ABSTRACT

KOO, HEEKWANG. Effectiveness of Dyes &kin Biopsy Markes. (Under thedirectionof
Dr. Renzo Shamey).

In order toprevent the risk of wrongite surgery that might arise from the full
healing of the biopsy siteglectedlyes were tested astentialbiopsy markes considering
two important aspectsisibility and safety. The dye injection tesweredone omalive pig
using intradermal injection. For the experiment, ii@&C and WHO approved dyes
(FD&C Blue 1, Methylene Blue, Riboflavifp;Caroteneand Fluorescein) were chosen for
injection into pig skin and data were collectagr athreemonth period

The visibilty and durabilityof dyes were analyzagsingvisual photographicand
spectrophotometricolor analysisRiboflavin,b-Carotengand Fluorescein were not easily
visible everone week aftethe injection while FD&C Blue 1 and Methylene Blieamained
visible on the skin surfader at least one month.

The quantitative color assessmeiats donausing a spectrophotometer. The color of
dye sites was measuratfour intervals i.e.one week, one month, two months and three
months after the injectioa

Themeasurements agreedth visual color assessmenMethylene Blue and FD&C
Blue 1showedsignificant colordifference valugswhichremainechigh up to the second
monthafter injectionsRiboflavin,b-Caroteneand Fluoresceiaxhibitedsignificant cdor
difference values onlgneweek after the injection, and tdéferencesvereperceptibleonly
up to the first month. The ressiihdicatethat FD&C Blue 1 and Methylene Blue were absent
from the site two monthafterthe injection and that Riboflavif;Caroteneand Fluorescein

were absent from the sites one moaifterthe injection.



The histologicabhnalysis of biopsy tissuegas used t@xaminethe presence of dyes
and morphology changes to tiiarked sitesThe only dyeobserved vidistologyof biopsy
samplesduring the three months experiment was Methylene Blue dye. Sparse inflammation,
lymphocyteinfiltration, and presence @osinophilsvere recorded, suggesting possible
immune response within the skin.

Dye loss was speculated to occur eitinem immune response to the foreign
materials omigrationinto different parts of the body. Foreigmatter in this case dyes
would initiateaninflammatory reaction that woulthusemacrophages tengagen a manner
similar to whentattoo inks aredepositednto the dermis layer. The difference between tattoo
pigmens and dysis that their size difference enables siieebe completely engulfed by
macrophages.

In the case of dye migrationaeh dye had different partition coefficient values,
represatedby log Pvalues Dyes with positive log P valueb-Caroteneand Fluorescein)
are lipophilic andcould havemigratedinto the oily parts of the body such as sebaceous
glands and lipid layers. On the other hands, dyes with negative log P values (RD&C B
Methylene Blue and Riboflavin) hawehydrophilic natureand ould havemigratedto high
water content pastof the body such as blood vessels.

Results indicate thatlahe dyes weralisappeareffom theinjectionsites within a
two-month periodbut their loss rate differed according to their different affinity to the amino
acids of the proteim the dermis layerAccording to their chemical structurbkethylene
Blue and FD&C Blue 1 were expected to develop ionic bavith amino acids of protas
while Riboflavin,b-Caroteneand Fluorescein were expected to form secondary interactions

such as hydrogen bosend van der Waals interact®mbyesthat could bondavith ionic



bonds exhibited longeturability in injected sitegompared talyes bondethrough
secondary interactions. Dyes with weaker bonds were more likelysepaeatecnd

removedby macrophage anovedto other parts of the body.
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CHAPTER 1. Literature Review

1.1.Wrong-site Surgery in Dermatology

According to Makary and Daniel, the third largest causes of death in the US is
medical errorafterheart disease and can¢g}. Unlike deaths caused by diseases or
bacteria, medical error related tlemare primarily from human errors which are also
considered as avoidable errdrsss from avoidable errors ressiih costly outcome for
medical personnel and upsettiexxperience$or patientsAmong many medical errors,
wrongsite surgery is definedsaone of thenost significantauss of sentinel events by the
Joint Commission and fimajor patient safety I
Dermatology|[2, 3].

Of mary medical fields, dermatology is an important sector that requires care to
prevent or minimize wrongite surgery issues. Wrossite surgeryposesa high risk in that it
could |l ead to high risks on pati ermhysiccansheal t h
and surgeon® study shovwedthat of all the medical litigati@Mohs surgeos havebeen
through, wronegite surgery accounted for 14%atifthe case$4]. Mohs surgery is an
effective method to treat skin canance it allowssurgeongo view the surgery site while
removing theissue from affectedites on skin. With the higher accuratiyring the
treatment, Mohs surgery has higtcure rate and patients could keepertealthy tissue
than other treatmentBespite its importance, dermatologists do not yet haamnaented
method for biopsy site identificatiodVrong site surgery in dermatology is caused mainly
from incorrect identification of surgical sites. Thype ofmistake is not uncommamd in
absence a$ite identification methodshysicians and patienése reported to have

misidentified the biopsy sis about.4% of thecaseswhich isavery significantfigure for



both dermatologists and patieff. Intwo surveys, dermatologistendicated thatvrong
site surgeryvas the mosseveremedical erros [6, 7].

Identifying biopsy sites is a great concern for dermatologists especially thee to
large number ofionmelanoma skin canceases Statistics have shown that more than 4.3
million patients in the US get nonmelanoma skin catreatment each yef8]. When
patients encountesuspicias skin cancer features on their skin such as discoloration,anole
or irregular skin growt) a biopsy is performed on tientified site to tesfor the need for
treatmen Malignant tumor cells are likely to grow bigger and spread onto nearby areas
while benign tumarcan grow but not spread further. If the result of the biopsies is
concluded to be negativinetumor is removedlhe @ncerous tumor needs to get
appropriate treatmeitvefore it causes further harm to the patient

Depending on the type ekin cancertherevisiting period may diffedue to the
severity and health risk differencér melanoma skin cancer, because it is one of the most
severdormsof skin cancer that spreads to other parts of the body very quickly, treatment is
processedmmediately. Nonmelanoma skin cancer, however, is considered less severe with
less metastatic behavior. Thtisetreatment for nonmelanoma skin canasually is not
processed immediateltgking a few weeks or months after thimpsy As a result, the wa
time between biopsy and actual treatnamitld result in either full healing or confusion with
other scars, resulting in monediscernible biopsy siteSite identification becomes more
problematic because patientbo had aiopsydo not takeanactive role and assume that
dermatologists are capable of identifying biopsy §@sWhen thenewbiopsy site is no
longer discernible from other biopsy sites or even unrelated scars on the skin, the risk of

wrongsite surgery emergeSometimesnunnecessary fbiopsy is done to avoid the



3

problematic surgerywhichleads ¢ increased cost and postponing the treatijriet Visible

biopsy sits, howeverarehighly correlated with correct site identification. Patients who can
visualize their own biopsy site have identified their site correctly 3.5 times more than patients
without visible site confirming that visibility of site is crucial factor in surgicadite
identification[11].

Thecorrect site identification is highly correlated with the visibility of biopsy site.
These circumstances have led to a neea better biopsy site identification methad.
recent yeargjermatologistsare utilizingdifferent methods to verify correct biopsy sites
when a surgical procedure is required. These methods include photography, fixed anatomic
landmarks, drawing diagmes, biopsy scar visualization, use of ultravidlabrescent tattoos,
procedural techniques,-t@opsy of the siteetc [12]. Physicians and surgeons may choose a
method that is more effective and helpful, but when it involves communication with other
physicians or patientsperatingdifferent metlods becomgproblematic. Miscommunication
is more likely to occur daitoinconsistentnarking methodologies. Furthermore, if patients
visit different physicians, and cannot remember their biopsy sites, problems become even
more complicated. To prevebiopsy sites misidentifying issueselecting a consented site
identification method is necessary.

The currenpreoperativgphotographic methodshere aranatomic landmark is
included, are considered to be among the festtices to become standardiz¢3]. In one
study, physicians with preoperative photogragould correctly identify biopsy sites while
physicians with only diagrams and direct observaf#led to identifybiopsy sits in 5.9%
of thecaseg5]. Although photography is consideradeful dermatologists may find

financial or technical challenges associated with uaimigh-quality cameraln addition,
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sufficient trainingof medical staffs necessary tenable them to consistentikepictures
that have sufficient quality under appropriate levels of lighting and incorpmmatemical
landmarls. Even after appropriate phat@phsaretaken, they need to be kept witlan
secured storaggpaceand should be compatible with electronic medical rec@ften when
pictureshavelow quality or do not havsufficientanatomicalnformation site identification
with photography becgues unhelpful If dermatologists do not agree logistical
compatibilityof pictures patients isiting differentclinics or othephysicians may not have
biopsy site photos transferred at the right tfioresurgery

Tattoo markng of the biopsy sités anothermethodthat offershigh visibility and
stability. In one studyphysicians successfully identified biopsy sit& months after
injectingUV -fluorescent tattoo dymarkes onto the site [10]. Although tattoo markers
exhibit great discernibilitytattooinks posecomplicationrisks. The tattoo may cause
infections, allergior inflammatory reactionfl4, 15]. Safety concers havealsoarisan from
the netal component present in some of the pigments usethitoo.Metals including Al,
Ba, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Sb,&rd V were found in commercial tattoo inks
available in the markgfL6]. Because ofhe length of time a tattoo will be exposed to light on
the skin, allergic reactions and safety concénm s tattoo markers need to be addressed
properly and avoided if necessaly onestudy[17], dangers associated wikack tattoo
inks were pointed out. Black inks agaite common for tattoo marking. Many black tattoo
inks contain carcinogenic polycyclic aromatydnocarbons that could affect skin integrity
by producing harmful singlet oxygen into the derfdig. The permaneht visible
characteristic of tattoos is another problegardingtheir suitabilityforuseinap at i ent 6 s

daily life. Patients are not willing to keepe permanent marker on their skin especially when



5

they believe all the tumors are removeging fluorescent tattoasay solvethis issue since
their visibility is lowduring daytimg 18], but safety issue still need to be resolved before

utilizing tattoes asbiopsysite markes.

1.2.Structure of Skin and Injection Methodology

Human skin anatomshould be explaineth detail to understand the path and result
of injection.Human skin is composed of three layers: epidermis, deamihypodermis
(Fig. 1). The epidermis sits at the outermost layer and works as a waterproof{8}ri€he
dermis lies between the epidermis and subcutaneous tissue. It works as@tmegiting
tissue and containgrious glands includingair follicles and sweat glands. Thgpodermis

comprisesonnective and fat tissueBhe muscle tissues arader thenypodermigissue

Epidermis
Dermis
Hair Follicle
Hypodermis
Sweat Gland
Fat
Blood
Vessels

Connective Tissue

© 2014 WebMD, LLC. All rights reserved.

Figurel. A schemdt representation ofuman skin structur2q].

Different routes of administration can be classified by the injecting location. The

classification can be dividedto enteral and parenteral. Enteral administratonldwork as



systemwide effect. Suclanadministration could be either oral application or rectal
application. Common examples are drugs formed as capsule, tablets off ieopertieral
administration can be defined ® systemic action not administered throubé
gastrointestinal tract. All the needle injections could be classified as parenteral
administrationThe @renteral administration could be divided mainly idiiferent
administration routesntradermal, intravenous, subcutaneoagamuscularintraperitoneal
and topicalFig. 2) Topical administration places drugs or any other substances locally, and
the corresponding actions are placed locally. Any type of creatotians applied to the
skin surface can be considered as topical administrationtradermal injectionthe
solution/drugs injectedinto thedermislayer. However, due tthe lowthickness othe
epidermisasolution is usually injectemto theupperdermal layer, right beneath the
epidermis layerin subcutaneous injecti@na solution/drugs insertednto the subcutaneous
layer, betweeithe skin and muscle layers. Intravenous and intramuscular inseoise
injectinga solution/drug inside béml vessedand in muscle respectivelRifferent routes of
administration are chosen for applications basedhem absorptioime, drug property and

patientds condition.
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Figure 2. Different methods foadministratiorof injections[19].

