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ABSTRACT

To ensure the effectiveness of any cosmetic formulation, the active ingredients
should be able to penetrate the natural barrier of the skin, which is the stratum corneum
(SC). In order to ensure that active ingredients penetrate the skin barrier, a carrier must
be utilized to carry the active ingredients. The purpose of this study was to develop a
stable niosomal delivery system for Ficus deltoidea by using sorbitan monostearate
(Span 60) as a surfactant. In addition, cholesterols, pB-sitosterols, and PEG-8
caprylic/capric glycerides (Labrasol) were applied as additives. These vesicles were
characterized based on zeta potential, vesicle size distribution, encapsulation efficiency
(EE %), niosome morphology, and in-vitro permeation. Following application of Ficus
deltoidea loaded niosome on reconstructed human pigmented epidermis, the efficacy of
the niosome in reducing melanin level was tested based on the microscopic observation
of melanin distribution and measurement of melanin content. The developed niosomes
(Span 60/cholesterol/Labrasol and Span 60/B-sitosterols/Labrasol) were found to be the
most stable and promising niosomes after 3 months of storage, as both niosomes
preserved their stability in terms of zeta potential, vesicle size and loading capacity. Zeta
potential for both niosomes was measured at approximately -30 mV. The vesicle size
was found to be in the range of 140 nm to 170 nm and both niosomes had high
encapsulation efficiency (8755 * 535 % and 7838 + 0.37 % for Span
60/cholesterol/Labrasol and Span 60/B-sitosterol/Labrasol niosomes, respectively).
These results indicated that B-sitosterols could also be option as additive since it
displayed similar characteristics as cholesterol and the stability of loaded niosomes was
improved with the inclusion of Labrasol. This study suggested the potential use of
loaded niosome as a stable carrier for delivery of anti-melanogenic effects of Ficus

deltoidea.
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ABSTRAK

Bagi memastikan keberkesanan formula kosmetik, bahan aktif harus dapat
menembusi halangan semulajadi pada kulit, iaitu stratum korneum (SC). Dalam usaha
untuk memastikan bahan-bahan aktif itu dapat menembusi halangan kulit dan pergi terus
ke sel-sel yang disasarkan, satu agen pembawa haruslah digunakan untuk membawa
bahan aktif ini. Tujuan kajian ini adalah untuk membangunkan satu sistem pembawa
“niosomal” yang stabil untuk Ficus deltoidea, Di mana, monostearate sorbitan (Span 60)
digunakan sebagai surfaktan. Di samping itu, kolesterol, -sitosterol dan PEG-8 kaprilik
/ kaprik gliserida (Labrasol) telah digunakan sebagai bahan tambahan. Ciri-ciri vesikel
ini telah dikatogerikan berdasarkan potensi zeta, taburan saiz vesikal, kecekapan
pengkapsulan (EE%), morfologi niosom dan penyerapan in-vitro. Kemudian
keberkesanan niosom diuji berdasarkan pemerhatian mikroskopik terhadap melanin
kerana ~ Ficus  deltoidea  mempunyai kesan  anti-melanogenik.  Span
60/cholesterol/Labrasol dan Span 60/B-sitosterol/Labrasol niosom telah ditemui sebagai
niosom yang paling stabil dan tetap kekal setelah berada dalam simpanan selama 3 bulan
di mana kedua-dua niosom mengekalkan kestabilan mereka dari segi potensi zeta, saiz
vesikal, dan kecekapan pemerangkapan. Zeta potensi untuk kedua-dua niosom diukur
pada kira-kira -30 mV. Saiz vesikal didapati dalam lingkungan 140 nm hingga 170 nm
dan kedua - dua niosom mempunyai kecekapan pengkapsulan yang tinggi iaitu (87.55 +
5.35%, 78.38 * 0.37%) masing- masing untuk Span 60 /cholesterol/ Labrasol dan Span
60 / B -sitosterol / Labrasol. Keputusan ini menunjukkan bahawa B -sitosterol boleh
menjadi pilihan sebagai sokongan tambahan kerana ia memaparkan ciri yang sama
dengan kolesterol dan kestabilan niosom telah dipertingkatkan dengan penambahan
Labrasol. Kajian ini mencadangkan potensi dan keberkesanan niosom sebagai pembawa

yang stabil untuk menyampaikan kesan anti-melanogenik Ficus deltoidea.
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CHAPTER 1

