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Abstract 

 

Chronic skin wounds are an exponentially increasing problem on a world basis, 

and are often hard to treat due to bacterial biofilm formation and resistance to 

different antibiotic treatments. Antimicrobial photodynamic therapy (aDPT) 

shows promise in resolving this issue, 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 nanoparticles as 

well as NCE as a free drug was evaluated for potential cytotoxic effects by an in 

vitro  MTT assay performed on HaCaT cells. The nanoparticles were varying in 

mean size (173.9±69.2 to 486.3±197.9) and zeta potential (16.5±1.67 to 

66.3±1.15); depending on the chitosan/lecithin ratio, and the entrapment was 

between 42.1±0.3 to 84.4±0.2 %. To evaluate the cytotoxic effect different solutions 

of free NCE (50 to 500 mg/mL) and NCE in the nanoparticles (103.1 to 824.8 ɛg/mL) 

were tested. The results found non-significant decreases in cell viability for the lower 

concentrations, as well as significant increases in 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 toxicity assessment 

can be made. 

 

 

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

delivery system; nanoparticles 
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Sammendrag 

 

Kroniske hudsår er et økende problem på verdens basis, og er ofte vanskelige å 

behandle grunnet bakterienes biofilmdannelse og dermed økt resistens mot 

ulike antibiotika behandlingsregimer. Antimikrobiell fotodynamisk terapi har 

vist å være en lovende legemiddelkandidat mot antibiotikaresistens, men det fins 

foreløpig ingen etablerte kliniske behandlinger slik i de andre anvendte felte av 

fotodynamisk terapi. 

 

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

løst i et medium for å utforske de potensielle cytotoksisk effekten som kan bli 

utøvd. Dette ble gjort via et in vitro MTT forsøk på HaCaT celler. Nanopartiklene 

varierte i gjennomsnittsstørrelse (173.9±69.2 to 486.3±197.9) og zetapotensial  

(16.5±1.67 to 66.3±1.15) avhengig av kitosan/lecitin forholdet. Inkorporeringen av 

NCE var på 42.9 to 84.4%. Resultatene viste ikke-signifikante reduksjoner av 

celleoverlevelse for de lavere NCE konsentrasjonene, mens det samtidig også viste 

signifikante økninger i celleoverlevelse ved de høyere konsentrasjonene. Til tross for 

at NCE viste lovende resultater i henhold til celleoverlevelse med lite til ingen 

toksisitet, må videre testing utføres før man kan komme med et konklusivt utsagn 

vedrørende toksisiteten.  

 

 

Nøkkelord: MTT assay; HaCaT celler; fotodynamisk terapi; kroniske hudsår; drug 

delivery systemer; nanopartikler 

 

 



  1 

1 Introduction  

1.1  Wound care costs to society 
In the US alone chronic wounds affect an flabbergasting 6.5 million patients, and amasses the 

annual treatment costs to an excess of US$25 billion (Sen et al. 2009). And with a high, as 

well as increasing, prevalence of lifestyle diseases, we can expect a rise in this patient 

population.  

 

1.2 The skin 
The skin, our bodyôs largest organ is a mechanical barrier and our first line defence against 

the environment. This is mostly due to the relatively impermeable epidermis, as permeability 

through the dermis is quite good. Something exhibited in patients with impaired skin; such as 

burn victims or chronic skin wound sufferers. The skin consists of three main layers: the outer 

epidermis, the inner dermis, and the innermost hypodermis - here called the subcutaneous 

tissue. These three layers can further be divided into several sub-layers (Figure 1) (Sherwood 

2012; Venus et al. 2010). 

 

Figure 1: Cross-sectional diagram of human skin (Williams 2003) (requested permission). 
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1.2.1 Layering and functions 

1.2.1.1 Epidermis 

The epidermis is primarily comprised of keratinocytes and can be divided into four layers 

from the most outer to inner: stratum corneum (SC), stratum granulosum, stratum spinosum, 

and stratum basale. Respectively called the horny layer, the granular layer, the spinous layer, 

and the basal layer (Venus et al. 2010). Some may also include the stratum lucidum which 

places between the SC and the granular layer (El Maghraby et al. 2008). Literature may 

sometimes differentiates between the epidermis, and the viable epidermis excludes the SC 

resulting in a thickness of 50-100 ɛm (Bouwstra et al. 2006).  

