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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
fulfilment of the requirement for the degree of Master of Science 

OPTIMIZATION OF NANOEMULSION FORMULATION CONTAINING 
PHENYTOIN  

By 

MAVIN YAP CHONG YANG 

November 2017 

Chair : Professor Mahiran Basri, PhD 
Faculty  : Science 

Epilepsy is a Central Nervous System (CNS) disease caused by abnormal 
neuron signalling causing repeated seizures. CNS is protected by a barrier 
known as blood-brain barrier (BBB). The selective membrane on the BBB 
which only allow small lipophilic particle to pass through complicates the 
penetration of antiepileptic drugs. Phenytoin is a classic antiepileptic drug 
(AED) listed on the World Health Organization’s List of Essential Medicines, 
which exhibits potent therapeutic efficacy in controlling seizure attacks thus 
signifying its importance in a basic healthcare system. However, due to poor 
solubility and bioavailability of phenytoin, large dosage had to be given in its 
salt form (phenytoin sodium) to reach therapeutic concentration with 
numerous side effects. Hence, incorporating phenytoin in a nanocarrier 
would increase its bioavailability while minimizing the dosage required with 
reduced side effects. 

From the formulation study, it was discovered that phenytoin could only be 
retained in alkali solution. Therefore to address the solubility issue of 
phenytoin, a two-step method based on the pH solubility profile of phenytoin 
was used to formulate phenytoin into the nanoemulsion. First step involves 
the formulation of blank nanoemulsion (without phenytoin) through magnetic 
stirring followed by high shear homogenization. Second step involves the 
incorporation of phenytoin onto the nanocarrier by adjusting pH of blank 
nanoemulsion to alkali condition. Incorporation of phenytoin was confirmed 
through Transmission Electron Microscopy (TEM) which showed the 
position of phenytoin on the surface of oil droplets. 
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Mixture Experimental Design (MED) and Artificial Neural Network (ANN) 
were employed to optimize the composition of phenytoin-loaded 
nanoemulsion. Effects of isopropyl myristate (3.00-6.00%, wt%), Tween 
80:85 (1.50-3.00%   wt%), glycerol (4.00-7.00%, wt%), and water (84.00-
91.50%, wt%) on the droplet size of nanoemulsion were investigated. The 
optimum formulation obtained from the mathematical model with desirable 
criteria were 3.00% isopropyl myristate, 2.04% Tween 80:85, 7.00% glycerol 
and 87.96% water. Based on the optimum formulation from MED, the 
predicted response value for droplet size was 99.58 nm, while the predicted 
value from ANN was 98.27 nm, which showed in excellent agreement with 
the actual value obtained from the experiment which was 98.69 nm. 

 

Toxicity comparison between Dilantin (parenteral phenytoin sodium) and 
phenytoin-loaded nanoemulsion showed that the nanoemulsion to be four 
times less toxic compared to Dilantin towards Vero (kidney) cells. Stability 
evaluation based on the droplet size for three months showed that the 
droplet size remained in nano-size with less than 5% change. Entrapment 
study showed that more than 95% of phenytoin was encapsulated 
throughout 3 months storage. In conclusion, the nanoemulsion formulation 
is a safer and promising vehicle for the delivery of phenytoin through 
intravenous route. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 
sebagai memenuhi keperluan untuk Ijazah Master Sains 
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FENITOIN  

 
Oleh 

 
MAVIN YAP CHONG YANG 

November 2017 

 
 
Pengerusi : Profesor Mahiran Basri, PhD  

Fakulti  : Sains 

 

Epilepsi adalah penyakit Sistem Saraf Pusat (SSP) yang disebabkan oleh 
isyarat neuron yang tidak normal menyebabkan serangan sawan yang 
berulangan. SSP dilindungi oleh penghalang yang dikenali sebagai 
halangan darah-otak (BBB). Membran selektif di BBB yang hanya 
membenarkan zarah lipofilik kecil meretas penembusan ubat-ubatan 
antiepileptik. Fenitoin adalah ubat antiepileptik klasik (AED) yang tersenarai 
dalam Senarai Ubat-Ubatan Penting Organisasi Pertubuhan Kesihatan 
Sedunia, yang memperlihatkan keberkesanan terapeutik yang kuat dalam 
mengawal serangan sawan,justeru menandakan kepentingannya dalam 
sistem penjagaan kesihatan asas. Walau bagaimanapun, disebabkan 
keterlarutan yang kurang baik dan bioavailabiliti fenitoin, dos yang besar 
perlu diberikan dalam bentuk sebatian garam (fenitoin natrium) untuk 
mencapai kepekatan terapeutik yang mencukupi dengan banyak kesan 
sampingan. Oleh itu, penghantaran fenitoin melalui nanoemulsi boleh 
meningkatkan keberkesananya sementara mengurangkan dos yang 
diperlukan sekaligus mengurangkan kesan sampingan. 

