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Abstract

Chronicskin wounds are an exponentially increasing problem on a world basis,
and are often hard to treat due tdacterial biofilm formation and resistance to
different antibiotic treatments. Antimicrobial photodynamic therapy (aDPT)
shows promise in resolving this isue, but clinical based treatments have yet to

be established although photodynamic therapy is used for other conditions.

A new chemical entity (NCE) encapsulated in chitosan/lecithin nanopatrticles as
well as NCE as a free drug was evaluated for potent@jtotoxic effects by an in

vitro MTT assayperformed on HaCaT cellsThe nanoparticles were varying in
mean size(173.9+69.20 486.3+197.9and zeta potential (L6.5+1.67to

66.3+1.19; dependingon the chitosan/lecithin ratio, and the entrapment was
between42.1+0.3to 84.4+0.2 % To evaluate the cytotoxic effect different solutions
of free NCE 60 to 500 mg/mL) and NCE in theanoparticle§ 1 03 . 1 t o 824. 8 ¢
were tested. The results found rsignificant decreases in cell vidity for the lower
concentrationsas well as significant increasén cell viability higher concentrations
Although NCE showed promising results with little to no toxicity in both
formulations, further testing needs to be conducted before a final toxisdgsasent

can be made.

Keywords: MTT assay; HaCaT cells; photodynamic therapy; chronic wounds; drug

delivery system; nanoparticles
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Sammendrag

Kroniske hudsar er et gkende problem pa verdens basis, og er ofte vanskelige a
behandle grunnet bakterienes biofiimdannelse og dermed gkt resistens mot

ulike antibiotika behandlingsregimer. Antimikrobiell fotodynamisk terapi har

vist & vaere en lovende legemiddelkandidat mot antibiotikaresistens, men det fins
forelgpig ingen etablerte kliniske behandlinger slik de andre anvendte felte av

fotodynamisk terapi.

En ny kjemisk substans (NCE) ble inkorporert i kitosan/lecitin nanopartiklerog

lzst i et medium for a utforske de potensielle cytotoksisk effekten som kan bli

utavd. Dette ble gjort via ein vitro MTT forsgk pa HaCaT celler. Nanopartiklene
varierte i gjennomsnittsstarrelse (173.9+69.20 486.3+£197.9) og zetapotensial
(16.5£1.67t0 66.3+£1.15)vhengig av kitosan/lecitin forholdet. Inkorporeringen av
NCE var p&42.9 to 84.4%Resultatene viste ikksignifikante reduksjoner av
celleoverlevelse for de lavere NCE konsentrasjonene, mens det samtidig ogsa viste
signifikante gkninger i celleoverlevelse ved de hgyere konsentrasjonene. Til tross for
at NCE viste lovende resultater i henhold til celleoverlevelseliteetl ingen

toksisitet, ma videre testing utfgres far man kan komme med et konklusivt utsagn

vedrgrende toksisiteten.

Ngkkelord: MTT assay; HaCaT celler; fotodynamisk terapi; kroniske hudsar; drug

delivery systemer; nanopartikler
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1 Introduction

1.1 Wound care msts to society
In the US alone chronic wounds affect an flabbergasting 6.5 million patientanassethe

annual treatment costs to an excess of US$25 b{iBen et al. 2009)And with a high, as
well as increasing, prevalenctlidestyle diseases, we can expect a rise in this patient

population.

1.2 The skin
The skin, our bodydés | argest organ is a

the environment. This is mostly due to the relatively impermeghtermis aspermeability
throughthedermisis quite good. 8mething exhibitedn patients with impaired skinush as
burn victims or chronic skin wound sufferers. The skin considtsreémain layers: the outer
epidermisthe innerdermis and the innermostypodermis here called the subcutaneous
tissue Thesehreelayers can further be dided intoseveral sudayers(Figure 1) (Sherwood

2012; Venus et al. 2010)

Stralum corneum
. Stratumn granuosumd EFIDERMIS
: Stratum spinosum

PN R A
3 4&;&\ H} ﬂ*k‘ 'Ar Straturm basale

"‘kvd"".-f-.’.'".. ] (.'