 

The SC is 10-20 ɛm thick and varies depending on the body localisation and the amount of 

ñwear and tearò, or cell abrasion (Hwa et al. 2011). It consists of keratinocytes that have been 

ñshovedò from the granular cell layer by new forming cells. These displaced cells in the SC 

are now called corneocytes due to their loss of cytoplasmic organelles and nuclei, which 

cause them to have a flattened appearance as they only retain keratin and water before 

forming a strong and interconnected covering. Among other things this layer serves as a 

protection against microbes, chemicals, and loss of body water. Since the epidermis has no 

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

diffusion through the dermis (Bouwstra et al. 2006; Sherwood 2012). The SC is also known to 

be the rate-limiting step in transdermal permeation of most molecules (El Maghraby et al. 

2008). 

 

The granular layerôs function is mainly cell adhesion, cytokine production via keratinocytes, 

production of vitamin D, and keratin production. While basal cell layer is relatively thin, 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 Dermis and hypodermis 

The dermis is a connective tissue layer at about 3000-5000 ɛm thick. It consists of elastin and 

collagen fibers embedded in an aqueous gel containing salts and glycosaminoglycan. The 

dermis also contains copious amounts of capillary vessels and specialized nerve endings, as 

well as lymphatic vessels (El Maghraby et al. 2008; Sherwood 2012).  

 

The elastin makes the skin elastic and flexible, whereas collagen gives it tensile strength. The 

blood vessels play two important bodily roles: nutrient supply, as discussed earlier, and 
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temperature control by the means of heat exchange. The peripheral nerve endings can be split 

into two groups: the efferent and afferent. The efferent ones detect pain (nociceptors), 

temperature, pressure (Pacinian corpuscle, Ruffini endings), and other somatosensory input 

(hair receptor, Merkelôs disc, Meissnerôs corpuscle)(Hoffmann et al. 2004; Sherwood 2012). 

 

Hair follicles, sebaceous glands, and apocrine and eccrine (primarily for thermoregulation) 

sweat glands are the different appendages originating in the dermis (Cui et al. 2015). Hair 

follicles, which account for 0.1% of the entire skin surface, have sebaceous glands attached to 

their shaft that secrets sebum which lubricates and helps the skin maintain a pH 4.5-5.5. 

Sebum consists of triglycerides, free fatty acids, wax esters, squalene, and sterols (Benson et 

al. 2012; Otberg et al. 2004; Scharschmidt et al. 2013). This in conjunction with eccrine 

sweat, which also lowers the pH and expresses several antimicrobial peptides (AMPs), 

contributes to make the skin relatively inhospitable (Sanford et al. 2013). Literature also 

reports the pH in the range of 4.5-5.5 (Goering et al. 2012; Lee et al. 2006). 

 

The hypodermis situated below the dermis serves as an anchor for the skin. Most of the 

adipose tissue is located here, where it functions as energy storage, insulation and protective 

padding. Nearly 80% of adipose tissue is found in this layer in non-obese subjects (Hwa et al. 

2011; Lai-Cheong et al. 2009). 

 

1.2.2 Microbiome 

Having discussed the skin composition and its function as a mechanical protective barrier, we 

will now examine the role of the different microorganism that inhabit the skinôs surface and 

how they work in synergy with our innate defences. 

 

Despite being a relatively hostile environment the skin is host to a rich and assorted 

population of microorganisms. About 106 bacteria reside on every square inch of our skin, 

most in the surface layer of the SC, whereas the SC layer bordering to the stratum granulosum 

contains scarce quantities of bacteria. This colonisation is labelled as the skin ómicrobiomeô or 

ómicrobiotaô, which includes bacteria, fungi, viruses, archaea and microeukaryotes. These 

microorganisms occupy various body environments like the oral cavity, skin, and gut while 

specializing in their distinct niches suitable for a certain location(Hannigan et al. 2013; 

Scharschmidt et al. 2013). One of the important advantages of having the commensal 
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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 colonization occurs and 

continually develops while being affected by body topography, occupation, geographical 

location, gender, age, maturation, environment, and other factors before eventually reaching 

homeostasis (Zeeuwen et al. 2013). 