 

Daripada kajian perumusan, didapati bahawa fenitoin hanya boleh dilarut 
dalam larutan alkali. Oleh itu, untuk menangani isu kelarutan fenitoin, 
kaedah dua langkah berdasarkan profil kelarutan pH fenitoin digunakan 
untuk merumuskan phenytoin ke dalam nanoemulsi. Langkah pertama 
melibatkan perumusan nanoemulsi kosong (tanpa fenitoin) melalui 
pengacauan spontan diikuti oleh homogenisasi ricih yang tinggi. Langkah 
kedua melibatkan penambahan fenitoin ke dalam nanoemulsi dengan 
menyesuaikan pH nanoemulsi kosong kepada pH alkali. Pembentukan 
fenitoin telah disahkan melalui Transmission Electron Microscopy (TEM) 
yang menunjukkan kedudukan fenitoin pada permukaan titisan minyak. 
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Reka bentuk Eksperimen Campuran (MED) dan Rangkaian Neural Buatan 
(ANN) telah digunakan untuk mengoptimumkan komposisi nanoemulsi yang 
dimuatkan fenitoin. Kesan isopropil myristate (3.00-6.00%, wt%), Tween 
80:85 (1.50-3.00%, wt%), gliserol (4.00-7.00%, wt%), dan air (84.00-
91.50%, wt%) pada saiz titisan nanoemulsi telah diselidiki. Perumusan 
optimum yang diperoleh daripada model matematik dengan kriteria yang 
diinginkan adalah 3.00% isopropil myristate, 2.04% Tween 80:85, 7.00% 
gliserol dan 87.96% air. Berdasarkan rumusan optimum dari MED, nilai 
tindak balas yang diramalkan untuk saiz titisan adalah 99.58 nm, manakala 
nilai ramalan dari ANN adalah 
98.27 nm, yang menunjukkan persetujuan yang sangat baik dengan nilai 
sebenar yang diperoleh dari eksperimen iaitu 98.69 nm. 

 

Perbandingan analisis toksik antara Dilantin (fenitoin natrium parenteral) 
dan nanoemulsi fenitoin menunjukkan bahawa Dilantin adalah empat kali 
lebih toksik berbanding nanoemulsi terhadap sel-sel Vero (buah pinggang). 
Penilaian kestabilan berdasarkan saiz titisan selama tiga bulan 
menunjukkan bahawa saiz titisan kekal dalam ukuran nano dengan 
perubahan kurang daripada 5%. Kajian pengkapsulan dadah menunjukkan 
bahawa lebih daripada 95% fenitoin terkandung dalam rumusan dalam 
simpanan selama 3 bulan. Sebagai kesimpulan, perumusan nanoemulsi 
menjanjikan penghantaran fenitoin secara parenteral yang lebih efektif. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background of Research 

Epilepsy is a chronic central nervous system (CNS) disease whereby 
abnormal electrical activity is present in the brain resulting in seizures 
(Bennewitz and Saltzman, 2009). Up to date, there is no cure for epilepsy 
thus epileptic patients are prescribed with antiepileptic drugs (AED) or 
anticonvulsant drugs. AEDs were successful in suppressing seizures in 
majority of patients as many as 60-70% (Schmidt, 2009). However, in 20-
30 % of patients, epilepsy is drug resistant, in other words epilepsy cases in 
some patients are uncontrollable (Zhang et al., 2012). The purpose of using 
AEDs is to control seizures as quickly as possible with minimal side effects 
yet several hypotheses had been postulated as to why antiepileptic drugs 
failed to suppress seizures.  

