
 
 

UNIVERSITI PUTRA MALAYSIA 

 
 
 
 
 
 
 
 
 
 
 

BRIAN TEO SHENG XIAN 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FS 2014 34 

DESIGN AND DEVELOPMENT OF NEW PERFLUORODECALIN-IN-PALM 
OIL-IN WATER DELIVERY SYSTEM FOR OXYGEN-ENRICHED 

COSMECEUTICAL SKIN CARE 



© C
OPYRIG

HT U
PM

 

 

DESIGN AND DEVELOPMENT OF NEW PERFLUORODECALIN-IN-PALM 

OIL-IN WATER DELIVERY SYSTEM FOR OXYGEN-ENRICHED 

COSMECEUTICAL SKIN CARE 

 

 

 

 

 

 

 

By 

BRIAN TEO SHENG XIAN 

 

 

 

 

 

 

 

 

Thesis Submitted to the School of Graduate Studies, Universiti Putra  
Malaysia, in Fulfilment of the Requirements for the Degree of Doctor of 

Philosophy  
 
 

January 2014  



© C
OPYRIG

HT U
PM



© C
OPYRIG

HT U
PM

 
 

All material contained within the thesis, including without limitation, text, 
logos, icons, photographs and all other artwork, is copyright material of 
Universiti Putra Malaysia unless otherwise stated. Use may be made of any 
material contained within the thesis for non-commercial purposes from the 
copyright holder. Commercial use of material may only be made with the 
express, prior, written permission of Universiti Putra Malaysia.  
 
Copyright © Universiti Putra Malaysia  



© C
OPYRIG

HT U
PM

II 
 

Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
fulfilment of the requirement for the degree of Doctor of Philosophy 

ABSTRACT 

DESIGN AND DEVELOPMENT OF NEW PERFLUORODECALIN-IN-PALM 
OIL-IN WATER DELIVERY SYSTEM FOR OXYGEN-ENRICHED 

COSMECEUTICAL SKIN CARE 
 

By 
 

BRIAN TEO SHENG XIAN 
 

January 2014 
 
 
Chairperson: Professor Mahiran Basri, PhD 
 
Faculty: Science 
 
 
Cosmeceuticals, cosmetic-pharmaceutical hybrids, have gained much 
popularity in recent years due to the benefits it could provide to enhance 
health and beauty of the skin. In this research, a new colloidal delivery 
system was designed and developed to deliver oxygen into the skin while 
providing essential cosmeceutical actives. Oxygen, one of the most 
fundamental elements needed for sustaining life, is believed capable of 
maintaining epidermal health by facilitating the formation of collagen. Studies 
on the formation of simple emulsions were carried out to understand the 
fundamental characteristics of emulsions before the new colloidal delivery 
system was developed. 
 
Simple emulsions; perfluorodecalin-in-water (PFD/W) and palm oil esters-in-
water (POE/W) were formulated to facilitate the studies. Due to larger 
difference in the interfacial tension between perfluorocarbons (PFCs) and 
water as compared to hydrocarbons (HCs) and water, PFD/W emulsions 
generally have bigger droplet size as compared to POE/W emulsions. Non-
fluorinated surfactant, such as Lipoid S75 was employed to formulate PFD/W 
emulsions, and their droplet size ranged between 1 to 20 μm. Meanwhile, 
POE was emulsified using surfactant mixture of Tween 80 and Pluronic F-68 
into water. They were characterised as POE/W nanoemulsions, owning 
droplet size ranged from 90 to 200 nm and possessed minimum rate of 
Ostwald ripening. Apart from that, DL-alpha-tocopherol acetate (vitamin E) 
and Pluoronic F-68 have proven to enhance the stability of POE/W 
nanoemulsions.  
 
Ternary emulsion, a novel complex emulsion was then developed from the 
simple emulsions formulated earlier. Ternary emulsion which consisted of 
three (3) immiscible phases was designed to deliver oxygen, lipophilic and 
hydrophilic cosmeceutical actives. The ternary emulsion was successfully 
formulated via a modified two-steps process, where PFD/W emulsion was 
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added gradually into POE/W emulsion. The architecture of this ternary 
emulsions, determined using CytoViva® Hyperspectral Imaging System 
revealed that perfluorodecalin-in-palm oil esters-in-water (PFD/POE/W) 
ternary emulsion were formed. The PFD/POE/W ternary emulsions had an 
enhanced physical stability as compared to its parental emulsions. The in 
vitro studies showed that PFD emulsions were not toxic and had 
considerably facilitated the proliferation of human fibroblast cells. When 
tested on human subject, it showed potential increase in collagen content in 
the dermis layer upon completing two weeks of treatments. 
 
The best ternary emulsion to serve as a cosmeceutical skin care delivery 
system was found to be Formulation V15 consisting of 15% (w/w) PFD, 8% 
(w/w) POE, 19.8% (w/w) surfactant mixtures, 1% (w/w) Vitamin E, 1% (w/w) 
Kojic Acid, 1% (w/w) BHT, 1% (w/w) Phenonip and 53.2% (w/w) deionised 
water. Formulation V15 showed no physical separation during the 
accelerated as well as the long-term storage stability test. It not only had a 
high Ea value of 120.8 kJ K-1 mol-1 which indicated a strong resistance 
towards temperature stresses, but was also tested to have excellent shear-
thinning property (n = 0.1462) for the ease of spreading the formulation onto 
the skin. This formulation is capable of delivering multiple cosmeceutical 
actives such as antioxidants (Vitamin E), whitening agents (Kojic Acid) and 
oxygen, and can be considered as the most efficient formulation for use in 
effective cosmeceutical skin care products.  
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ABSTRAK 
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PERFLUORODECALIN-DALAM-ESTER MINYAK SAWIT-DALAM-AIR 

BAHARU UNTUK KOSMESEUTIKAL PENJAGAAN KULIT YANG 
DIPERKAYAKAN OKSIGEN  

 
Oleh 

 
BRIAN TEO SHENG XIAN 

 
Januari 2014 

 
 
Pengerusi: Profesor Mahiran Basri, PhD 
 
Fakulti: Sains 
 
 
Kosmeseutikal, satu hibrid antara kosmetik dan farmaseutikal, telah 
mendapat populariti sejak beberapa tahun kebelakangan ini kerana manfaat 
yang boleh disampaikan untuk meningkatkan kesihatan dan kecantikan kulit. 
Dalam kajian ini, satu sistem penyampaian koloid yang baru telah direka dan 
dihasilkan untuk menyampaikan oksigen ke dalam kulit dan di samping 
menyediakan aktif kosmeseutikal yang penting. Oksigen, salah satu daripada 
elemen keperluan yang paling asas untuk mengekalkan kehidupan, 
dipercayai mampu mengekalkan kesihatan epidermis dengan membantu 
pembentukan kolagen. Kajian tentang pembentukan emulsi-emulsi asas 
telah dijalankan untuk memahami ciri asas emulsi tersebut sebelum 
menghasilkan sistem penyampaian koloid yang baru. 
  