 

Upon reaching homeostasis certain microorganisms will be more dominant than others. The 

four prevalent phyla found in the skin are: Actinobacteria, Firmicutes, Proteobacteria, and 

Bacteroidetes. Within these phyla are the three most common bacteria genera, which are: 

Staphylococcus, Corynebacterium, and Propionibacterium. The former being in the 

Firmicutes phylum, while the two latter are in the Actinobacteria. Propionibacterium thrives 

and has the greatest presence in sebaceous regions, such as the back, while Corynebacterium 

and Staphylococcus colonize moist regions, such as the armpit (Figure 2). All of the areas 

were subjected to interpersonal variety and temporal fluctuations, although to a even greater 

magnitude in the drier and more exposed skin regions (Chen et al. 2013). 

 

Figure 2: Microbiome distribution on the skin of a normal human being (Chen et al. 2013) (with 

permission). 
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1.2.3 Wounds 

A wound may be considered to be a break or a flaw to the skinôs normal integrity, thus 

making us more susceptible to environmental harm or pathogens as the skin barrier has been 

compromised (Broughton et al. 2006). Wounds are usually classified as either acute or 

chronic depending on the reparation process. Acute wounds generally heal to completion, 

with minimal scarification, inside the period of 8-12 weeks. Acute wounds may be caused by 

mechanical, burn, and/or chemical injuries. Most common are the mechanical injuries such as 

abrasions, or penetrating wounds (e.g. gun shot, knives). Chronic wounds however, occur due 

to slow and incomplete healing tissue injuries that exceed the time span of 12 weeks and 

repeatedly return because of underlying ailments. 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 phases: (1) 

coagulation and haemostasis, (2) inflammation, (3) proliferation, and (4) the remodelling 

phase (Velnar et al. 2009).  

 

The first stage starts immediately after an injury, and is completed in the matter of hours. 

Shortly after 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 place 1-3 weeks after the 

injury. The final stage starts around 3 weeks after the occurrence and varies from anywhere 

between months to several years (Strodtbeck 2001). 

 

Instantly after the occurrence of an injury, 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 extrinsic and intrinsic clotting pathway, which causes an 

accumulation of platelets resulting in vasoconstriction. Thereafter fibrin and fibronectin are 

engaged and form a clot that acts as a temporary seal over the wound site protecting it from 

the invasion of foreign matter, stops further bleeding, and acts as a matrix for fibroblast, 

neutrophil, and keratinocyte migration in the following phases (Shaw et al. 2009; Strodtbeck 

2001). 
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The inflammatory response phase is initiated by different 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 of days after the 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 location during the rest of the healing process, where they will 

clear cellular remnants, dead neutrophils, and microorganisms, as well as secrete nitric oxide, 

which enhances vasodilation and permeation, and cytokines that initiate injury repair(Shaw et 

al. 2009; Strodtbeck 2001). 

 

The proliferation phase (Figure 3) is where the new skin tissue is formed that covers the 

injury site. The establishment of new blood vessels, skin, and connective tissue, respectively 

neovascularization, re-epithelisation, and granulation, is vital for this process as they restore 

the skinôs barrier function while supplying it with essential nutrients and oxygen. Tensile 

strength begins to take hold in this stage, but is not fully apparent until the fourth stage. 

 

Neovascularization or angiogenesis is the restoration of the capillary network in the avascular 

wound cavity, and is induced by lactic acidosis and different growth factors. Some of which 

are thought to be due to a hypoxic environment. 

 

The complete coverage of the wound site is referred to as re-epithelisation, where 

keratinocyte are the predominant cell type stimulated by growth factors and chemotaxis. The 

keratinocytes migrate by moving from the border of the wound by elongation and attachment 

to a new site until the movement concludes by ñcontract inhibitionò which is when the two 

borders meet. The other mode of migration is when a certain cell has relocated 2 to 3 cell 

lengths, ceases activity and allows another cell to ñclimb overò it, a term referred to as 

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 is primarily composed of collagen, albeit distinctive varieties. 

Myofibroblast, differentiated fibroblasts, also contribute to the granulation process by 

contracting the wound (Shaw et al. 2009; Strodtbeck 2001). 
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Figure 3 Phases of wound healing: a) Phase 1 & 2; haemostasis and inflammation, b) Phase 3; proliferation, c) 

Stage 4; remodelling (Gurtner et al. 2008) (with permission). 

