the volume of emulsions formed or in the droplets' size of the emulsions. 
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Figure 2:    AOT stabilized emulsion in hexadecane and water in the (1:1) a, b) presence of ethanol, c, d) absence of ethanol. 








The size of the droplets also remained in nanoscale (90nm on Day 21) which is suggestive of the fact that ethanol did not have a significant effect on the formation of the emulsion. With a higher molecular weight alkane (Hexadecane), micro emulsions of droplet size 5- 8 |im are formed, and ethanol did not affect the formation of emulsions as shown in Figure 2. We attribute the difference in viscosity of both the oils as a factor for responsible for the formation of micro and nano scale droplet size. The viscosity of n-octane and hexadecane at 300 K is 0.51 mPa s and 2.89 mPa s respectively and that of the continuous phase (water) is 0.85 mPa s. The higher ratio of vηD/ηC (viscosity of dispersed phase by continuous phase) makes the droplets resistant to disruption by shear force. With higher viscosity of organic phase, droplets do not disrupt to smaller sizes and hence the size difference [17]. Our preliminary studies on using biocompatible and safe surfactants for the formation of stable micro and nano emulsions indicate that such systems can potentially be used pharmaceutical applications. We demonstrated successful emulsions oil and water (1:1) formation with low and high molecular weight organic phases in the presence and absence of ethanol which is used as a co-solvent and emulsifier.

References


1.  	X Wang, YW Wang, Q Huang (2009) Enhancing Stability and Oral Bioavailability of Polyphenols Using Nanoemulsions. Micro/ Nanoencapsulation of Active Food Ingredients American Chemical Society 1007: 13-198.

2.  	T Kotyla, F Kuo, V Moolchandani, T Wilson, R Nicolosi (2008) Increased bioavailability of a transdermal application of a nano-sized emulsion preparation. Int J Pharm 347(1-2): 144-148.

3.  	F Liu, Lin S, Zhang Z, Hu J, Liu G, et al. (2014) PH-responsive nanoemulsions for controlled drug release. Biomacromolecules 15(3): 968-977.

4.  	MS Erdal, G Ozhan, MC Mat, Y Ozsoy, S Gungor (2016) Colloidal nanocarriers for the enhanced cutaneous delivery of naftifine: Characterization studies and in vitro and in vivo evaluations. Int J Nanomedicine 11: 1027-1037.

5.  	R Aveyard, BP Binks, S Clark, J Mead (1986) Interfacial tension minima in oil-water-surfactant systems. Behavior of alkane-aqueous sodium chloride systems containing aerosol OT. J Chem Soc Faraday Trans 82(1): 125-142.

6.  	J Eastoe, G Fragneto, BH Robinson, TF Towey, RK Heenan, et al. (1992) Variation of surfactant counterion and its effect on the structure and properties of Aerosol-OT-based water-in-oil microemulsions. J Chem Soc Faraday Trans 88(3): 461-471.

7.  	M Changez, M Varshney (2000) Aerosol-OT Microemulsions as Transdermal Carriers of Tetracaine Hydrochloride. Drug Dev Ind Pharm 26(5): 507-512.

8.  	HM El-Laithy (2007) Preparation and physicochemical characterization of dioctyl sodium sulfosuccinate (aerosol OT) microemulsion for oral drug delivery. AAPS PharmSciTech 4(1): E11.

9.  	MD Chavanpatil (2007) Surfactant-Polymer Nanoparticles Overcome P-Glycoprotein-Mediated Drug Efflux. Mol Pharm 4(5): 730-738.

10.  	HC Klein (1957) Fecaloma treated with dioctyl sulfosuccinate. Am J Dig Dis 2(1): 37-40.

11.  	John Rendle-Short (1956) Dioctyl Sodium Sulfosuccinate in the treatment of constipation. Lancet 1189-1190.

12.  	AC Broders (1957) Clinical Studies with Dioctyl Sodium Sulfosuccinate Plus Cascara Derivative. Am J Dig Dis 2(9): 483-486.

13.  	C Marti'nez-Costa (2005) Estrenimiento funcional: estudio prospectivo y respuesta al tratamiento. An Pediatri'a 63(5): 418-425.

14.  	JC Berg (2009) An Introduction to Interfaces and Colloids. World Scientific.

15.  	S Apte (2010) Selecting surfactants for the maximum inhibition of the activity of the multidrug resistance efflux pump transporter, P-glycoprotein : conceptual development. J Excipients Food Chem 1(3): 51-59.

16.  	(2011) Biopharmaceutical Classification System - Particle Sciences.

17.  	TJ Wooster, M Golding, P Sanguansri (2008) Impact of Oil Type on Nanoemulsion Formation and Ostwald Ripening Stability. Langmuir 24(22): 12758-12765. 


OEBPS/Images/fig1.jpg





OEBPS/Images/fig2.jpg





OEBPS/Images/logo.jpg





OEBPS/Images/logo1.jpg
GANIC& MEDICINAL TRY
Al





OEBPS/Images/tab1.jpg





OEBPS/Misc/page-template.xpgt
 

   
    
		 
    
  
     
		 
		 
    

     
		 
    

     
		 
		 
    

     
		 
    

     
		 
		 
    

     
         
             
             
             
             
             
             
        
    

  

   
     
  





OEBPS/Images/cover.jpg
Aerosol-Ot Stabilized Micro and
Nano-Scale Emulsions for
Pharmaceutical Formulations

Juniffer o

o i UBLISHERS
. —lkey o the Researchers