INTRODUCTION

1.1  Background of The Study

Nowadays, health care formulations must meet high criteria of product
efficacy as the masses are becoming more cognizant of the potency and side effects
of a pharmaceutical product. Currently, many products have taken advantage of
nanotechnology. Nanotechnology holds great prospect in all forms of industrial
areas. Recently, cosmetic nanotechnology, called nanosome technology, such as
liposomes, niosomes, cubosomes, solid lipid nanoparticles (SLN), polymeric
micelles, nano-emulsions, and others are organized as a delivery and stabilizing

system for cosmetic ingredients.

To ensure the effectiveness of any cosmetic formulation, active ingredients
should be transported into the deeper layer of skin. Still, penetration of substances
through the skin is determined by the skin’s natural barrier, which is the stratum
corneum (SC) with its “brick and mortar” architecture (Bolzinger et al., 2012). To
assure that the active ingredients can penetrate the skin barrier, a carrier must be

employed to carry the actives. Moreover, this method can also protect the actives



from degradation and increase the stability of the formulation (Sudhamani et al.,
2010).

Niosome is a non-ionic surfactant based vesicle obtained from the self-
assembly of non-ionic amphiphiles in aqueous media resulting in closed bilayer
structure which can entrap both lipophilic and hydrophilic drugs (Dahiya et al.,
2011). The amphiphile basically consists of a hydrophilic head group and a
hydrophobic tail. The hydrophobic moiety could be one or two alkyl or
perfluoroalkyl group and also a single steroidal group (ljeoma and Suresh, 1998). Its
biocompatible and biodegradable nature makes them less toxic compared to other
vesicular systems. Lower cost of niosome production is attributed to the greater
availability of non-ionic surfactants. There is no special condition required for
handling and storage of this vesicle. These properties make them versatile carriers

and interesting candidates for study.

To develop any niosomal drug delivery systems, a few variables must be well
controlled. These include choice of main surfactant, nature of membrane additive,
and also the nature of drug (ljeoma and Suresh, 1998). All of these factors will
influence the niosome’s physical properties. A good surfactant for niosome is a
substance that has the ability to enhance their physicochemical and biological
features, to achieve a successful therapeutic response. Advantageously, niosomes
could be constructed from a variety of hydrophilic head groups. Based on that
reason, different kinds of surfactants have been analysed with the purpose of
obtaining innovative niosomal systems, which could upgrade the therapeutic effects

of delivered active compounds.



1.2 Problems Statement

To bring out a highly stable niosome, an additive should be inserted into the
formulation in order to stabilize the vesicles. According to Junyaprasert et al.,
(2012), the stability of certain niosomes depend on the type of membrane additive.

Generally, the most common additive found in niosomal systems is cholesterol.

Cholesterol is a membrane constituent that is widely found in a biological
system and in all animal tissues. In cosmetic products, it is primarily used as an
emollient, while in the pharmaceutical area, it is known as an emulsifying agent. The
overall function of cholesterol in plasma membranes relates to the fluidity of the
membrane (Liebert, 1986). It is claimed to have the ability to modulate membrane
fluidity and elasticity. Nevertheless, as reported by Junyaprasert et al., (2012), at
certain amounts, this additive could affect membrane permeability, encapsulation,
bilayer rigidity, ease of rehydration of freeze dried niosome, and toxicity. Moreover,
cholesterol might cause some negative effects when used in human pharmaceuticals.
Since most cholesterol is obtained from egg or wool grease, it is not suitable for

human pharmaceuticals.

These days there is concern about any product derived from animal including
those derived from sheep or cattle because of possible transmission of bovine
spongiform encephalopathy or better known as “mad cow disease”. The prevailing
opinion is that this problem was originally caused by feeding animal product. When
the cholesterol is extracted from spinal cords or wool, there is always the chance of
contamination with trace amount of other animal product. Although the risk of
anybody contracting mad cow disease from cosmetic borders on zero, but cosmetic
producers have to contend with the perception among consumer that the inclusion of
any animal product is undesirable. In addition, cholesterol is readily oxidized,
leading to a stability problem for lipid based drug products. Some of these oxidation

by-products tend to be rather toxic in biological systems (Mahmoud et al., 2008).