 

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

matures or scars, thus leaving an ñordinaryò skin appearance as well regaining over 80% of its 

original skin tensile strength (Figure 3). During this process both the metabolic activity in the 

extra cellular matrix, and angiogenesis are steadily diminishing, apoptosis is initiated in 
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keratinocytes, fibroblast, and macrophages, as well as the existence of a fine equilibrium 

between the dismantling, synthesis, and thickening of collagen resulting in a stronger and 

functional skin tissue. The pitfall to this strengthening is that it makes the new skin less 

anchored to the underlying scaffold than unaffected skin. In addition to this epidermal 

appendages like hair orifices have difficulty being re-established in scarified tissue (Shaw et 

al. 2009; Strodtbeck 2001; Velnar et al. 2009). 

 

1.2.3.2 Bacterial contaminations 

Bacterial colonization is present in all wounds leading to an increase in inflammatory 

mediators such as free oxygen radicals, cytotoxic enzymes, and metalloproteinases, which 

consequently are believed to delay the wound healing by matrix degradation (Martin et al. 

2010). However, Some literature argues that regular contamination does not contribute to 

impaired healing, and that one should differentiate healing impairment with regards to the 

extent of bacterial contamination and necessary treatment, also known as bioburden (Singh et 

al. 2013). Bacterial bioburden can be categorized into four distinct groups with increasing 

bacterial presence: 1) contamination, 2) colonization, 3) critical colonization, or 4) 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 amount of bacteria is high enough 

to cause damage to the resident tissue and may interfere with the wound healing. At 4) the 

bacteria have a strong foothold and elicit a host reaction (Singh et al. 2013). 

 

The colonizing bacteria in chronic wounds stem from a wide range of locations such as: the 

vagina, local skin flora, the oral mucosa, and the external environment. Making the matter 

even worse is the genotypic expression of these bacteria making them readily form persistent 

communities that are embedded in a extrapolysaccharide matrix (EPM), better known as 

biofilms, making them less sensitive toward antibiotics and innate defences (Davies 2003; 

Martin et al. 2010). About 60% of chronic wounds are afflicted by biofilms, in comparison 

only about 6% of acute wounds are affected, and the most common bacterial families found 

are Staphylociccaceae, Pseudomonadaceae, Stretococcaceae, Clostridiales Incertae Sedis XI, 

and Enterobacteriaceae (James et al. 2008). 
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1.2.3.3  Biofilm 

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

glycolipids, glycoproteins, proteins, and extracellular 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 inert) (O'Toole et al. 2000; 

Percival et al. 2015; Taraszkiewicz et al. 2013). The biofilms serves as an ideal milieu for the 

microbes, permitting avoidance from innate host defences, increased resistance to antibiotic 

treatment, as well as increasing cell survival rates (Demidova-Rice et al. 2012). 

 

The formation of a biofilm can arbitrarily be split into three phases: early, intermediate, 

mature (Figure 4) The first 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 surface and 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 

matrix 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 mushroom-shaped microcolonies, and transferred to 

another subsequently spreading the infection (Taraszkiewicz et al. 2013). 

 

 

 

Figure 4 Stages of biofilm formation in a Shiga-toxin 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 below the steps are applicable for other 

bacteria (Vogeleer et al. 2014) (with permission). 
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Among the various regulation mechanism of biofilm formation quorum sensing (QS) is the 

best revised. The mechanism entails the detection, production, and release of chemical 

signalling particles as a means of communication between the microbes. Acyl homoserine 

lactone (AHLs), ogliopeptides, and autoinducer-2 (AI-2) are three most common classes of 

QS signalling substances, where Gram-positive bacteria primarily use ogliopeptides while 

Gram-negative bacteria use AHLs. 

 

 

  



  11 

 

1.3 Photodynamic therapy 
Photodynamic therapy (PDT) is an optional clinically recognized treatment method for 

several diseases, which include different types of cancer (bladder, skin, colon), acne, and 

infections. The latter being of great interest due to the continuous increase of resistance in 

antimicrobial treatments (Cieplik et al. 2014). PDT consists of three main components: a 

chemical substance referred to as a photosensitizer (PS), a visible light source at a certain 

wavelength, and oxygen. The light activates the PS, which produces reactive oxygen species 

(ROS) that in turn result in a microbicidal effect by cellular damage or cell death (Bechet et 

al. 2008; Taraszkiewicz et al. 2013). 

 

1.3.1 Photosensitizers 

Several photosensitizers for PDT exist, and they are usually divided into three groups ï 

prophyrins, chlorophylls, and dyes. These distinctive grouping is based on their 

accumulations site. PS are vessels that permit enable the transfer and translation of light into 

chemical reactions (Allison et al. 2004). 