Each skin layer has different characteristie can influence both the visibility and
safety of dyesThe epidermis layer compared to the dermal lagscertainshortcomings
for injection low thickness and shedding properiye arerage dermigpidermis thickness
ratio is 10:11 13:1[21]. With the fact that the average thicknegskinis 0.4 mm to 4.0 mm
[22], it is almost impossible to inject dyer solutionsselectivelyontosuch a thirepidermis
layer.

The shedding property of skin is focused mostly in the epidermis layer and it occurs
from changing keratinocytes over time and layKeratinocytes, essential skin cells in the
epidermis, areneduced irthe stratumbasal(bottom layer of the epidermis) and migrate all
the way up to stratum corneum (top layer of the epidermis) while changing biochemically
and morphologically in a degeative method by losing nucleus and cytoplasmic organelles
[19]. Eventually, differentiated keratinocytes arend into dead cells and shed off from the
skin surface. Due to this shedding property, the dyesugsinjected into the epidermis

layerwould besusceptible to shedding along with dead keratinodys@ésre theycould be



visible forasufficientperiod The shedding cycle of skin is approximately a mqas)
which is inappropriate famarkings designed tast for months and yearEhe cermis, on the
other hand, has proven its efficacy aseacellendeposition layewith durable andong-
lastingcharacteristicsThe dermis layeis thickerthanthe epidermis layer and has beenduse
for applications suchsatattoo injectioaand dermafillers.

On the other hand, subcutaneous injection is an effective route for drug
administratiordue to improve@bsorptiorrate Different absorption rates of drsigre
correlated with the extent of bloegsselsand lymph#c vessels within the injected sites.
Intramuscular injection and intravenous injection are injection method into muscle and blood
vessels respectively. They have faster absorption rate compared to intradermal and
subcutaneous injections. They, howeveg,iajected intdhedeeper body region, making it
difficult for the injected dyes to be visible from the skin surface.

Understandinghte mechanisnof howtattoo pigmergdwell in thedermis layeis a
key componento understand the potential use of expental dyes as markers ireth
dermis Whentattoo pigment particles are injected into the dermis layer, they are captured by
dermal macrophages. The way tatppgmens stay in the dermis can be descrilesihgtwo
explanationsthe longevityconceptand the pigment captureleaserecaptureconcepf24].
Both conceps$ suggesthatthe macrophagecapture incoming tattoo pigmes andhat these
particlesare not absorbed by arigrate ino surrounding layersrhe longevityconcept
indicates the longevity of macrophages to be the same order asttianhatural age of the
personr esul ting 1 n vi si bslifeiTheycaptuleelecasergcapturet t he
concept indicatethatmacrophagecapture tattoo pigments upon injection and become

tattooladen buteplenished and replaced in in a certain cydfden thespigmentladen



macrophages die, tattoo pigments are released baokdermis layer buarekept in the
extracellular form due to their large sizes. Circulating mono@gesratenew macrophages
that will recapture the tattoo pigments. Thus, tattoo pigments wilvgdle permanently

[24].

1.3.Examination of Pig Skin asa Medium for Research

Pigs have beensedextensivelyas a modeilor human skirbothfor in-vivo andin-
vitro studies. Pigs are preferred over other animal species due to the high siwiildréy
skin structurdo that ofhumars. When animal candidates are limited to accessibler&bry
animals, skin similarities beconneore evidentA clear comparison can be seen in Table 1.
Among many skin resemblances, epidermis and desimigaritiesare more apparerthe
epidermal thickness (304 0 e m f cversusiad-ind 6 € m f, dermakepidgrsdl
thickness ratioand denselastic fiberd21]. Moreover, pigs show similar wound healing
behavior because pi gepithelization rather tisan dortractiGBatle t hr o u g
1). Pigs even haveomparableepidermal turnover timef approximately 30 day5].

The overall arrangement tifedermis for pigs and humans is very similar. The blood
supply in tle dermis layer is comparable to that of hunij&is. Lipid and protein
composition similarity has also been observed. Furthermaye with light skin colorgan
lack skinpigments, which is especially importdot a skin study involvinglye injections
[26]. Along with skin similarities, pigs havaumerous advantage over other animals:
availability, sufficiently long lifespan of 220 years, early sexual maturity, very similar

immune parametershile beingmore economical and ethicaliglerable than primateg27].
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Table 1. Comparison between the skin of different sp¢2ie5, 26]

.. | Skin , . . . Panniculus Healing
Criteria Attachment Hair Coat Epidermis Dermis Carnosus Mechanism
Dense
Mouse | Loose (with Thin Thin Present Contraction
exceptions)
Dense
Rat Loose (with Thin Thin Present Contraction
exceptions)
G_umea Loose Sparseor Thick Thick  Present Contraction
pig dense
Pig Firm Sparse Thick Thick  Absent Re
epithelialization
Human | Firm Sparse Thick Thick  Absent Re_~ e
epithelialization

Although high similarities exist between pig skin and human skin, the differences
should benotedas well One of he difference betweertwo skins is the appendagé&ucture
whereporcineskin does not contain any eccrine sweat glg@8s The ron-existence of
eccrine sweat glasanay differentiate dye movement in the dermis afée. thickness of
the subcutaneous fat layer in the pig skin is also different compared to that in humans.

Oneproblemof using pigs for a dermatological experiment is their large size and
rapid growth.Their quick growthrequiresadditionalmanagement anchre.A pig skin study
needs further car@and cost t@revent anyossibleirritation or contacbn the skin ared hus,
aselectecpig need to bekept inaseparate cage aggtcleaned regularly to keep the
markedsitesclean.Additional difficulties aise fromadministeringanesthesia. A
professionaleterinarian should be accompanied for the whole procedure until a pig recovers
to a certain pointEven with their expensive cost and additional handling necessities, pigs
serve as valuable animal subgdtie to their close similarity in skin structure to that of

humars[28].
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1.4.Preliminary Experiments

For the dye selection,@eliminary set of experiments was condudt2g). Dyes
used intheseexperimeng included & FD&C approved dyes and eight natural dyes. The
FD&C dyes includd FD&C Blue 1, FD&C Blue 2, FD&C Yellow 5, FD&C Red 40, D&C
Yellow 7 and FD&C Yellow 6. The natural dyes used comprised Riboflavin, chlorophyllin
sodium salt, -caoteneanmattq, tunmearip and dochinealfextrddie
purpose of the experimenwas tofind the most suitable dyes for the biopsy mastadies
in terms of affinity and skin permeation.

Several tests were performed to measure the potential affirsglexftedlyesfor and
penetratiorinto skins. The first test was the fletirough diffusion test. The
penetration/diffusion rate of each dyeoughsilastic membranes and pig skins was
examined. This experiment was done to mimic dye diffusing into epidermis witramiting
the dermis. If dyes penetrate the dermis layer and into the blood vessels or glands, they may
cause unwanted health risks. The experimental results showed that only three dyes
( Ri bof | avi n-Car®eng) stdinkdathe silasticdnerbbrangsid not have
complete penetration through theembrane

An additional experiment was done on silk fiber to test dye affinity to protein. It was
based on the assumption that any dye affinity towiattle protein fiber will be highly
relevant to dye affiity toward$ animal skin. Silk fabrics (wt. 72gfhwere dyed in an
Ahiba Nuancalyeingmachine at 37°C. Different dye concentrations were used depending
on the types of dyes used. From six repeated trials under different conditions including liquor
ratio, dye amount and pH, six dyes appeared to be promising. The six dyes were FD&C Blue

1, Riboflavin, Chlorophyllin, FD&C Red 40, Annato and Turmg(ficg 3).
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Figure3. Chemical structure of the dyes used, a) FD&C Blue 1, b) Methylene Blue,
c) Fluorescein, dy-Carotenee) Riboflavin, f)Flavin Mononucleotide.

Further experiments were done with the above six dyes. Tests included percent
exhaustion, crockfastness, and lightfastness tests. Under percent exhaustion experiment,
except for chlorophyllin and FD&C Red 40, the dyes showed corblyamaceptable results.

In wet crock and dry crockfastness tests, FD&C Blue 1, Riboflavin and FD&C Red 40 had
stable ratings of 4 and 5. In the lightfastness test, all dyes faded significantly under the testing

condition.
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1.5.Colorants

Colorantgdye and pigment moleculesXhibit visible colorssia selective absorption
of wavelengtk in the visible rangaVhen light reflected by the colorants reaches the
observebs visual system, i t.Theabsorpgtidnefrwavelengtted as v
occurswhen electrons from the ground state are excited to reach an upper level of energy or
the excited state&such electron excitation occurs” -electrons from double, tripler
conjugated bonds. Since the excitation ocoupsereadilyfor delocalized -electrons, most
colorants contain aromatic ring structuBges and pigments havBromophoresand
auxochromesChromophores, whichreresponsible for visible color absorption and thus
responsible for the color, contain conjugated double bonds. Atxoels, whichareused to
controltheintensity ofcolor created by thehromophore, usually contains at least one lone
pair of electrons, but cannot produce colortbgmselve$30].

Colorants can be largely divided into two categories: dyes and pigmectz.ding
to ETAD (The Ecological and Toxicological Association of Dyes and Organic Pigment
Manufacturers), the definition of dyes given as followsi ges are intensely colored or
fluorescent organic substances only, which impart color to a substragéelotive absorption
of light. They are soluble afor go through an application process which, at least
temporarily, destroys any crystal structure by absorption, solution, and mechanical retention,
or by i1 onic or covalent chemical bonds. 0 Acc
Association, Inc,)the definition of pigmergi s ficol or ed, bl ack, white
particulate organic or inorganic solids which usually are insoluble in, and essentially
physically and chemically unaffected by, the vehicle or substrate in which they are

incorporated. Thewglter appearance by selective absorption and/or by scattering of light.
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Pigments are usually dispersed in vehicles or substrates for application, as for instance in the
manufacture or inks, paints, plastics or other polymeric materials. Pigments retgstahor
particulate structur e t[8lIoshaytdyesiate orgamie col or at
compounds solublein water or selected solverdad tend to have specific affinity to the
substrateso whichthey are applied. Pigments are insolubléhe medium used for their
application and are either physically held within the colored compound or mathtan the
surface of the substrate with the aid of auxiliary compounds such as binders.
Dyes and pigments are widely used not dohthe coloration ofextiles but also in
foods, drugs, cosmetics, afat medical applications. When thgirimaryintention isto
colorthe productthey are named as color additives1906, Congress introducdte Pure
Food and Drugs Act to restrict the usehafmfulcolor additives and stape use opossible
misbranded and adulterated foods in the matkel907, USDA approved seveolorants
for use in food. The Federal Food, Drug, and Cosmetic Act (FD&C Act) was established
1938 to increase govVver nmandto$tap alldhe lodpholedin on f o0
the previous act. After FD&C Act was elished, od and Drug Administration (FDA)
came up with nomenclatufer the approved color additives according to their specification:
FD&C, D&C, and Ext. D&C. FDA,n 1960, through The Color Additive Amendments,
defined color additive and made a listsoitable and safe color additivig?]. In Parts 73,
74, 81 and 82 ofitle 21 of the Cod¢33].
On the color additives listpsne colorants are exempt from the FDA certification
because they ambtainedfrom naturalsourcesinder FDA regulationsThese color additives
inherently appear in the foodsch as vegetables, minerals, oranimaldl | st ed as fexe¢

color. There is &lo a listof compounds that aregBerallyRecognized aSafe (GRAS).Food
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additives that are listedsGRAS are confirmetb be safdoy FDA through sets of necessary

research by negovernment experts. Once substances are approe@RAS product, the
are not considered as food additsa@ddo not need to be authorized by FDA agency before
being usedlue totheirrecognized safet}34].