Emulsi asas seperti perfluorodecalin-dalam-air (PFD/W) dan ester minyak 
sawit-dalam-air (POE/W) telah digubal untuk memudahkan kajian ini. Oleh 
kerana perbezaan dalam ketegangan-antara-muka antara perfluorocarbons 
(PFC) dan air adalah lebih ketara berbanding kepada hidrokarbon (HC) dan 
air, emulsi PFD/W pada umumnya mempunyai saiz titisan yang lebih besar 
berbanding dengan emulsi POE/W. Surfaktan yang tidak memiliki fluorin, 
seperti Lipoid S75 telah digunakan untuk menghasilkan emulsi PFD/W, dan 
saiz titisan mereka adalah antara 1 hingga 20 µm. Sementara itu, POE boleh 
diemulsikan di dalam air dengan menggunakan campuran surfaktan Tween 
80 dan Pluronic F-68. Mereka disifatkan sebagai nanoemulsi POE/W kerana 
memiliki saiz titisan antara 90-200 nm dan mempunyai kadar Ostwald 
ripening yang minimum. Selain daripada itu, DL-alfa-tokoferol asetat (vitamin 
E) dan Pluoronic F-68 telah terbukti boleh meningkatkan kestabilan 
nanoemulsi POE/W. 
  
Emulsi ternari merupakan suatu emulsi komplek yang novel telah dihasilkan 
daripada pengkajian emulsi asas yang digubal sebelum ini. Emulsi ternari 
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terdiri daripada tiga (3) fasa yang tidak boleh larut di antara satu sama lain 
telah direka untuk menyampaikan oksigen dan aktif kosmeseutikal yang 
bersifatkan lipofilik dan hidrofilik. Emulsi ternari ini telah berjaya digubal 
melalui kaedah yang telah diubahsuai iaitu kaedah dua-langkah, di mana 
emulsi PFD/W ditambahkan secara beransur-ansur ke dalam emulsi POE/W. 
Struktur emulsi ternari ini telah ditentukan dengan menggunakan Sistem 
Hiperspektra CytoViva® dan telah mempamerkan pembentukan emulsi 
ternari perfluorodecalin-dalam-ester minyak sawit-dalam-air (PFD/POE/W). 
Emulsi ternari PFD/POE/W mempunyai kestabilan fizikal yang lebih kukuh 
berbanding dengan emulsi asal yang digunakan untuk pembentukkannya. 
Kajian in vitro menunjukkan bahawa emulsi PFD adalah tidak toksik dan 
telah membantu pertumbuhan sel fibroblas manusia. Apabila diuji pada 
subjek manusia, ia menunjukkan peningkatan kandungan kolagen yang agak 
merangsangkan di lapisan dermis selepas subjek menerima rawatan selama 
dua minggu sahaja. 
 
Emulsi ternari yang mempamerkan keserasian yang tertinggi sebagai 
kosmeseutikal penjagaan kulit adalah Fomula V15 yang terdiri daripada 15% 
(w/w) PFD, 8% (w/w) POE, 19.8% (w/w) campuran surfaktan, 1% (w/w) 
Vitamin E, 1% (w/w) Asid Kojic, 1% (w/w) BHT, 1% (w/w) Phenonip dan 
53.2% (w/w) air terdeionised. Formula V15 menunjukkan tiada pemisahan 
fizikal semasa menjalani ujian kestabilan penyimpanan jangka panjang. Ia 
bukan sahaja mempunyai nilai Ea yang tinggi iaitu 120.8 kJ K-1 mol-1 dimana 
ia menunjukkan ketahanan yang kuat terhadap tegasan suhu, malah ia 
dilaporkan mempunyai sifat shear-thinning yang sangat baik (n = 0.1462) 
bagi memudahkan penyebaran formula tersebut ke atas kulit. Formula ini 
mampu menyampaikan pelbagai aktif kosmeseutikal seperti antioksidan 
(Vitamin E), agen pemutihan (Asid Kojic) dan oksigen, dan boleh dianggap 
sebagai formulasi yang paling berkesan untuk digunakan dalam produk 
penjagaan kulit kosmeseutikal.  
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CHAPTER 1 

INTRODUCTION 

CHAPTER 1 INTRODUCTION 

1.1 Background 

The term cosmeceuticals is now commonly used to describe a hybrid 
category of products found on the spectrum between drugs and cosmetics 
(Choi and Berson, 2006). Skin care dominated about 63% of a total U.S. 
cosmeceutical product demand of $6.5 billion in 2010 (Freedonia, 2011). The 
demand is expected to increase at 5.8% per annum to $8.5 billion in 2015. 
The rising awareness for maintaining healthy skin and as well as the need to 
keep youthful appearance, regardless of gender and age, have contributed to 
the current market trend. In addition, hectic lifestyles and constant exposure 
to environmental aggressions such as UV radiation have raised some 
concerns about premature skin aging.  
 
It is well-known that excessive exposure to UV radiation from the sun could 
cause the skin to age prematurely. Harmful UV rays from sunlight, when 
penetrated deep into the skin, can cause damage to the collagen in the 
dermis (Noguchi and Djerassi, 2009). Collagen is one of the key components 
that provide firmness and elasticity to the structure of the skin. Supplying 
oxygen (O2) to the skin could facilitate the formation of collagen (Sen, 2009) 
which in turn would rejuvenate the skin and maintain its youthfulness.  
Oxygen was also claimed by several researchers to be useful for wound 
healing processes. Hence, it is believed that consumers will benefit from an 
oxygen-enriched cosmeceutical product. 
However, oxygen is extremely insoluble in almost any liquid, which makes it 
very difficult to be administered topically. Hence, oxygen must be entrapped 
or dissolved in a carrier so that it can be delivered effectively to the targeted 
site. Perfluorocarbon (PFC) liquids are the best option to dissolve oxygen 
thus far, due to the exceptionally large gas-dissolving capacity of PFCs 
(Riess and Krafft, 2006). This unique property of PFCs was highly-favoured 
in the development of artificial oxygen carrier (AOC) during the past two 
decades as a substitute to human blood during emergencies. However, 
literature associated with the development of oxygen carrier for 
cosmeceutical applications continues to be scarce.  
 
A few reportedly stable PFC emulsions have been formulated in the recent 
years; however, these were emulsified using fluorinated surfactants. As some 
fluorinated surfactants are bioaccumulative and toxic to the environment, 
non-fluorinated surfactants are more favourable in light of environmental 
consciousness. There was also an effort made by Weers et al. in 2004, to 
stabilise the PFC/W emulsion by the addition of a small percentage of long-
chain triglycerides. However, their efforts were thwarted when the addition of 
the long-chain triglyceride (soybean oil) resulted in oil de-mixing and formed 
two distinct populations of emulsion droplets. The implications would be great 
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if they were to succeed by adding the triglyceride, to result in the formation of 
a multifunctional colloidal delivery system. 
 
