Resin phantoms as skin simulating layers
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Abstract. In order to apply light treatment to skin, thesaiption through the outer layers of
the skin needs to be considered. Darker skin hhgleer concentration of melanin in the
epidermis and absorbs more light than fair skieally the effect of the skin treatment on the
outer layers of the skin should be testedrovitro multi layer skin models. This is not always
feasible. For this work, phantoms were used togetlith skin cancer cells to test the effect of
outer layer absorption on the efficiency of Photwaiyic Therapy (PDT) treatment. Two resin
based solid phantoms were prepared to simulatedifferent skin types. Cells were prepared
and PDT treatment were done on cells with and withbe phantoms, by keeping the total
dose delivered to the cells constant at 4.5 4/@sll viability for the cells with the phantoms

was less than without the phantoms and the diftergrare attributed to more uniform light
distribution, but this needs to be investigatedniore detail. The initial results of the

experiments indicate that solid resin based phasteen be used to optically mimic the effect
of the outer skin layers.

1. Introduction

Lasers as both a research and application tool bese established in numerous fields in the last 50
years. The use of lasers in medical applicatiodsndt stay behind the other fields. As early as4196
the ophthalmological applications of lasers weporeed on [1].

Human skin is a highly scattering medium and théame in the epidermal layer of the skin is a
major absorber of light in the visible and neardanéd wavelengths. The human skin consists of
several layers. In text books on light propagatlmough tissue [2], four layers are specified: tstmra
corneum (SC), epidermis, dermis and hypodermis.

The SC also called the horny layer consists of deelts while the epidermis consists of
melanosomes and melanocytes which produce the melarithe skin that is responsible for skin
colour. Most non-invasive laser treatment or diagicoprocedures need to penetrate the outer skin
layers (SC and epidermis) to reach the treatméat Bhe melanin in the epidermis makes it a highly
absorbing layer.

Melanin is an optically dense material which absorédiation in the visible wavelength range.
Melanin is not a single pigment, but is composed atimber of different chromophores with varying
optical and physical properties [3].

Darker skin has a higher concentration of melanithe epidermis and absorbs more light than
fair skin. Ideally the effect of the skin treatmemt the outer layers of the skin should be testetho
vitro multi layer skin models before treatment. Thieas always feasible.

PDT is a treatment where a photosensiteser (P8jugy is applied to the cancer cells and in the
presence of light, tuned to the absorption wavetend the PS, and the oxygen present in the cells,



singlet and triplet oxygen are formed. The singlad triplet oxygen is considered to be reactive
oxygen species (ROS) that are lethal to the c&le treatment is a localized treatment due to the
short lifetimes of the singlet and triplet oxygePhotosense which is a mixture of sulfonated
aluminium(ll) phthalocyanines, is clinically usedRussia for the treatment of a range of cancgrs [

In this paper the suitability of using solid skimalating phantoms to mimic the effect of the outer
skin layers were investigated by testing the efficaf Photodynamic Therapy (PDT) treatment on
cancer cells with and without the phantoms.

2. Materialsand Methods
In this section the phantom preparation, the coempuiodel used to predict the transmission through
the sample and the cell work will be discussed.

2.1. Skin simulating phantoms
Skin simulating phantoms were prepared accordirtheaecipe of Firbank [5,6]. Scattering particles
(TiO particles) and absorbing particles (CarboncBjawere added to an optically clear resin base
(Akasel) and a hardener (Aka-cure slow, Akaselk Trixture was poured into plastic containers with
a diameter of 30 mm and was allowed to cure at rieonperature under a fume hood for 24 hours.
The cured solid phantoms were cut into three 1 rhioktdiscs (A _1(1)-A_1(lll)) to have a
phantom for each of the 3 wells with cells thatl wi¢ irradiated. The amount of carbon black was
varied while the TiO concentration was kept corist@he ratios (per weight) were 133:0.25:31000
(TiO:carbon-black:resin) for the A 1 samples an®:03%5:31000 for the A_3 samples. Both the
absorption coefficienty,, and reduced scattering coefficiep'g, were measured with the integrating
sphere (IS) system described in [7]

2.2. Computer modelling
Modelling the interaction of laser light with humgésasue is an area of research in many parts of the
world. Accurate modelling allows the researchetets different extremes without the cost of clihica
trials, even though it can never replace the vaod importance of clinical trials. A model was
developed in the ASAP software environment andtett determine the accuracy and validity of the
model. In the model the optical propertigs, u;, refractive index (n=1.4) and the anisotropy
(g=0.79), are described for each layer or mediuntigldt source is specified and 3.1 million photons
are traced, making use of a Monte Carlo processugfn the system. The system is divided into thin
layers (nominally 0.1 mm) for analysis. The numbéphotons absorbed and passing through each
layer is calculated and stored for later analydisre details can be found in [6].