Sweal duct

Sebaceocus gland

Arracter plll muscle

DERMIS

Hair follicle

..;

-‘. .O D } Blocd vessels
~ L,‘-’ Q i .. SUBCUTANEQUS
. D \) OQ -. @\781 'CDUIHS TISSUE

Figure 1: Cross-sectional d|agram of human skin(Williams 2003) (requested permissian)
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1.2.1 Layering and functions

1.2.1.1 Epidermis
The epidermiss primarily comprisedf keratinocytes and can be divided into four layers

from the most outer to innestratum orneum(SC), stratum granulosum, stratum spinosum,

and stratum basale. Respectively called the horny layer, the granular layer, the spinous layer,
and the basal lay€¥enus et al. 2010)Some may also include te&atum lucidunwhich

places between the SC and the granular I@leviaghraby et al. 2008).iterature may

sometimes differentiates between the epidermis, and the viable epidermis excludes the SC
resulting in atliickness of 5. 0 0 (Bowvstra et al. 2006)

TheSCis1® 0 em thick and varies depending on thi
Awear and t e ar(Hwaetalr20lt)lecbrisistsasobketanacytes that have been
Ashovedo from the granul ar displacéckellsinyheSC by new
are now called corneocytes due to their loss of cytoplasmic organelles and nuclei, which

cause them to have a flattened appearance asitieyetain keratin and wateefore

forming a strong and interconnected coveriAgiong other things this layer serves as a

protection against microbes, chemicals, and loss of body V&tee the epidermis has no

direct supply of blood the exchange oftments and waste products happens through

diffusion through the dermi®ouwstra et al. 2006; Sherwood 20IPhe SC is also known to

be the rad-limiting step in transdermal permeation of most molec(E:#1aghraby et al.

2008)

The granular | ayeroés function is mainly cel/l
production of vitamin D, and keratin production. While basal cell layer isvelathin, at

around one to three cells in thickness it plays a vital role through cell repair and proliferation
(Venus et al. 2010)

1.2.1.2 Dermisand hypodermis
The demis isa connective tissue layerabout 00-5000em thick It consists of elastin and

collagenfibers embedded in an aqueous gel containing salts and glycosaminoglycan. The
dermis also contain®pious amounts afapillaryvessels and specialized nerve endings, as

well as lymphatic vesse(&l Maghraby et al. 2008; Sherwood 2012)

Theelastinmakes the skielastic and flexible, whereas collagen gives it tensile stremgth.

bloodvessels play two important bodilgles nutrient supplyas discussed earlieand

2



temperatureontrol by the means of heat exchanfee peripheraherve endings can be split

into two groups: thefferent and afferent. The efferent ones detect (aiciceptors)

temperature, pressug@acinian corpuscle, Ruffini endinggind other somatosensory input

(hair receptor, Me r k e(Hdifmanmet &. 2004; Sherwvad 20y 6 s c o

Hair follicles, sebaceous glds, and apocrine and eccrirfprimarily for thermoregulation)
sweat glands are the different appendages originating otetineis(Cui et al. 2015)Hair
follicles, whichaccount fo10.1% of the entire skin surface, have sebaceous gitadhed to
their shaft that secrets sebum which lubricates and help&ithmaintain a pH 4.5.5.
Sebum consists of triglycerides, free fatty acids, wax esters, squalene, andB&rais et
al. 2012; Otberg et al. 2004; Scharschmidt et al. 20183% in conjunction with eccrine
sweat whichalso lowers the pldnd expresseseveral antimicroial peptides (AMPS)
contributes to make the skin relatively inhospitganford etl. 2013) Literature also
reports the pH in the range of 6% (Goering et al. 2012; Lee et al. 2006)

The hypodermis situated below the dersasves as an anchor for the skin. Most of the
adipose tissue iscatedhere, where it functions as energy storage, insulation and protective
padding Nearly 80% of adipose tissue is found in this layer inoloese subjectdiwa et al.
2011; LatCheong et al. 2009)

1.2.2 Microbiome
Having discussd the skin compositioand is function as anechanicaprotective barrierwe

will now examinethe roleofthed i f f er ent mi croorgani sm that ir

how they work in synergy with our innate defences.