The future of the cosmeceutical industry lies in the development of new 
products which can decrease the amount of time and tedium of a consumer’s 
skin care routine and yet be able to yield appreciable results. For this reason, 
a multifunctional colloidal delivery system could be useful for the delivery of 
multiple cosmeceutical actives or substances. Colloidal systems are 
commonly employed to deliver cosmeceutical actives, owing to the fact that 
some of these colloids are capable of encapsulating actives (Yang and 
McClements, 2013; McClements, 2012; Mihranyan et al., 2012; Velikov and 
Pelan, 2008; Flanagan and Singh, 2006; Taylor et al., 2005) and delivering 
them effectively to the targeted cells. Hougeir and Kircik (2012) have 
identified and reviewed some of those delivery systems used in consumer 
health products, especially cosmetics.  
 
 
1.2 Problem Statements 

Supplying oxygen (O2) to the skin could facilitate the formation of collagen 
which in turn would rejuvenate the skin and maintain its youthfulness. 
However, it is nearly impossible to deliver pure oxygen to the cellular level 
without a proper delivery system because the oxygen solubility in water is 
extremely low, even more so in oil. Oxygen must be entrapped or dissolved 
in PFC liquids for effective transportation and then released on site. In 
addition to these challenges, such a hypothetical idea saw another potential 
challenge which involves the extreme hydrophobicity of PFCs, being 
considerably more hydrophobic than hydrocarbons. Therefore, possible 
administrations are usually in the form of colloids such as PFC-in-water 
emulsions. That being said, stable PFC emulsions are very difficult to be 
formed due to the high interfacial tension between PFC and water and the 
tendency of PFC liquids to keep to themselves. To make the matter worse, 
the density of PFC liquids are approximately two-fold of that of water. The 
majority of PFC emulsions formed thus far have very short shelf-lives, 
approximately two weeks to several months and usually requiring storage at 
lower temperatures. 
 
 

1.3 Objectives 

The objective of this research is to design and develop a novel PFC-based 
colloidal delivery system from palm oil-based esters for oxygen-enriched 
cosmeceutical skin care formulations. Thus, the research embarks on the 
following specific objectives: 
 
a) To develop and investigate the formation of simple PFC emulsions and 

palm-based esters emulsions; 
b) To develop a ternary (triphasic) emulsion as a novel multifunctional 

colloidal delivery system for oxygen-enriched cosmeceutical applications; 
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c) To evaluate the physicochemical characteristics of the ternary emulsion 
in terms of physical stability, flow behaviour, microstructural behaviour 
and architecture of the ternary emulsion; and, 

d) To evaluate the potential application of the ternary emulsion using in vitro 
and pre-in vivo approach.  



© C
OPYRIG

HT U
PM

106 
 

REFERENCES 

Abd-Gani, S.S., Basri, M., Abdul-Rahman, M.B., Kassim, A., Abd-Rahman,  
R.N.Z.R., Salleh, A.B. and Ismail, Z. (2011). Engkabang Fat as a Base 
in Preparing Encapsulated Titanium Dioxide for Cosmetics Purpose. 
Asian Journal of Chemistry, 23(1): 380–384.  

 
Badolato, G.G., Aguilar, F., Schuchmann, H.P., Sobisch, T., and Lerche, D. 

(2008). Evaluation of Long Term Stability of Model Emulsions by 
Multisample Analytical Centrifugation. Progress in Colloid Polymer 
Science, 134(9): 66–73. doi:10.1007/2882_2008_076 

 
Bang, S.H., Yu, Y.M., Hwang, I.C. and Park, H.J. (2009). Formation of Size-

Controlled Nano Carrier Systems by Self-Assembly. Journal of 
Microencapsulation, 26(8): 722–733. 
doi:10.3109/02652040902726994 

 
Bateman, J.F., Lamandé, S.R., and Ramshaw, J.A.M. (1996). Collagen 

Superfamily. In W.D. Comper (Ed.), Extracellular Matrix, Vol. 2: 
Molecular Components and Interactions (pp. 22–67). Amsterdam: 
Harwood Academic Publishers.  

 
Bennett, L.L., Rosenblum, R.S., Perlov, C., Davidson, J.M., Barton, R.M. and 

Nanney, L.B. (2001). An in vivo Comparison of Topical Agents on 
Wound Repair. Plastic and Reconstructive Surgery, 108(3): 675–685. 

 
Bissett, D.L. (2009). Common Cosmeceuticals. Clinics in Dermatology, 27: 

435–445. doi:10.1016/j.clindermatol.2009.05.006 
 
Bouchemal, K., Briançon, S., Perrier, E. and Fessi, H. (2004). Nano-emulsion 

Formulation Using Spontaneous Emulsification: Solvent, Oil and 
Surfactant Optimisation. International Journal of Pharmaceutics, 280: 
241–251. doi:10.1016/j.ijpharm.2004.05.016 

 
Bourke, R.D. and Cooling, R.J. (1995). Perfluorocarbon Heavy Liquids. 

Australian and New Zealand Journal of Ophthalmology, 23: 165–171. 
doi:10.1111/j.1442-9071.1995.tb00151.x 

 
Brandt, F.S., Cazzaniga, A. and Hann, M. (2011). Cosmeceuticals: Current 

Trends and Market Analysis. Seminars in Cutaneous Medicine and 
Surgery, 30(3): 141–143. doi:10.1016/j.sder.2011.05.006 

 
Burke, K.E. (2007). Interaction of Vitamins C and E as Better 

Cosmeceuticals. Dermatologic Therapy, 20: 314–321. 
doi:10.1111/j.1529-8019.2007.00145.x 

 
Burke, K.E. (2008). Prevention and Treatment of Aging Skin with Topical 

Antioxidants. In N. Dayan (Ed.), Skin Aging Handbook: An Integrated 
Approach to Biochemistry and Product Development (pp. 149–176). 
Norwich, New York: William Andrew Inc. 



