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ABSTRACT 
 

Aims: To understand about the nanoemulsion types and the process formation of spontaneous 
emulsification method by phase inversion. Then to test the different combinations of Oil, 
Surfactants and Co-surfactants for formation of suitable nanoemulsions for phenytoin drug loading. 
Study Design: Spontaneous emulsification method by phase inversion used to form the 
nanoemulsions. 
Place and Duration of Study: Department of Pharmaceutical Sciences, Kumaun University, 
Nainital, Uttarakhand, India.  
Methodology: Phenytoin is a widely used drug in anticonvulsants class for epilepsy which comes 
under BCS Class II of drug category. Phenytoin has high permeability property but it also shows 
low solubility property which makes it difficult to absorb from GI tract hence make a poor 
penetration into the brain to target disease in the CNS. To overcome the situation of poor delivery 
of phenytoin, the requirement of nanoparticulate drug delivery as an innovative and effective drug 
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delivery system from nose to brain raised. The objective of our study was to find the best 
combination of oil and Smix (surfactant and co-surfactant mixture) to form o/w (Oil in Water) 
nanoemulsions suitable for loading phenytoin drug using spontaneous emulsification method for 
brain targeting. 
Results: Based on different compositions of oil (sunflower), surfactants (Tween-20), and co-
surfactants (Transcutol P), forty-five test mixtures were made, water titration technique was 
employed for preparing the pseudo-ternary-phase diagrams. On the basis of these phase diagrams 
twenty-five phenytoin loaded nanoemulsions were formulated and further examined. After 
physicochemical characterization of these formulations the viscosity, pH, RI and % transmittance 
was found (6.149 ± 0.084 to 9.114 ± 0.027), (6.546 ± 0.018 to 6.656 ± 0.017), (1.395 ± 0.003 to 
1.41 ± 0.005) and (94.53 ± 1.4% to 95.58 ± 1.2%) respectively. The release rate of phenytoin was 
found very satisfactory i.e., 98.51 ± 0.25 % to 99.82 ± 0.28 % after 24 hrs. The four formulations 
showed best release rate had further taken for particle size analysis. The particle size analysis 
showed that all the properties were in the desired range i.e., droplet size (18.9 to 21.9), zeta 
potential (-12.4 to -28.8), PDI (0.334 to 0.363). The study shows that the phenytoin loaded 
nanoemulsion is possible to make by water titration method and shall have a good drug release 
rate. 
Conclusion: The nanoemulsion formulations passed through stress testing had also showed good 
release rate of phenytoin. Also, the other parameters like viscosity, pH, RI and percentage 
transmittance were in a quit satisfactory range to proceed further with these formulations. The 
particle size analysis confirms the formation of nanoemultions which had very good drug release 
rates. 
 

 
Keywords: CNS; Nanoemulsion; Phenytoin; pseudoternary-phase diagram; Spontaneous 

emulsification; particle size; zetapotential; TEM. 
 

1. INTRODUCTION 
 
Epilepsy One of most common neurological 
disorder which affects people of all ages is 
epilepsy. It is a chronic disorder, the 
characteristic of which is recurrent, unprovoked 
seizures. Human brain is the basis of human 
epilepsy [1]. Epilepsy can develop as a result of 
brain damage from other disorders including 
brain tumors, alcoholism, Alzheimer's disease, 
strokes, and heart attacks [2].  
 
Phenytoin is a widely used drug in 
anticonvulsants class for epilepsy which comes 
under BCS Class II of drug category i.e., 
Phenytoin has property of high permeability but 
low solubility. Due to this behavior, phenytoin is 
hard to absorb from GI tract and has poor 
penetration into the brain to target disease in the 
CNS [3]. The requirement of delivering drug to 
brain so that it can properly act on CNS is a big 
challenge. Accordingly, the requirement of 
enhancing the solubility of Phenytoin raised [4]. 
 