Since cholesterol is not preferable in pharmaceutical products due to its side
effects, sterols from plant membrane (phytosterol) can be used as an alternative to
mammalian cholesterols. This plant membrane contains a mixture of sterols
including B-sitosterol, campesterols and stigmasterols. Plant sterols attract much
attention due to their ability to reduce cholesterol absorption in the intestine and
hence, protect against cardiovascular diseases. Apart from functioning as a
membrane modulator, B-sitosterol also has antiseptic, antineoplastic and antipyretic
effects (Ovesna et al. 2004 ; Awad and Fink, 2000). Phytosterols may also provide
protection against cancers of the colon, breast and prostate. However, the influences
of B-sitosterol on the modulation of the membrane structure have yet to be studied in
depth. Therefore, in this study the effect of this additive will be studied and
compared with cholesterols.

PEG-8 Caprylic/Capric glyceride (Labrasol) is employed as a surfactant for
two immiscible liquids, water and oil. It is used as a surfactant to form colloidal
dispersions that are known as single-phase microemulsions. Drug delivery systems
based on microemulsions have a special interest since they generally have low
toxicity and irritancy, plus are easy to prepare (Ljiljana et al . 2012). Zhaopeng et al.
2002 and Karatas et al., 2005 proved that Labrasol can increase the solubility and
enhance the absorption of poorly absorbable drugs. Moreover, it also has the same
properties with cholesterols which means that it could act as an emulsifying agent.
Nevertheless, evaluation about the potential of Labrasol as a surfactant for niosome
has not been investigated. Hence, in this study, the influences of this surfactant as a

niosome additive will be examined.

For this research, Mas cotek (Ficus deltoidea) was chosen because this herb
has been recognized to possess strong antioxidant activities, and has been found to
exhibit anti melanogenetic effects (Myoung J. et.al., 2010 ; Hyun et al. 2009). The
components of Ficus deltoidea include polyphenols, vitamin C, carotene,

anthocyanins and flavonoids.



In this work, the effects of cholesterol, B-sitosterol and PEG-8
Caprylic/Capric glyceride (Labrasol) on niosome were examined. Then, the efficacy

of Ficus Deltoidea-loaded niosome was studied.

1.3 Objective of Study

The purpose of this research is to determine the influence of various additives
on the stability and characteristics of Ficus deltoidea-loaded niosomes.

1.4 Scope of Study

In order to achieve the objective, the study has been divided into three scopes

which are:

i Development of Ficus deltoidea-loaded niosomes using different
additives.

ii. Characterization of FD-niosome based on zeta potential measurement
vesicle size distribution by using Zetasizer Nano ZS, measurement of
encapsulation efficiency by Total Phenolic Content (TPC) assay,
measurement of niosomal morphology using TEM, and also in-vitro
penetration of Ficus deltoidea-loaded niosome through reconstructed

human epidermis.

iii.  Efficacy study of Ficus deltoidea-loaded niosome by microscopy
observation for melanin distribution using reconstructed human

pigmented epidermis- SkinEthic.
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87.55% for Span 60/CH/LAS niosome and 78.38% for and Span 60/B-sitosterol/LAS

niosomes.

Since Span 60/CH/LAS and Span 60/p-sitosterol/LAS niosomes
demonstrated good characteristic properties, these samples were chosen to undergo
the in-vitro penetration study. From this analysis, it was found that the prepared
niosomal system could enhance the permeability of Ficus deltoidea extract into the
skin (epidermis layer). Efficacy test showed that Span 60/CH/LAS and Span 60/-
sitosterol/LAS niosomes had successfully reduced melanin distribution of

reconstructed human pigmented epidermis (RHPE).