© C
OPYRIG

HT U
PM

107 
 

Callaghan, T.M. and Wilhelm, K.-P. (2008). A Review of Ageing and an 
Examination of Clinical Methods in the Assessment of Ageing Skin. 
Part I: Cellular and Molecular Perspectives of Skin Ageing. 
International Journal of Cosmetic Science, 30: 313–322. 
doi:10.1111/j.1468-2494.2008.00454.x 

 
Campanella, O.H., Dorward, N.M. and Singh, H. (1995). A Study of the 

Rheological Properties of Concentrated Food Emulsions. Journal of 
Food Engineering, 25: 427–440. doi:10.1016/0260-8774(94)00000-Y 

 
Choi, C.M. and Berson, D.S. (2006). Cosmeceuticals. Seminar in Cutaneous 

Medicine and Surgery, 25: 163–168. doi:10.1016/j.sder.2006.06.010 
 
Chung, J.H., Seo, J.Y., Choi, H.R., Lee, M.K., Youn, C.S., Rhie, G., Cho, 

K.H., Kim, K.H., Park, K.C. and Eun, H.C. (2001). Modulation of Skin 
Collagen Metabolism in Aged and Photoaged Human Skin in vivo. The 
Journal of Investigative Dermatology, 117(5): 1218–1224. 
doi:10.1046/j.0022-202x.2001.01544.x 

 
Courrier, H.M., Krafft, M.P., Butz, N., Porté, C., Frossard, N., Rémy-

Kristensen, A., Mély, Y., Pons, F. and Vandamme, Th.F. (2003). 
Evaluation of Cytotoxicity of New Semi-Fluorinated Amphiphiles 
Derived from Dimorpholinophosphate. Biomaterials, 24(4): 689–696. 
doi:10.1016/S0142-9612(02)00407-6 

 
Davis, S.C., Cazzaniga, A.L, Ricotti, C., Zalesky, P., Hsu, L., Creech, J., 

Eaglstein, W.H., and Mertz, P.M. (2007). Topical Oxygen Emulsion: A 
Novel Wound Therapy. Archives of Dermatology, 143(10): 1252–1256. 
doi:10.1001/archderm.143.10.1252 

 
Dobrev, H. (2011). Ethical Aspects of Cosmetic Testing. In J.W. Fluhr (Ed.), 

Practical Aspects of Cosmetic Testing: How to Set up a Scientific 
Study in Skin Physiology (pp. 15–25). Berlin, Germany:Springer-
Verlag Berlin Heidelberg. 

 
Draelos, Z.D. (2008). The Cosmeceutical Realm. Clinics in Dermatology, 

26(6): 627–632. doi:10.1016/j.clindermatol.2007.09.005 
 
Draelos, Z.D. (2009). Cosmeceuticals: Undefined, Unclassified, and 

Unregulated. Clinics in Dermatology, 27(5): 431–434. 
doi:10.1016/j.clindermatol.2009.05.005 

 
Epstein, H. (2009). Cosmeceutical Vehicles. Clinics in Dermatology, 27(5): 

453–460. doi:10.1016/j.clindermatol.2009.05.007 
 
Fisher, G.J., Kang, S., Varani, J., Bata-Csorgo, Z., Wan, Y., Datta, S. and 

Voorhees, J.J. (2002). Mechanisms of Photoaging and Chronological 
Skin Aging. Archives of Dermatology, 138(11): 1462–1470. 
doi:10.1001/archderm.138.11.1462 



© C
OPYRIG

HT U
PM

108 
 

Flanagan, J. and Singh, H. (2006). Microemulsions: A Potential Delivery 
System for Bioactives in Food. Critical Reviews in Food Science and 
Nutrition, 46(3): 221–237. doi:10.1080/10408690590956710 

 
Freedonia. (2011). Cosmeceuticals: US Industry Study with Forecasts for 

2015 & 2020.  http://www.freedoniagroup.com/DocumentDetails.aspx? 
ReferrerId=FG-01&studyid=2758 (Retrieved on 13th March 2013). 

 
Freire, M.G., Dias, A.M.A., Coelho, M.A.Z., Coutinho, J.A.P., and Marrucho, 

I.M. (2005a). Aging Mechanisms of Perfluorocarbon Emulsions Using 
Image Analysis. Journal of Colloid and Interface Science, 286: 224–
232. doi:10.1016/j.jcis.2004.12.036 

 
Freire, M.G., Dias, A.M.A., Coutinho, J.A.P., Coelho, M.A.Z., and Marrucho 

I.M. (2005b). Enzymatic Method for Determining Oxygen Solubility in 
Perfluorocarbon Emulsions. Fluid Phase Equilibria, 231(1): 109–113. 
doi:10.1016/j.fluid.2005.01.008 

 
Gao, X-H., Zhang, L., Wei, H. and Chen, H-D. (2008). Efficacy and Safety of 

Innovative Cosmeceuticals. Clinics in Dermatology, 26(4): 367–374. 
doi:10.1016/j.clindermatol.2008.01.013  

 
Garcia, A. and Fulton, Jr.J.E. (1996). The Combination of Glycolic Acid and 

Hydroquinone or Kojic Acid for the Treatment of Melasma and Related 
Conditions. Dermatologic Surgery, 22(5): 443–447. 
doi:10.1111/j.1524-4725.1996.tb00345.x 

 
Giacomoni, P.U. (2008). Advancement in Skin Aging: The Future 

Cosmeceuticals. Clinics in Dermatology, 26(4): 364–366. 
doi:10.1016/j.clindermatol.2008.01.006 

 
Golubovic-Liakopoulos, N., Simon, S.R., and Shah, B. (2011). 

Nanotechnology Use with Cosmeceuticals. Seminar in Cutaneous 
Medicine and Surgery, 30: 176–180. doi:10.1016/j.sder.2011.06.003 

 
 uerrero-Ram rez, L. . and Katime, I. (2011). Nano-Engineering of Complex 

Systems: Smart Nanocarriers for Biomedical Applications. In R. Fazel-
Rezai (Ed.), Biomedical Engineering - From Theory to Applications 
(pp. 181–202). Croatia: InTech. 
www.intechopen.com/books/biomedical-engineeringfrom-theory-to-
applications/nano-engineering-of-complex-systems-smart-
nanocarriers-for-biomedicalapplications (Retrieved on 5th April 2013). 

 
Hamid, A.A., Aiyelaagbe, O.O., Usman, L.A., Ameen, O.M. and Lawal, A. 

(2010).  Antioxidants: Its Medicinal and Pharmacological Applications. 
African Journal of Pure and Applied Chemistry, 4(8): 142–151. 

 
 
 

http://www.freedoniagroup.com/DocumentDetails.aspx?%20ReferrerId=FG-01&studyid=2758
http://www.freedoniagroup.com/DocumentDetails.aspx?%20ReferrerId=FG-01&studyid=2758
http://www.intechopen.com/books/biomedical-engineeringfrom-theory-to-applications/nano-engineering-of-complex-systems-smart-nanocarriers-for-biomedicalapplications
http://www.intechopen.com/books/biomedical-engineeringfrom-theory-to-applications/nano-engineering-of-complex-systems-smart-nanocarriers-for-biomedicalapplications
http://www.intechopen.com/books/biomedical-engineeringfrom-theory-to-applications/nano-engineering-of-complex-systems-smart-nanocarriers-for-biomedicalapplications


© C
OPYRIG

HT U
PM

109 
 

Haminiuk, C.W.I., Sierakowski, M.R., Vidal, J.R.M.B. and Masson, M.L. 
(2006). Influence of Temperature on the Rheological Behaviour of 
Whole Araçá Pulp (Psidium Cattleianum Sabine). LWT - Food Science 
and Technology, 39: 426–430. doi:10.1016/j.lwt.2005.02.011 

 
Han, N.S., Basri, M., Abdul Rahman, M.B., Abdul Rahman, R.N.Z.R., Salleh, 

A.B. and Ismail, Z. (2012). Preparation of Emulsions by Rotor Stator 
Homogenizer and Ultrasonic Cavitation for the Cosmeceuticals 
Industry. Journal of Cosmetic Science, 63(5): 333–344. 