 

Among the hypotheses postulated are, the disease itself is too severe, 
incorrect administration of drugs, and finally the hypotheses which many 
researchers believe to be the key in treating epilepsy is that drugs 
administrated are not delivered efficiently to the target side (Zhang et al., 
2012; Schmidt, 2009). This can be attributed to the role of Blood-Brain 
Barrier (BBB), a selective membrane protecting the brain from foreign 
molecules such as AEDs. BBB limits the therapeutic potential of AEDs 
resulting in uncontrollable seizure attacks. Patients with drug-resistant 
epilepsy will have serious health problems such as, injury, depression, 
anxiety, and to the highest extent resulting in mortality (McCagh et al., 2009; 
Smeets et al., 2007). 

 

1.2 Problem Statement 

 
A number of AEDs have been introduced over the years ever since the first 
antiepileptic drug, bromide, to phenobarbital and phenytoin which are still in 
use in the modern world (Zhang et al., 2012). Challenges of phenytoin (PHT) 
as modern AEDs is the difficulty of PHT to penetrate the BBB which results 
in poor efficacy. Moreover, PHT is a hydrophobic drug with poor water 
solubility. Due to the abscence of an efficient carrier, parenteral 
administration of this hydrophobic drug had to be given in its salt form and in 
high dosage in order to increase PHT’s bioavailability in the mortor cortex of 
the brain. High PHT dosage will cause numerous side effects and higher 
toxicity towards the brain cells, hence the significance of introducing an 
efficient nanocarrier for PHT. 
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1.3 Scope of Study 

Phenytoin-loaded nanoemulsion was formulated using a mixture of oils and 
surfactants. Screening on the compositions and selection on the 
emulsification method were carried out. Encapsulation method for PHT was 
developed. Stability of the encapsulated PHT was evaluated before 
optimization. Optimization was then carried out by employing Mixture 
Experimental Design (MED) and Artificial Neural Network (ANN) as a tool 
with respect to the compositions of phenytoin-loaded nanoemulsion. 
Morphology of the nanoemulsion was observed through Transmission 
Electron Microscopy (TEM). Toxicity of the nanoemulsion towards normal 
kidney cells were evaluated using MTT assay. Evaluation on the stability of 
optimized phenytoin-loaded nanoemulsion was carried out after 3 months of 
storage at 4°C, 25°C, and 45°C. Evaluation was done with respect to the 
droplet size, pH, encapsulation efficiency, and phase separation.  

 

1.4 Objectives   

The main objective of this research is to develop parenteral nanoemulsion 
loaded with PHT. In order to succesfully achieve the main objective, following 
specific objectives were carried out: 

I. To formulate and optimize the compositions of PHT-loaded 
nanoemulsion suitable for parenteral administration 

II. To characterize the physicochemical properties of PHT-
loaded nanoemulsion 

III. To evaluate the toxicity and stability of PHT-loaded 
nanoemulsion 

IV. To evaluate the in-vitro release potential of PHT-loaded 
nanoemulsion 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

60  

REFERENCES 

Abbott, N. J., Patabendige, A. A. K., Dolman, D. E. M., Yusof, S. R., & Begley, 
D. J. (2010). Structure and function of the blood–brain barrier. 
Neurobiology of Disease, 37(1), 13–25.  

Abbott, N. J., Rönnbäck, L., & Hansson, E. (2006). Astrocyte–endothelial 
interactions at the blood–brain barrier. Nature Reviews Neuroscience, 
7(1), 41–53.  

Abdollahi, Y., Sairi, N. A., Aroua, M. K., Fard Masoumi, H. R., Jahangirian, 
H., & Alias, Y. (2015). Fabrication modeling of industrial CO2 ionic 
liquids absorber by artificial neural networks. Journal of Industrial and 
Engineering Chemistry, 25(August 2016), 168–175.  

Abdollahi, Y., Zakaria, A., Abbasiyannejad, M., Fard Masoumi, H. R., 
Moghaddam, M. G., Matori, K. A., … Keshavarzi, A. (2013). Artificial 
neural network modeling of p-cresol photodegradation. Chemistry 
Central Journal, 7(1), 96–102.  

Agatonovic-Kustrin, S., & Beresford, R. (2000). Basic concepts of artificial 
neural network (ANN) modeling and its application in pharmaceutical 
research. Journal of Pharmaceutical and Biomedical Analysis.  

Ahmed, M., Ramadan, W., Rambhu, D., & Shakeel, F. (2008). Potential of 
nanoemulsions for intravenous delivery of rifampicin. Pharmazie, 
63(11), 806–811.  