Based on the results obtained, it can be said that the overall objectives of this
experiment have been achieved. By the addition of cholesterol, B-sitosterol and
Labrasol ,a promising and stable niosomal system was obtained. Interestingly, B-
sitosterol has been proven to have the same function as cholesterol as a membrane

additive and will be more attractive to the cosmetic industry compared to cholesterol.
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5.2 Recommendations

Based on the results and summary obtained from this study, the following

future works are commended:

1. Different charge of membrane additives should be employed in
niosome formulation. From that point, the effects of charge
additives on the physicochemical properties and stability of

niosomes could be examined.

2. In this study, all samples were stored at 4°C. It would be an
opportunity to explore the effect of storage temperature toward the

stability of niosomes.

3. Future work can also scrutinize the vesicle size effect toward the

penetration rate.



REFERENCES

Anchal, S., and Pravin, P. (2012). Recent Trends in Niosome as Vesicular Drug
Delivery System. Journal of Applied Pharmaceutical Science. 02 (06), 20-32.

Aranya, M., Paveena, W., Jiradej, M., Hideki, S., Fumio, S., Makoto, Y., et al.
(2003). Characterization Of Vesicles Prepared With Various Non- lonic
Surfactant Mixed With Cholesterol. Colloids and Surfaces. 30, 129-138.

Arijit, G., Suma, O. S., & Abhijit, P. (2012). Current Trends In Niosomes As
Vesicular Drug Delivery System. Asian Journal of Pharmacy and Life
Scienc. 02 (02), 339-353.

Ashish, K. V., and Bindal M.C (2011). A vital role of niosomes on controlled and
novel drug delivery. Indian Journal of Novel Drug Delivery. 3 (4), 238-246

Aysegul, K., Nilufer, Y., & Tamer, B. (2005). Enhanced bioavailability of piroxicam
using Gelucire 44/14 and Labrasol: in vitro and in in vivo evaluation.
European Journal of Pharmaceutics and Biopharmaceutics. 56, 453-459.

Awad, A., & Fink, C. (2000). Phytosterols as anticancer dietary components:
evidence and mechanisme of action. Nutrition. 2127-2130.

Azmin, M., Florence, A., Handjani-Vila, R., Stuart, J., Vanlerberghe, G., &
Whittaker, J. (1985). The Effect Of Non-lonic Surfactant Vesicles
(Niosome) Entrapment Of The Absorption And Distribution Of g In
Mice. Journal of Pharmacy and Pharmacology. 237-242.

Bin, S., Chao, F., & Yuanying, P. (2006). Stealth PEG-PHDCA niosomes: Effects of
chain length of PEG and particle size on niosomes surface properties, in vitro
drug release, phagocytic uptake, in vivo pharmacokinetics and

antitumoractivity. Journal of Pharmaceutical Science. 95 (9), 1873-1887.



73

Chawda, H. S., Jain, C. P., & Bairwa, N. K. (2011). Formulation, characterization,
stability and invitro evaluation of Nimesulide niosome. International Journal
Research. 2 (3), 168-185.

Chrysantha, F., & Rainer, H. M. (1998). Effect of light and temperature on zeta
potential and physical stability in solid lipid nanoparticle (SLN)
dispersion. International Journal of Pharmaceutics. 168, 221-229.

Christophers, E. (1971). Cellular architecture of the stratum corneum . Journal Invest
Dermatol , 165-169.

Daniela, U., Jana, G., Norbert, K., Miroslava, S., Sergio, S. F., Tatiana, N. M., et al.
(2011). Influences of cholesterol and B-sitosterol on the structure of EYPC
bilayers. Journal Membrane Biology. 243, 1-13.

Deepika, A., Alka, G., & Indu, P. K. (2004). Development of a topical niosomal
preparation of acetazolamide: preparation and evaluation. Journal of
Pharmacy and Pharmaceutical , 1509-1517.

Don, A. V., Joke, A. B., Annemiek, V. R., Els, J., Tom, D. V., & Hans, E. J. (1996).
Preparation and characterization of nonionic surfactant. Colloid And Interface
Science. 178, 263-273.

Drummond, C. J., & Fong, C. (2000). Surfactant self-assembly objects asa novel
drug delivery vehicles. Current Opinion in Colloid and Interface Science |,
449-456.

Florence, A. (1993). New drug delivery systems. Chem Ind , 1000-4.

