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Highly stabilized nanoemulsion system requires high concentration of surfactant,
high homogenization pressures and process cycles. However, the high
surfactant concentrations may induce skin irritation while the high
homogenization pressures and process cycles may incur higher operation cost.
Another important problem is the absorption inefficiency of active such as
tocotrienol rich fraction (TRF) into skin which affects product efficacy. This study
aims to improve the stability of TRF nanoemulsion and effective absorption of
TRF into skin by designing TRF nanoemulsion using Hansen Solubility
Parameter (HSP) concept. The HSP concept allows alteration of the oil phase
solubility which reduces Ostwald ripening and improves solubility of TRF into
skin.

TRF nanoemulsion was prepared by optimizing high shear homogenization
conditions with pressure of 15,000 psi and minimum of 3 process cycles which
yielded nanoemulsions of average droplet size of 137 £ 3 nm with zeta potential
of-24.9 + 2.2 mV and polydispersity index of 0.22. Nanoemulsions with less than
3% surfactant resulted in less significant droplet size reduction compared to
nanoemulsion with more than 5% surfactant. From Stokes Equation, the velocity
of TRF nanoemulsions with droplet size between 50 and 53 nm was calculated
in the region of 107" m.s™'. Oswald Ripening, which is the main destabilization
factor affecting nanoemulsion stability, was effectively reduced by increasing
volume fraction of TRF to ¢ = 0.4 — 0.5 of the nanoemulsion disperse phase.
The solubility gap based on HSP was higher at 2.46 - 3.12 indicating that the
modified oil phase has lower solubility which inhibited Ostwald ripening. At these
volume fractions, the system is approaching thermodynamic stability where
Ostwald Ripening rate has plateau. Optimization of nanoemulsion with TRF in
combination with glycerine and octocrylene was predicted and proven to have



better delivery of TRF into skin compared to other combinations of TRF. The
solubility gap based on HSP was lower at 4.2 indicating the oil phase has higher
solubility into skin. The penetration profiles via tape stripping technique showed
that optimized TRF nanoemulsion recorded highest TRF at 0.493 ug.cm=. The
steady-state flux proved that TRF nanoemulsion optimized with HSP concept
delivered the highest average flux value (0.2556 ug/cm?.h), followed by the TRF
nanoemulsion (0.1998 ug/cm2.h) and TRF Macroemulsion (0.1360 pg/cm?.h).
This indicated that optimized TRF Nanoemulsion allows more TRF to permeate
through the skin via passive diffusion.

In vitro ocular and dermal irritection based on protein assays and in vitro ocular
and dermal irritation using reconstructed human epidermis and human epithelial
models showed that TRF nanoemulsions did not induce any ocular or dermal
irritations. In vitro sun protection factor test and in vivo skin hydration showed
that TRF nanoemulsion was having better UV protection and effective in
maintaining higher level of skin hydration. This study has shown that stable TRF
nanoemulsion with higher absorption of TRF into skin can be achieved by
designing TRF nanoemulsion based on HSP concept.
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Sistem nanoemulsi yang stabil memerlukan penggunaan surfaktan
berkepekatan tinggi dengan proses penghomogenan bertekanan dan kitaran
proses yang tinggi. Walau bagaimanapun, penggunaan kepekatan surfaktan
yang tinggi boleh menyebabkan kerengsaan kulit manakala proses
penghomogenan dengan tekanan dan bilangan kitaran yang tinggi
menyebabkan peningkatan kos operasi. Satu lagi masalah penting ialah
penyerapan bahan aktif seperti pecahan kaya tokotrienol (TRF) yang tidak
cekap ke dalam kulit yang mempengaruhi keberkesanan produk. Kajian ini
bertujuan untuk meningkatkan kestabilan nanoemulsi TRF dan keberkesanan
penyerapan TRF ke dalam kulit dengan merekabentuk nanoemulsi TRF
menggunakan konsep Parameter Kelarutan Hansen (HSP). Konsep HSP
membolehkan perubahan kelarutan fasa minyak yang dapat mengurangkan
pematangan Ostwald dan meningkatkan kelarutan TRF ke dalam kulit.

Nanoemulsi TRF yang stabil dihasilkan dengan mengoptimumkan proses
penghomogenan ricihan tinggi pada tekanan 15,000 psi dan 3 kali kitaran proses
bagi menghasilkan nanoemulsi dengan purata saiz 137 + 3 nm, keupayaan zeta
-249 + 2.2 mV dan indeks polidispersi sebanyak 0.22. Nanoemulsi yang
dihasilkan dengan kepekatan surfaktan yang kurang dari 3% menyebabkan
pengurangan saiz zarah tidak berkesan berbanding penggunaan surfaktan
berkepekatan 5%. Melalui persamaan Stokes, kelajuan zarah nanoemulsi
bersaiz antara 50 dan 53 nm adalah dianggarkan pada kelajuan 10" m.s™.
Pematangan Ostwald iaitu faktor utama yang menyebabkan ketidakstabilan
nanoemulsi telah berjaya dikurangkan dengan meningkatkan pecahan isipadu
TRF dalam fasa minyak nanoemulsi kepada 0.4 - 0.5. Jarak kelarutan HSP telah
meningkat kepada 2.46 — 3.12 menunjukkan fasa minyak mempunyai kelarutan
lebih rendah yang merencat pematangan Ostwald. Pada pecahan isipadu ini,