Ahn, J. H., Kim, Y. P., Lee, Y. M., Seo, E. M., Lee, K. W., & Kim, H. S. (2008). 
Optimization of microencapsulation of seed oil by response surface 
methodology. Food Chemistry, 107(1), 98–105.  

Andrasi, M., Buglyo, P., Zekany, L., & Gaspar, A. (2007). A comparative 
study of capillary zone electrophoresis and pH-potentiometry for 
determination of dissociation constants. Journal of Pharmaceutical and 
Biomedical Analysis, 44(5), 1040–1047.  

Araújo, F. A., Kelmann, R. G., Araújo, B. V., Finatto, R. B., Teixeira, H. F., & 
Koester, L. S. (2011). Development and characterization of parenteral 
nanoemulsions containing thalidomide. European Journal of 
Pharmaceutical Sciences, 42(3), 238–245.  

Atef, E., & Belmonte, A. a. (2008). Formulation and in vitro and in vivo 
characterization of a phenytoin self-emulsifying drug delivery system 
(SEDDS). European Journal of Pharmaceutical Sciences : Official 
Journal of the European Federation for Pharmaceutical Sciences, 35(4), 
257–63.  

Azeem, A., Rizwan, M., Ahmad, F. J., Iqbal, Z., Khar, R. K., Aqil, M., & 
Talegaonkar, S. (2009). Nanoemulsion components screening and 
selection: a technical note. AAPS PharmSciTech, 10(1), 69–76.  



© C
OPYRIG

HT U
PM

 

61  

Baş, D., Boyacı, İ. H., Bas, D., Boyaci, I. H., Baş, D., Boyacı, İ. H., … Boyaci, 
I. H. (2007). Modeling and optimization I: Usability of response surface 
methodology. Journal of Food Engineering, 78(3), 836–845.  

Bennewitz, M. F., & Saltzman, W. M. (2009). Nanotechnology for delivery of 
drugs to the brain for epilepsy. Neurotherapeutics : The Journal of the 
American Society for Experimental NeuroTherapeutics, 6(2), 323–36.  

Bialer, M. (2012). Chemical properties of antiepileptic drugs (AEDs). 
Advanced Drug Delivery Reviews, 64(10), 887–895.  

Bouchemal, K., Briançon, S., Perrier, E., & Fessi, H. (2004). Nano-emulsion 
formulation using spontaneous emulsification: solvent, oil and 
surfactant optimisation. International Journal of Pharmaceutics, 280(1–
2), 241–51.  

Brodie, M. J. (2010). Antiepileptic drug therapy the story so far. Seizure : The 
Journal of the British Epilepsy Association, 19(10), 650–5.  

Brodie, M. J., Covanis, A., Gil-Nagel, A., Lerche, H., Perucca, E., Sills, G. J., 
& White, H. S. (2011). Antiepileptic drug therapy: Does mechanism of 
action matter? Epilepsy & Behavior, 21(4), 331–341.  

Calderó, G., García-Celma, M. J., & Solans, C. (2011). Formation of 
polymeric nano-emulsions by a low-energy method and their use for 
nanoparticle preparation. Journal of Colloid and Interface Science, 
353(2), 406–411.  

Chen, Y., & Liu, L. (2012). Modern methods for delivery of drugs across the 
blood-brain barrier. Advanced Drug Delivery Reviews, 64(7), 640–65.  

Cheng, N., Basri, M., Fui Fang, L., Fard Masoumi, H. R., Tripathy, M., Abedi 
Karjiban, R., & Abdul-malek, E. (2014). Comparison of Box – Behnken 
and central composite designs in optimization of fullerene loaded palm-
based nano-emulsions for cosmeceutical application. Industrial Crops 
& Products, 59, 309–317.  

Devarajan, V., & Ravichandran, V. (2011). Nanoemulsions: as modified drug 
delivery tool. Pharmacie Globale, 2(4), 1–6. Retrieved from 
http://pharmacie-
globale.info/index.php?option=com_docman&task=doc_download&gi
d=143&Itemid=41 

Dingstad, G. I., Westad, F., & Næs, T. (2004). Three case studies illustrating 
the properties of ordinary and partial least squares regression in 
different mixture models. Chemometrics and Intelligent Laboratory 
Systems, 71(1), 33–45.  

Elger, C. E., & Schmidt, D. (2008). Modern management of epilepsy: A 
practical approach. Epilepsy and Behavior.  