Despite being a relativelyostileenvironment thekin is het to a rich and assed

population of microorganism#bout 1@ bacteria resideroevery square inch of our skin,

most in the surface layer of the SC, whereas théa$& borderingo the stratum granulosum
containsscarce quantities dfacteriaThisc ol oni sati on i s | abell ed as
Omi crobiotad, which espachaesalaadsmicooaukaryetesiThese f un g i
microorganisms occupyarious body environments like tieal cavity, skin, and gut while

specializing in their dtinct nichessuitable fora certainocation(Hannigan et al. 2013,

Scharschmidt et al. 2013pne of the important advantages of having the commensal



microbiome is preventing colonization and/or invasion by opportunistic or pathogenic species
(Goering et al. 2012)

1.2.2.1 Homeostasis
Foetal skin is regarded as sterile up until birth, after which colonizatiocursand

continually develops while being affected igdytopographyoccupation, geographical
location gender, age, maturation, environment, and other factors lesfenéually reaching

homeostasi§Zeeuwen et al. 2013)

Upon reaching homeostasis certain microorganisms will be more dominant thanTikers.
four prevalent phyla found in the skin afetinobacteria, Firmicutes, Proteobacteria, and
BacteroidetesWithin these phyla are the three most common bacteria genera, which are:
Staphylococcus, Corynebacterium, and Propionibacterilimeformerbeingin the
Firmicutesphylum, while the two latter are in tietinobacteria Propionibacteriunthrives
and has the greatest presence in sebaceous regions, such as the baCkyyiglgacterium
andStaphylococcusolonizemoist regionssuch as the anpit (Figure 2). All of the areas
were subje@dto interpersonal variety and temporal fluctuaticedghough to a even greater

magnitude inhedrierandmore exposed skin regiof€hen et al. 2013)

Sebaceous sites Actinobacteria
e * Propionibacterium

Occiput
Glabella
Alar crease

® Corynebacterium
= Other Actinobacteria
External auditory canal

Firmicutes
= Staphylococcus
= Other Firmicutes

Retroauricular crease

Nare

Proteobacteria
Manubrium = Bacteroidetes
Back Moist sites Other
Axilla

Antecubital fossa

Umbilicus

Inguinal crease
Volar forearm

Hypothenar palm -

Dry sites
Interdigital web spacc'
Gluteal cleft
Buttock

Popliteal fossa

Plantar heel ——

Toe web space

Figure 2: Microbiome distribution on the skin of a normal human being(Chen et al. 2013with
permission)
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1.2.3 Wounds
A wound may be considered to be a break or

making us more susceptible to environmental harm or pathogens as thers&mhba been
compromisedBroughton et al. 2006yWounds are usually classified @igher acute or

chronic depending on the reparation procAssite wounds generally heta completion,

with minimal scarification, inside the period ofl2 weeks. Acute wounds may be caused by
mechanical, burn, and/or chemical injuries. Most commonha& enechanical injuries such as
abrasions, or penetrating wounds (e.g. gun shot, knives). Chronic wounds h@sewedue

to slow and incomplete healing tissue injuries that exceed the time span ofkE2ande
repeatedly return because of underlying aitits Such as diabetic foot ulcers and pressure
ulcers(Boateng et al. 2008)

1.2.3.1 Healing process
Wound healing is a complex process and is usually divided into four separate fifjases:

coagulation and haemostagi) inflammation,(3) proliferation, and4) the remodelling
phasgVelnar et al. 2009)

The first stage starts immediately after an injury, and is completed in the matter of hours.
Shortly afer this, comes the second stage that is finalized within 24 hours to 7 days after the
incident. Then third and the major repair stage follows, which takes plaeeetks after the
injury. The final stagstarts around 3 weeks after the occurrence andsyfaom anywhere

between months to several yegBsrodtbeck 2001)