sistem tersebut telah menghampiri kestabilan termodinamik di mana kadar
pematangan Ostwald telah mendatar. Konsep parameter kelarutan Hansen
membolehkan penyerapan TRF secara optimum di mana kombinasi TRF,
gliserin dan oktokrilena telah membuktikan penyerapan TRF adalah berkesan
berbanding kombinasi yang lain. Jarak kelarutan HSP adalah lebih rendah pada
nilai 4.2 menunjukkan fasa minyak mempunyai kelarutan yang tinggi ke dalam
kulit. Profil penembusan melalui teknik pelucutan pita menunjukkan nanoemulsi
TRF yang optimum menghasilkan jumlah penembusan TRF yang lebih tinggi
iaitu 0.493 pg.cm. Fluks berkeadaan tetap membuktikan nanoemulsi TRF yang
dioptimumkan melalui konsep parameter kelarutan Hansen menghasilkan
purata fluks TRF yang paling tinggi (0.2556 pg/cm?.h), diikuti nanoemulsi TRF
(0.1998 pg/cm?.h) dan makroemulsi TRF (0.1360 pg/cm?.h). Ini menunjukkan
penggunaan nanoemulsi yang optimum menyebabkan lebih banyak TRF
meresap melalui kulit secara penyebaran pasif.

Ujian bagi iritasi mata dan dermis menggunakan analisa protein secara in vitro
dan ujian bagi iritasi mata dan dermis menggunakan epidermis manusia dibina
semula dan epithelial manusia dibina semula menunjukkan nanoemulsi TRF
tidak merengsakan membran mata atau dermis. Ujian faktor perlindungan
matahari secara in vitro dan ujian kelembapan kulit secara in vivo menunjukkan
nanoemulsi TRF boleh melindungi kulit dari cahaya ultralembayung dan
mengekalkan kelembapan kulit dengan berkesan. Kajian ini menunjukkan
nanoemulsi TRF yang stabil dengan penyerapan TRF ke dalam kulit yang tinggi
dapat dihasilkan dengan merekabentuk nanoemulsi TRF berdasarkan konsep
HSP.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

New development in nanotechnologies has resulted in many applications in
consumer products and medical field. The innovation in nanotechnologies are
useful mostly as nanomaterials in cosmetic and personal care products such as
sunscreens, shampoos, eye shadow, deodorants, emollients and anti-aging
products. The use of the nanomaterials provides enhanced the functionality and
the performance of the products particularly as novel vehicle for topical delivery.
The nanomaterials may include active ingredients; vitamins, essential oil,
sunscreen agents and anti-aging actives (Montenegro et al., 2016; Gulotta et al.,
2014).

Cosmeceutical is defined as cosmetic products that produce pharmaceutical
therapeutic benefit to skin. Their effects as cosmeceutical agents are through
several routes of mechanisms on various cells such as fibroblasts, melanocytes
and keratinocytes. The efficacies of cosmeceuticals in treatment of many skin
disorders have created a high demand for such products. The global
cosmeceuticals market was valued at USD 42.24 billion in 2016 and is expected
to reach a value of USD 68.72 billion by 2022, with a Cumulative Average
Growth Rate (CAGR) of 8.52% for the forecast period of 2017-2022 (Mordor
Intel, 2017). Currently, the fastest growth area in skin-care market is
cosmeceuticals which holds more than 57% of the overall market share. There
are many cosmeceutical agents or active ingredients which provide the potential
therapeutic effects such as antioxidants, proteins and biochemicals.

As a lipophilic antioxidant, tocopherols are widely used in cosmetics. However,
their isomeric counterpart, tocotrienols which are more potent is currently being
marketed and gaining interest as active ingredient in cosmetics. Vitamin E is a
general term describing both tocotrienols and tocopherols derivatives.
Tocopherols are derived from dietary intake of leafy vegetables and plant oils.
The source of tocotrienols are mainly from palm oil, rice bran and barley oils
(Ahsan et al., 2015). Palm oil is the largest edible oil in the world and new
developments in the extraction of tocotrienol rich fractions (TRF) have made it
commercially viable.