 

5 - aminolevulinic acid (ALA), a hydrophilic pro drug and in the prophyrins family, is a 

naturally occurring amino acid that converts to protoporhyrin IX (PpIX) in the haem 

biosynthesis by a reaction between glycine and succinyl-CoA (Figure 5). The reaction takes 

place in the mitochondria and is catalysed by the enzyme ALA synthase (ALAS), before 

reaching the cytosol. The cofactor pyridoxal-5-phosphate (PLP) is also required for the 

reaction to occur. While in the cytosol numerous reactions take place mostly facilitated by 

enzymes leading to the formation of coproporhyrinogen III (CPIII). CPIII is then transported 

back inside the mitochondria by peripheral-type benzodiazepine receptors (PBR), where 

coproporhyrinogen oxidase (CPO) serves as a catalyst in converting CPIII to 

protoporphyrinogen IX (PROTOIX). Fad-containing protoporphyrinogen oxidase (PPO), a 

catalyst, then coverts PROTOIX to PpIX; our photodynamic therapy target. Ferrochelatase, 

an enzyme, completes the biosynthesis pathway by inserting Fe2+ into PpIX resulting in the 

formation of haem (Valenta 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. 2011) (with permission). 

 

 

In the haem biosynthesis pathway there are two rate-limiting enzyme: ALAS and 

ferrochelatase. These contribute to the regulation of PpIX through negative feedback 

mechanisms. However when exogenous 5- ALA is administered, it bypasses this mechanism 

leading to an accumulation of PpIX. A similar phenomenon is observed in cancer cells due to 

their lower iron concentrations and decreased ferrochelatase activity. Other factors that may 

affect the site accumulation of PpIX include lighting conditions, pH, and oxygen accessibility 

(Fotinos et al. 2006; Wachowska et al. 2011). 
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5-ALA (Figure 6) has challenging physiochemical properties such as low oral bioavailability, 

poor tissue penetration and non-homogenous PpIX distribution after topical application, in 

order for it to be used effectively in clinical settings. This is due to more than 90% of 5-ALA 

being present as a zwitterion under physiological conditions. These challenges have been 

combated by creating more lipophilic 5-ALA derivatives, where two of the most promising 

are the esters: methylaminolevulinate (MAL), and hexaminolevulinate (HAL). Respectively 

marketed as Metvix®(actinic keratosis and nodular/superficial basal cell carcinoma) and 

Hexvix®(optical imaging agent for bladder cancer), and both are developed by Photocure 

ASA (Fotinos et al. 2006). In 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 surgery). 

 

 

Figure 6: Chemical structure of 5-ALA. 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 of excitation 

capable of reacting with oxygen. This energy is then transmitted to either O2 or biomolecules 

depending on the reaction pathway. The type 1 (Figure 7) reaction involves electron transfer 

from the excited state to substrate, such as unsaturated membrane phospholipids, which leads 

to water-derived hydroxyl radicals (HO·) or lipid-derived radicals. These two radicals can 

combine or react with other biomolecules and oxygen to produce H2O2, which contributes to 

formation lipid peroxidation or ROS results in cell death or damage. 

 

 

Figure 7: Scheme of the two pathways of the photodynamic process both resulting in cell death 

(Taraszkiewicz et al. 2013) (with permission). 

 

Type 2 reactions produce singlet-state oxygen (1O2) by energy transfer from 3O2 to O2. 
1O2 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 lipids. Although both of these reactions 

happen at the same time, type 2 is considered as the major contributor with regards to 

antimicrobial photodynamic therapy (aPDT) (Taraszkiewicz et al. 2013). 
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1.4 NCE 
Photocure ASA provided the master student of 2014 with all the information about the new 

chemical entity (NCE) (Hadafow 2014; Hemmingsen 2015; Thoresen 2014). 

 

NCE is a derivative of 5-ALA , and is expected to act in a similar manner as 5-ALA and other 

5-ALA derivatives. It is soluble in water (3.6g/g water), and has a free 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 
Nanoparticles (NP) 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 time (Buzea et al. 2007; Oberdörster et al. 2007), however 

it was first used by Professor Norio Taniguchi in a paper in 1974 (Webster 2007). The field is 

still growing and the potential is seemingly vast. 