Instantly after the occurrence af imjury, the skin tries to minimize the loss of fluid and
blood, as well as flushing potential microorganism out of the wound site. The blood
coagulation happens via the extrinaid intrinsicclotting pathwaywhich causean
accumulation of plateletssalting in vasoconstriction. Theafter fibrin and fibronectin are
engaged and forma clot that acts as a temporary seal dhewound site protecting it from
the invasion of foreign mattestops further bleeding, and aatsa matrix for fibroblast,
neurophil, andkeratinocyte migration in the following phag&haw et al. 2009; Strodtbeck
2001)



Theinflammatory response phase is initiabgddifferent intermediaries at the wound site.
Neutrophils arrive shortly after the injury and are tasked with preventing infection by
containing potential pathogens by phagocytosis for the first couple ohttayshe injury

Other white cells like monocytes, and lymphocytes are also attracted to the site, although
neutrophils are the dominant cell type before slowly dissipating in absence of an infection
(Figure 3). Following this the monocytes differentiate into macrophages and function as the
main phagocytic cell at wound locatidaringthe rest of the healing process, where they will
clear cellula remnants, dead neutrophils, and microorganisms, as well as secrete nitric oxide,
which enhances vasodilation and permeation, and cytokines that initiate injurySkpairet

al. 2009; Strodtbeck 2001)

The proliferation phasd-{gure 3) is where the new skin tissue is forntadt coverghe

injury site. The establishment of new blood vessi®, and connective tissue, respectively
neovascularizatigrre-epithelisationand granulation, is vital for this processthey restore

the skinés barrier function whil eTessilepp!l yi ng

strength begins ttake holdin this stage, but is not fully apparent until tbarth stage.

Neovascudrization or angiogenesis is the restorabbthe capillary network in the avascular
wound cavity, ands induced by lactic acidosis addferent growth factorsSome of which

are thought to be due to a hypoxic environment.

The complete coverage of thund site is referred to asepithelisation, where

keratinocyteare the predominant cell tygémulated by growth factors and chemotaXise
keratinocytes migrate by moving from the border of the wound by elongattbattachment

to a new site untithe movementcanl udes by fAcontract i nhibitio
bordes meet. The other mode of migration is when a certainhesiielocated to 3 cell

lengths, ceases activityand allem not her cell to fclimb overo i
leapfrogging.

The granulation is the closing mechanism of proliferation and repair, where the
fibrin/fibronectin-containing blood clot is replaced by granulation tissue which is mediated by
fibroblasts. This matrix igprimarily composed of collagen, albeit distinctive varieties.
Myofibroblast differentiated fibroblastglso contribute to the granulation process by
contracting the woun(Shaw et al. 2009; Strodtbeck 2001)
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Figure 3 Phases of wound healinga) Phase 1 &; haemostasis and inflammation, b) Phase 3; proliferation, c)

Stage 4; remodellingGurtner et al. 2008)with permission)

Remodelling is the fourth and last wound healing process where the granulation tissue

t hus

mat ur es or scar s,

| eas well regpinirgner8% ofdsi nar y o

original skin tensilestrength(Figure 3). During this procesboththe metabolic activity in the

extra cellular matrixand angiogenesis are steadily diminishing, apoptosis is initiated in

7



keratinocytes, fibroblast, and macrophages, as well as the existenfisetquilibrium
betweerthe dismantling, synthsis, and thickening of collageasultingin a strongeand
functional skin tissue. The pitfall to this strengthening is thatakesthe newskinless
anchored to the underlying scaffold than unaffected $kiadditionto thisepidermal
appendages like hair orifices have difficulty beingestablished in scarified tiss(@haw et
al. 2009; Strodtbéc2001; Velnar et al. 2009)

1.2.3.2 Bacterial contaminations
Bacterial colonization isnesent in all wounds leading to an increasmflammatory

mediators such as free oxygen radicals, cytotoxic enzymes, and metalloproteinases, which
consequently are believéddelay the wound healing by matrix degradatibiartin et al.