 
Henkel-Hanke, T. and Oleck, M. (2007). Artificial Oxygen Carriers: A Current 

Review. American Association of Nurse Anesthetists Journal, 75(3): 
205–211. 

 
Higa, Y., Kawabe, M., Nabae, K., Toda, Y., Kitamoto, S., Hara, T., Tanaka, 

N., Kariya, K. and Takahashi, M. (2007). Kojic Acid - Absence of 
Tumor-Initiating Activity in Rat Liver, and of Carcinogenic and Photo-
Genotoxic Potential in Mouse Skin. The Journal of Toxicological 
Sciences, 32(2): 143–159. doi:10.2131/jts.32.143 

 
Hori, M., Yagi, M., Nomoto, K., Ichijo, R., Shimode, A., Kitano, T. and Yonei, 

Y. (2012). Experimental Models for Advanced Glycation End Product 
Formation Using Albumin, Collagen, Elastin, Keratin and 
Proteoglycan. Anti-Aging Medicine, 9(6): 125–134. 

 
Hougeir, F.G. and Kircik, L. (2012). A Review of Delivery Systems in 

Cosmetics. Dermatologic Therapy, 25: 234–237. doi:10.1111/j.1529-
8019.2012.01501.x 

 
Imokawa, G. (2008). Recent Advances in Characterizing Biological 

Mechanisms Underlying UV-Induced Wrinkles: A Pivotal Role of 
Fibroblast-Derived Elastase. Archives of Dermatological Research, 
300: 7–20. doi:10.1007/s00403-007-0798-x 

 
Ivanov, I.B., Danov, K.D. and Kralchevsky, P.A. (1999). Flocculation and 

Coalescence of Micron-Size Emulsion Droplets. Colloids and Surfaces 
A: Physicochemical and Engineering Aspects, 152(1–2): 161–182. 
doi:10.1016/S0927-7757(98)00620-7 

 
Jackson, E.M. (1999). Assessing the Bioactivity of Cosmetic Products and 

Ingredients. In S. Magdassi and E. Touitou (Eds.), Novel Cosmetic 
Delivery Systems (pp. 99–114). New York: Marcel Dekker, Inc. 

 
Johnston, A.P.R., Such, G.K., Ng, S.L. and Caruso, F. (2011). Challenges 

Facing Colloidal Delivery Systems: From Synthesis to the Clinic. 
Current Opinion in Colloid and Interface Science, 16(3): 171–181. 
doi:10.1016/j.cocis.2010.11.003 

 
 
 



© C
OPYRIG

HT U
PM

110 
 

Kabalnov, A.S. and Shchukin, E.D. (1992). Ostwald Ripening Theory: 
Applications to Fluorocarbon Emulsion Stability. Advances in Colloid 
and Interface Science, 38: 69–97. doi:10.1016/0001-8686(92)80043-
W 

 
Kanga, V.D. (2006). Skin Care Delivery System: An Overview. In J.J. Wille 

(Ed.), Skin Delivery System: Transdermals, Dermatologicals and 
Cosmetic Actives (pp.173–185). Oxford, United Kingdom: Blackwell 
Publishing. 

 
Keng, P.S., Basri, M., Ariff, A.B., Rahman, M.B.A., Rahman, R.N.Z.A. and 

Salleh, A.B. (2008). Scale-Up Synthesis of Lipase-Catalyzed Palm 
Esters in Stirred-Tank Reactor. Bioresource Technology, 99(14): 
6097–6104. doi:10.1016/j.biortech.2007.12.049 

 
Keng, P.S., Basri, M., Zakaria, M.R.S., Rahman, M.B.A., Ariff, A.B., Rahman, 

R.N.Z.A. and Salleh, A.B. (2009). Newly Synthesized Palm Esters for 
Cosmetics Industry. Industrial Crops and Products, 29(1): 37–44. 
doi:10.1016/j.indcrop.2008.04.002 

 
Kohl, E., Steinbauer, J., Landthaler, M. and Szeimies, R.-M. (2011). Skin 

Ageing. Journal of the European Academy of Dermatology and 
Venereology, 25: 873–884. doi:10.1111/j.1468-3083.2010.03963.x 

 
Konstantinidis, L. and Wolfensberger, T.J. (2010). A Novel Technique for 

Removal of Inadvertent Subretinal Perfluorocarbon Liquid after 
Complex Retinal Detachment Surgery. Eye, 24: 1109–1111. 
doi:10.1038/eye.2009.281 

 
Leal-Calderon, F. and Poulin, P. (1999). Progress in Understanding Emulsion 

Metastability and Surface Forces. Current Opinion in Colloid and 
Interface Science, 4(3): 223–230. doi:10.1016/S1359-0294(99)00038-
2 

 
Leal-Calderon, F., Schmitt, V. and Bibette, J. (2007). Emulsion Science: 

Basic Principles (2nd edition). New York: Springer Science and 
Business Media LLC. 

 
Lim, J.T.E. (1999). Treatment of Melasma Using Kojic Acid in a Gel 

Containing Hydroquinone and Glycolic Acid. Dermatologic Surgery, 
25(4): 282–284. doi:10.1046/j.1524-4725.1999.08236.x 

 
Lowe, K.C. (1998). Fluorocarbon Emulsions as Blood Substitutes. In E. 

Tsuchida (Ed.), Blood Substitutes — Present and Future Perspectives 
(pp. 327–338). Switzerland: Elsevier Science S.A. 

 
Lowe, K.C. (2001). Fluorinated Blood Substitutes and Oxygen Carriers. 

Journal of Fluorine Chemistry, 109(1): 59–65. doi:10.1016/S0022-
1139(01)00374-8 

 



© C
OPYRIG

HT U
PM

111 
 

Lowe, K.C. (2002). Perfluorochemical Respiratory Gas Carriers: Benefits to 
Cell Culture Systems. Journal of Fluorine Chemistry, 118(1–2): 19–26. 
doi:10.1016/S0022-1139(02)00200-2 

 
Lowe, K.C. (2006). Chapter 25 - Fluosol®: The First Commercial Injectable 

Perfluorocarbon Oxygen Carrier. In R.M. Winslow (Ed.), Blood 
Substitutes (pp. 276–287). Oxford, United Kingdom: Academic Press. 