Dyes and pigments are utilized frequently in the medical field. They work to increase
thevisibility of various circulation systesthroughincreasedaontrast ovia fluorescence
characteristics doy functioning as invivo biological stains to observe cell structure,
morphology or reactions occurring on specific sigsh biological stainare currently used
in angiography, colonography, lymph ndaiepsyandflow cytometry.

For dye selection the first aspect to consider was the safety issue. Since the dyes are
to be injected to a live pig and eventually to the human skin, and due to the risk of diffusion
to various body sites, careful selectiorsafe dyes was necessary. Thus, dye selection was
done, mainly from the list of government and authorized organizations: FDA, Select
Committee on Generally Recognized as Safe Substances (SCOGS) and World Health
Organi zationds (WHO)(EML:ssenti al Medi cines Lis

The first two dyes FD&C Blue 1 and Fluorescein are approved by FDA for use as
color additives. FD&C Blue 1, also called Brilliant Blue FCF, is approved to be used in
foods, drugs, and cosmeti&g]. Its safety was proven with no toxicity observed with a
dosage of 12 mg/kg per day to healthy animiag@. Fluorescein, also known as D&C
Yellow 7, has been permitted for use in externally applied cosmetics and 88ligs
Fluorescein dyes are considered nontoxic dyes and used as highlighting agentais vari
medical fields. Fluorescein angiography and tumor fluorescence imaging are a few examples

of Fluorescein dye applications for various treatmgits38].
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b-Carotene, Riboflavin and Flavin Mononucleotide (FMN) are listed in SCOGS and

concluded to be Level 1, which states that there is not enough information to conclude that
the substances may causenh@9-41]. -Chrotene is abundant in some vegetables and
works as the precursor for Vitamin A, an essential nutrient in our body. Riboflavin, known as
Vitamin B2, is an essential nutrient to prevent any deficismsieh as angular cheilitis or
birth defects for pregnant women. Riboflavin is often injected using IV or IM methods to
meet the necessary vitamin uptake. Flavin mononucleotide (FMN) is an active form of
Riboflavin (Fig 3).

WHO EML provides the list ofrte effective, safe and cesfficient medicines that
are relevant to the most prevalent diseases since[49]/1n that list, safety and even cost
efficient characteristics are approved by WHO and accepted globally, thus the drugs in EML
bare safe for applications in this research.omgthe components in the list, Methylene Blue
is denoted as an antidote to treat methemoglobinemia and njd@ria Al ong wi t h  WH(
assured safety, Methylene Blue also has been used in various rapgitzdtions since its
first discovery in 1876. It has been used to improve hypotension and cardiac function in
various surgery. Methylene Blue has proven its use for biological staining. Localization of
parathyroid glands and sentinel lymph node wasrakstde possible with Methylene Blue
dyes[44]. Methylene Blue is applied the skin tissues to identify bacterial structures and/or
nucleic acids such as DNA and RN4§]. In addition to treatment applications, Methylene
Blue has been used as a stain to visually track thement of tissues or fluids. Thus,
Methylene Blue functions as an excellent staining tool for chromoendoscopy, urinary

tracking and sentinel lymph node trackidd).
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By far, government and other authorized organizations have confirmed the safety and
effectiveness of the six selected dyes in this study. The current usage of these dyes in medical

fields further strengthentheir selection from a safety perspective.

1.6.Research Objectives

Normal patients with nonmelanoma skin cancer take a few weeks to a few months to
revisit their physicians. By the time patients revisit surgeons for the treatment, biopsy sites
may becomeéndiscernible and as a result pose a risk of wrong site sufg@ryTo ensure
that all biopsy sites are evident for both physicians and patients for the surgery, the visibility
of the sites should bevidentfor a sufficient period. To that end and in order to observe the
performance of the selected dyes, a period ofrginths wagmployedfor testing in this
study. To mimic the real biological situations of humans, the experiment was carried out
usingthe most effective intradermal injectiamethod on the skin of a live pi@ne study
collected surveyesponsesegardimg wait time é patients with nonmelanoma skin cancer. Of
860 patients who answered the survey, 67.6% of patients respbati¢étey hadvaited
more than a month to get the nonmelanoma skin cancer treated. Among papenisnced
delayed treatment, mexh wait time was 6 montd7]. Therefore, he best possible outcome
of the studywould be tarecommendlyes that last for six months to encompass the
possibility of identifying sites for even more delayed patient visits.

Usingsafedyes as biopsy marks has the advantage over other methods indyes
wi | | stay on pahus mientdwouldsng longer seedrtof being photos of the
previous biopsy location rememltbe biopsy site. Tattoo biopsy markarould have a

similar advantagas dye biopsy markgrbutthey mayintroduce othecomplications
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Besides, it would not be preferable to keep permanent tattowisikke on the biopsy site
after treatmenis completedTherefore, a safe, visible and teomary marking method is
necessary teliminatethe concerns associated with wresitg surgery.

To choose safe dyes to be used for the injection, dye selection should be made within
the pool of dyespproveckeitherby the government or relevant authagtiin order to prevent
anyharm to human healtlsince tattoo ink biopsyarking may be very effective method
that could prov@ermanenvisibility but with numerous complications, replacing tattoo inks
with suitable dyes wathe initial starting pointor this study. Theselected dyes for the
research werapprovedo be safdy the FDAunderFD&C Act or are widely used in the
medical field and approved llge World Health Organization (WHO). Although colorants
approved by these organizations are cometisafe, injection tests a live pigwere
necessary toonfirm ther safety and visibilityin the present application

Based on the results of therviousexperiments, four dyes were selectedtesting
on live pig skin The four dyes were FD&C Blue Riboflavin,b-Carotene, and Fluorescein.
Ri b o f | a-Carateneashowed @xcellent resuitsilastic membrane diffusion testing.
FD&C Blue 1 and Riboflavin showegbodresults in both silk dyeing and fastness testing. In
the case of Fluorescein dybeinherent fluorescing characterist€the dyewas a primary
reason for selectiofluorescent dyes have visibility under UV light.the case of
Fluorescein and Riboflavin fluorescent dytbir yellow colorwould be less discernible in
the visible spectrum oa lightcoloredskin but highly visible under UVyalthough this
featuremayactuallyp e advantageous in patientsé daily |
fluorescent dyesould beassured, thewould be sitable options as potential biopsy

markers
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While the selection of dyes in thtial studieswas based on the FD&C approved

and natural dyeswo additional dyes were chosen from dyes that are utilized in medical
fields. Out of various medically employeges, Methylene Blue and Flavin Mononucleotide
(FMN) were chosen as possible candidates. A long history of the use of these dyes in the
medical field indicates assured safety and support for their use in this regdidnmhghthe
present dyes are ndesigned and approved for injectiorto the bodysomeareapproved

for human consumption or other humaatated applications and thus are presumably safe for
usein animal studies. Potential healttlated side effectwereexamined via histological
assegwent of skin biopsies from injection sites.

The purpose of thigvestigatiorwas to examine not only the visibility but also any
health risks associated with the application of dyes in the dermis region. The anatomical
similarity of gnskiémbles éxammnatioroof podsible skinuimitation or
allergic reactions as well as other critical health conceunl askin necrosisThe
histological assessments were perforimeivo locations, a private firnGockerell
Dermatopathology (TexaklS), and the histology ladvatoryin the College ofVeterinary
Medicineat North Carolina State Universitgkin reactiosto the dyes and existence of dyes
in the skin layer were the main focus of the histological assessments. Based on the
guantitative ad qualitative experimental data gathered over thergrth period, the best
dyes would be chosen for further research and potential recommendation for human clinical
testing.

To achieve acceptable tagging resuhsg,selection of appropriate injection
methodology is crucial. Topical administration of the colorant should be avoided due to

instability and short duration of dyes. If applied topicalye colorantsvould be visible on



20

the day otheinjectionasall the dyes remain on the surface with nacking layers between
the dyes and observetdowever topical applicatios aresusceptible to abrasion, daily wash
and shedding cycle of the skin. Other applications such as subcutaneous, intramuscular and
intravenous injectiongould not be suitablenjection method because they are too deep
inside the skinwith less visibility from the skin surface. Another disadvantage of using these
injection methods is that their drug absorption rate is too high. The chances of losing dye
molecules to blood citdation or lymphatic system would increase when these injection
methods are used.

Thus, forthis investigationintradermal injectionvas chosen famwo reasons:
visibility and semipermanencdn intradermal injectiog, a dye solutiorwould lie right
underneath the epidermis layer, making it clearly visible to physicians, just like visible tattoo
inks. Tattoo inks lie on the dermal layer andnost casearepermanentlyisible from the
skin surface. The chosen dyesuld beexpected to showsimilar degree ofvisibility at the
dermal layer witta non-permanent characteristic but with less (or minimal, if any)
complications. Placing dyes on the dermal layer would be the most effi@gim terms of
high visibility anddurability. From the safetpoint of view, injecting into the dermis may
pose additional risks compared to injecting into the epidermis layer because when a solution
is placedinto the dermis layer, it miglenterthe bloodstream and may cause unwanted side
effects or allergenic reactionsdonetheless, the dermis would work as the best layer for dye
deposition with other layers having extreme limitations.

The resultsvereanalyzedusing three primary methods: visual color assessment,
guantitative color measurement using spectrophotonmagasurement and histopathological

assessment of skihye biopsies. All analygs wereused tovalidate the extent afolorant
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visibility both in quantitative and qualitativeays The extent of dye staining on skin tissue

wasobserved from histological assgners. The histological assessment woaldoverify

any health ris&in skin tissuédiopsiesassociated with the injeoh of dyes. Any

inflammation, necrosis and morphology changes would be noted for further analysis.
Lastly, possible mechanisms faylor loss would be considered from the biological

and chemical perspectives. Understanding the chemical and biological reactions occurring

between dyes and the dermal tissues is critical for selection of colorants that would exhibit

adequate durability argtability in skin. Possible reactions that could explain the current

experimental results could also be utilized to continue the wdHeifuture and conduct

relevant research especially in terms of assessing the visible durability of dyes in skin.
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Chapter 2. Experimental Setup

2.1.Animal Studies

The skin test were initiallydone onananimalto minimize potentiatisks and side
effects that might arise from colorants injecttorhnumansUsinga pig as théest animal,
actual skin shedding and washing issweseobserved along with the visibilityf the
colorants A pig weighing abou250-300Ibs. with awide back areavas selected for ik
study(Fig 4). While the exact arean thebackof the pigdid notneed to beneasuregit was
important that the animal hashough space tenable injecting 120 dye specimenish
enough spacing between the sifEse number of dye injection sitess calculatedor five
colorants, two injection methods, a trial period of six months periodoarie duplication
of the whole procedure, which results in the total of 120 dye injection sith®$x 2
injection method x 6 monthsx 2 replicatiors = 120dye site¥. Due to the limited area of the
test animabnd limited amount of FMN dye, FMN was excluded from the first experiment,
and the number of dyes was reduced to five. The performance of FMN was expected to be
similar to Riboflavin since FMN is the active formRiboflavin. To havea clear visibility of
colorants on the baalf the animalthe subject pigvas required thhiave no skin defesor
unusual colors and no obvious skin lesiddince the experimehtadto continue fombout
six monthsthe pig wasnotto go lame during the experiment. Thus, thelmg tohave
straight legs and no joiproblems Furthermore, breathingroblemsand temperament were
checked prior to the selectiofhe selectegig weighedbetween 25001bs andwas
roughly 5 and halimonths old. The breed wasscross of Yorkshire and Landrace swikie

hadawide enough back tenable mjecing the 120 dyespecimen to individuaites.
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All the membergparticipatingin theanimalexperiment were approvdxyy The
Institutional Animal Care andse Committee (IACUC)n order tobe qualified bythe
IACUC, individuals should follow Animal Welfare Act regulations and Public Health
Service Policy. Thus, prior to the experimeriie Animal Care and Use Protocol
Amendment, The Application for Vertebrate Animal Use, NCSU Vertebrate Animal Contract
QuestionnaireandVisitor Consent Forms were submitted and approved by IAGWC.
addition, onlindrainingand tutorials were completed gain qualification for animal subject
research.