The optical properties of the phantoms were medswith the IS system, the results were used in
the computer model to predict the energy fluencéhatbottom part of the model (light that was
transmitted through the sample). More detail os $hidy ak = 632.8 nm can be found in [8].

2.3. Celltests

For this paper Photoseffsecommercially available and approved photosemsitior some skin
cancers, was obtained from the Chemistry DepartroériRhodes University (courtesy of Prof T
Nyokong). Stock solutions of 1 mg/ml sensitizer waade up in Dulbecco's modified Eagle's
medium, (DMEM) with phenol and sterilized by filtian using a 0.2 um filter.

2.3.1. Cdll culture
Cultures of human squamous cell carcinoma cell (A431 cell-line, obtained from Sigma-Aldrich,
South Africa, Cat # 85090402) were grown in thepseimented culture medium (Dulbecco's modified
Eagle's medium, (DMEM) with L-glutamine and pherexd, supplemented with 10 % heat-inactivated
fetal calf serum (FCS) and 1 % penicillin-streptamymixture, 5K/5K) obtained from Whitehead
Scientific (Pty) Ltd, South Africa, at 37 °C and®CQ..



2.3.2. Cytotoxicity test
The optimal concentration of Photoseéhsad diode laser dose were determined by incubatiag
cells with various concentrations of the photoseresi (10, 20, 40 and 80 pg/ml) for 24 h or
irradiating cells with 676 nm diode laser with ayaw density of 39,1 mW/chand irradiation at 0.5-5
J/ent for 12,8-127.9 s, respectively. The laser usedhwads at the NLC from commercially available
parts. The laser beam from the diode had a reclanghape and was shaped through a lens to a
square and an iris was used to deliver a round eathe cells with an area of 1.2 Tand a total
power of 49.2 mW.

Cells were seeded into 24-well tissue culture platea density of 50 cells/mimer well in 1 ml of
supplemented DMEM with phenol red. Cells were aldwo attach for 48 h before being washed
twice with 2 ml Dulbecco’s phosphate buffered sallDPBS, from Whitehead Scientific (Pty) Ltd,
South Africa,) then photosensitized by the addita@dnculture medium containing 10, 20, 40 and
80 pug/ml Photosen8eControl cells contained medium without Photos&nBéates were incubated at
37 °Cin 5 % CQin the dark for 24 h, the wells were then washeidda with 2 ml DPBS and the
medium replaced with 1 ml of culture medium. Thesl@f sensitizer from cells to medium was not
observed.

Surviving cells were quantified after re-incubatioith culture medium with the use of Trypan
blue dye exclusion viability assay (Sigma-Aldri@guth Africa) after 48 hrs.

2.3.3. Phototoxicity test
The effects of the phantoms were determined bybiating the cells with 10 pg/ml Photosehser
24 hours. Cells were seeded into 6-well tissueuceilplates at a density of 50 cells/fmim 3 ml of
culture medium. Cells were allowed to attach forirs before being washed twice with 2 ml
DPBS, then photosensitized by the addition of caltmedium containing 10 pg/ml Photoséhse
Control wells contained mediumithout Photosenseand 0 J/cn? diode laser irradiation (no laser
irradiation). Positive control wells contained mediwith Photosense and 0 J/cn? diode laser
irradiation. Plates were incubated at 37 °C in £@& in the dark for 24 hours, the wells were then
washed twice with 2 ml DPBS and the culture mediapiaced with 3 ml of DPBS. Wells containing
experimental cells (cells treated with Photos&nseere irradiated either with a 676 nm diode laser
alone or with the diode laser in the presence @ihfims with a power density of 41 mW/cend
irradiation at 4,5 J/cffor 14 min (laser alone) or 32 min in the preseotphantoms, respectively.
The DPBS was then replaced with 3 ml of fresh seippihted culture medium and the preparation
returned to the incubator for further 48 hours.visimg cells were quantified after re-incubatiorthwi
culture medium with the use of Trypan blue dye esidn viability assay after 48 hours.

2.3.4. Changesin cdll viability

Change in morphology and viability of cells (comérand experimental) was assessed using an
inverted microscope. A Trypan blue dye, cell vidpihssay reagent, based on the principle that live
cells possess intact cell membranes that exclyganrblue was used. The dye exclusion test is used
to determine the number of viable cells presem icell suspension. 50ul trypan blue reagent was
added to 50 ul of cell suspension then visuallyv@rad to determine whether cells take up or exclude
the dye. A viable cell will have a clear cytoplaginereas a nonviable cell will have a blue cytoplasm
Cells were counted within 3 to 5 min of mixing seNith trypan blue dye.