 
Lupo, M.P. and Cole, A.L. (2007). Cosmeceutical Peptides. Dermatologic 

Therapy, 20: 343–349. doi:10.1111/j.1529-8019.2007.00148.x 
 
Magdassi, S. and Siman-Tov, A. (1990). Formation and Stabilization of 

Perfluorocarbon Emulsions. International Journal of Pharmaceutics, 
59(1): 69–72. doi:10.1016/0378-5173(90)90065-C 

 
Magdassi, S., Royz, M. and Shoshan, S. (1992). Interactions between 

Collagen and Perfluorocarbon Emulsions. International Journal of 
Pharmaceutics, 88(1–3): 171–176. doi:10.1016/0378-5173(92)90314-
R 

 
Manela-Azulay, M. and Bagatin, E. (2009). Cosmeceuticals Vitamins. Clinics 

in Dermatology, 27: 469–474. doi:10.1016/j.clindermatol.2009.05.010 
 
Manifold, R.N. and Anderson, C.D. (2011). Increased Cutaneous Oxygen 

Availability by Topical Application of Hydrogen Peroxide Cream 
Enhances the Photodynamic Reaction to Topical 5-Aminolevulinic 
Acid-Methyl Ester. Archives of Dermatological Research, 303: 285–
292. doi:10.1007/s00403-011-1128-x 

 
McClements, D.J. (2012). Crystals and Crystallization in Oil-in-Water 

Emulsions: Implications for Emulsion-Based Delivery Systems. 
Advances in Colloid and Interface Science, 174: 1–30. 
doi:10.1016/j.cis.2012.03.002 

 
Mihranyan, A., Ferraz, N. and Strømme, M. (2012). Current Status and 

Future Prospects of Nanotechnology in Cosmetics. Progress in 
Materials Science, 57(5): 875–910. doi:10.1016/j.pmatsci.2011.10.001 

 
Mitania, H., Koshiishib, I., Sumitab, T. and Imanari, T. (2001). Prevention of 

the Photodamage in the Hairless Mouse Dorsal Skin by Kojic Acid as 
an Iron Chelator. European Journal of Pharmacology, 411(1–2): 169–
174. doi:10.1016/S0014-2999(00)00873-6 

 
Morrison, D. and Ross, S. (2002). Dispersion: Suspension, Emulsions and 

Foams. New York: Wiley-Interscience. 
 
Nam, Y.S., Kim, J-W., Park, J.Y., Shim, J., Lee, J.S. and Han, S.H. (2012). 

Tocopheryl Acetate Nanoemulsions Stabilized with Lipid–Polymer 
Hybrid Emulsifiers for Effective Skin Delivery. Colloids and Surfaces B: 
Biointerfaces, 94: 51– 57. doi:10.1016/j.colsurfb.2012.01.016 



© C
OPYRIG

HT U
PM

112 
 

Newburger, A.E. (2009). Cosmeceuticals: Myths and Misconceptions. Clinics 
in Dermatology, 27(5): 446–452. doi:10.1016/j.clindermatol.2009.05.0 
08 

 
Nishimori, Y., Edwards, C., Pearse, A., Matsumoto, K., Kawai, M. and Marks, 

R. (2001). Degenerative Alterations of Dermal Collagen Fiber Bundles 
in Photodamaged Human Skin and UV-Irradiated Hairless Mouse 
Skin: Possible Effect on Decreasing Skin Mechanical Properties and 
Appearance of Wrinkles. The Journal of Investigative Dermatology, 
117(6): 1458–1463. doi:10.1038/jid.2001.2 

 
Noguchi, A. and Djerassi, D. (2009). Amino Acids and Peptides: Building 

Blocks for Skin Proteins. In A. Tabor and R.M. Blair (Eds.), Nutritional 
Cosmetics: Beauty from Within (pp. 287–317). Oxford, United 
Kingdom: Elsevier Inc. 

 
Ogawa, R. and Hsu, C.-K. (2013). Mechanobiological Dysregulation of the 

Epidermis and Dermis in Skin Disorders and in Degeneration. Journal 
of Cellular and Molecular Medicine, 17(7): 817–822. 
doi:10.1111/jcmm.12060 

 
Oikarinen, A. (2004). Connective Tissue and Aging. International Journal of 

Cosmetic Science, 26(2): 107. doi: 10.1111/j.1467-2494.2004.213_6.x 
 
Oleksiak, C.B., Habif, S.S and Rosano, H.L. (1994). Flocculation of 

Perfluorocarbon Emulsions. Colloids und Surfaces A: Physicochemical 
and Engineering Aspects, 84(1): 71–79. doi:10.1016/0927-
7757(93)02730-3 

 
Pal, R. (1998). A Novel Method to Correlate Emulsion Viscosity Data. 

Colloids and Surfaces A: Physicochemical and Engineering Aspects, 
137(1–3): 275–286. doi:10.1016/S0927-7757(97)00374-9 

 
Pal, R. (2007). Rheology of Double Emulsions. Journal of Colloid and 

Interface Science, 307(2): 509–515. doi:10.1016/j.jcis.2006.12.024 
 
Pal, R. (2011). Rheology of Simple and Multiple Emulsions. Current Opinion 

in Colloid and Interface Science, 16(1): 41–60. 
doi:10.1016/j.cocis.2010.10.001 

 
Patravale, V.B. and Mandawgade, S.D. (2008). Novel Cosmetic Delivery 

Systems: An Application Update. International Journal of Cosmetic 
Science, 30(1): 19–33. doi:10.1111/j.1468-2494.2008.00416.x 

 
Pisani, E., Tsapis, N., Paris, J., Nicolas, V., Cattel, L. and Fattal, E. (2006).  

Polymeric Nano/Microcapsules of Liquid Perfluorocarbons for 
Ultrasonic Imaging: Physical Characterization. Langmuir, 22(9): 4397–
4402. doi:10.1021/la0601455 

 



© C
OPYRIG

HT U
PM

113 
 

Porter, M.R. (1994). Handbook of Surfactants (Second Edition). London: 
Blackie Academic and Professional. 