Ganta, S., Paxton, J. W., Baguley, B. C., & Garg, S. (2008). 



© C
OPYRIG

HT U
PM

 

62  

Pharmacokinetics and pharmacodynamics of chlorambucil delivered in 
parenteral emulsion. International Journal of Pharmaceutics, 360(1–2), 
115–121.  

Ghai, D., & Sinha, V. R. (2012). Nanoemulsions as self-emulsified drug 
delivery carriers for enhanced permeability of the poorly water-soluble 
selective ??1-adrenoreceptor blocker Talinolol. Nanomedicine: 
Nanotechnology, Biology, and Medicine, 8(5), 618–626.  

Haque, S., Md, S., Alam, M. I., Sahni, J. K., Ali, J., & Baboota, S. (2012). 
Nanostructure-based drug delivery systems for brain targeting. Drug 
Development and Industrial Pharmacy, 38(4), 387–411.  

Hawkins, B. T., & Egleton, R. D. (2008). Pathophysiology of the blood-brain 
barrier: animal models and methods. Current Topics in Developmental 
Biology, 80, 277–309.  

He, W., Lu, Y., Qi, J., Chen, L., Hu, F., & Wu, W. (2013). Nanoemulsion-
templated shell-crosslinked nanocapsules as drug delivery systems. 
International Journal of Pharmaceutics, 445(1–2), 69–78.  

Jafari, S. M., Assadpoor, E., He, Y., & Bhandari, B. (2008). Re-coalescence 
of emulsion droplets during high-energy emulsification. Food 
Hydrocolloids, 22(7), 1191–1202.  

Jain, S., Mishra, V., Singh, P., Dubey, P. K., Saraf, D. K., & Vyas, S. P. (2003). 
RGD-anchored magnetic liposomes for monocytes/neutrophils-
mediated brain targeting. International Journal of Pharmaceutics, 
261(1–2), 43–55.  

Jumaa, M., & Müller, B. W. (1998). The effect of oil components and 
homogenization conditions on the physicochemical properties and 
stability of parenteral fat emulsions. International Journal of 
Pharmaceutics, 163(1–2), 81–89.  

Kelmann, R. G., Kuminek, G., Teixeira, H. F., & Koester, L. S. (2007). 
Carbamazepine parenteral nanoemulsions prepared by spontaneous 
emulsification process. International Journal of Pharmaceutics, 342(1–
2), 231–9. 

Khairudin, N., Basri, M., Fard Masoumi, H. R., Samiun, W., & Samson, S. 
(2015). Lipase-Catalyzed Synthesis of Dilauryl Azelate Ester: Process 
Optimization by Artificial Neural Networks and Reusability Study. RSC 
Advances (Vol. 5).  

Kiss, L., Walter, F. R., Bocsik, A., Veszelka, S., Ózsvári, B., Puskás, L. G., … 
Deli, M. A. (2013). Kinetic analysis of the toxicity of pharmaceutical 
excipients cremophor EL and RH40 on endothelial and epithelial cells. 
Journal of Pharmaceutical Sciences, 102(4), 1173–1181.  

Klingeler, R., Hampel, S., & Büchner, B. (2008). Carbon nanotube based 



© C
OPYRIG

HT U
PM

 

63  

biomedical agents for heating, temperature sensoring and drug delivery. 
International Journal of Hyperthermia : The Official Journal of European 
Society for Hyperthermic Oncology, North American Hyperthermia 
Group, 24(September), 496–505.  

Koroleva, M. Y., & Yurtov, E. V. (2012). Nanoemulsions: the properties, 
methods of preparation and promising applications. Russian Chemical 
Reviews, 81(1), 21–43.  

Krol, S. (2012). Challenges in drug delivery to the brain: Nature is against us. 
Journal of Controlled Release.  

Lance, M. R., Washington, C., & Davis, S. S. (1996). Evidence for the 
formation of amphotericin B-phospholipid complexes in Langmuir 
monolayers. Pharmaceutical Research, 13(7), 1008–1014.  

Lazić, Ž. R. (2005). Design and Analysis of Experiments: Sections 2.1--2.2. 
In Design of Experiments in Chemical Engineering (pp. 157–262).  