The blood–brain barrier (BBB) plays a 
fundamental role in protecting the brain from 
toxic substances and therefore also controls and 
restricts the entry of therapeutic agents. The 
nasal administration of drugs using the nose-to-
brain pathway allows direct drug targeting into 

the brain, avoiding the first-pass effect and 
bypassing the BBB. Through the nasal route, the 
drug can access the brain directly along the 
trigeminal and olfactory nerves, which are 
located in the upper part of the nasal cavity [5]. 
 
The central nervous system (CNS) is the part of 
the nervous system consisting of the brain and 
spinal cord. Retina and the optic nerve (2nd 
cranial nerve), as well as the olfactory nerves 
(1st) and olfactory epithelium are considered as 
parts of the CNS, synapsing directly on brain 
tissue without intermediate ganglia [6]. The 
olfactory epithelium, membranous tissue located 
inside the nasal cavity is the only central nervous 
tissue in direct contact with the environment, 
which opens up for therapeutic treatments [7]. 
Here the nanoemulsion for nano particulate drug 
delivery of phenytoin comes in picture as a novel 
system for nose to brain drug delivery. 
 
Nanoemulsion is a thermodynamically stable 
formulation with a size range up to 100 nm, [8] 
Nanoemulsion have the properties of 
encapsulating a variety of drugs in it, [9] being a 
nano dosage form it can go deeper into to the 
nasal cavity because it is composed of oils, 
surfactant and co-surfactants and also the overall 
properties of the nanoemulsion makes it perfect 
to cross the barriers in nasal absorption like low 
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bioavailability and low membrane transport [10]. 
  
The objective of our study was to understand 
about the nanoemulsion types and the process 
formation of spontaneous emulsification method 
by phase inversion. Then to test the different 
combinations of Oil, Surfactants and Co-
surfactants for formation of suitable 
nanoemulsions for phenytoin drug loading. At 
last, In-Vitro drug release studies of suitable 
nanoemulsion formulations. 
 

2. MATERIALS AND METHODS  
 

2.1 Materials 
 
Phenytoin was obtained from M/s Sigma Aldrich, 
Mumbai and caprylcaproyl macrogol glycerides 
(Labrasol), Capryol 90 (propylene glycol 
monocaprylate), diethylene glycol monoethyl 
ether (Transcutol P) were obtained as a gift 
sample by M/s Gattefosse (Mumbai). Tween 20, 
Tween 80, propylene glycol, PEG 200, glycerol, 
Isopropyl myristate, sunflower oil, linseed oil and 
olive oil were made available by Department of 
pharmaceutical science, Kumaun university 
Nainital. All chemicals were of analytical 
grade.  Milli Q water was used during the whole 
experiment. 
 
2.1.1 Nanoemulsion and its types  
 
The word “Nanoemulsion” refers to the 
thermodynamically stable and isotropically clear 
dispersion of nano particle of a fluid such as oil, 
stabilized by an interfacial film of surface-active 
agent molecules, into other unmixable fluid such 
as water. There are mainly two types of 
nanoemulsions, oil particles dispersed in 
aqueous phase (o/w) and water particles 
dispersed in oil phase (w/o). The phenytoin has 
poor solubility in water so it should be loaded in 
oil phase and accordingly o/w type nanoemulsion 
shall be prepared. The o/w nanoemulsion is 
characterized as the mean droplet diameters 
ranges within 5 to 200 nm [11]. 
 
2.1.2 Spontaneous emulsification method by 

phase inversion 
 
There are many techniques to form nano 
emulsions. The spontaneous phase inversion 
technique is the best out of them as it requires 
minimum free energy to form a nanoemulsion. 
So, the nanoemulsion formed by this technique 
shall have better stability as compare to others. 
To form the desired o/w nano emulsion the 

predefined combinations of oil and Smix (a 
mixture having certain concentrations of 
surfactant and co-surfactant) are mixed well. The 
mixtures of oil and Smix ware titrated with water 
slowly. Water forms separate bubbles in oil and 
Smix mixture and a two-phase system was clearly 
visible. After the water exceeded a certain 
amount there happened a spontaneous phase 
inversion and the both phases i.e., oil and water 
mixed spontaneously and formed a clear mixture 
which is known as o/w nano emulsion system 
[12,13,14]. 
 