For the sedationf the animal TKX (Telazotketaminexylazine) was used. Telazol is
combination of tiletamine and zolazepam produced by Zoetis. Telazol was reconstituted with
KetaVed (ketamine) produced Wedco Inc, and AnaSed (xylazine) produced by Akorn Inc.
The amount of injection was based on the weight of the pig. Initial TKX injection was set to
be 0.03 mg/kdpodyweight anddditional doses were administered in-0.8ml depending

on t he jondgringtherexpariment.
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Figure4. The selected pig on the first day of #tady.
2.2.Dye Injections

Five dyes Methylene blueFD&C blue 1,Ri b o f | -@arotemeandMuorescein)
were injectedinderthe pigskin usingtwo different injectiormethodsregularintradermal
injectionwith butterfly needleandan Aquagolddevice Differencesbetweerthetwo
injection methodsreexplainedoelow.

All colorantswereobtained in theipowder form FD&C Blue 1,Fluorescein,
MethyleneBlue andb-Carotne were obtained from Pylam Products Company(Arizona,
US), while Riboflavin and FMN were obtained froBigma Aldrich(US). All the dyes were

listed as water soluble ther information sheetsvhich are included iAppendix A,andC.



25

Dyes were disslved in deionized water before the intradermal injectiarur dyesexcept
Fluoresceinwerepreparedas1% solution in waterFluoresceirdye had a low solubility
leveland formed a suspension with visible particles and was therefore prepéned.2%
concentratioevel. FD&C Blue 1 andMethyleneBlue formed solutioawhile Riboflavin

a n dCabtene dyes were made into dispersidl dyes and equipment were sterilized at
NCSU College of Veterinary Medicine before the experiment.

Dyes were ingcted within anapproximately onequareinch spaceo prevent overlap
between different dye sitedue to possiblepreadingr spillage.The back othepig was
dividedinto four rows eachrow containing40injectionsites. Thel20 dyeinjectionsites
were randomizeés shownn theFig 5grid. Each cellwas associated with the dye name and
the injection method=DC1, BC, F, RF, and MEcronyms were used to denée&C Blue
1, -ChroteneFluoresceinRiboflavin, andMethyleneBluerespectivelySimilarly, ID and
AQ were used fomtradermal injection withbutterfly needles and Aquagold injection
respectively.

The injectiors of dyes, in the initial experimenterecarried oubvertwo days due
to the limitedtime a pig can withstandnesthesiani a single day and the need to prepare each
injection sites carefully. A and Bat the end of the codé@wdicate the duplication of the
experiment.

Dyes were injectethto Side Isiteson the first day while dyes were injectiedo
Side 2locations on theecond day two weeks latdfter the dye injectionbluetattoo
markerinks wereinjected via syring®n the four corners around each dye sitertable

visual recognition of dye sites, in case the injected dyes fade or diffuse in to the tissues.
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For thecommonintradermal injection, butterfly needles (Fp also known as
winged infusion sets, were used insteadtahdardsyringesto make precise injections into
tough pig skinThe official name for the product in our research is Jorgensen Infusion Set
produced by Jorgensen Labs (@olorado, US)Butterfly needles are designed for yasd
precise intravenous access. They are usually composed of a needle held by two bilateral
wings on the side, a long thin tubing and a connector. Afitlgd syringe was connected to
this connector to inject the dyes otihe porcine skin. Sincéhe operatocan get hold of the
device closer to the needtbginjection angle could be controllediroitly. Considering that
the intradermal injection needgrecise anglef 10-15° (Fig 2),theuse ofa butterfly needle
was helpfulfor theinjectionangle managemenA 23-gauge butterfly needig40
micrometer wideyvas used foall dye injections

Another method of injection wasrried out withan Aquagold fine toucH™ (Fig 7)
device, whichinjectsadesired drug or solution into the dermis layer at a consistent depth in a
painfree (no bleeding) procedunsing microneedlell]. It consisted of t@ntyneedles
which were600 micrometerdong and 130 micrometevide, sufficiently long enough to
penetratehe epidermis layer and deliver the solution directly ititeepidermaldermal
junction of skin.Infusion through microneedlgsespeciallyfor alow volume of 0.2 mlhas
proven to carry little or no pain compared to hypodermic naepiletiors [49]. Aquagold is
a device thats claimed tadeliver the dyes ontthedermal area a consistent deptin a
securedand less irritating manng48]. Thus, Aquagold was chosen to be tested along with
standardntradermal injectioato check its validity as a dye mamlg method

The pig was anesthetizetdd managetly NCSU veterinary specialist®\ccording to

the IJACUC protocol, an animal under sedatimust be monitored until they are aroused
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enough from sedation so that monitoring becoome®cessargiue to their alertnesall the
injections were performeith a clean clinical surgery rooto avoid anypotentialinfectiors
from the locatiorn{Fig 8). Heartbeat, respiration and body temperatueeameasured every
15 mins. Hair shaving was done on the dye sites with a hair clipper. Alcohd ange
povidoneiodine antiseptics were used to cleanse the site before the inj&iffenent
syringes wereausedfor each color. Thus, five different butterfly needles and five different
Aquagold devices were used to inject five different colorants.

After the injection on the first day, one
control specimenA tissue ampleusing a 4mm punch biopsyas cut angblaced in a
formalin solution. The 4mm punch biopsy was obtained fréxouderm Inc(Florida, US)
with the name of AcciPunch After the biopsy, the incision area was allowed to heal itself
without suturingThe same punch biopsy and healing processedone for all the other
biopsy sections as well. TBamplewas sent for histological assessmienCockerell
Dermatopathology labs

Two control specimens weedso obtainedo compare the histological resultith
dye injected skin tissue€ontrol specimedid not contain any dyes or solution within the
biopsy. One was taken on the daytadinjection and the other was excised on the first
biopsy day (one monthfterthe injection day)A comparisorof the ested biopsy samples

would provide information abouihe existence of dyes @nyirritations.
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side 1 Side 2
FDC1 - IDA 1 BC - AQA
F- DA 2 |FDCi-a0QB| 232 F-IDB 92
BC - AQB MB - AQA MB - AQA
BC- AQA F- AQB 34 RF - AQA FDC1-AQB | 94
MB - AQB MB - AQB MB - AQB RF - AQB
F- AQB 6 F - AQA 36 RF - AQB F-AQB 96
F - AQA 7 MB - AQA F- AQB 67
F-IDB 8 |FDCi-AQA| 38 MB - AQB BC - AQA
FDC1-IDB | 9 RF - AQA RF - AQA
FDC1-IDB | 40 |FDC1-AQA| 70 F-AQB 100
FDC1- AQB | 101
FDC1-1DA 12 FDC1- IDB 72 MB - AQA
FDC1-IDA | 43
F- DA 14 FDC1- IDA 74 F- DA 104
FDC1-IDB | 45 F- IDA 75
F-IDB 16
RF - AQA FDC1- AQA | 47 F-IDB 77
MB - AQB RF - AQA BC- AQA
RF - AQB FDC1- AQB | 49 F - AQA 79 F-IDB 109
MB - AQB BC- AQB RF - AQB BC - AQA
| RF-AQA F- AQB 51 BC- AQB FDC1- AQB | 111
FDC1- AQA | 22 BC- AQB F - AQA 82 RF - AQB
F - AQA 53 MB - AQA BC - AQB
BC - AQA F-IDB 84 F- AQA 114
FDC1- AQA | 55 MB - AQA
FDC1- IDB 36
FDC1-IDA | 27 | FDC1-IDB | 57 F- IDA 87
F- DA 28 FDC1- AQB | 118
FDC1-IDA | 59 BC - AQB
FDC1- AQA | 30 RF - AQB

Figure5. Randomized dye sites. Side 1 corresponds to the left side and Side 2 corresponds to
the right side on the back of the pig. The acronymsdeno&2FD FD&C Bl ue 1,
Carotene, F: Fluorescein, RF: Riboflavin, MB: Methylene Blue, ID: Intradermal injection

with butterfly needles. AQ: Aquagold injection.



Figure6. Jorgensen Infusion Setuyterfly needlé.

Figure7. Aquagold fine toucimjectiondevice
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Figure8. Removal of surface hair in preparation a‘ye "injectior$.

2.3.Examination of Injection Sites

Three different approaches were used for dye saen@atiors. visual assessment,
color measurement withspectrophotometer, and histological assessment. Foistined
assessmenmormal fluorescent light source and UV ligitreused to visualize the dye sites.
The d/e sites were considerédisibled whenthey wereevidently distinguishable from other
skin featuresSince@ f i ni ng Adi st iasupjactive teadiolthés@ppnueclty b e
was used to support the color measurement values and observe the overall tendency of dye
appearanced.o assess the visibilityf dyesmore clearly, pictures were takeveey month

usinga common smartphonéfon€).
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Ordinarily, a standard visual assessnrequires the use of simulatsthndard
illuminantsas specified by the Clguch aslluminant A orD65. However this wasnot
possible inour researcsincethe pighad tobe kept inthe College of Veterinary Medicine
barn.Therefore, hnecessary measuremsand observations were done inside the barn. The
lighting in the barn was used as the light source for the visual assedsorassessing
fluorescent samplasdertheUV sourceaWo o d 6 s | a mApll awmlaestlightssverd .
turned of f whnvadusedowonmaetiseefféchofmgxtraneoukght on
assessmenttig 9 shows thespectral power distributioof the UV lightused With the peak
lying between350nm and 400nnthe UV lightcan be considered as UVRANder this UV

condition two fluorescent dye&iboflavin andFluorescein were observed.

300 350 400 450 500 550 600
Wavelength (nm)

Figure9. UV Spectral power distributioo f Wo o d 6 s ThoasltgFSad®ometeg

For the quantative color measuremesyta Datacolor Checker 3 hasteld
spectrophotometer was useckflRctance spe of dye sites on the animal skuere

measureeverymonth The Checker 3 waset toobtaintwo repeatd measuremestwith
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UV light excludedusing D65 illuminantand 2°standardcolorimetricobserverWhile the

dye sites with the Aquagold injection cogdr larger area than the aperture size, the dye
sites with the butterfly needle injectiondhaery small dye stained areas compared to the
aperture size. The handheld spectrophotometer has various options for aperture sizes
including LAV (large area view) SAV (small area view), and USAMrasmallarea view).
For the experiment, an USAV was dde exclude the nestained skin area during
measurement&SAV aperture includes 6.5 mm of illumination while measuring a 2.5 mm
area.Even with the smallest aperture size, unaffected skin cotardsl notbe completely
excludedwhenmeasuring butterflpeedle injected dye sites. Nevertheless, it atssnpted

to get the best possible quantitative representation of dye stains.

The frst color measurement was donae weelafterthe injection andvas then
repeatedn amonthly cycle The reason fothe one-weekdelayafter the injectiorwasthe
limited durationof anesthesia arttie need fodye stabilization on the skin surfaggor to
measurements which prevented reflectance measurements on the same day of the injection
Since the experiment includdak histological assessment as well as the color measurement,
biopsies were necessdoy theprocessAll 120 dye sites were measured individually after
the biopsies were removethus, when biopsies were takem a monthly basisthe color
measurement vgadone forthe remaining dye sites.

Both the reflectance spectrum an@b’ values of dye sitewere obtainedrom the
spectrophotometeThe reflectancepectraveretransferred from the device to thbemputer
to beconverted td_"a’b” CIEDE 2000color differencevaluesMeasurements from relevant
sites were averagextcording to their coloandthe injectionmethodused Thefirst set of

color measurements were used @8ard valuefor each dye anohjectionmethod Then,
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the standardl”a’b’ values were compared with tisebsequent measuremegiiatctes to
calculateqd.”, pH, qiC’, andgE" values.

