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ABSTRACT

Nowadays, the personal care and cosmetics markenes of the largest
markets in the world. However, some potential cdgmegredients may cause skin
sensitization. Animal testing is deemed as a pelatcontroversial solution to skin
sensitization analysis. The European Union (EU)ictviinas the most stringent and
protective regulations for cosmetic has agreedatodll tests related to animals. This
has wide ranging implications for cosmetic companioridwide as a cosmetic
product which has been successfully registerechenBEU can be easily registered
worldwide. Thus,in chemico, in silicoor in vitro alternative methods for the
prediction of skin sensitization need to be intrett The main purpose of this work
was to investigate the performance of an impedssida sensitizer biosensor
obtained using self-assembly of cysteine on scpeemed carbon electrode (SPCE)
modified with gold nanoparticles (AuNPs). The basfithe biosensor developed in
this work was that the conjugation of allergen ysteine-AuNPs on SPCE would
result in the commencement of the skin sensitingtimcess. A biosensor with good
reproducibility (relative standard deviations o43.%) and sensitivity was obtained
when 50 mM of cysteine was deposited on the AuNRsleft for 24 hours on the
SPCE. The biosensor managed to successfully ditiate between water soluble
mild, medium and strong sensitizers based on thgeseaof the changes in charge
transfer resistanceARct). Different allergen concentrations did notngigantly
affectARct readings (the range studied was between 10 taM). The biosensor in
this research work was found to have the potemtigbe successfully used as an
alternative method to animal testing for the détecdf skin sensitizers.



ABSTRAK

Pada masa kini, pasaran produk penjagaan diri demétik adalah salah satu
pasaran yang terbesar di dunia. Walau bagaimanapeberapa bahan yang
berpotensi digunakan dalam kosmetik boleh menyebralgerengsaan kulit. Ujian
haiwan dianggap sebagai penyelesaian yang sembpagianalisis perengsaan kulit
tetapi ia adalah penyelesaian yang kontroversiesakuan Eropah yang mempunyai
peraturan yang paling ketat untuk kosmetik telatsdteju untuk mengharamkan
semua ujian yang berkaitan dengan haiwan. Ini membw®likasi yang besar
kepada syarikat kosmetik di seluruh dunia keraradyk kosmetik yang berjaya
didaftarkan di Kesatuan Eropah akan mudah didaftadd seluruh dunia. Oleh itu,
kaedah alternatif ‘irchemico; ‘in silico’ atau in vitro’ untuk ramalan perengsaan
kulit perlu diperkenalkan. Tujuan utama penyelidikai adalah untuk mengkaji
prestasi biosensor perengsa kulit berasaskan imps@ag diperoleh dengan kaedah
pembentukan sendiri lapisan sisteina pada karbektretl dicetak skrin (SPCE)
yang diubahsuai dengan menggunakan nanopartiked émaNPs). Asas biosensor
yang dibangunkan dalam kerja ini adalah konjugkssgan dengan sisteina-AuNPs
akan memulakan proses perengsaan kulit. Biosensang y mempunyai
kebolehulangan yang baik (sisihan piawai rela#38%) dan kepekaan yang baik
telah diperoleh apabila 50 mM sisteina diletakkanaths lapisan AuNPs dan
ditinggalkan selama 24 jam. Biosensor ini berjayamibezakan antara bahan
perengsa larut air yang dikelaskan sebagai pereraggarendah, sederhana dan kuat
berdasarkan nilai perubahan rintangan pemindahanA¢ct). Kepekatan alergen
yang berbeza tidak memberi kesan yang ketara kdpsdsmRct (julat kepekatan
yang dikaji ialah diantara 10 hingga 90 mM). Biasmndalam penyelidikan ini
mempunyai potensi untuk digunakan dengan jayanymgse kaedah alternatif

kepada ujian haiwan untuk mengesan perengsa kulit.
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CHAPTER 1

INTRODUCTON

1.1Background of Study

Cosmetics and personal cares products are alwdgsre® to as any
substance used to beautify, cleanse and promatztateness of the human body.
Although cosmetics and personal cares productshefmto beautify the body, they
can also cause skin allergies or skin sensitizatitertain ingredients used for the
production of cosmetic products such as fragranu® @reservatives can act as
allergens or substances that can trigger alleggiction or skin sensitization. Hence,
to ensure that cosmetics are safe for the consursafety analysis of cosmetic

ingredients should always be performed (Baskettat, 2008).

Skin sensitizers are substances that are ableidid @h allergic response
following contact with the skin. Allergic contacednatitis is the second common
occupational illness with 10 % to 15 % cases regbrthroughout the world.
Toxicity testing using animals is usually conductedensure that cosmetics and
personal cares product are free from dangerousddkiat can cause eye, skin and

other irritations.