Lim, S. B., Banerjee, A., & Önyüksel, H. (2012). Improvement of drug safety 
by the use of lipid-based nanocarriers. Journal of Controlled Release : 
Official Journal of the Controlled Release Society, 163(1), 34–45.  

López-Montilla, J. C., Herrera-Morales, P. E., Pandey, S., & Shah, D. O. 
(2002). Spontaneous Emulsification: Mechanisms, Physicochemical 
Aspects, Modeling, and Applications. Journal of Dispersion Science 
and Technology, 23(1–3), 219–268.  

Lu, Y., Wang, Y., & Tang, X. (2008). Formulation and thermal sterile stability 
of a less painful intravenous clarithromycin emulsion containing vitamin 
E. International Journal of Pharmaceutics, 346(1–2), 47–56.  

Maa, Y. F., & Hsu, C. (1996). Liquid-liquid emulsification by rotor/stator 
homogenization. Journal of Controlled Release, 38(2–3), 219–228.  

Machado, A. H. E., Lundberg, D., Ribeiro, A. J., Veiga, F. J., Lindman, B., 
Miguel, M. G., & Olsson, U. (2012). Preparation of calcium alginate 
nanoparticles using water-in-oil (W/O) nanoemulsions. Langmuir, 28(9), 
4131–4141.  

Madhusudhan, B., Rambhau, D., Apte, S. S., & Gopinath, D. (2007). 1-O-
alkylglycerol stabilized carbamazepine intravenous o/w nanoemulsions 
for drug targeting in mice. Journal of Drug Targeting, 15(2), 154–61.  

Masoumi, H. R. F., Basri, M., Samiun, W. S., Izadiyan, Z., & Lim, C. J. (2015). 
Enhancement of encapsulation efficiency of nanoemulsion-containing 
aripiprazole for the treatment of schizophrenia using mixture 
experimental design. International Journal of Nanomedicine, 10, 6469–
6471.  

McCagh, J., Fisk, J. E., & Baker, G. a. (2009). Epilepsy, psychosocial and 
cognitive functioning. Epilepsy Research, 86(1), 1–14.  



© C
OPYRIG

HT U
PM

 

64  

McClements, D. J. (2012). Nanoemulsions versus microemulsions: 
terminology, differences, and similarities. Soft Matter, 8(6), 1719.  

Meyer, R. J. and Hussain, A. S. Awareness Topic: Mitigating the Risks of 
Ethanol Induced Dose Dumping from Oral Sustained/Controlled 
Release Dosage Forms. FDA's ACPS Meeting, October 2005.  

Morral-Ruíz, G., Solans, C., García, M. L., & García-Celma, M. J. (2012). 
Formation of pegylated polyurethane and lysine-coated polyurea 
nanoparticles obtained from O/W nano-emulsions. Langmuir, 28(15), 
6256–6264.  

Müller, R. H., Petersen, R. D., Hommoss, A., & Pardeike, J. (2007). 
Nanostructured lipid carriers (NLC) in cosmetic dermal products. 
Advanced Drug Delivery Reviews.  

Müller, R. H., Schmidt, S., Buttle, I., Akkar, A., Schmitt, J., & Brömer, S. 
(2004). SolEmuls® - Novel technology for the formulation of i.v. 
emulsions with poorly soluble drugs. International Journal of 
Pharmaceutics, 269(2), 293–302.  

Musa, S. H., Basri, M., Masoumi, H. R. F., Karjiban, R. A., Malek, E. A., Basri, 
H., & Shamsuddin, A. F. (2013). Formulation optimization of palm 
kernel oil esters nanoemulsion-loaded with chloramphenicol suitable 
for meningitis treatment. Colloids and Surfaces. B, Biointerfaces, 112, 
113–9.  

Pajouhesh, H., & Lenz, G. R. (2005). Medicinal Chemical Properties of 
Successful Central Nervous System Drugs. The Journal of the 
American Socity for Experimental NeuroTherapeutics, 2, 541–553.  

Pardridge, W. M. (2007). Blood-brain barrier delivery. Drug Discovery Today. 

Patsalos, P. N., & Perucca, E. (2003). Clinically important drug interactions 
in epilepsy: General features and interactions between antiepileptic 
drugs. Lancet Neurology.  

Periago, M. J., Rincon, F., Aguera, M. D., & Ros, G. (2004). Mixture approach 
for optimizing lycopene extraction from tomato and tomato products. 
Journal of Agricultural and Food Chemistry, 52(19), 5796–5802.  