 

The range of nanoparticles is between 1-1000nm (Buzea et al. 2007; Cornelia et al. 2015), 

although some discrepancy exists with regards to the exact range of what can be viewed of 

pertaining to the nanoscale. Some argue that particles in the size of 1-100nm are the ótrueô 

nanoparticles, while others claim that anything submicronic could be considered to be of a 

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 achieve site-specific action of 

the API at an ideal rate and dose regimen. Nanoparticles 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 product (Mohanraj et al. 2007).  
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The three methods that predominate nanoparticle preparation are:  

 

a) Polymerization of monomers: 

This method is based upon the polymerization of monomers to form nanoparticles in an 

aqueous solution. The drug loading is performed by adsorption onto NPs after the polymer is 

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

then subjected to purification, and re-suspended in an isotonic surfactant free medium. 

Particle size and capsule formation is dependent on stabilizer and surfactant concentration. 

Polybutylcyanoacrylate can be prepared by this method. 

 b) Dispersion of preformed polymers: 

This method can be performed by either the 1) solvent evaporation method or the 2) solvent 

diffusion method. In the 1) solvent evaporation method a polymer is dissolved in an organic 

solvent such as chloroform or dichloromethane and emulsified in an aqueous solution in order 

to form an oil-in-water emulsion. After the emulsion has stabilized continuous 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 

ultrasonication or high-speed homogenization. 2) The NPs in the solvent diffusion method are 

formed by the interfacial turbulence between a water-miscible solvent and a small amount of 

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

miscible solvent, and as the concentration of this solvent increases the particle size decreases. 

Both methods have been found to be suitable for hydrophilic and hydrophobic drugs. 

Common polymers used in these methods include polylactic acid (PLA), polyglycolic acid 

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

c) Ionic gelation or coacervation of hydrophilic polymers: 

This method consists of two aqueous phases, chitosan (cationic) and polyanion sodium 

tripolyphosphate (anionic), being mixed together and forming nanosized coacervates due to 

the electrostatic interactions. Ionic gelation on the other hand involves materials transitioning 

from liquid to gel at room temperature due to ionic interactions (Mohanraj et al. 2007). The 

formation of coacervates is similar to that of the supra-molecular self-organizing 

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

interactions(Sonvico et al. 2006). 

 

However, other preparation methods are also possible such as the particle replication in non-

wetting templates, and supercritical fluid technology (Mohanraj 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 drugs. The benefits of using NPs as a drug delivery 

system include:  

1) Manipulation of size and surface characteristics in order to attain active and passive drug 

targeting after administering the NPs parentally; 2) controlling and sustaining the drug release 

during transportation and at the delivery site, thus altering drug distribution in the clearance, 

which results in increased efficacy and reduced side effects; 3) particle degradation and 

controlled release properties can be altered by matrix choice. The drug load is relatively high, 

and effortless (no chemical reaction is needed) which preserves the drug activity; 4) active 

targeting can be attained by ligand attachment or by external guidance with a magnet; 5) 

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

 

Although the listed advantages are quite beneficial, there are however some disadvantages 

such particle aggregation, burst release, and a limited drug loading capacity due to the small 

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 radical species formation. 

Encapsulating the PDT agent would improve these shortcomings, as well as others by 

increasing target specificity and photostability, improved biodegradability, being non-

immunogenic, as well as protecting the PDT agent from degradation(Bechet et al. 2008). 

Nevertheless, there are also disadvantages of colloidal drug carriers like difficulties of scaling 

up, limited stability in solution, and the use of organic solvents (Sonvico et al. 2006). 
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1.5.1.2 Specific characteristics for skin delivery 

Local and systemic drug delivery can be achieved by different measures, whereas the skin is 

one of the routes that have been used for quite some time. Topical administration of dissimilar 

substances have been present throughout the times, but it was first in the 1970ôs that systemic 

delivery was an established method by the introduction of transdermal patches (El Maghraby 

et al. 2008). The clearest advantages to dermal and transdermal delivery are circumventing 

challenges that are present 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 200-300nm is acceptable (Hurler et al. 2012). 

 

Any compound applied to the skin has two main crossing passageways: the transappendagael 

or the transepidermal pathways. Respectively also know as the intercellular or transcellular 

pathway (Figure 8). The brick and mortar model of the SC is also clearly observed in the 

figure. 

 

 

Figure 8: Human skin permeation through the intercellular or the transcellular pathway(El Maghraby et 

al. 2008) (with permission). 

 

 