2.2 Screening of Excipients  
 
The solubility of drug in different oils, surfactants 
and co-surfactants was the criteria for optimum 
combination selection. 
 
2.2.1 Screening of oil for nanoemulsion 
 
To determine the maximum solubility of 
Phenytoin in different oils such as Capryol 90, 
Isopropyl myristate, Olive oil, Sunflower oil, 
Linseed Oil, a surplus drug amount was mixed in 
2 mL of the oils in a 5 mL capacity stopper vials 
using a vortex mixer. After that, vials containing 
mixture were placed in an isothermal shaker for 
three days between 24 to 26 °C to achieve the 
equilibrium. After three days the samples were 
centrifuged for 15 minutes at 3,000 rpm. After 
centrifugation the supernatant was filtered 
through a 0.22-μm membrane filter. The 
concentration of phenytoin drug in filtered 
supernatant was determined by UV 
spectrophotometer at 263 nm and for that 10 µL 
of supernatant oil was taken [15]. 
 
2.2.2 Screening of surfactant and co-

surfactant for nanoemulsion  
 
Similarly, to determine the best surfactant and 
co-surfactant for nanoemulsion formulation the 
solubility of Phenytoin was determined in 
different surfactants including Tween 20, Tween 
80, Labrasol and co-surfactants such as 
Polyethylene glycol 200, diethylene glycol 
monoethyl ether (Transcutol-P), glycerol, 
Propylene glycol. 
 
2.2.3 Phase studies and Selection of 

nanoemulsions  
 
The screened oil, surfactant and co-surfactant 
were further taken for phase study to achieve 
their optimum ratios for nano emulsions 
formation.  The water used for aqueous phase 
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formation was Milli Q. The pseudo ternary phase 
diagrams were constructed to determine the 
nanoemulsion region formed using different 
concentrations oil and Smix (combination of 
surfactant and co-surfactant) by means of water 
titration method (spontaneous emulsification 
method).  The Smix was formed in different 
volume combinations of surfactant and co-
surfactant like 1:1, 1:2, 1:3, 2:1 & 3:1. For each 
phase diagram, oil and specific Smix were mixed 
well in different ratios of increasing Smix from 1 to 
9 and decreasing Oil ratios from 9 to 1. 
Accordingly, total nine combinations of Smix and 
oil (1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2, 9:1) were 
tried to incorporate a wide range for 
nanoemulsion region [16]. All the combinations of 
Smix and oil mixture were slowly titrated with 
water under medium stirring, and visual 
observation was done for checking phase 
inversion / separation with transparency / 
opaqueness and easily flowable nanoemulsion.  
 
2.2.4 Development of phenytoin loaded 

nanoemulsions  
 
The predetermined ratio of oil and Smix are mixed 
and 1% (w/v) of phenytoin drug was then 
incorporated into that mixture. The mixture is 
blended until the complete dissolution of the 
drug. Then the aqueous phase was added 
dropwise under continuous stirring to achieve 
transparent mixture after spontaneous phase 
inversion [17]. 
 

2.3 Physicochemical Characterization  
 
Selected drug loaded nanoemulsion formulations 
were characterized for the various parameters: 
 
2.3.1 Thermodynamic stability testing of 

nanoemulsions 
 
The thermodynamic stability studies incorporated 
three stress tests, Heating-cooling cycles (from 4 
°C to 45 °C, six times with storage of  03 days), 
freeze-thaw cycles (deep freeze at -21°C for one 
day and after that back to 25°C) and 
centrifugation studies (3500 rpm for half hour) 
were conducted to examine the physical stability 
of phenytoin drug loaded nanoemulsion 
formulations and to reject the unstable or 
metastable nanoemulsion formulations [18,19]. 
 