Porras, M., Solans, C., González, C., & Gutiérrez, J. M. (2008). Properties 
of water-in-oil (W/O) nano-emulsions prepared by a low-energy 
emulsification method. Colloids and Surfaces A: Physicochemical and 
Engineering Aspects, 324(1–3), 181–188.  

Qian, C., & McClements, D. J. (2011). Formation of nanoemulsions stabilized 
by model food-grade emulsifiers using high-pressure homogenization: 
Factors affecting particle size. Food Hydrocolloids, 25(5), 1000–1008.  

Rezaee, M., Basri, M., Raja Abdul Rahman, R. N. Z., Salleh, A. B., 



© C
OPYRIG

HT U
PM

 

65  

Chaibakhsh, N., & Fard Masoumi, H. R. (2014). A multivariate modeling 
for analysis of factors controlling the particle size and viscosity in palm 
kernel oil esters-based nanoemulsions. Industrial Crops and Products, 
52, 506–511.  

Saad, M., Garbuzenko, O. B., Ber, E., Chandna, P., Khandare, J. J., 
Pozharov, V. P., & Minko, T. (2008). Receptor targeted polymers, 
dendrimers, liposomes: Which nanocarrier is the most efficient for 
tumor-specific treatment and imaging. Journal of Controlled Release, 
130(2), 107–114.  

Saberi, A. H., Fang, Y., & McClements, D. J. (2013). Fabrication of vitamin 
E-enriched nanoemulsions: Factors affecting particle size using 
spontaneous emulsification. Journal of Colloid and Interface Science, 
391(1), 95–102.  

Sadurní, N., Solans, C., Azemar, N., & García-Celma, M. J. (2005). Studies 
on the formation of O/W nano-emulsions, by low-energy emulsification 
methods, suitable for pharmaceutical applications. European Journal 
of Pharmaceutical Sciences : Official Journal of the European 
Federation for Pharmaceutical Sciences, 26(5), 438–45.  

Sarah Samiun, W., Basri, M., Fard Masoumi, H. R., & Khairudin, N. (2016). 
The prediction of the optimum compositions of a parenteral 
nanoemulsion system loaded with a low water solubility drug for the 
treatment of khaischizophrenia by artificial neural networks. RSC Adv., 
6(17), 14068–14076.  

Santos, C. M., Barbosa de Oliveira, R., Arantes, V. T., Caldeira, L. R., 
Cristina de Oliveira, M., Egito, E. S. T., & Ferreira, L. A. M. (2012). 
Amphotericin B-loaded nanocarriers for topical treatment of cutaneous 
leishmaniasis: development, characterization, and in vitro skin 
permeation studies. Journal of Biomedical Nanotechnology, 8(2), 322–
329. 

Schmidt, D. (2009). Drug treatment of epilepsy: options and limitations. 
Epilepsy & Behavior : E&B, 15(1), 56–65.  

Schultz, S., Wagner, G., Urban, K., & Ulrich, J. (2004). High-pressure 
homogenization as a process for emulsion formation. Chemical 
Engineering and Technology, 27(4), 361–368.  

Schwartz, P. A., Rhodes, C. T., & Cooper, J. W. (1997). Solubility and 
ionization characteristics of phenytoin. Journal of Pharmaceutical 
Sciences, 66(7), 994–997.  

Shafiq, S., & Shakeel, F. (2010). Stability and self-nanoemulsification 
efficiency of ramipril nanoemulsion containing labrasol and plurol 
oleique. Clinical Research and Regulatory Affairs, 27(November 2009), 
7–12.  

Smeets, V. M. J., van Lierop, B. a G., Vanhoutvin, J. P. G., Aldenkamp, A. 



© C
OPYRIG

HT U
PM

 

66  

P., & Nijhuis, F. J. N. (2007). Epilepsy and employment: literature 
review. Epilepsy & Behavior : E&B, 10(3), 354–62.  

Smith, M., Wilcox, K.S., White, H.S. (2007). Discovery of antiepileptic drugs. 
Neurotherapeutics, 4(12-7).   

Soares, P. K., Bruns, R. E., & Scarminio, I. S. (2009). Statistical mixture 
design investigation of fractionated and total extracts from Erythrina 
speciosa Andrews leaves. Journal of Separation Science, 32(4), 644–
652.  