However, animal testing is controversial, particlylafor cosmetic
development, and a lot of efforts have been expmbridereplace animal test in
cosmetics. Regarding skin sensitization, one vadilaalternative method is the
mouse local lymph node assay (LLNA) (Alexandteal, 2011). The LLNA is a
predictive test to identify chemicals that haveemdial to cause skin sensitization by
using guinea pig and human data (Rgal.,2000). LLNA is anin vivo method but
with potential to reduce the number of animals neglito assess the allergenic
contact sensitizing activity and offers a substnefinement of the way in which
the animals are used (Basketter and Kimber, 2008\ A for skin sensitization

testing was performed until March 2013.

Animal testing of cosmetic ingredients was compjeteanned in Europe
starting from March 2013. Non-animal methdd®s/e been introduced such as cell
culture analysis, microorganism studies, human sggombinants, and embryonic
testing for prediction of skin sensitization (Chawd Maibach, 2006). However, a
validated non-animal method is not yet availableassessing skin sensitization. At
present, there are a few non-animal test methads) as direct peptide reactivity
assay(DPRA), Keratinoser!¥', human cell line activation test (hCLAT) and myelo
U937 skin sensitization test (MUSST) which measuttes induction of protein
markers associated with dendritic cell maturaiiowvivo following exposure to the
chemicals. The results are expededbe out inate 2013 or early 2014. It has been
anticipated however that, it will take at least #weo 3-5 years for the full
replacement of the currently used animal modebsstess sensitization (Adlet al,
2011).

Some researchers publishad vitro methods based on skin dendritic cell
lines and keratinocytes (Ashikaga al, 2006; Ryaret al, 2007). Schoeterst al
(2007) investigated whether different gene expogsgatterns in dendritic cells are
relevant for prediction of chemicals sensitizingtgmiial using microarray
technology.



Other than that, some alternative methods to repdaémal testing are based
on electrophilic assays. The electrophilic progsrof allergens may enable reaction
with skin nucleophiles to form macromolecular imragans (Aptulaet al, 2005).
The reactivity of nucleophiles might then be use@akin sensitizer screening tool.
The strongest potential nucleophiles in proteirsthe sulfhydryl group of cysteine,
e-amino group of lysine and imidazole group of idise (Divkovic et al, 2003).
Recently published methods are by: 1) using hureams albumin (HAS) reactivity
to find the types of amino acids modified and tlaure of haptenation by exact
mass shift determination and sequencingu&hg glutathione for non-enzymatic
thiol reactivity combined witln vitro toxicity measurement (Aptulet al, 2006) and
3) using HPLC for synthetic peptides reactivity (axicket al, 2004).

Incorporation of lysine into the peroxidase peptidactivity assay for skin
sensitization assessments was reported by Troughah (2011). The researchers
reported that practical quantitatiie chemicoreactivity assay for screening contact
allergens had been incorporated into the liquidoetatography for reactivity
assessments of hapten and pre-/pro-hapten cheseisitizers. On the other hand,
investigation of pro-hapten skin sensitizer peptidactivity using a peroxidase-
peroxide oxidation system was investigated by Gakeet al (2009). The work
showed the potential to merge an enzyme-mediatpdoaph by using hydrogen
peroxide and horseradish peroxidase for assedsingkin sensitization potential of

pro-haptens.

In 2010, Institute National de la Recherche Agroigue (INRA)
researchers collaborated with Louis vuitton moetnessy (LVMH) to produce
potential biosensors that use surface plasmon aesen(SPR) technology to assess
the risks of skin sensitization by chemical substanfor the first response studies
(Achilleoset al, 2009). SPR is used to measure the interactibmeles analyte and
ligand immobilized on the surface of metallic lay®sed on the variations in the
connection’s refractive index when the analyte rextés with the ligand (David
Myszka, 1999).



SPR biosensors technology involves label-free bmdinteractions between
an analyte in solution and an immobilized liganejnlg monitored directly by
changes in refractive index at the biosensors serfahe researchers proved the
applicability of SPR in characterizing small molkcunteractions: drug—protein
interactions (Touikt al, 2005), antigen—antibody interactions (Aizastaal., 2007),
inhibitor-enzyme interactions (Stenlued al, 2006) and small molecule—nucleic

acid interactions (Caet al, 2007).

SPR can also measure equilibrium analysis in #&fiand enthalpy. The
kinetic measurements by SPR also generated realkinding data that matched to
the studies of binding kinetics (Van der Merwe, POHowever, SPR has several
disadvantages. One of them is long response tinagatyze the analyte. SPR is not
suitable for concentration measurement becausegitires long equilibration period.
It also has low sensitivity, high regeneration tirhgh-cost detection, blockages or
air bubbles occurrence during extended experimants others (Francis Markey,
1999).