2.3.2 Viscosity 
 
The viscosity of nanoemulsion is a very important 
parameter which directly related with stability of 

nanoemulsion as well as release of drug from it. 
Brookfield DVIII viscometer (Brookfield 
Engineering Laboratories Inc., USA) was used to 
measure the viscosity of nanoemulsions. The 
rheogram plotted the shear stress (dynes/cm2) 
against the shear rate (s-1). The speed of spindle 
no. 4 was maintained to 150 rpm at 25.0 ± 0.5°C 
[20, 21]. 
 
2.3.3 pH measurement  
 
The pH of samples was determined at 25 °C in 
triplicate using Mettler Toledo, Switzerland pH 
meter. [22] The pH should be in accordance of 
body part where nanoemulsion is applied [23]. 
 
2.3.4 Refractive index  
 
The refractive index represents the isotropic 
nature of formulation. The nanoemulsions were 
tested in triplicate at 25 °C for measurement of 
refractive index. Abbe-type refractometer 
(Shanghai Optical Instrument Factory, China) is 
used for the same. 
 

2.4 Percentage Transmittance 
 
The life of nanoemulsion will be less if it will 
absorb more lite. So, the nanoemulsion should 
be transparent. UV/Vis spectrophotometer (UV-
6100 PC, EMC lab, Germany) was used to 
determine the transmittance of each NE systems 
in triplicate [24]. The absorbance is inversely 
proportional to transmittance. 
 

Percent Transmittance = 10(-absorbance) x 
100 % 

 
Absorbance = -log (Percent 
Transmittance/100) 

 

2.4.1 In-vitro drug release studies 
 

The release behavior of phenytoin from 
nanoemulsion formulations was studied using 
dialysis bag method. A cellulose dialysis bag 
(MW cut-off 12,400 Da) was washed with distilled 
water at 4 ºC and filled with 1 ml of each 
nanoemulsion formulation. The bag was attached 
with a paddle of USP apparatus rotating at a 
speed of 50 rpm and dipped into 900 ml of 
phosphate buffer release medium (pH=7.4) [25]. 
For drug release analysis 2 ml of samples after 
15min, 30 min, 1hr, 2hr, 3hr, 4hr, 5hr, 6hr, 12hr 
and 24hr were taken out and replaced with fresh 
buffer release medium. The taken-out samples 
were analyzed by UV spectrophotometry at 205 
nm to measure the amount of Phenytoin 
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released from NEs, accordingly the percentage 
of release efficiency (RE) of nanoemulsions were 
calculated [26]. 
 
2.4.2 Particle size, polydispersity index and 

zeta potential  
 
To confirm that the size of particles in 
formulations were in nano the Malvern Zetasizer 
NanoZS (Malvern, United Kingdom) was used. 
The equipment also provided information about 
the uniformity of droplet size i.e., polydispersity 
index (PDI) and electrostatic repulsion between 
the particles i.e., zeta potential. For this testing 
the Phenytoin NEs were diluted to 1:49 v/v in 
HPLC grade water [27]. 
 

2.5 Transmission Electron Microscopy 
(TEM) 

 
In order to verify the nano-droplet formation of 
formulations, the transmission electron 
microscopy (TEM) of best NE formulations was 
also done using Morgagni 268D electron 
microscope (Fei Company, Netherlands) 70 kV. 
The TEM captures high resolution images 
increasing magnification to identify the form and 
size of droplets and their distribution in 
nanoemulsion. TEM image analysis gives the 
true radiuses which is more precise as compare 
to hydrodynamic radius provided by Zetasizer 
[28]. 
 

3. RESULTS AND DISCUSSION 
 
To form the o/w phase nanoemulsions the 
different combinations of oil and Smix tried for 
their mixture and closely observed the water 
titration process. 
 