The basic colorimetric attributes can be explained as followspkesents lightness,
a represents red/green component angkpresents yellow/blue componefta given color
An L" = 100 corresponds to the lightest Fiarorescent white while L= 0 corresponds to
the darkest black. Positivé mepresents redness while negativespresents greenness of the
color. Positive brepresents yellowness while negativedpresents blueness attribute of the
measured color.

The first bopsies were takeanemonthafterthe injections. The subsequerbiopsies
were done witlaninterval of one monthOne dye site was biopsied for amolor and each
method A total of 10 biopsiesncluding5 dyesand2 injection methodsyereobtained
every monthThe sites to be biopsiedere chosen randomfyom the gridusinga Microsoft
Excelrandomizing algorithmThe biopsy sites were not chosen based on the dye visibility.
Control specimens were biopsied on the first day and after one rBafitine the biopsy, the
averageof twelve measurements for each color and metiasl obtainedThe number
decreased by oneery month followng thebiopsies.

Biopsied dye sites were stored in plastic bottles filled with a formalin solution
provided by Cockerell Dermatopathology datory A 4-mm punch biopsy was used which
was deep enough to capture fatty layers under thmisleThe biopsied samples were then

sent to Cockerell Dermatopathology lab within a week for analysis.
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Chapter 3. Resultsand Discussion

3.1.Color Assessmet

On the day of the injecti@nall dyeswerevisible regardless of their colors or
injectionmethods.Fig 10 shows two distinctly different dye sitgpes i.e., big circular dye
sites and small colored doig circular dye sites are from the Aquagold injection while
small colored dots are from the butterfly needle injection. Blog dots aroundach dyesite

are tattoo inkndications(Fig 10).

3.1.1. Assessment of Aquagold Injectian

WhenAquagold dye sites abserved closelyolors can be divided into blue, red,
and yellow.Blue dyesitescan be divided intdarker blugrom MethyleneBlue dye and
lighter bluefrom FD&C Blue 1 dye From Figires10, 11 and 2, it can be seen thé#te blue
dyes have high visibilitandkeeptheir color overa month Although color fading could be
observedstartingtwo weeksafter the injectionthe blue ctors were stilldetectable.
However, one monthfterthe injection day, dye sites showed inconsistent staifimgugh
notall the dyedadedfrom theinjection sitesthey were not aslearlyvisible asin the
previous weeg The visibility varied hugely within the blue dyes wilguagold injedbn.
Somesiteswereas visible ashosetwo weeksafterthe injectionwhile otherswere almost
invisible. After thesecond and third monthsnly alimited number of dye sites with
Aquagoldinjectionscould be detectednd onlywith the help ofiite cornetattoo marks
Partially visible blue dyes that were apparent after the first month were absent after

additional monthfrom the start of the study.



Figure 11. Dye sites one week after injections.
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Figure 12. bye sriteé two Weeksgf&?er injecﬁtiaon‘s.‘
Theresuls show thathedye sitesusingthe Aquagoldinjectiondevice maintaiad

their visibility for up to one month in the casetb& bluedyes.The blue dyes were visible

until the second week and partiaflgat theend ofthe onemonthperiod.Considering that

thehumandés skin sheddi 2§, andassumeng thasigs lzake asimilar a mo n t

shedding property, it can be inferred that ttyes did nogo deepenough into the skin and

that allthe dyes were shed off along with the epidermis layéne end of the one month

period In other words, ges must nohavegone deegnoughinto the dermis layeilhe blue

dyes could havbeeninjecteddeepeiinto the dermis layebutthentheymight nothave

been able tstabilizeor stain the dermis layéo keep the color visible for more thane

monthperiod.
The dher circular sitegappeareither red or yellw and belong tyellow dyesites

(Riboflavin, b-CaroteneandFluorescein) Althoughthe Fluoresceirdye has more reddish

color compared to other dyes, most of the yellow dyes injected via Aquagold show overall
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reddish appearances. The rednesb@$kin islikely due to the inflammatgrreactionto
microneedles of Aquagold devieadbruising due tdahe pressure applied to the skin to
transfer the colorants from the device into the skiguagold has twenty 66@icron long
and 136micron wide microneedles that angectedinto the skirsurfaceseveratimes.
Repeated injectiawith theseneedledikely irritated theskin more readily compared to the
butterfly needle injection.

In the case otheblue dyeswhenthe ral inflammatory reactioappears on the sjte
blueness of the colorais still evident, andhis leads to amallshift in hue anddarkening of
the region The yellow dyes, howeveshowreddenednflammatory reactiotvehaviormore
clearlydue totheir light yellowishhues With a lowerextent of visibility of the yellondyes
on the first dayf the injectionit could keinferredthat these dyes would likelyot have
high visibility on thefollowing weeksin light colored skins

Indeed, onaveekafter the injectionost of the yellow dyes injecteudth the
Aquagold werano longer visiblgFig 11). The lbss of coloiis suspectetb be due tdawo
mainreasons. lmay have resulted from insufficiedtirability of these dyevithin dermis
layeror insufficienttransfer of dydrom the Aquagold devicmto the skin The redness
caused by inflammation obscuretietherthe yellowdyeswere actually injectedhto the
skin. Althoughanaccuratecause of this observatios notyet known, the three yellow dyes
injectedwith Aquagold fadedjuickly compared to the blue dyeBhiswas alsahecase for
assessmentmderUV light. While thedyeswere clearly visible under UV on the first day,
both Riboflavin andFluoresceinnjected withAguagoldlosta largeportion of their
fluorescencafter a weekHowever, even if the dyes wesaccessfully injected into the skin,

any potential interaction of these dyes with the skin tissue remained unkhioisis
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discussed imletail in the followingsectionsDyescouldhawe alsodispersed laterally or
diffused into blood vessels or glands in the dermis area.

The affinity of Fluorescein anfotCarotenalyes towards protein compounds (skin
and tissues) was likely not high and these dyes wdeei found to be ineffective in dyain
silk fiber in a previoustudy[29]. Unlike the other two yellow dyeghe affinity of
Riboflavin to silk fiberswas proven irthe previous studj29]. Thelack ofvisibility of
Riboflavin, despite havin@ffinity towardsprotein may have been due to insufficient
transfer of dye from thAquagold devicénto the skin Thelow solubility of thethree dyes
may havealso contributed to thehallenge while the dyes webbeing injected with the
device According to the PylamS a mp | e | nf o r-Camtenie andFlucsebceireare,
listedas watetsolublddispersiblgoroducts/Appendix B) Riboflavin, acording to Sigma
Aldrich, is statedo beaslightly watersoluble vitamin (Appendix C). However, whtrese
dyeswereplacedin distilled water to maka 1% solution theygaveturbid colloids or

suspension b-Carotene kept its dispersed form without any sedimentatioifiormeda

colloid. Riboflavin, on the other hand, formasguspension, resulting in some sedimentation

a few minutesfter preparatiorFluoresceirunderwensedimentation as soon as the stirring

was stopped anflbormeda suspensin with apparentarge particle at the bottom ahe

container The concentration dfluorescein was reduced from 1% to 0.25% to test whether

the precipitation was the resultitd low solubility. However, @en when theconcentration

of Fluorescein waseduced td®.25%, it still exhiated obviougarticlesthat settled down

b

eventually In the case of Riboflavin, lowering the concentration resulted in less suspension

form.
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Particles in suspensishave sizs largerthan one micrometer. These large particle
sizes could have limited tisenooth transfeof dyethrough the needleBluorescein, in
particular, was natasilytransferredusingthe butterfly needlepplication.The Fluorescein
liquid had tobestirred vigorouslyto put the sediments back into the suspension form and to
use itthe injectionHowever, @en when it was mixed thoroughly, sedimentatibn
Fluorescein particles asobserved at the tip of syringa&/ith Aquagold microneedte
having smaller needle diameteompared tahe butterfly needle, it iprobablethat the dye
particles may not have transferred completely the skin

Although the dispersed form of dyes was not helpful for their microneedle transfer,
they still have the potential for successful intradermal injeatib@n usingsuitable device
that can transfer all the sediments into the .Skihen dyes are in a dispersion form, they are
notdissolved in a solventvhich means they are less stable compared to the solution form
When these dispersions are injected into the skin tissues, théggaatienorelikely to be
entangled in the skin tissues compared to the-gisfolved solutions because thelecules
in dispersion formareless stable than a solutiand willingy break out from thir original
positions For dyes to color/stain a sukse, the dye molecules need tottansferredrom
the solvent and attached to the substrate. Dye patrticles in dispersion form would have less
physical or chemical affinity with the solvent and may hanogepreference to the substrate,

in this case skitissue

3.1.2. Assessment of Butterfly Needle Injectian
Althoughon the first day the dye sites with butterfly needle injections wetras

significantly visible as the Aquagold inject®exhibiteddistinguishable appearances.
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Differences invisibiliti es resulted simply from the difference in the surface area of injection
methodsThe butterfly needle injects all the volume of dye solution within the intradermal
area using a single needighereas théquagolddeviceutilizes twenty microneedles to

inject the same volum@&@he wse ofa largemumber of needles witkesult inpladng more dye
closer tothe outer epidermis lay&hich improves its visibility; however, in the meantime
this will also cover a larger surfaaeea The colors appearing on the surfacemainly from

the dyeghatareplacedon the outermost skin layaVhenthe dyes were injectadto the

dermal layer, some were transferred and deposited on the epidermisnalyer case a
longertermyvisibility within thedermis layercouldbe possibleasthe epidermis layer sheds

off.

The fluorescence property of the dyes after injectionalasexamined. The visible
sites were not counted, and the UV light was used to determine how many dye sites
fluoreced. The visibilityof Riboflavin and Fluoresceinnaler U\-light was not strong.

Yellow fluorescent colors were visible, but it was difficult to distinguish whetieer
fluorescenceavas fromspillage ofdyeson the epidermis layar from dyes inside theedmal

layer. None of the dyes injected using the Aquagold method were visible under the UV light.
This indicateghat the dyes were not successfully transfeimémthe dermis using this

specific injection method.

All fluorescent dyes were visible undée UV light for up to two weeks. However,
after the second week, fluorescence intensities were too weak to correctly distinguish the
biopsy sites. Fluorescent dye sites became hard to discern due to some dyes running on the
skin possibly due to spillaged due to the fluorescence characteristics of pig skin. Possible

fluorophores on the pig skin are crosslinks of elastin, crosslinks of collagen or NADH
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(nicotinamide adenine dinucleotid®&0, 51]. All three components of skins have
fluorescenceharacteristisand their spectral range of absorptiodudesthe UV range. The
autofl uorescence characteristics of Tphei gbs sk
Aquagoldinjected dyes became invisibd@er ashorter period compared to tbhther
injection method.

The diminishing dye appearances alsevident from the pictures takei different
intervals after injectiorHighly visible dyesiteson the injection dayere no longevisible
in the following weeksOne weelkafter theinjections,it wasevidentthat the dyes lthfaded
considerablycompared to the previousspection(Fig. 11). The fading tendenoyas
especially prominent forkthe yellow dyesRiboflavin, b-Carotene anéluorescein). The
yellow dyeswere only visiblefrom aclose distance up untiefirst week and itvas hard to
distinguish then without the aid of thetattoo marker®n the corners of the sjtstarting from
the second week (Fid2). The blue dyes (Methylene Blue and FD&C Bluedr) the other
handweredistinguishable and visible, btiteir measuredhroma andightness wereeduced
as the time passeBventhoughthe blue dyesvere visible, their visibility lasted only during
the first month. Fid.3 showsa few dye sites are visible on the skinface.