2010) However, Some literature argues that regularasoirtation does not contribute to
impaired healing, and that one should differentiealing impairmentvith regards to the
extent of bacterial contaminatiand necessary treatmeatso known as bioburd€B8ingh et

al. 2013) Bacterial bioburdenan be categorized into four distigrbups with increasing
bacterial presencé) contamination 2) colonization 3) critical colonization or4) infection
Group 1)2) do not elicit a host response, even though 2) has replicating bacterial strain,
whereas 1) has not. It is first at 3) critical colonization, the amafupdicteria is hig enough

to causelamage to the resident tissue and may interfere with the wound healing. At 4) the
bacteria have a strong foothold and elicit a host reat3omgh et al. 2013)

The colonizing bacteria in chronic wounds stieam a wide range of locations such as: the
vagina, local skin flora, the oral mucosa, and the extermaronmentMaking the matter

even worse is the genotypic expression of these bacteria making them readily form persistent
communities that are embedded in a extrapolysaccharide r(ia@h), better known as

biofilms, making them less sensitive towardikiotics and innate defencé3avies 2003;

Martin et al. 201Q)About 60% of chronic woursdare afflicted by biofilms, in comparison

only about 6% of acute woundseaffected, and the most common bacterial families found
areStaphylociccaceae, Pseudomonadaceae, Stretococcaceae, Clostridiales Incertae, Sedis Xl

and Enterobacteriacea@ames et al. 2008)



1.2.3.3 Biofilm
As previously mentioned biofilms enfolds the bacteria in a matrix made of polysaccharides,

glycolipids, glycoproteins, proteins, and exethalar DNA matter from the microorganisms.
The film can consist of several or a singular fungal of bacterial species that do not
discriminate upon which surface the film is formed (living or in@X) oole et al. 2000;
Percival et al. 2015; Taraszkiewicz et al. 2013)e biofilms serves as an ideal milieu for the
microbes, permitting avoidance from innatest defences, increased resistance to antibiotic

treatment, as well as increasing cell survival rédeEsmidovaRice et al. 2012)

The formation of a biofilm can arbitrarily be split into three phases: early, intermediate,
mature Figure 4) Thefirst stage involves migration or movement of the planktonic cell
through passive transfer of body fluids or by the use of flagella. Thereafter, the microbes
make contact with a surfae@d develop a single layer of cells, consequently not yet having
activated their reduced susceptibility to antibiotics. The second step involves the formation of
microcolonies, preceded by the irreversible surface binding, and concluded by the polymer
matix being formed and encasing the microbes. The third and the final step of biofilm
formation is the establishment of a mature microbial population. It is during this stage the
microbes might be liberated from their mushresinaped microcolonies, and tragséd to

another subsequently spreading the infecficaraszkiewicz et al. 201.3)

1. Firstcontact —— 2. Attachment —— 3. Maturation ——> 4. Dispersion

Flagella —
v 4 R Autotransporters EPS 7
Adhesin fimbriae

\

R
& b

I/

2

= Motility: flagella = Adhesin fimbriae: = Autotransporters * Unknown
= Surface: type 1 fimbriae, curli, = EPS: PGA, Cellulose,

hydrophobicity, type 4 pili, long polar Colanic acid

rugosity fimbriae, F9 fimbriae = Others: capsule, LPS,
* Media: temperature, = Others: capsule, LPS, QS, other proteins?
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Figure 4 Stages of biofilm formation in a Shigatoxin producing E-coli. Stage 1 is considered to be point 1
and 2 in this illustration. It should be notes that not all factors listed belostehe are applicable for other
bacteria(Vogeleer et al. 2014Wwith permission)



Among the various regulation mechanism of biofilm formation quorum sensing (QS) is the
best revised. The mechanism entails tbiedion, production, and release of chemical
signalling particles as a means of communication between the microbes. Acyl homoserine
lactone (AHLSs), ogliopeptides, and autoindu2gAl-2) are three most common classes of