Gannu, P. K., & Pogaku, R. (2011). Nonionic surfactant vesicular system for
effective drug delivery. Journal of Pharmaceutics , 208-219.

Huang, J., & Feigenson, G. (1999). A microscopic interaction model of maximum
solubility of cholesterol in lipid bilayers. Journal of Biophys . 2142-2157.

Hyun, K. C., Dong, h. K., Jin, W. K., Sulaiman, N., Mohamad, R. S., & Chang, S. P.
(2009). Labisia pumila extract protects skin cells from photoaging caused by
UVB irradiation. Journal of Bioscience and Bioengineering. 6.

ljeoma, F. U., & Suresh, P. V. (1998). Non-ionic surfactant based vesicles
(niosomes) in drug delivery . international journal of pharmaceutical , 33-
70.

Jana, G., Daniela, U., Norbert, K., Miroslava, S., Sergio, S. F., Tatiana, N. M., et al.
(2011). Influence of Cholesterol and B-sitosterol on the structure of EYPC
bilayers. Journal of Membrane Biology. 243, 1-13.



74

Jia, Y. F,, Chi, T. H., Wen, T. C., & Ying, Y. W. (2001). Effect of liposome and
niosomes on skin permeation of enoxacin. International Journal of
Pharmaceutical. 219, 61-72.

Jiao, J. (2008). Polyoxyethylated non ionic surfactants and their application in topical
ocular drug delivery. Advance Drug Delivery Rev. 1663-73.

Kazuhisa, S., Takahisa, N., Koji, N., Kenji, S., Takashi, K (2004. Inhibitory effect of
a-Arbutin on melanin synthesis in cultured human melanoma cells and a
three-dimensional human skin model. Journal of Biology Pharmaceutics. 27
(4), 510- 514

Ljiljana, D., Marija, P., Slavica, F., & Danica, A. (2012). Investigation of
surfactant/cosurfactant synergism impact on ibuprofen solubilization
capacity and drug release characteristic of nonionic microemulsion.
International Journal of Pharmaceutics. 25-33.

Mahale, N, B., Thakkar, P, D., Mali, R, G., Walunj, D, R., Chaudhari, S, R. (2012).
Niosomes: Novel sustained release nonionic stable vesicular systems- An
overview. Advances in Colloid and Interface Science. 183, 46- 54

Mahmoud, M., Omaima, A. S., Mohammed, A. H., & Nagia, A. M. (2008). Effect of
some formulation parameters on flurbiprofen encapsulation and release
rates of niosomes prepared from proniosomes. International Journal of
Pharmaceutics , 104-111.

Mansor, H., & Mahmood, M. (2009). Non-enzymatic and enzymatic antioxidant
activities in aqueous extract of different Ficus Deltoidea accessions. Journal
of Medical Plants Research. 120-131.

Maria, M., Chiara, S., Donatella, V., Giuseppe, L., & Anna, M. F. (2002). Niosomes
as carriers for tretinoin. 1. Preparation and properties. International Journal of
Pharmaceutics. 234, 237-248.

Mary, A. L. (1986). Final Report on The Safety Assessment of Cholesterol. America:
Inc. Publisher.

Myoung, J. O., Mariani, A. H., Sulaiman, N., Young, K. S., Mohamad, R. S., &
Chang, S. P. (2011). Ficus deltoidea (Mas cotek) extract exerted anti
melanogenic activity by preventing tyrosinase activity in vitro and
suppressing tyrosinase gene expression in B16F1 melanoma cells. Archieve

of Dermatological Research. 161-170.



75

Natarajan, V., Junichiro, Y., Yukako, I., Nobuhito, S., and Kanji, T (2005). Liquid
filled nanoparticles as a drugdelivery tool for protein therapeutics. Journal
of Biomaterials. 7154-7163.

Navia, K. D., Rekha, R., & Sanju, N. (2011). Preparation and Characterization
Technique in  Niosomal Vesicular System. Journal of Pharmaceutical and
Biomedical Science .

Okahata, Y., Tanamachi, S., Nagai, M., & Kunitake, T. (1981). Synthetic bilayer
membranes prepared from diakyl amphiphiles with non-ionic and
zwitterionic head groups. Journal of Colloid and Interface Science. 82 (2),
401-417.