3.1 Spontaneous Phase Inversion and 
Nanoemulsion Formation  

 

The surfactant chosen for nanoemulsion 
formulation had a high HLB value which means 
surfactant is more reactive with water as 
compare to oil. So, a certain concentration of 
surfactant initially required more amount of oil to 
form a bond in mixture as compare to water to be 
mixed after that by titration method.  When 
titration by aqueous phase was done the 
surfactant, particles were attracted towards water 
particles. After a certain water concentration, the 
surfactant breaks its bonds with oil and joins their 
head with water particles but this time oil was 
also available in mixture so the tail of surfactant 
covers to oil particles and form a layer between 

oil and aqueous phase. As the surfactant breaks 
its bonding with oil and forms a bonding with 
water the volume of oil as compare to volume of 
water and surfactant suddenly decreased. In the 
meantime, co-surfactant acted as an agent to 
reduce the surface tension of aqueous phase 
and oil particles started penetration inside the 
aqueous phase in nano particle form covered by 
surfactant tails. As the particle size should lie in 
nano range so the oil particles should be fine 
enough to see by human eyes results a 
transparent nanoemulsions [29,30]. 
 
3.2 Screening of Excipients 
 
3.2.1 Screening of oil  
 
In the development of drug loaded nanoemulsion 
system the main factor is to test the solubility of 
drug in a variety of formulation components. 
Better the solubility means the volume of drug 
loaded nanoemulsion will also be reduces and 
provide better therapeutic dose. 
 
The solubility test graph of phenytoin drug in 
different oils is shown in Fig-1. It depicts the 
solubility of phenytoin was found highest in 
sunflower oil (7.4±0.048 mg/ml) in comparison 
with others. Studies shows that the higher the 
concentration of surfactant may increase toxicity 
of the system. So, it is preferred to have oil 
having high solubility of phenytoin as less oil in 
formulation will also require less surfactant [31]. 
 
3.2.2 Screening criteria for surfactants  
 
As per industry standards the o/w nanoemulsion 
formulations shall have a good in-vivo stability. 
Therefore, it become more important to select a 
proper surfactant. The HLB value of surfactant 
should also be chosen properly as in o/w base 
nanoemulsions higher HLB value of surfactant is 
required so that during the mixing of water phase 
it may easily break its bonding with oil phase and 
join with aqueous phase results a phase 
inversion [32]. 
 
After analyzing it was found that out of three 
surfactants Tween-20 showed the best solubility 
of phenytoin drug i.e., 23.2±0.062 mg/ml (Fig. 1). 
 
3.2.3 Screening of co-surfactants 
 
Co surfactants are used to reduce the boundary 
tension and increase the fluidity of interface. 
These are generally medium-chain alcohols (C3-
C8). The co surfactants are also allow better 



penetration of oil by increasing the mobility of the 
hydrocarbon tails. 
 
As depicted in Fig-1 the PEG 200 showed the 
best solubility of phenytoin drug i.e., 38.6±0.091 
mg/ml. 
 
3.2.4 Preparation of pseudo ternary phase 

diagram 
 

The ternary phase diagram between oil, S
water is plotted to obtain the nanoemulsion 
region on the basis of results obtained in Table 
No. -1. On phase diagram an o/w nanoemulsion 
region was observed on high water ratio side. 
Beyond the nanoemulsion reason there was a 
phase separation and turbid mixture found for 
high and low oil concentrations respectively. The 
equal concentration of surfactant and co
surfactant gave a good nanoemulsion reason 
(Fig. 2a), which further increased by increasing 
co-surfactant concentration to double of 
surfactant (Fig. 2b) but again increase in co
surfactant concentration to triple of surfactant 
showed reduction in nanoemulsion region (Fig. 
2c). So, no further concentration of co
was increased. Similarly, the nanoemulsion 
region was also increase for in
surfactant ration to double by co-surfactant (Fig. 
2d) but again decreased for further increase (Fig. 
2e). Therefore, there was no need to attempt 
more test with further increase in surfactant 
concentration.  
 