QS signalling substances, wherea@positive bacteria primarily use ogliopeptides while
Gramnegative bacteria use AHLSs.
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1.3 Photodynamic therapy
Photodynamic therapy (PDT) is an optionkhically recognizedreatment methotbr

several diseases, which includiéferent types of cancer (bladder, skin, colagne,and
infections. The latter being of great interest due to the continuous increase of resistance in
antimicrobial treatment&ieplik & al. 2014) PDT consistsf three main components: a
chemical substance referred to as a photosensitizer (RSipla light source at a certain
wavelength, and oxygeithe light activates the PS, which produces reactive oxygen species
(ROS) thain turn result in a microbicidal effect by cellular damage or cell dgzehbhet et

al. 2008; Taraszkiewr et al. 2013)

1.3.1 Photosensiizers
Several photosensitizers for PDT exist, and they are usually divided into threeigroups

prophyrins, chlorophylls, and dyeBhese distinctive grouping is based on their
accumulations sitd?S are vessels that permit enable the transfer and transdétight into

chemical reactionfAllison et al. 2004)

5 - aminolevulinic acidALA), a hydrophilicpro drug and in the prophyrins familys a
naturally occurring amino acid that convertgptotoporhyrin IX (PpX) in the haem
biosynthesis by a reaction between glycine and suc€oy (Figure 5). Thereaction takes
place in the mitochondria and is catalysed by the enzyme ALA synthase (ALAS), before
reaching the cytosol'he cofactor pyridoxab-phosphate (PLP) is also required for the
reaction to occulWhile in the cytosohumerous reactions take place mostly facilitated by
enzymes leading to the formation of coproporhyrinogen Il (CPIIl). G®then transported
back inside the mitochondria Ipgripheraltype benzodiazepine receptors (PBR), where
coproporhyrinogen oxidase (CPO) serves as a catalgonverting CPIII to
protgpormphyrinogen IX (PROT®X). Fadcontaining protoporphyrinogen oxidase (PPO), a
catalyst, then coverts PROTOIX to PplX;rqhotodynamic therapyarget Ferrochelatase,
an enzyme, completes the biosynthesis pathway by insertifimePplX resulting in the
formation of haenfValenta et al. 2005; Wachowska et al. 2011)
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Figure 5. Overview of the haem biosynthesis pathway showing the different steps and converting enzymes
(Wachowska et al. 201 1)vith permission)

In the haem biosynthesis pathway there arerdtelimiting enzyme ALAS and

ferrochelatase. These contribute to the regulation of PpIX through negative feedback
mechanisms. However when exogenBu8LA is administered, it bypasséisis mechanism
leadingto an accumulation of PpIX. A similphenomeannis observed itancercellsdue to
their lower iron concentrations and decreased ferrochelatasgya€ither factors that may
affectthe siteaccumulation of PplX include lighting conditions, pH, and oxygen accessibility
(Fotinos et al. 2006; Wachowska et al. 2011)
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5-ALA (Figure 6) haschallenging physiochemical propertiesich as low oral bioavailability
poor tissue penetration and Abomogenous PplX distribution after topical application,
order for it to be usedffectively in clinical setting This is due to more than 90% cirhA
being present as a zwitterion under physiological conditibhese challenges have been
combated by creatingare lipophilic 5ALA derivatives, where two of the most promising
are tte esters: methylaminolevulinate (MAL), and hexaminolevulinate (HREgpectively
marketed as Metvix@ctinic keratosis andodular/superficiabasal cell carcinomand
Hexvix®(optical imaging agent for bladder cancer), and both are developed by Photocure
ASA (Fotinos et al. 2006)n addition to this the current market also has FDA approved
Levulan® Kerastick® (actinic keratosis), and EMA approved Ameluz®(actinic keratosis),

and Gliolan®(visualization of malignant glioma tissue during sudgery

O
O NH! CI

OH

Figure 6: Chemical structure of 5ALA. Clearly showing the amine and carboxylic terminal that under
physiological conditions will both be charged.
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1.3.2 Photochemical reactions
After applying light in the correct wavelength range to the PS it reaches a state dfoexcita

capableof reactingwith oxygen. This energy is then transmitted to eitheoibiomolecules
depending on the reaction pathway. Tyy@e 1(Figure 7) reactioninvolveselectron transfer
from the excited state to substrate, such as unsaturated membrane phospholipids, which leads
to waterderived hydroxyl radicaldHO-) or lipid-derived radtals. These two radicals can
combine or react with other biomolecules and oxygen to prode©g Whichcontributes to

formationlipid peroxidationor ROS results in cell death or damage.