The change beme more significanbnemonthafterthe injectionrwhen he yellow
dyesvisually disappearé. At this point, &en the blue dye sitdeom Aquagold injectios
becamendistinguishable. Only the blue dyfgem the butterfly needlaénjection method
were visible athe end of the onmonth period Even for the butterfly needle injected blue
dyes, the results were natnsistentandit washard to conclude whether Methylene Blue or

FD&C Blue 1exhibitedbetter visibility. Some of the bladots anded spotseen in the
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imageare from the punch biopsies. No additional treatments such as suturing were done on
the biopsy sites anthe biopsy locations weteft open for fullseli-healing.

After thesecond and the third monttenly a few blualye markingswere visible. As
it can be seen frofRigures14 and15, tattoo inks and biopsied sites are clearly visible while
the blue dye sites are only slightly visible. Since the dye wsites only slightly visible
possible risk$or confusing these sites with scars or skin featuwrasld have to be
consideredf these dyes are to be applesimarkersn thehuman skin.

Theoverall visibility of dyes fromboth injection methods wasry similar.
Nonethelesshie blue dyesdd more vsibility compared to the yellow dyesd butterfly
injections showedisibility for a longerperiodcompared to the Aquagold inject®The
blue dyes were distinguishable after one month {B)gThey were also visible after two
months, when all the Aggoldinjectedblue dyesvere no longevisible (Fig14). One
particular factor that differentiatéddethyleneBlue dye from the other dyes was that the
MethyleneBlue dye sometimes developed hyeratinized sites on the surfagkthe skin
Thesehyperkeratinized sites loadjust like scabs except that thegdsome bluecolor.
These sites eventualfgll off after a fewweeks but they ket their visibility even after they
had fallen df from theapplicationsites. Tte hyperkeratinization did ot occurfor all the
MethyleneBlue injected siteandwere onlyobserved otthe butterfly needle injectierand
occurred to approximately orikird of theMethyleneBlue sites.

The yellow dyes were not visibememonthafterinjections The difference &tween the
Aquagold injectios and the butterfly needle injectisis that butterfly needle injectisn
oftenshow visible needles marks. Even when the colors m@tenger visibleneedle marks

werevisible inthe dye sites approximately one oudf tensites.
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Figure 14. Dye sites two months after the injection. The red circle represents a dye
sitefrom the butterfly needle injection.



Figure 15. Dye sites three months after the injection. The circles repesent Methylene
Blue dye site with the butterfly needle injection. The red circle shows the needle mark
while the yellow circle shows blue shade under the skin.

3.2.Spectrophotometic Measurements

The color difference, representeddply or DE, is the quantification of perceptual
difference between two given colored stimuli. The International Commission on Illlumination
(CIE) first developed the concept@E in 1976 and further developed the agpicthrough
repeated corrections. Three formulgiys, s, andgEoe, have been approved by the CIE
and used up to this point. Th&7s was calculated based on the Euclidean distance of two
color points in the CIE 1a’b’ 1976 color space (CIELAB). AlthougliE7s was an effective
modelfor simple color difference calculation, some flaws prevented the accurate
reproduction of true perceptual color differences. Thitss andgEoo formulas were
developed to overcome theseuiss. The development qss model involved the

introduction of lightness, chroma, and hue weighting functions and the g@&assmodel
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improved the performance of this formula by keeping the proposed functions while adding an
adjusted interaction term lveten chroma and hue differences that was primarily designed to
resolve problems withpecification of differences fdnue colors. In addition, CIELAB a
was rescaled to improvke performance of the model for gray col§®®]. SinceqEqo is the
most recent CIE recommendetbdel anchas the most accurate representation of perceptual
color differences among the three listed formulas, it was used for calculation of color
differences in this research.

Quantitative spectral rigictance data were collected using a portable Datacolor
Check 3 spectrophotometer. The collected reflectance data were converted top & Hhil
b" colorimetric attributes using Matlab. The standard'th’ values for the pig skin and the
dyes are documeéed in Table 2. The first row shows the standard skin color, which was
calculated using three skin measurements taken on the day of the injection. The color values
of other standards were calculated using measurements of dye sites one week after the
injections. The skin standard and the color standards were used to calculate color differences
over a 3month periodThe overall color changing trends were observed ugiagh. Along
with the color difference calculation, lightness, chroma and hue differeqiceqiC andgH)
were also calculated. However, the most important factor to consideByagalues. The
color change values correspond to color fading over tifgsyvalues between 1 and 5 are
considered small color differences. Whiy > 2, the colodifference is noticeable even
for the untrained personnel. The largefoo values represent higher degrees of color fading
or change for the dye sites.

During the dye injection on the first day, some of the dyes were evident on the skin

surface due to dyspillage. To minimize the measurement of excess superficial dyes, the dye
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sites were rinsed with water. Rinsed sites were dabbed with paper towels to avoid abrasion
and pressure that might affect dye movements. After the sites were completely dried, the
spectrophotometer was placed on each dye site for the color measurement.

Spectral reflectance data were collected for a total of 120 dyesigeS).(The
numbers were divided based on the dye type and the injection method. Twelve dye sites were
composed othe same dye types and the same injection method, which were measured and
then averaged. Thus, twelve FDC Blue 1 dye sites using Aquagold injection were taken into
average while twelve FDC Blue 1 dye sites using butterfly needle injection were averaged
separately. The measurements taken a week after the dye injection became the standard while
the measurements taken afterwards were considered as batches. After biopsies were removed
from the sites, the number of the dye sites taken into average was rezletmah after a
month and ten after the second month.

The schematic color representations of the standart'Lvalues are presented at the
Acol oro column in Table 2. These colors are
the skinmaybedigitally rendered via spectrophotometric measurements. Although the colors
areapproximataeconstruction of la’b” values, it should be noted that they can be perceived
differently depending on the output devices and illuminants used. Depending on the color
profile and the gamut different devices may reproduce and exhibit the sarbhevalues
differently. For example, colors displayed on a computer screen could appear differently on a
smartphone or in printed version. The color rendition defines the siuahiere the
appearance of the same object changes according to different illuminations. Thus, observed

dye site colors from the pigbs skin may not
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depicted in Table 2. Therefore, the schematic colors aremiszsonly as supporting
material and not to be considered as accurate reproduction of dye stains on the skin.

It was observed that the measuréd h” values have different color appearance
compared to their original solution or powder colors. The sadddyes in their solution
form are shown in Fid8. Table 2 indicates that Methylene Blue and FD&C Blgade
di stinctive bl ue -<Cardteme, and Muorescein dyRs shawédiraaheri n, b
grayish colors. It should be noted that the dye siigsyellow dyes were not showing any
nearyellow characteristics under the spectrophotometric measurement. Such results were
predictable from the earlier color assessments where most of the dye sites lacked a yellow
appearance. Figlishows the visible d3s at the onaveek period where yellow dyes were
not evident. It could be concluded that the grayish colors were produced because of the
mixture of yellow dye spots and original skin colors. It is difficult to define the exact reason
behind the appearanoégrayish colors just from the spectrometric results, but possible loss
of dyes within the sites should be explained in Section 1.3.3.

The digitally rendered color of the Standard (skin) is reasonably close to the color of
the pig skin. The 1a’b” values of the Standard (skin) were used to calculate the color
difference between the original skin color and colors imparted as a result of injections (Fig
16). The largestiEoo were obtained for the colors seen in the first week and the values
decreaseeéventually until all the visible dyes were lost and only the color of the skin
remained. Fig @ can be interpreted as showing how much color from the dye sites was
visible when compared to the surrounding skin. Values in Figeke calculated based on
the same sitesd col or di f faeerfremtieedirstval ues. The

measurements of dye sites one week after the injections as shown in Table 2. The loss of
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color is evident in this figure since color differencesrevcalculated between the same dye

injected sites. Both figures show color differences over a-tmaeh period.

Table 2. Standard’'B’'b” values one week after the injection.
(ID - intradermal butterfly needle injection. AQAquagold injection)

Digitally

After 1 week L* a b’ Rendered Colors
Standard (skin) 79.79 3.07 5.37

FDC1_ID 6 4. -8 . -3 .

MB_ID 48 . -3 . ¢ -12._
F ID 70. -2 . 5. 1

RF_ID 69. -1, ¢ 6 .

BC_ID 72. 0. ! 4

FDC1_AQ 68 . 8 . 1.

MB_AQ 63. 5. . 4

F_AQ 70. 0. 5.

RF_AQ 70. 1. 4

BC_AQ 71. -1. 4 .

Fig 16 depicts thecolor assessment resultem Section 1.3.1. The analysisaiE
values of the first week shows that the dye sites with MB_ID have significantly lggher
values of 30.73 compared to the original skin color. Hihindicates that the dye was
evidently noticeable from the surrounding skin color. The next three dye sites wittgthigh
values are FDC_ID, MB_AQ, and FDC_AQ, which correspond to the high itgibilblue
dyes in visual assessments. MB_ID shows a significantly high color difference value and

other blue dye sites also hayk values higher than 15 for the first measurement period. For
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the remaining sites with yellow dyes F_ID exhibited the higtgsof 10.90 and BC_ID

showed the lowesfE of 7.50.

Regardless of dye types, all dyes were discernible compared to the skin color on the
first week according to the spectrophotometric measurements. The main reason for high
visibility of dyes on the firsweek could be described in two wakgst, the visibility comes
from dyes staining the epidermis layer of the skin. Some of the dyes stained the epidermis
layer due to inevitable dye spillage that occurred during the injection processes. The other
possible reason is that the dyes had insuffidieme for either lateral or vertical diffusion
within the dermis layer.

Fig 16 depicts the color assessment resintisr Section 1.3.1. The analysisaiE
values of the first week shows that the dye sites with MB_ID have significantly lygher
values 0f30.73 compared to the original skin color. High indicates that the dye was
evidently noticeable from the surrounding skin color. The next three dye sites wittgthigh
values are FDC_ID, MB_AQ, and FDC_AQ, which correspond to the high visibility of blue
dyes in visual assessments. MB_ID shows a significantly high color difference value and
other blue dye sites also haye values higher than 15 for the first measurement period. For
the remaining sites with yellow dyes F_ID exhibited the higggstf 10.D and BC_ID
showed the lowesfE of 7.50.

Regardless of dye types, all dyes were discernible compared to the skin color on the
first week according to the spectrophotometric measurements. The main reason for high
visibility of dyes on the first week couluk described in two ways. First, the visibility comes
from dyes staining the epidermis layer of the skin. Some of the dyes stained the epidermis

layer due to inevitable dye spillage that occurred during the injection processes. The other
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possible reasorsithat the dyes had insufficient time for either lateral or vertical diffusion
within the dermis layer.

After one month, theE values decreased significantly for all blue dyes. MB_ID still
had the highettE value of 17.61 while MB_AQ had the lowegdE value of 7.18. The dye
sites with yellow dyes hagiE values between 5 and 7, which is considered large enough to
be discernible color differences. However, it should be noted that yellow dye sites exhibited
similar gE values over the thremonth period. Asnentioned earlier, all dyes became
invisible at the third month period both based on the histological and visual assegbigents
15). Keeping similal."a’b” values after one month until the end of the third month period
denotes that dyes were likely mresent and thus did not affect the'b” values over the
period.Thus, while one month after injections yellow dye sites were evident, the only
distinctively visible dye sites after omaonth period were MB_ID, FDC_ID, and FDC_AQ.

Results in Fig & showthat mosigE values converge at thenonth period. Although
the converging value is not zero it can be inferred that digappear oremain in trace
amounts after the twmonth period. The offset could be interpreted as alterations in the
c ol o r sskih. Sipce thedanimalaskept growingn sizeduring the experiment, the skin
color may have changed throughout the research. Otherwise, the three standard skin
measurement values were not sufficient to accurately represent the actual B\@kage
values of animal skin.