Electrochemical impedance spectroscopy (EIS) wob&l one of the
alternative methods to solve the problems face@BR. EIS is rapidly developing
due to their low-cost detection, high sensitivisimplicity and miniaturization
compared to SPR (Daniel and Pourmand, 2008). Usingsmall amplitude voltage
signals, EIS can measure electrochemical evenbtoutitdisturbing the properties of
the analytes. Besides, EIS can provide repeataideaacurate measurements of
surface conditions such as the adsorption and pigsorprocess at the electrode
surface. Furthermore, EIS allows complex bioreciigmievents to be probed in a
sensitive, simple and label-free strategy (Cékal., 2011). Label-free biosensor is a
direct detection measurement of the biological radBon and do not required

labeling for detection.

Chemical allergens can react with proteins to pcedstable covalent bonds

that can results in skin sensitization. Chemictdrgéns are electrophilic and can



react with nucleophilic amino acids (peptide) sashhistidine cysteine, and lysine.
Divkovic et al (2003) reported that the strongest potential enuthiles in proteins

are the imidazole group of histidine, themino group of lysine, and the sulfhydryl
group of cysteine. In this work, EIS has been psagl as a method that can be
utilized to probe the haptenation process betwéenchemical allergen and the
nucleophilic amino acid, thus making it a potentiethod that can be used in a skin

sensitization biosensor.

Cysteine cannot be immobilized directly $oreen printed carbon electrode
(SPCE). Alternatively, gold nanoparticles (AuNPande used as the first layer on
SPCE to immobilize the self assembled cysteinei(Beeet al, 2011). In this work,
comparison between AuNPs electrodeposition and throvethod was performeu
modify the SPCE. Gold electrodeposition is a predést uses electrical current to
reduce gold solution to form a gold coating on &tteode. It mostly changes the
surface properties of an electrode and is equivadethe electroplating process. The
synthesis of AUNPs by seeding growth approach ndeithéhe presence of cysteine
as a reducing agent and surface additive is a reogmlar study. The size of AUNPs
contributes to the size of the nucleation site imol decreasing the AuNPs size
resulted in increasing the size of the nucleatitgssThe AuNPs can be fabricated
and grown through slow diffusion onto the surfalexiode (Pranjal Chandet al,
2013).

1.2 Problem Statements

Due to the limitation in using animal models foettesting of the safety of
cosmetic ingredients, a potential skin sensitizesénsor based on EIS was proposed
in this study. Haptenation process was expectdxting about a measurable change
in impedance. No biosensor of this kind has baepgsed before, thus this study

aimed to prove this concept.



Electrochemical measurements are typically analyasithg conventional
three cell electrodes cell. However, for miniatatian purpose, SPCE can be used to
replace the conventional electrode cell for devielpiosensors. This is because it
is disposable and is cost effective (Loaiza Ostal, 2011). In this work, cysteine
was chosen as the nucleophilic amino acid for tlagnrbiorecognition element for
the biosensor. Cysteine is more reactive thandyaimd histidine to screen allergens
against the amino acid in direct binding assay (Weats et al, 2009. Unfortunately,
cysteine cannot be immobilized directly on to SP8Eernatively, AUNPs are used
as the first layer on SPCE and cysteine was thenoipilized on top of the AuNPs
(Pooi Seeet al, 2011).

Proper immobilization of AuNPs onto the SPCE wiiflience the surface
area and particle size of AuNPs (Doletial, 2011). By using proper additive in the
AuNPs deposition method, the surface area of AUNPSPCE will be increased and

the particle size will be smaller.

1.30bjective

The main purpose of this work was to develop a li&lee impedance

biosensor based on cysteine for skin sensitizatiodies.

1.4Hypothesis

The Rct for different classes of skin sensitizatiafergen will produce

different values. The high classes of skin seraitn allergen will produce high Rct



compared to medium classes of skin sensitizatilemggn while low classes of skin

sensitization will result in the lowest value fottR

1.5Scopes of the Research

Below is the scope of this work:

I. Preparation of a label-free impedance biosensordifyiog SPCE with
AuNPs and cysteine, the effects of cysteine comatoh and deposition time

of the immobilization process of SPCE were invedtd.

Il. Investigations on the characteristics of a labeéfimpedance biosensor in
terms of biosensor stability, surface characteomatof the SPCE and

reproducibility of the label-free impedance biosens

[ll. Determination of a label-free impedance biosensoiopmance including the
effect of contact time of allergens, concentratbmllergen, different classes
of sensitization of allergen towards cysteine aad sensitization analysis of

extract A and B.

1.6 Rational and Significant

This biosensor will become a contribution to hunmiadkand can act as an
essential tool to detect the presence of poteali@tgen in cosmetic. The biosensor
in this research is more identical to a diagnogitcin terms of its qualitative
measurements. This biosensor is also environmérgadly and can provide

detection at low-cost.
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