Photosensitizer
Type I Jl v Type 11
Photosensitizer™
Substrate 30,
Radicals
302 @ 102
ROS
|—|:> Biomolecule
oxidation
Cell death

Figure 7: Scheme of the two pathways of the photodynamic process both resulting in cell death
(Taraszkiewicz et al. 2013ith permission)

Type 2reactions produce singistate oxygen'(Q;) by energy transfer frof0, to Q. 10z is a
highly reactive species that is able to cause the same cell death or damage by oxidizing cell
biomolecules such as nucleic acid, proteins, and ligiisough both of these reactions

happen at the same time, type 2 is considerdgeasajor contributomwith regards to

antimicrobial photodynamic therapyRBT) (Taraszkiewicz et al. 201.3)
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1.4 NCE
Photocure ASA provided the master student of 2014 with all the information about the new

chemical entity (NCEJjHadafow 2014; Hemmingsen 2015; Thoresen 2014)

NCE is a derivative of BALA, and is expected to act in a similar mannes-A&A and other
5-ALA derivatives It is soluble in water (3.6g/g water), and hdsea amino group that has a
pKa of around 8.3. It is highly unstable in aqueous solutions, and is readily degraded by

hydrolysis.

1.5 Nanoparticles
NanoparticlefNP) or nanotechnology as a concept is believed to have originated by a speech

held by physicist Richard Feynman in 1959. Awareness around nanotechnology likely has
been around for a longer period of tifBaizea et al. 2007; Oberdorster et al. 200@wever
it was first used by Professor Norio Taniguchi in a paper in {@&bster 2007)The field is

still growing and the potential is seemingly vast.

The range of nanopartidés between 11000nm(Buzea et al. 2007; Cornelia et al. 2015)

although someiscrepancy exists with regards to the exact range of what can be viewed of
pertaining to the nanoscale. Some argue that particles inthe skle@f@nm ar e t he Ot
nanoparticles, while others claim that anything submicronic could be consideredfta be

nano size order.

The main purpose of creating NPs is to control the surface properties, particle size, and
release of the active pharmaceutical ingredient as a means to achispesitie action of

the APlat an ideal rate and dose regimianoparticle can be made from various materials
including polysaccharides, synthetic polymers, and proteins. The choice of the material
depends on several factors such as: 1) required size; 2) drug properties e.g. stability and
lipophilicity/hydrophilicity; 3) surface characteristics e.g. permeability and charge; 4)
biocompatibility, biodegradability, and toxicity; 5) desired drug release profile; and 6)
antigenicity of the final produ¢Mohanraj et al2007)
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The three methodkat predominate nanoparticle preparation are:

a) Polymerizatiorof monomers

This method is based upon the polymerization of monomers to form nanopartiales in a
agueous solution. The drug loading is performed by adsorptiorNdtg@fter the polymer is

formed or by dissolving the drug in the medium-podymerization.The NP suspension is

then subjected to purification, andsespended in an isotonic surfactee medium.