In 2010, Muller and co-workers have reported that tocotrienols and tocopherols
are widely used due to their excellent antioxidative properties (Muller et al.,
2010). However, tocotrienols were reported to provide many other biological



activities compared to tocopherols. Besides its anti-inflammatory effects,
tocotrienols have also been reported as having anti-cancer properties, lowering
lipids and protection of neuron (Ju-Yen et al., 2014). Through its action as a free
radical scavenger, tocotrienols serves as the most potent inhibitor of lipid
peroxidation. In the skin, it forms an antioxidant network and its activity is
replenished with the help of vitamin C and thiols. Vitamin E in the stratum
corneum plays a vital role in protection against ultraviolet (UV) light. Dietary
tocotrienols protect the skin more strongly than a-tocopherol against damage
induced by UVB (Yamada et al., 2008). Vitamin E in human and rodent stratum
corneum has also been reported to be depleted by 50% and 85% respectively
upon exposure to a single dose of solar simulated UV (Thiele and Ekanayake-
Mudiyanselage, 2007). Thus, effective delivery of tocotrienols directly into skin
may enhance the bioavailability of antioxidants and hence increase in free
radical scavenging activities which protect the skin against the sun’s damaging
ultraviolet irradiation and improving vital skin properties.

1.2 Problem statement

Effective delivery of non-soluble cosmeceutical active ingredient e.g. TRF into
skin is important since formulations with expensive active ingredient needs to be
optimized to reduce production cost while maintaining its effectiveness in skin.
Nanoemulsion is widely used as delivery system for lipophilic active such as TRF
in topical or oral applications. However, the major problem affecting the quality
of TRF nanoemulsion is destabilization due to Ostwald ripening which is due to
the solubility of lipophilic ingredient through the continuous phase. Another
important problem of interest to the cosmetics industry is the efficiency of
delivering the active into skin. Advancement in polymer chemistry introduces a
new concept in solubility, the Hansen Solubility Parameters (HSP) concept
which relates to van der Waal forces, polarity and hydrogen bonding of
molecules. The HSP value of oil phase in the TRF nanoemulsion can be
modified by combining at least two lipophilic ingredients which affect the
solubility of the oil phase. Thus, selection of different lipophilic ingredient using
the HSP concept can affect the solubility of the oil phase and thus, reduction of
Ostwald ripening in the TRF nanoemulsion. The HSP concept can also be used
to enhance the delivery of TRF into skin. The skin penetration potential of TRF
can be further enhanced by increasing the solubility of TRF to skin. This can be
carried out by optimizing the HSP value of the nanoemulsion oil phase and TRF
to match the HSP value of the skin. The smaller the HSP gap between the HSP
value of TRF and skin enhances the solubility of TRF into skin. Based on
literature review there is no specific report been published for the use of HSP
concept to reduce Ostwald ripening or enhancement of TRF delivery to skin.



1.3 Significance of Study

This study will explore the use of HSP concept in reducing Ostwald ripening,
which is the main destabilization factor for any nanoemulsion system.
Furthermore, the HSP concept can be used to enhance the delivery of TRF into
skin. Thus, this study will provide evidence that HSP concept can be used for
optimization of TRF nanoemulsion stability and delivery of TRF into skin. The
results will be beneficial for development of cosmeceuticals for the cosmetic
industry.

1.4 Scope of Study

The Tocotrienol rich fractions were analyzed for its compositions using HPLC.
The TRF compositions were then used to calculate the total HSP value. The pre-
mix of TRF macroemulsions were formulated using lipophilic and hydrophilic
materials with mixed surfactants system. Based on HLB concept, the most stable
emulsion was chosen for preparation of TRF nanoemulsions using high pressure
homogenization method. The effects of homogenization pressure to a maximum
of 20,000 psi, number of homogenization cycles (maximum 5 cycles) and
surfactant concentrations (1 — 10%) were studied and the optimized conditions
were chosen to prepare the TRF nanoemulsion. Average particle size was
monitored throughout the 28 days of storage. The stability of TRF
nanoemulsions were assessed for flocculation, creaming and Ostwald ripening
destabilization factors. Modification of the TRF nanoemulsion oil phase was
made by selecting lipophilic material based on HSP values. The effects of
different oil phase with varying HSP values on Ostwald ripening and stability of
TRF nanoemulsion were determined. TRF nanoemulsions with three different oil
phase systems and HSP values were developed to study the effects of different
lipophilic materials on delivery of TRF into skin.

In order to introduce TRF nanoemulsion in topical applications, safety
assessment against skin and eye irritation needs to be investigated. Therefore,
cytotoxicity studies on in vitro dermal and ocular membrane were conducted and
further confirm with validated in vitro reconstructed human epidermis and
corneal epithelium studies. The potential use of TRF nanoemulsion in UV
protection of skin was evaluated using in vitro sun protection factor assay. The
effects of TRF nanoemulsion of skin hydration was also conducted to determine
whether TRF nanoemulsion can moisturize the skin effectively.



15 Objectives

The development of optimized TRF nanoemulsion system, its safety and efficacy
assessment for topical applications are focused on four objectives below;

i To formulate TRF nanoemulsion delivery systems via high energy
homogenization method;

ii. To improve TRF nanoemulsions stability by reducing Ostwald
ripening using HSP concept;

iii. To optimize the TRF nanoemulsions using HSP concept for
effective delivery of TRF;

iv. To assess the safety and efficacy of the formulations through ocular
and dermal assays, reconstructed corneal epithelium and skin
models, in vitro sun protection factor and in vivo skin hydration.
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