 
Prignano, F., Ortonne, J-P., Buggiani, G. and Lotti, T. (2007). Therapeutical 

Approaches in Melasma. Dermatologic Clinics, 25(3): 337–342. 
doi:10.1016/j.det.2007.04.006 

 
Proksch, E., Fölster-Holst, R., Bräutigam, M., Sepehrmanesh, M., Pfeiffer, S. 

and Jensen, J.-M. (2009). Role of the Epidermal Barrier in Atopic 
Dermatitis. JDDG: Journal der Deutschen Dermatologischen 
Gesellschaft, 7: 899–910. doi:10.1111/j.1610-0387.2009.07157.x 

 
Prow, T.W., Grice, J.E., Lin, L.L., Faye, R., Butler, M., Becker, W., Wurm, 

E.M.T., Yoong, C., Robertson, T.A., Soyer, H.P. and Roberts, M.S. 
(2011). Nanoparticles and Microparticles for Skin Drug Delivery. 
Advanced Drug Delivery Reviews, 63: 470–491. 
doi:10.1016/j.addr.2011.01.012 

 
Rabotyagova, O.S., Cebe, P. and Kaplan, D.L. (2008). Collagen Structural 

Hierarchy and Susceptibility to Degradation by Ultraviolet Radiation. 
Materials Science and Engineering C, 28(8): 1420–1429. 
doi:10.1016/j.msec.2008.03.012 

 
Ramos-e-Siva, M. and Jacques, C.de-M.-C. (2012). Epidermal Barrier 

Function and Systemic Diseases. Clinics in Dermatology, 30(3): 277–
279. doi:10.1016/j.clindermatol.2011.08.025 

 
Rao, M. A. (1999). Rheology of Fluid and Semisolid Foods: Principles and 

Applications. Gaithersburg, Md.: Aspen Publishers. 
 
Remy, B., Deby-Dupont, G. and Lamy, M. (1999).  Red Blood Cell 

Substitutes: Fluorocarbon Emulsions and Haemoglobin Solutions. 
British Medical Bulletin, 55(1): 277–298. 

 
Riess, J.G. (2002). Blood Substitutes and Other Potential Biomedical 

Applications of Fluorinated Colloids. Journal of Fluorine Chemistry, 
114(2): 119–126. doi:10.1016/S0022-1139(02)00017-9 

 
Riess, J.G. (2009). Highly Fluorinated Amphiphilic Molecules and Self-

Assemblies with Biomedical Potential. Current Opinion in Colloid and 
Interface Science, 14(5): 294–304. doi:10.1016/j.cocis.2009.05.008 

 
Riess, J.G. and Krafft, M.P. (2006). Chapter 24 - Fluorocarbon Emulsions as 

in vivo Oxygen Delivery Systems: Background and Chemistry. In R.M. 
Winslow (Ed.), Blood Substitutes (pp. 259–275). Oxford, United 
Kingdom: Academic Press. 

 
Rittié, L. and Fisher, G.J. (2002). UV-Light-Induced Signal Cascades and 

Skin Aging. Ageing Research Reviews, 1(4): 705–720. 
doi:10.1016/S1568-1637(02)00024-7 



© C
OPYRIG

HT U
PM

114 
 

Rodriguez, P.G., Felix, F.N., Woodley, D.T. and Shim, E.K. (2008). The Role 
of Oxygen in Wound Healing: A Review of the Literature. Dermatologic 
Surgery, 34(9): 1159–1169. doi:10.1111/j.1524-4725.2008.34254.x 

 
Roe, D.F., Gibbins, B.L. and Ladizinsky, D.A. (2010). Topical Dissolved 

Oxygen Penetrates Skin: Model and Method. Journal of Surgical 
Research, 159: e29–e36. doi:10.1016/j.jss.2009.10.039 

 
Rogiers, V., Balls, M., Basketter, D., Berardesca, E., Edwards, C., Elsner, P., 

Ennen, J., Lévêque, J.L., Lóden, M., Masson, P., Parra, J., Paye, M., 
Piérard, G., Rodrigues, L., Schaefer, H., Salter, D. and Zuang, V. 
(1999). The Potential Use of Non-Invasive Methods in the Safety 
Assessment of Cosmetic Products. Alternatives to Laboratory Animals 
(ATLA), 27: 515–537. 

 
Sanhueza, J., Nieto, S. and Valenzuela, A. (2000). Thermal Stability of Some 

Commercial Synthetic Antioxidants. Journal of the American Oil 
Chemists’ Society, 77(9): 933–936. doi:10.1007/s11746-000-0147-9 

 
Sano, T., Kume, T., Fujimura, T., Kawada, H., Higuchi, K. (2009). Keratin 

Alterations Could be an Early Event of Wrinkle Formation. Journal of 
Dermatological Science, 53(1): 65–79. 
doi:10.1016/j.jdermsci.2008.08.001 

 
Schmucker-Castner, J. and Desai, D. (1999). Rheology Modification of 

Hydrogen Peroxide-Based Applications Using Cross-Linked 
Polyacrylic Acid Polymers. International Journal of Cosmetic Science, 
21(5): 313–325. doi:10.1046/j.1467-2494.1999.198475.x 

 
Schramm, L. L. (2005). Emulsions, Foams and Suspensions: Fundamentals 

and Applications. Weinheim, Germany: Wiley-VCH. 
 
Sen, C.K. (2009). Wound Healing Essentials: Let There Be Oxygen. Wound 

Repair and Regeneration, 17(1): 1–18. doi:10.1111/j.1524-
475X.2008.00436.x 

 
Sen, C.K., Khanna, S. and Roy, S. (2007). Tocotrienols in Health and 

Disease: The Other Half of the Natural Vitamin E Family. Molecular 
Aspects of Medicine, 28(5–6): 692–728. 
doi:10.1016/j.mam.2007.03.001 

 
Shafiq-un-Nabi, S., Shakeel, F., Talegaonkar, S., Ali, J., Baboota, S., Ahuja, 

A., Khar, R.K. and Ali, M. (2007). Formulation Development and 
Optimization Using Nanoemulsion Technique: A Technical Note. 
American Association of Pharmaceutical Scientists PharmSciTech, 8: 
Article 28. doi:10.1208/pt0802028 

 
 
 



© C
OPYRIG

HT U
PM

115 
 

Shi, L., Shan, J., Ju, Y., Aikens, P. and Prud’homme, R.K. (2012). 
Nanoparticles as Delivery Vehicles for Sunscreen Agents. Colloids 
and Surfaces A: Physicochemical and Engineering Aspects, 396: 122–
129. doi:10.1016/j.colsurfa.2011.12.053 

 
Silletti, E., Vingerhoeds, M.H., Norde, W., and Aken, G.A. (2007). The Role 

of Electrostatics in Saliva-Induced Emulsion Flocculation. Food 
Hydrocolloids, 21(4): 596–606. doi:10.1016/j.foodhyd.2006.07.004 

 
Simões, S.I., Tapadas, J.M., Marques, C.M., Cruz, M.E.M., Martins, M.B.F. 

and Cevc, G. (2005). Permeabilisation and Solubilisation of Soybean 
Phosphatidylcholine Bilayer Vesicles, as Membrane Models, by 
Polysorbate, Tween 80. European Journal of Pharmaceutical Science, 
26(3–4): 307–317. doi:10.1016/j.ejps.2005.07.002 

 
Solè, I., Maestro, A., Pey, C.M., González, C., Solans, C. and Gutiérrez, J.M. 