Particle size and capsule formation is dependent on stabilizer and surfactant concentration.
Polybutylcyanoacrylate can be prepared by this method.

b) Dispersionof preformed polymers

This method can be performed by eittiez 1) solventevaporation methodr the2) solvent

diffusion methodin thel) solvent evaporation method a polymedissolved in a organic
solventsuch as chloroform or dichloromethane and emulsified in an agueous solution in order
to form an oitin-water emulsionAfter the emulsion has stabilizedntinuous stirring or a

pressure reduction vaporizes the organic solvent. The stabilizer and polymer concentration, as
well as the homogenizer speed affect the particle size. Small particle size may be produced by
ultrasanication or highspeed homogenizatio) TheNPs in the solvent diffusion method are
formed by the interfacial turbulence between a watiscible solvent and a small amount of

water immiscible organic solvent. The size is affected by the concentration whter

miscible solvent, and as the concentration of this solvent increases the patrticle size decreases.
Both methods havieeenfound to be suitable for hydrophilic and hydrophobiegs.

Common polymers used in these methods inchalgactic acid (RA), polyglycolic acid

(PGA), poly lacticco-glycolic acid (PLGA), and polycyanoacrylate (PCA).

c) lonic gelation or coacervation of hydrophilic polymers

This method consists of two aqueous phases, chifoatianic)and polyanion sodium
tripolyphosphatganionic) being mixed togetheand forming nanosized coacervates due to

the electrostatimteractions. lonic gelation on the other hand involves materials transitioning
from liquid to gel at room temperature due to ionic interact{dshanraj et al. 2007)The

formation of coacervates is similar to that of the supodecular seHorganizing

chitosan/lecithin NPs used in this project, which also are formed due to ionic

interactiongSonvico et al2006)

However, other prepatian methods are also possible such as the patrticle replication-in non

wetting templates, and supercritical fluid technol@gyphanraj et al. 2007; Pal et al. 2011)
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1.5.1.1 Nanoparticles as a drug delivery system
Nanoparticles are known to have advantageous controlled release properties, as well as

increasing the stability of proteins and/or drufse benefitsof using NPs as a drug delivery
system include:

1) Manipulationof size and surface characteristics in order to attain active and passive drug
targeting after @ministering the NPs parentall®) controlling and sustaining the drug release
during transpdation and at the delivery site, thus altering drug distribution in the clearance,
which results in increasedfigfacy and reduced side effec8;particledegradation and
controlled release propertiean be altered byatrix choice. The drug load islaévely high,

and effortless (no chemical reaction is respdvhich preserves ehdrug activity4) active
targeting can be attained by ligand attachment axgrnal guidance with a magnBy;

severakoutes of administration can be used such as parenteral, dermal, nasal, or oral.

Although thelisted advantages are quite beneficial, there are however some disadvantages
such particle aggregation, burst release, and a limited drug loading capaciytitisrnall
size(Mohanraj et al. 2007)

The hydrophobic nature of most PDT agents causes them to aggregate in aqueous
environments, leading to interactions that can affect solubility, and radeaésgormation.
Encapsulatinghe PDT agentvould improve these shortcomings, as well as others by
increasing target specificity and photostability, improved biodedpiity, being non
immunogenicas well as protecting the PDT agent frdegradatio(Bechetet al. 2008)
Nevertheless, there are also disadvantages of colloidal drug chkeed#ficulties of scaling

up, limited stability in solution, and the use of organic solvésvico et al. 2006)
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1.5.1.2 Specific characteristics for skin delivery
Local and systemic drug deliveecan be achieved by different measn@heras the skin is

one of the routes that have been used for quite some time. Topical administration of dissimilar
subsances have been present throughhet i mes, but it was first
delivery was an established method by the introduction of transdermal p@EtMesghraby

et al. 2008) The clearest advantagesdermalandtransdermal delivery are circumventing
challenges tharepresent in the gastrointestinal tract, and first pass metabolic effect
(Maghraby et al. 2006 An optimal size for nanocarriers with skin destination is also a
disputable topic, but 20B00nm is acceptabl@iurler et al. 2012)

Any compound applied to the skindavo main crossing passageway® transappendagael
or the transepidermal pathways. Respectively also know as the intercellular or transcellular
pathway(Figure 8). The brickand mortar model of the SC is also clearly observed in the

figure.

Figure 8: Human skin permeation through the intercellular or the transcellular pathwayEl Maghraby et
al. 2008)(with permission).
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