Ovesna, z., Vachalkova, A., & Horvathova, K. (2004). Taraxasterol and beta
sitosterol: new naturally compounds with chemoprotective/chemopreventive
effect. Neoplasma , 407-414.

Phikunthong, K., Varissaporn, M., & Choochart, W. (2011). Potential use of niosome
for encapsulation of nisin and EDTA and their antibacterial activity
enhancement . Food Research International. 44, 605-612.

Prabagar, B., Srrinivasan, S., Won, S. L., Won, M. L., Jong, O. K., Dong, H.
0.(2009). Formulation and in vitro assessment of minoxidil niosomes for
enhanced skin delivery. International Journal Of Pharmaceutical. 1-8.

Raj, K. K., Anil, K. S., & Shailesh, J. (2011). Effect of different process variables on
the preparation of Baclofen niosomes. International Journal of Universal
Pharmacy And Life Science , 301-310.

Ritta, V. K., Merja, K., Jukka, M., Arto, U., & Juha, K. (1998). Enhancement of
percutaneous absorption of naproxen by phospholipid. International Journal
Of Pharmaceutics. 225-230.

Robert, J. S., & Lisabeth, W. R. (1974). Mechanisme of absorption .V.percutaneous
absorption of solvent deposited solids . Journal Of Investigative Dermatology

: 353-360.

Russell, O. P., & Michael, L. F. (1991). The influene of stratum corneum
morphology on water permeability. Journal Of Investigative Dermotology .
495-499.

Stefan, H., Ann, M. H., Mereta, S., Christer, B. F., & Martin, B. (2006). Liposome
size analysis by dinamic/static light scattering upon size exclusion-/field

flow-fractionation. Journal of Nanoscience and Nanotechnology. 6, 1-7.



76

Sudhamani, T., Priyadarisini, N., & Radhakrishnan, M. (2010). Proniosomes-A
Promising Drug Carriers. International Journal of PharmTech Research.
1446-1454.

Ujwala, A. S., & Shivkumar, S. K. (2014). Serratiopeptidase niosomal gel with
potential in topical delivery. Journal of Pharmaceutic.1-9.

Varaporn, B. J., Pratyawadee, S., & Jiraphong, S. (2012). Physicochemical properties
and skin permeation of Span 60/Tween 60 niosomes of ellagic acid.
International Journal of Pharmaceutical. 421, 303-311.

Verma. D.D., Verma. S., Blume.G., Fahr. A. Particle size of liposomeinfluences
dermal delivery of substances into skin. International Journal of
Pharmaceutics. 258, 141-151

Yongmei, H., Fenglin, Z., Na, L., Yanhong, Y., & Ke'an, L. (2002). Studies on a
high encapsulation of colchicine by a niosome system. International Journal
Of Pharmaceutics. 244, 73-80.

Yoshioka, T., & Florence, A. (1994). Preparation and properties of vesicles
(niosome) of sorbitan monoester Span-20,Span-40,Span-60,Span-80 and a
sorbitan triester Span-85. International Journal of Pharmaceutical . 108-117.

Yoshioka, T., Stemberg, B., & Florence, A. T. (1994). Preparation and properties of
vesicles (niosomes) of sorbitan monoesters (Span 20, 40, 60, and 80) and
sorbitantriester (Span 85). International Journal of Pharmaceuticals.1-6.

Zunoliza, A., Khalid, H., Zhari, 1., & Rasadah, M. A. (2009). Anti-inflammatory
activity of standardised extracts of leaves of three varieties of Ficus deltoidea.
International Journal of Pharmaceutical and Clinical Research. 100-105.

Zhaopeng, H., Rama, P. Y., Riichi, T., Takahiro, K., Makoto, I., Nobuhito, S., et al.
(2002). Diethyl ether fraction of Labrasol having a stonger absorption
enhancing effect on gentamicin than Labrasol itself. International Journal
Of Pharmaceutical. 223-235.



	NurulBashirahMFKChE2015ABS
	NurulBashirahMFKChE2015TOC
	NurulBashirahMFKChE2015CHAP1
	NurulBashirahMFKChE2015REF