Fig. 1. Solubility of phenytoin in different oils, surfactants & co
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penetration of oil by increasing the mobility of the 

1 the PEG 200 showed the 
best solubility of phenytoin drug i.e., 38.6±0.091 

Preparation of pseudo ternary phase 

The ternary phase diagram between oil, Smix and 
water is plotted to obtain the nanoemulsion 
region on the basis of results obtained in Table 

On phase diagram an o/w nanoemulsion 
region was observed on high water ratio side. 
Beyond the nanoemulsion reason there was a 

bid mixture found for 
high and low oil concentrations respectively. The 
equal concentration of surfactant and co-
surfactant gave a good nanoemulsion reason 
(Fig. 2a), which further increased by increasing 

surfactant concentration to double of 
(Fig. 2b) but again increase in co-

surfactant concentration to triple of surfactant 
showed reduction in nanoemulsion region (Fig. 
2c). So, no further concentration of co-surfactant 
was increased. Similarly, the nanoemulsion 
region was also increase for increasing the 

surfactant (Fig. 
2d) but again decreased for further increase (Fig. 
2e). Therefore, there was no need to attempt 
more test with further increase in surfactant 

3.3 Loading of Phenytoin in 
Nanoemulsion 

 
On the basis of visual observation twenty 
optimized combinations of nanoemulsions out of 
total forty-five were selected. The oil and 
per those appropriate predetermined 
combinations were mixed and loading of 1% 
(w/v) of phenytoin drug was done. The drug was 
solubilized in oil and form a mixture which was 
titrated by water to achieve spontaneous phase 
inversion and formation of phenytoin loaded 
nano emulsions. 
 
3.3.1 Physicochemical characterization 
 
The selected formulations were tested for 
physicochemical characterization.  
 
3.3.2 Thermodynamic stability testing of 

nanoemulsions 
 
In bar diagram all three stability tests were 
represented by different color bars. Any 
formulation succeeded in any test s
that color bar. So, the formulations having all 
three-color bars means got succeeded in all 
three tests and were thermodynamically stable. 
After Heating-cooling cycles, freeze
and centrifugation studies only eight formulations 
out of twenty were passed the stress testing (Fig. 
3). 

 
Solubility of phenytoin in different oils, surfactants & co-surfactants at 25

SD, n=3) 
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Loading of Phenytoin in Selected 

On the basis of visual observation twenty 
optimized combinations of nanoemulsions out of 

five were selected. The oil and Smix as 
per those appropriate predetermined 
combinations were mixed and loading of 1% 

toin drug was done. The drug was 
solubilized in oil and form a mixture which was 
titrated by water to achieve spontaneous phase 
inversion and formation of phenytoin loaded 

3.3.1 Physicochemical characterization   

The selected formulations were tested for 
 

Thermodynamic stability testing of 

In bar diagram all three stability tests were 
represented by different color bars. Any 
formulation succeeded in any test shall contain 
that color bar. So, the formulations having all 

color bars means got succeeded in all 
three tests and were thermodynamically stable. 

cooling cycles, freeze-thaw cycles 
and centrifugation studies only eight formulations 

of twenty were passed the stress testing (Fig. 

 

surfactants at 25°C (mean ± 



Table 1. Nanoemulsion formulations by different combinations of Oil, S
 
S. No. Smix 

Ratio 
Formulation 
No. 

1 1:1 FPHT1 
2 1:1 FPHT2 
3 1:1 FPHT3 
4 1:1 FPHT4 
5 1:2 FPHT5 
6 1:2 FPHT6 
7 1:2 FPHT7 
8 1:2 FPHT8 
9 1:3 FPHT9 
10 1:3 FPHT10 
11 1:3 FPHT11 
12 1:3 FPHT12 
13 2:1 FPHT13 
14 2:1 FPHT14 
15 2:1 FPHT15 
16 2:1 FPHT16 
17 3:1 FPHT17 
18 3:1 FPHT18 
19 3:1 FPHT19 
20 3:1 FPHT20 

%=Percentage; w/v= weight per volume; S
 

(a) 

(c) 
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Nanoemulsion formulations by different combinations of Oil, Smix & Water

Formulation Drug  
(% w/v) 