The graphical trends validate the loss of dyes that were noted through visual
assessments. After two months, most of the dyes were invisible on the dye sites.c&milar
values were obtained in the third month, which further confhe lack of dyes in injection

sites and no significant changasspectrophotometrimeasurements.
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Along with color differencedE) values, differences in chroma, hue, and lightness
(oC, qH, andad.) were also calculated and listed in Tables 4, andobvdver, these data
were not analyzed in detail due to the inconsistent trends observed throughout the three
month observation period and the emphasis was pgEoralues shown in Table 3.

The overall color change can also be observed using the dataales the
comparison of color against the same site (Fjg While Fig 6 compares the dye sites
against the normal unaffected skin, Figgcbmpares the same dye sites over a thresth
period to enable observation of the loss of color for eachSiitee the comparison was
made with the standard#& b’ values measured after the fisseek, only three subsequent
measurements were obtained for each dye and injection method.

The results in Fig Adepict the amount of color faded over time. Resultse @yain,
indicate the validity of visual, and show the lines reach a plateau. When the lines reach a
plateau, no or minimal changes in color appearances are obtained. The consistent shape of
variations in color appearances for different dyes can be addlbo either a complete loss
of dyes or permanent staining of skin by the dyes. However, as already mentioned visual
observations showed that all the dye sites eventually lost their colors as depicteddin Fig 1

Dye sites that do not reach a plateauradtthreemonth period are FDC_ID, MB_ID,
FDC_AQ, and MB_ID. These results are consistent with the visual assessment results
reported in Section 1.3.1. All blue dye sites had dradEichanges from the first month to
the second month and then exhibitgulaeau from the second to the third month. Such
behaviors over a thremonth period suggest blue dyes were apparent only for the first month
and no longer were clearly visible after the second month. This was consistent with both

visual assessment resuditsd with results shown in Figg1On the other hand, none of the
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yellow dyes showed significagte change visibility. ConsistentyE values in Fig 1
show that colors were no longer visible either due to not having sufficient staining power or
due to nsufficient visibility of these dyes against the skin color.

Compared to the dye sites with Aquagold injections, dye sites with butterfly needles
show more drastic changesqgix from the first to the second month period, signifying that
butterfly needlenjection is a better method for staining the skin.

The plateau offE appears for all dye sites after the second month period. According
to the visual assessment results in Section 1.3.1, most of the dyes faded and were
imperceptible to human eyes two ntles after the injection, consistent with the hypothesis
that the plateau implies a complete loss of dyes.

The spectrophotometric results shown in Figugarid I7 confirm the visual
assessment resulBBetailed results indicating the range and associated error for each of the
dyes are shown in Appendix Fhe blue dyes stayed visible on the skin more than one
month. Methylene Blue performed better than FD&C Blue 1, and butterfly needle injection
was more effective than Aquagold injection. Considering its visibility efficacy, Methylene
Blue directly injectednto the skin with butterfly needles exhibits the best performance for
use as a biopsy marker. The shortcoming of the approach is the duration of the visibility of
this colorant on skin. Currently, this dye is considered effective for a one month tgs45 da

period but does not show excellent prominence after two months.
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Figure 16. The CIEqEoo values for dyes injected over a thi@enth period compared with
the standard skin color

Table 3.The CIEqEe andgd- ¢

val ues

for

with the standard skin color.

d y-manth pemof eompgared

Eoo q a

Dyes/month 0 1 2 3 0 1 2 3
FDC Blue 1 ID | 20.40| 15.58| 5.26, 4.27|-11.83] -8.03| -3.54| -2.80
AQ | 17.74) 13.06/ 6.09 488 -8.67 -5.20 -3.06/ -2.33
Methylene | ID | 30.73| 17.61| 5.56| 6.09| -25.65| -14.94| -3.54| -4.55
Blue AQ | 1863 7.18 4.89 3.95 -12.57| -4.86 -2.74 -3.12
Fluorescein ID | 1090/ 7.01| 522, 4.36| -7.11| -3.30| -3.62| -2.21
AQ| 891 6.09] 561 445 -7.10 -239 -235 -2.35
Riboflavin ID | 10.21| 5.40/ 5.83| 5.00/ -7.89| -3.67| -2.88| -2.17
AQ| 9.05 514 503 436 -6.91 -2.70 -3.52 -2.78
b-Carotene ID 750 5.38| 5.44| 4.11| -5.02 -291| -2.45| -3.00
AQ| 850 588 593 431 -6.06 -2.85 -2.96 -2.55

over
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Table4d. TheCIEQC g @Hhad val ues f or dy-maenth penigdeompaeed over
with the standard skin color.

qC a oH a

Dyes/month 0 1 2 3 0 1 2 3

EDC Blue 1 ID 453 1.74| -1.87| -2.37|-1599| -13.24] 3.41| 2.19
AQ| 3.65 056 -195 -2.74 -15.04| 1197 4.89| 3.30

Methylene | ID 460 -2.79| -1.94| -3.07|-16.29| -8.88| 3.83| 2.63
Blue AQ| 148 -3.30 -2.33] -1.60 -13.66| 4.13 3.31 1.82

ID | -0.25| -2.27| -1.68| -2.97 8.26| 5.75| 3.36| 2.31
AQ | -0.98 -2.64 -2.49| -237 530| 493 445 295

Fluorescein

ID 0.12] -1.06, -2.13| -2.92| 6.47| 3.82] 4.59| 3.43
AQ | -213 -233 -224| -271 543 3.70] 281 1.99

Riboflavin

ID | -2.25| -2.28| -2.41| -2.03| 5.09] 391 422 1.95
AQ | -2.16 | -2.75 -2.01| -2.19 5.55| 435 4.73] 2.70

p-Carotene

o B, over 3 months against the same site

—e—FDC_ID

—e— MB_ID
—e—F ID

o— RF_ID
—e—BC_ID
..-FDC_AQ
«-«MB_AQ
««F_AQ

RF_AQ
1 month 2 months 3months  ...m...BC_AQ

(]
]
(]
O

Figure17. The CIEqEqo values for dyes injected over a thi@enth period compared with
measurements of the same dye site after the first week.
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Table 5The CIEqEcandgl ¢ v al ues f or dy-mathperigdeompaeed ov er
between the same dye sites. Bhandard [a'b’ values are stated in Table 2 for each color.
oo q o
Dyes/month 1 2 3 1 2 3
ID 5,50/ 15.26| 15.92 3.82 8.31 9.04
FDCBluel ,q 497 11.63] 1249 349 562  6.35
Methylene | ID 14.17| 26.85| 25.38/ 11.01| 22.25| 21.26
Blue AQ 11.66) 1412  14.90 7.74 9.85 9.47
Eluorescein ID 4.44 5.54 6.81 3.81 3.49 4.90
AQ 5.03 4.99 5.17 4,71 4.75 4.75
Riboflavin ID 4.88 5.52 6.60 4.23 5.01 5.73
AQ 4.44 4.03 4.88 4.21 3.39 4.13
b-Carotene ID 2.34 2.66 3.39 2.12 2.57 2.02
AQ 3.34 3.22 4.25 3.49 5.62 6.35
Table6 TheCIEQC g @Hhad val ues f or dy-maenth penigdeompaeed over

between the same dye sit&he standard 1a’b’ values are stated in Table 2 for each color.

qC a gH a

Dyes/month 1 2 3 1 2 3
ID 282 -6.38 687  -2.78 -11.10 -11.16
FDCBluel 5 310] -558| -6.36] -1.72| -852| -8.68
Methylene | ID 734 648 -759 506 -13.56| -11.60
Blue AQ = -477 381 -308 -7.30  -9.37] -11.09
Fuorescein 1D 203 -1.43] 273 -1.02] -406| -3.87
AQ | -166 -151  -1.39 062 003  -1.50
miboflavin 1D 117 -2.24| -3.03 -214 -058] -1.23
AQ | 020 -011 059 -138 -217 -2.53
ocarotene /D 0.03| -0.16] 023 -1.00| -067 -2.71
AQ | -059 015 003 -067 -082 -2.40

3.3.Biopsy and Clinical Assessmendf First Experiment

Biopsiescollected in formalin bottlewere sent to Cockerell Dermatopatholdgy
histological assessmeffippendix D) The results includtkan examination of thpresence
of dyes, thedepth of dyemorphology, angotentialinflammatiors. The dermatopathology

resultsfrom different timetablare listed in Table7 and8.



Table7. Histological assessment results for all biopsy sites ovemargh period.
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FDC _ID, F_ID,
MB_ID,
. Remaining ten MB_AQ, FDC_AQ, MB_AQ,
Skin Type | Control sample| Controlsample sites MB(ID) MB(ID) BC ID RF 1D, BC.ID
BC_AQ,
RF _AQ, F AQ
?n?é/cstligﬁe 1stday After 4 weeks | After 4 weeks | After 4 weeks| After 2 weeks| After 8 weeks| After 8 weeks| After 8 weeks
Dye present No No No Yes Yes No No No
Just beneath
Depth N/A N/A N/A reticular » Ay N/A N/A N/A
dermi present only
ermis .
as tiny
particles
Sparse infiltrate| Sparse infiltrate| Sparseanfiltrate Purulent scale Purulent scalg Normal skin Normal skin
; ; ; crust and ; X . X
Morphology with few with few with few . crust with with sparse | Normal Skin | with sparse
superficial ; . . . . ;
lymphocytes lymphocytes lymphocytes scar eosinophils | inflammation inflammation
Inflammation Few Few Few Eos;nn%phns Eosinophils Few scattered No Few scattered
lymphocytes lymphocytes lymphocytes P lymphocytes lymphocytes

lymphocytes
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Table 8. Histologal assessmemgésults of the biopsies taken on the day of injection.

Dye Type FDC Blue| Methylene| Fluorescein Riboflavin | Flavin b-
1 Blue Mononucleotide Carotene
Dye present | Brownish | No No No No No
granular
material
underneath
papillary
dermis
Depth 0.5mm N/A N/A N/A N/A N/A
deep
Morphology | Normal Normal Normal Normal Normal skin Normal
skin skin skin skin skin
Inflammation| No No No No No No

The primary purposes of the histological assessments were to observe the existence of
dyes and tissue reactions to the dyes regarding safety. All the biopsy results, regardless of
control or dye sites, exhibited a response that indicated sparse infilittate few
lymphocytes and inflammation. Infiltration suggests that certain substances were
accumulated or diffused in tissues or cells. Since needles were injected into the dermis layer,
the results can be interpreted as a few lymphocytes accumulatédtivithbiopsy tissues due
to an immune response. From the fact that all the biopsy sites exhibited the same morphology
and inflammation even from sites that did not contain dye, it is safe to suggest that the dyes
were not the main trigger for infiltraticand inflammations observed. Instead, changes in
morphology and inflammation likely occurred during dye injection. After a needle cuts
through the skinds outer |l ayer, a few | ympho
repair procesgb3). Since infiltration and inflammations were not present for most of the
biopsies collected in thé"8veek, wounds from the prior injection sites must have healed by

the 8" week.
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The presence of dyes in biopsies must be analyzed in. dahiof twentytwo dye

site biopsies sent out for histological assessments, only two biopsies showed the existence of
dyes. This was an unexpected result in that many dye sites had observable colors on the
surface of the skin. Both blue dyes (MethyleneeBand FD&C Blue 1) were visible, and
some of the yellow dyes (Fluorescein, Riboflavin, bBrghrotene) injected via butterfly
needles were also apparent on the skin before biopsies were collected. However, the only
detected dye according to the histotajianalysis was Methylene Blue dye at tAtadd 4"
week collection period (Table 7).

Both visible sites with Methylene Blue dye were from butterfly injection method.
Dyes were present on the upper reticular dermis and under the papillary, frvikelkdand
2"d\week respectively. Since the papillary dermis is the upper layer and reticular dermis is the
lower layer of the dermis, it is reasonable to anticipate that the dyes would be present within
the dermis layer. In addition, the butterfly neediection method was found to be more
effective than the Aquagold injection for depositing dyes into the dermis region.