(2006). Nano-emulsions Preparation by Low Energy Methods in an 
Ionic Surfactant System. Colloids and Surfaces A: Physicochememical 
and Engineering Aspects, 288(1–3): 138–143. 
doi:10.1016/j.colsurfa.2006.02.013 

 
Sotak, C.H., Hees, P.S., Huang, H., Hung, M., Krespan, C.G. and Raynolds, 

S. (1993). A New Perfluorocarbon for Use in Fluorine-19 Magnetic 
Resonance Imaging and Spectroscopy. Magnetic Resonance in 
Medicine, 29(2): 188–195. doi:10.1002/mrm.1910290206 

 
Spahn, D.R. (1999). Blood Substitutes Artificial Oxygen Carriers: 

Perfluorocarbon  Emulsions. Critical Care, 3(5): R93–R97. 
doi:10.1186/cc364 

 
Stanzl, K., Zastrow, L., Röding, J. and Artmann, C. (1996). The Effectiveness 

of Molecular Oxygen in Cosmetic Formulations. International Journal 
of Cosmetic Science, 18(3): 137–150. doi:10.1111/j.1467-
2494.1996.tb00143.x 

 
Stoppel, W.L. and Roberts, S.C. (2011). Oxygen Supply for Tissue 

Engineering. In Bhatia, S.K. (Ed.), Engineering Biomaterials for 
Regenerative Medicine: Novel Technologies for Clinical Applications 
(pp. 41–88). New York: Springer. 

 
Strohm, E.M., Gorelikov, I., Matsuura, N. and Kolios, M.C. (2012). Acoustic 

and Photoacoustic Characterization of Micron-Sized Perfluorocarbon 
Emulsions. Journal of Biomedical Optics, 17(9): 096016. 
doi:10.1117/1.JBO.17.9.096016 

 
Tadros, T.F. (2004). Application of Rheology for Assessment and Prediction 

of The Long-Term Physical Stability of Emulsions. Advances in Colloid 
and Interface Science, 108–109: 227–258. 
doi:10.1016/j.cis.2003.10.025 

 



© C
OPYRIG

HT U
PM

116 
 

Tadros, T.F. (2005). Applied Surfactants: Principles and Applications. 
Weinheim, Germany: Wiley-VCH. 

 
 
Taylor, T.M., Weiss, J., Davidson, P.M. and Bruce, B.D. (2005). Liposomal 

Nanocapsules in Food Science and Agriculture. Critical Reviews in 
Food Science and Nutrition, 45(7–8): 587–605. 
doi:10.1080/10408390591001135 

 
Telofski, L.S., Morello, A.P., Mack Correa, M.C. and Stamatas, G.N. (2012). 

The Infant Skin Barrier: Can We Preserve, Protect, and Enhance the 
Barrier? Dermatology Research and Practice, 2012: Article ID 198789. 
doi:10.1155/2012/198789 

 
Torres, L.G., Iturbe, R., Snowden, M.J., Chowdhry, B.Z. and Leharne, S.A. 

(2007). Preparation of O/W Emulsions Stabilized by Solid Particles 
and Their Characterization by Oscillatory Rheology. Colloids and 
Surfaces A: Physicochemical and Engineering Aspects, 302(1–3): 
439–448. doi:10.1016/j.colsurfa.2007.03.009 

 
Traber, M. and Packer, L. (1995). Vitamin E: Beyond Antioxidant Function. 

American Journal of Clinical Nutrition, 62: 1501S–1509S. 
http://ajcn.nutrition.org/content/62/6/1501S.short (Retrieved on 12th 
December 2012) 

 
Varani, J., Dame, M.K., Rittie, L., Fligiel, S.E.G., Kang, S., Fisher, G.J., and 

Voorhees, J.J. (2006). Decreased Collagen Production in 
Chronologically Aged Skin: Roles of Age-Dependent Alteration in 
Fibroblast Function and Defective Mechanical Stimulation. American 
Journal of Pathology, 168(6): 1861–1868. 
doi:10.2353/ajpath.2006.051302 

 
Varani, J., Schuger, L., Dame, M.K., Leonard, C., Fligiel, S.E.G., Kang, S., 

Fisherz, G.J. and Voorhees, J.J. (2004). Reduced Fibroblast 
Interaction with Intact Collagen as a Mechanism for Depressed 
Collagen Synthesis in Photodamaged Skin. Journal of Investigative 
Dermatology, 122: 1471–1479. doi:10.1111/j.0022-202X.2004.22614.x 

 
Velikov, K.P. and Pelan, E. (2008). Colloidal Delivery Systems for 

Micronutrients and Nutraceuticals. Soft Matter, 4: 1964–1980. 
doi:10.1039/B804863K 

 
Wahr, J.A. and Tremper, K.K. (1998). Blood Substitutes in Cardiac Surgery. 

Seminars in Cardiothoracic and Vascular Anesthesia, 2(4): 272–282. 
doi:10.1177/108925329800200403 

 
Weers, J.G., Arlauskas, R.A., Tarara, T.E. and Pelura, T.J. (2004). 

Characterization of Fluorocarbon-in-Water Emulsions with Added 
Triglyceride. Langmuir, 20(18): 7430–7435. doi:10.1021/la049375e 

http://ajcn.nutrition.org/content/62/6/1501S.short


© C
OPYRIG

HT U
PM

117 
 

Wissing, S.A. and Müller, R.H. (2003). Cosmetic Applications for Solid Lipid 
Nanoparticles (SLN). International Journal of Pharmaceutics, 254(1): 
65–68. doi:10.1016/S0378-5173(02)00684-1 

 
Wolf, R., Wolf, D. and Ruocco, V. (1998). Vitamin E: The Radical Protector. 

Journal of the European Academy of Dermatology and Venereology, 
10(2): 103–117. doi:10.1111/j.1468-3083.1998.tb00709.x 

 
Xu, Y. and Fisher, G.J. (2005). Ultraviolet (UV) Light Irradiation Induced 

Signal Transduction in Skin Photoaging. Journal of Dermatological 
Science Supplement, 1(2): S1–S8. doi:10.1016/j.descs.2005.06.002 

 
Yang, Y. and McClements, D.J. (2013). Encapsulation of Vitamin E in Edible 

Emulsions Fabricated Using a Natural Surfactant. Food Hydrocolloids, 
30(2): 712–720. doi:10.1016/j.foodhyd.2012.09.003 

 
 
 
  


	DESIGN AND DEVELOPMENT OF NEW PERFLUORODECALIN-IN-PALM OIL-IN WATER DELIVERY SYSTEM FOR OXYGEN-ENRICHED COSMECEUTICAL SKIN CARE
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