3. Resaults
This section is divided into the different sections

3.1. Phantom results

The optical properties of the two different phantsets were measured on the IS system. The results
of the A_1 samples (very low concentration of carldack), could not be used for the computer
model due to the inaccuracies of the results. Thabees falls outside parameters for the IS model.



The values for the A_3 samples are given in Tablilthe phantoms had a diameter of 30 mm and a
thickness of 1 mm.
Table 1: Optical properties of Phantom A 3 Sampigsnto the 1 mm thick discs.

Phantom name/Property Uy (mm') A=676nm)  u, (mm) (A\=676nm)
A_3() 0.15 17.89
A_3(ll) 0.12 14.86
A 3(11) 0.12 15.35

3.2. Computer model predictions

The results in Table 1 were in used in the compnitedel, simulating a single phantom layer A_3.
The fraction of the light that were not absorbedscattered in the back-ward direction (transmitted
light) was compared with the results from the ISam@ements and are tabulated in Table 2. In
previous studies [6,8] we showed that the comparisiween the IS measurement and the computer
model predictions is less than 10%.a632.8 nm. For this study we used a wavelengttv6frén (the
absorption wavelength of the Photosése

Table 2: Comparison between IS and computer madeht light reflected back from the sample (R)
and the light transmitted through the sample (T).

Phantom R(IS) T(IS) R(model) T(model) %errorinR %errorinT
A_3(I) 0.39 0.29 42.79 21.37 11.04 25.36
A_3(11) 0.38 0.33 41.88 26.12 9.05 21.65
A_3(IlN 0.39 0.33 42.19 25.45 9.14 21.78

Due to the inaccuracies in the IS model and thesetoe prediction values, the actual transmitted
values through the phantoms (all 6) were measunddiaed to calculate the increased treatment time
of the cells to ensure the cells with the phantamd those without the phantoms receive the same
total dose during the PDT treatment.

3.3. Cell tests

3.3.1. Cytotoxicity tests
Cytotoxicity of PhotosenSe as measured by quantifying surviving cells uding trypan blue dye
exclusion reagent viability assay 48 hours after d@pplied treatment, was found to be significant.
Cytotoxicity tests showed that at 80 pg/ml Photegennly 27% of the cells survived, however, with
10 and 20 pg/ml more than 60 % of cells survivegyufe 1). The higher the concentration of
Photosensg the higher is the loss of cell viability of SC€lls.

Upon irradiation with diode laser at 676 nm, ceilbility of cells increased in a dose dependant
manner, accelerated levels of cell growth were wlesewith light dose at 5 J/éntaser irradiation.
The results are in support of previously reportath{f] that laser irradiation at certain fluences and
wavelengths can enhance the release of growthr&fiom cells and stimulate cell proliferatiom
vitro. As another control to prove that the phantomsiaiohave any adverse effect on the cells, cells
were incubated with phantoms for a maximum perib@8 bours to evaluate any loss of cell viability
with phantoms and no effect on cell viability wdsserved.

3.3.2. Photodynamic effect
Phototdynamic therapy (PDT) is an established cariceatment modality that involves the
combination of visible light and a photosensitizBach factor is harmless by itself, but when
combined, in the presence of oxygen, can produballeytotoxic agents that can destroy tumour cells
[10]. The combination of 10 pg/ml Photosense® Wit J/cri diode laser at 676 nm, was phototoxic
to the SCC cells. Upon irradiation of cells witlséa only or in the presence of phantoms, a more



significant decrease in cell viability was observ&@ability studies have shown that phantom do
mimic the outer skin layer, hence it takes longeirtadiate cells in the presence of phantoms to
achieve phototoxic effect as obtained with lasdy.on
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Figure 3. Photodynamic effect. Untreated SCC cells (withBabtosenseand un-irradiated, Control 1)
were compared with those treated with 10 pg/ml le6tBsense and irradiated with 4,5 J/émFurther
control: SCC cells un-irradiated but treated withdg/ml Photosen&gControl 2).

4. Discussion and conclusions
In this work, the suitability of solid phantoms asreplacement for the outer skin layers was
investigated. The phantoms were measured with ay$&m to obtain the optical properties. These



properties can be used in a computer model to greéke fluence that is transmitted through the
model. Even thought the IS model is not as accuastene would desire, it can already be used for
predictions, but needs to be refined to allow fatadwvith very low absorption coefficients.

The cell work proved that the phantoms do not reaweadverse effect on the cells in the absence
of any treatment parameters. Similar results ataiodd when the phantom is placed on the cells to
mimic the skin layers and the treatment times ajaséed to allow for the same dose of treatment.
This is the first experiment to the authors’ knadge where such a system is used to mimic human
skin. The experimental procedures will still hawebe refined for more conclusive results.
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