OIL Smix Water Transparency

1 43.80 29.20 27.01 Clear
1 36.23 36.23 27.54 Clear
1 28.37 42.55 29.08 Clear
1 17.86 41.67 40.48 Clear
1 48.00 32.00 20.00 Turbid
1 34.25 34.25 31.51 Clear
1 26.49 39.74 33.77 Clear
1 17.86 41.67 40.48 Clear
1 44.44 29.63 25.93 Clear
1 33.56 33.56 32.89 Clear
1 25.32 37.97 36.71 Clear
1 17.05 39.77 43.18 Turbid
1 48.39 32.26 19.35 Clear
1 37.88 37.88 24.24 Clear
1 29.63 44.44 25.93 Clear
1 19.23 44.87 35.90 Clear
1 48.00 32.00 20.00 Turbid
1 39.68 39.68 20.63 Clear
1 28.99 43.48 27.54 Clear
1 20.55 47.95 31.51 Clear

%=Percentage; w/v= weight per volume; Smix= Surfactant: Co-surfactant; FPHT= Phenytoin formulation

(b) 

(d) 
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& Water 

Transparency 

Clear 
Clear 
Clear 
Clear 
Turbid 
Clear 
Clear 
Clear 
Clear 
Clear 
Clear 
Turbid 
Clear 
Clear 
Clear 
Clear 
Turbid 
Clear 
Clear 
Clear 

surfactant; FPHT= Phenytoin formulation 



Fig. 2. Pseudo ternary phase diagrams 
 

Fig. 3. Thermodynamic stability testing of phenytoin loaded nanoemulsions
 
3.3.3 Viscosity  
 
The viscosity of nanoemulsion formulations was 
found between 6.149 ± 0.084 cps to 9.114 ± 
0.027 cps (Fig 4). Which will give more hold time 
to drug on nasal mucosa results better drug 
delivery [33]. 
 
3.3.4 pH measurement 
 
The pH of nanoemulsions was found between 
6.546 ± 0.018 to 6.656 ± 0.017 (
general, the pH of nose mucosal ranges between 
5.5 to 6.5 but it increases in the range of 7.2 to 
8.3 with condition of rhinitis (nasal obstruction or 
congestion situation). [34] Study shows that th
children allergic with rhinitis have 76% increase 
risk chances of epilepsy. [35] Accordingly, the pH 
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(e) 
 

Pseudo ternary phase diagrams with nanoemulsion region 

 
Thermodynamic stability testing of phenytoin loaded nanoemulsions

The viscosity of nanoemulsion formulations was 
found between 6.149 ± 0.084 cps to 9.114 ± 

4). Which will give more hold time 
to drug on nasal mucosa results better drug 

found between 
6.546 ± 0.018 to 6.656 ± 0.017 (Fig. 4). In 
general, the pH of nose mucosal ranges between 
5.5 to 6.5 but it increases in the range of 7.2 to 
8.3 with condition of rhinitis (nasal obstruction or 
congestion situation). [34] Study shows that the 
children allergic with rhinitis have 76% increase 
risk chances of epilepsy. [35] Accordingly, the pH 

of nose mucosal for study was considered in the 
range of 5.5 to 7.8.  
 
3.3.5 Refractive index 
 
The RI of nano formulations were found between 
1.395 ± 0.003 to 1.41 ± 0.005 (
shows isotropic nature of the formulations and RI 
closer to water i.e., 1.334 shows high water 
content used in formulation and safer in terms of 
toxicity. [35] 
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This represents that there was less absorption of 
light and similarly, the absorbance varied 
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The results of in-vitro drug release profile of all 
eight selected formulations are shown in Fig.5.
was observed that initially within 6 hours the 
release of drug from all formulations were very 
high and ranged between 75.20 ± 0.15 
95.77 ± 0.14 %. After that from 6 to 12 hours the 
release rate was slightly decreased and 88.33 ± 
0.64 % to 98.53 ± 0.36 %. After 24 hrs the range 
of release rate of formulations was found 
between 98.51 ± 0.25 % to 99.82 ± 0.28 % which 
is a very good release rate of drug from 
nanoemulsion. Formulations having top four 
release statics had been taken further for their 
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between 98.51 ± 0.25 % to 99.82 ± 0.28 % which 

a very good release rate of drug from 
nanoemulsion. Formulations having top four 
release statics had been taken further for their 

droplet size analysis. 
 