Solans, C., Izquierdo, P., Nolla, J., Azemar, N., & Garciacelma, M. (2005). 
Nano-emulsions. Current Opinion in Colloid & Interface Science, 10(3–
4), 102–110.  

Sonneville-Aubrun, O., Babayan, D., Bordeaux, D., Lindner, P., Rata, G., & 
Cabane, B. (2009). Phase transition pathways for the production of 100 
nm oil-in-water emulsions. Phys. Chem. Chem. Phys., 11(1), 101–110.  

Stang, M., Schuchmann, H., & Schubert, H. (2001). Emulsification in High-
Pressure Homogenizers. Engineering in Life Sciences, 1(4), 151.  

Strickley, R. G. (2004). Solubilizing Excipients in Oral and Injectable 
Formulations. Pharmaceutical Research.  

Sun, Y., Peng, Y., Chen, Y., & Shukla, A. J. (2003). Application of artificial 
neural networks in the design of controlled release drug delivery 
systems. Advanced Drug Delivery Reviews. 

Tadros, T. F. (2009). Emulsion Science and Technology : A General 
Introduction, 1–56. 

Tadros, T., Izquierdo, P., Esquena, J., & Solans, C. (2004). Formation and 
stability of nano-emulsions. Advances in Colloid and Interface Science, 
108–109, 303–18.  

Trotta, M., Gallarate, M., Pattarino, F., & Morel, S. (2001). Emulsions 
containing partially water-miscible solvents for the preparation of drug 
nanosuspensions. Journal of Controlled Release, 76(1–2), 119–128.  

Usón, N., Garcia, M. J., & Solans, C. (2004). Formation of water-in-oil (W/O) 
nano-emulsions in a water/mixed non-ionic surfactant/oil systems 
prepared by a low-energy emulsification method. In Colloids and 
Surfaces A: Physicochemical and Engineering Aspects (Vol. 250, pp. 
415–421).  

Vandamme, T., & Anton. (2010). Low energy nanoemulsification to design 
veterinary controlled drug delivery devices. International Journal of 
Nanomedicine, 5(1), 867.  

Villanueva, V., Sánchez-Álvarez, J. C., Peña, P., Puig, J. S.-, Caballero-
Martínez, F., & Gil-Nagel,  a. (2010). Treatment initiation in epilepsy: 
an expert consensus in Spain. Epilepsy & Behavior : E&B, 19(3), 332–



© C
OPYRIG

HT U
PM

 

67  

342. 

Wang, J. J., Sung, K. C., Hu, O. Y. P., Yeh, C. H., & Fang, J. Y. (2006). 
Submicron lipid emulsion as a drug delivery system for nalbuphine and 
its prodrugs. Journal of Controlled Release, 115(2), 140–149.   

Zainol, S., Basri, M., Basri, H. Bin, Shamsuddin, A. F., Abdul-Gani, S. S., 
Karjiban, R. A., & Abdul-Malek, E. (2012). Formulation optimization of 
a palm-based nanoemulsion system containing levodopa. International 
Journal of Molecular Sciences, 13(10), 13049–13064.  

Zhang, C., Kwan, P., Zuo, Z., & Baum, L. (2012). The transport of 
antiepileptic drugs by P-glycoprotein. Advanced Drug Delivery Reviews, 
64(10), 930–42.  

 

 

 

 

 

 

 

  



© C
OPYRIG

HT U
PM

68 

APPENDICES 

Table A1: Stability of phenytoin-loaded nanoemulsion for 3 months 

storage at 25°C with respect to droplet size 

Storage 
(25°C) 

Droplet size (nm) Standard 
deviation Reading 1 Reading 2 Reading 3 

Fresh 98.70 99.30 98.10 ± 0.60 
1 month 99.80 100.50 99.10 ± 0.70
2 month 100.80 101.50 100.20 ± 0.65 
3 month 102.00 101.80 100.90 ± 0.59 

Table A2: Stability of phenytoin-loaded nanoemulsion for 3 months 
storage at 25°C with respect to pH

Storage 
(25°C) 

Droplet size (nm) Standard 
deviation Reading 1 Reading 2 Reading 3 

Fresh 10.3 10.4 10.4 ± 0.05 
1 month 9.8 9.9 9.8 ± 0.06 
2 month 9.6 9.7 9.6 ± 0.06 
3 month 9.3 9.3 9.4 ± 0.06 
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