3.4.2 Particle size, polydispersity index and 

zeta potential  
 
Table-3 shows the results of particle 
polydispersity index and zeta potential values of 
top four formulations having best drug release 
percentage. It was observed that all the four 
nanoemulsion formulations had nano sized 
droplets. [36] The PDI value of all these 
formulations are less than 0.5 which indicated 
that each formulation has droplets spread 
uniformity. [37] Also, the zetapotential of 
formulation were found from -28.8 to 
showed good repulsion force between 
nanoparticles results a good stability property of 
nanodroplets in aqueous phase. [38,39]
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Table 2. Viscosity, pH measurements, Refractive index, % transmittance and absorbance 
 

S. No. Formulation Viscosity (cps) ± SD pH ± SD Refractive Index ± SD Transmittance (%) Absorbance 
1 FPHT4 6.946 ± 0.072 6.567 ± 0.011 1.399 ± 0.007 95.29 ± 0.8 0.021 ± 0.0036 
2 FPHT6 9.114 ± 0.027 6.652 ± 0.019 1.41 ± 0.005 94.53 ± 1.4 0.0244 ± 0.0064 
3 FPHT7 8.856 ± 0.018 6.594 ± 0.014 1.407 ± 0.008 94.73 ± 0.4 0.0235 ± 0.0018 
4 FPHT8 6.946 ± 0.032 6.567 ± 0.021 1.398 ± 0.02 95.32 ± 0.7 0.0208 ± 0.0032 
5 FPHT10 8.526 ± 0.049 6.656 ± 0.017 1.408 ± 0.009 94.66 ± 1.1 0.0238 ± 0.0050 
6 FPHT11 7.695 ± 0.041 6.606 ± 0.013 1.403 ± 0.005 95.01 ± 1.5 0.0222 ± 0.0069 
7 FPHT12 6.149 ± 0.084 6.579 ± 0.022 1.395 ± 0.003 95.58 ± 1.2 0.0196 ± 0.0055 
8 FPHT16 8.631 ± 0.094 6.546 ± 0.018 1.406 ± 0.006 94.84 ± 0.3 0.023 ± 0.0014 

SD=Standard Deviation; %=Percentage; Cps=Cinti poise; Values are mean ± SD; (n=40); (p < 0.001) 
 

Table 3. Particle size, polydispersity index and zeta potential of nanoemulsion 
 

S. No. Formulation code Droplet Size (d.nm) Polydispersity Index Zeta Potential (mV) 
1 FPHT6 21.9 0.345 -12.4 
2 FPHT7 21.5 0.334 -27.0 
3 FPHT10 19.5 0.342 -13.1 
4 FPHT16 18.9 0.363 -28.8 

 

 
 

Fig. 6. TEM image of optimized nanoemulsion FPHT16 
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3.5 Transmission Electron Microscopy 
 

In order to further confirm the nano-droplet 
formation of formulations, the morphology of the 
best selected NE formulation (FPHT16) was 
determined by TEM (Fig. 6). The size distribution 
analysis in figure shows the uniformity of 
particles size. The image obtained from TEM 
was in accordance with the results obtained from 
MDS. 
 

4. CONCLUSION 
 

Phenytoin has high permeability but low solubility 
and it comes under BCS Class II category. Due 
to low release of phenytoin through GI track for 
brain targeting we had explored the possibility of 
nanoemulsion formation. As phenytoin is a 
lipophilic drug so during formation of its o/w 
nanoemulsion the surfactant was chosen in such 
a manner so that addition of water may easily 
break the bond of oil and surfactant. The 
nanoemulsion passed through stress testing had 
also showed good release rate of phenytoin. 
Also, the other parameters like viscosity, pH, RI 
and percentage transmittance were in a quit 
satisfactory range to proceed further with these 
formulations. As the objective of experiment was 
to formulate the nano particles of drug loaded oil 
dispersed in aqueous phase which was also 
confirmed by particle size analysis. All the 
formed nanoemulsion formulations had showed 
good drug release rate and may be considered 
for further studies. 
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