The two biopsied tissues with Methylene Blue dye had another common feature,
which was the presence of eosinophils. Eosinophils aréypeeof white blood cells which
function as bodyds first |ine of defense and
found in parasitic infestation or allergic reaction sjt&§. Thus, eosinophils observed from
the biopsy inflammations were suspected to o
Methylene Blue dye. Itds been noted from other studies that Methylene Blue dye can cause
allergic reactions and skin lesions when applied intraderrfz\66]. However, many
studies regarding pruritus ani have confirmed the safety of intradermal injection of

Methylene Blue. Only mild side effects such tsrsng, numbness, and slight swelling were
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reported to have occurred from Methylene Blue intradermal injedtidkS9]. The skin
lesion risk could be further reduced when diluted Methylene Blue solution i$38edlo
address any safety concerns with Methylene Blue dye, lowering the concentration of
Methylene Blue may be considered urure studies.

The two biopsy sites that contained dyes also had purulent scale crust morphology in
common.The purulent scale crust refers to the presence of serum, blood and neutrophil
accumulation at the epithelial surface of the injection site. The observed scale crust may be
from the hypeikeratinized dyes that were visible on the skin surface. As mentioned
Section 1.3.1, scalike keratinized sites occurred only from the Methylene Blue dyes that
were injected using the butterfly needle injection method. This hardened skin feature shows
that Methylene Blue responds to serum or blood more readily comipetteel other tested
dyes.

Based on the observed safety record reported in the literature and its relatively long
lasting visibility and durability within the skin, Methylene Blue dye may be regarded as a
potential biopsy marker. Among all the dyes, Me¢im@d Blue was the only dye that was
detectable in the dermis layer. However, Methylene Blue was present in biopsy sampled only
up to the & week period. All the biopsies punched on tHexg@ek showed no dyes in the
analyses of the samples. Some of thepasncollected in the™®week period contained a
few lymphocytes and inflammation while others exhibited perfectly normal skin. Since there
was no correlation between dye sites 8taiwed inflammation and the dyes used, it may be
assumed that the obsedvdifferences in the morphology of biopsies occurred from skin
variation and not from specific dye types. Some dye sites exhibited increased inflammation

for longer periods while other injection wounds fully heal®idice these differences were not
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based a the type of dyes or their interaction with pig skin, due to time and resource
restrictions, other possible causes for observations were not explored further.

Thelack of dyein biopsy samples collected the 4" week according to the
histological reslis, indicatedheneed foradditionalexperiments taetermine the possibility
of dye movement within skin structur€dince sme dyes were visible befotiee biopsy but
were not observed ithe histologicahnalysis of sampleg was suspected thitrmalin,
usedasatissue fixative and embedding agenight havereacedwith or dissolvel the dyes
within thetissues. Formalin is composed of formaldehyde and waléee tissue fixation is
crucial in histopathologto prevent any biochemical reactiomebiological tissuegfter
samples areemoved from the site

Using butterfly needlesjsdyes were injected intradermalhyjtot he pitgds s ki n
observehe extent of dye presem biopsiedsamples from injection sitem theinjections
Based on the psencdor lack) of dyeswithin biopsiespotentialdye-formalin interactios
or associated issuesuld bedetermined

One additional dye, FMN, was testaldng withthe other dyes t@xaminets
performance aabiopsy markeand for comparisarifter dye injectionsthebiopsieswere
puncturedbutin less than 15 minute$hese six biopsies were sent for histological
examinationAll biopsy samples were placed in bottles containing fornfalinhe fixation
before shipping for analysi®ne interestingbservation during the collection oéw
biopsies was thatsasoon as the biopsissue samplesereplaced inside the bottlethe
color of formalin changedccording tahe type ofdyeused, as shown in Figg1With such a
readily visiblecolor change irformalin, one might anticipate that thinéstological assessment

resuls would indicate a presence of dye within tissues.
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Figure B. Tissue samples of different dyes injected and collected on the same day. From left
to right: FI ayv-iCaoteMoRiboffavingHluerestein,dviethylerfie Blue, and
FD&C Blue 1.

However the histology results iable8 showedno evidence of dyes within the
biopsies except fahe sample containingD& C Blue 1dye. It should be noted that the color
change oformalin solutions was not observed in any previous biopsy samples that were
obtained at the™, 4", and §' week periodsThe results were also different from those
obtained previously, which showed Methylene Blue dye was present in the collected tissue
Consequentlyit was decided to further examine the reason for the presence of visible color
change in formalin and the lack of such change in biopsies collected previously. These
observations, however, suggest the possibility of interaction betweeantyésrmalin.

Onepossible reason fatye los in biopsiescould be due tdissolution ofdyes in
formalin. If dyesareattracted tdormalin solutionrmorethan toskin tissuesthey could be

removed from théiopsied tissueBy the solventThe extent of chemical bonding between
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dyes and dermal layer structumaild thusaffectthe extent of solubility oflyesin formalin.
A simpleexperimenwastherefore conducteit examinethe solubility of dyes within
formalin solutionassuminghatthere is absolutely no bonding between dyes and skin
Solutions ofdyeformalin-(1%) werepreparedor all six dyesFig 19 showsthe dissolving
properties oformalin foreach dyeAlthough tiree yellow dyes exhibit turbslspensions
their appearance in ¢il9 supports the idetihatall dyesmaybefully or partially dissolve

in formalin solutiors.

Figure B. Examination of the solubility of the six dyes in formalin

The solubility of dyes in formalin solution could be inferred from the fact that
formalin is an aqueous formaldehyde solution. Since dyes were dissolved reasonably well in
water, it was difficult to specify whether the loss of dyes in biopsy samples wds diater

or formaldehyde. Formaldehyde is a very active aldehyde which will dominantly form a
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hydrated(1,1-diol) form in aqueous conditions. If the dyes are not chemically bonded to the
proteins and thus not strongly held in the dermis layer, the forsalution could dissolve
them when the tissue containing the dyes is placed in the solvent.

However results inTable8 do not portray @learpicture as to why¥D&C Blue 1
was observed ithe biopsysamplewhen all other dyesereno. Since additionatkamples
and repeated experiments were not performed, a solid reason for this observation could not
be provided. This may have been due to small amounts of dye remaining in sonlieveites.
also difficult to specifywhetherteé br own i s h g r fmaddariveal frommB&Ce r i al 6
Blueldye or fromtheskin itself. The color difference between the injected dye and the
observed material in the biopsy suggests that the matemighave not derivellom thedye.
Thus, it was suspeaeavhether potential impurities might have been present in FD&C Blue 1
dye used for the experiments. MSDS sheets did not specify the % composition of the FD&C
Blue 1 dye. Thidayer chromatography (TLGyasused to determine the existence of
brownish impurtiies in the dye and this wasnsideredo helpelucidate the histological
results.

For the TLC, wo different solvents were used to sepacat®ponents in the
mixtures. Solvenbnewas 8:3:4:4:3 butanol: ethanol: methanol: pyridine: BOH5olvent
two was2:2:1 butanol: methanol: acetic acideitherof theseeluentsresulted irresolving
FD&C Blue 1 dyeand anly one blue spot was presenttbe TLC plate for all the repeated
trials shown inFig 20. The TLC resul verified that brownish granular matelsavere not
from FD&C dyeimpurities.Another possiblsourceof the brownish substanceay have
beenmelanin pigmerg Although melanin usually exsin the epidermis layett is usually

found inthe basal layerwhich provideda possibility forthe observedesults. However,



64

sincenone of the other biopsistiowed avisible brownish granular materiahd since

melanin would naturally be distributed uniformly throughout the skin in significantly smaller
sizes, the possibilitynelanin pigmenbeing thesource of the brownisgiranular material

would be very slim. One likely source of the impurity was considered to be the unusual skin
features that may have been present in that particulate dye site.

Another possible explanation for the lack of dyes opbied tissues could be due to
inadequate time provided for the dyes to interact with the skin tissues. Since the biopsies
were punched within 30 minutes of the dye injections, dyes may have not had time to from a
stable and strong attachment to the detimsalies. Considering that the interaction between
dyes and thenedia fromwhich they are applied requires time and appropriate conditions for
the formation of durable and uniform colors, the staining of skin tissues in the minimal time
provided and the &k of control over conditions may have prevented the formation of strong
bonds between dyes and the skin. The insufficient attachment between dyes and skin is one

reason for the presence of visible colors in formalin but none in biopsied tissues.
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Figure20. TLC purity testing of FD&C Blue 1left with solvent number one containing
butanol: ethanol: methanol: pyridine: Db®I (8:3:4:4:3). Solvent 2 was butanol: methanol:
acetic acid (2:2:1).

Based on the histological resudisown inTable 8, additional hypotheseg&reconsidered to
explain the lack of dyes in the biopsied skin tissDg®s, unlike pigments, stathe
substrate when #y havechemical affinitytoward thesubstrateln thecase of thistudy, the
affinity should exisbetween th@roposed dyes and dermis. Depending orclassification
of dyes, their interaction witrskin wouldvary. Thus,a basiaunderstandingf thechemical
structure andhe classification of each dye is necessdmgble 9 shows the all the basic

characteristics of each dye used in the research.
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Colorants Riboflavin Flavin b-Carotene | Fluorescein | FD&C Blue | Methylene
mono- 1 Blue
nucleotide
Formula C17H20N40s | Ci7H21NsNa CaoHse CooH1205 | Ca7HaaN2Nap | CieH1sCINsS
OgF’+ OQSS
MW g-mof? 376.37 479.338 536.89 332.31 792.85 319.85
Dye Class | Natural Dye | Natural Dye Pigment Solvent dye | Acid dye Basic dye
Solubility in | Poor water More Insoluble Insoluble or Soluble Soluble
water solubility soluble in slightly
(slightly water than soluble
soluble) Riboflavin

3.4.Dye Characteristics andPossibleDye LossMechanisms

FD&C Blue 1 is an acid dye that is used in food coloring. Acid dyes are used when
dyeing protein or nylon fibers and they interact with the megiamarily through ionic
bonding. One characteristic of acid dyes is that they contain sulfonate, or sulfonic acid,
groups. Sulfonate groups make compounds readily soluble in water and their negatively
charge form in an aqueous mediyproviding the possiblity of bonding with cationic
charges on the substraiféhe applicatiorof acid dyes normally occsim acidic or neutral
conditions. The chemical structure of FDC Blue 1 is given irB&igAlthough blood vessels
have slightly alkaline properties, proteiformed from amino acids are assumed to be present
in a neutral ogwitterionicstate. The fact that the protein fibers tend to degrade chemically
under strong alkaline conditions suggests that proteins, presumably including skin tissues, are
maintainedm stable, albeit slightly, acidic conditiof@0]. Fig 21 shows how typical protein
fiberscanattaina positive charge under acidic conditsandarebonded to FD&C Blue .1
Other secondary interactisauch asan deMWaalsforces and hydrogen bonding aiso
involvedto support the ionibonds formedFD& C Blue 1 was expected to show good

staining efficacy because of its similar structure to FD&C Green 3, also called Fast Green
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FCF Thislatterdye is usedor trichrome staining along with Sirius Red dgestain protein
fibers and distinguish between collagen and-collagenproteins[61]. The use of FD&C
Green 3 fohistochemicaktaining give more credibility to FD&C Blue 1 dgs a potential
marker

Sulfonategroupsin FD&C Blue 1could ionicaly bondto cationicgroupspresenin
theproteins indermis. The dermis matrix is mainly composed of collagen, elastin and ground
substances. Abbf these are composed of protein amolre specificallyamino acidswhich
are potential sites faonteractions with FD&C Blue IThe primary amino acid structure is
composedirdfoxy | i ¢ a c tacinogroupan the otherrent. Irabetdeert
the two ends, variable side chains exist to give each amino acid their special functionalities.
Theseamino acids are linked by peptide bdretween carboxylic acid end and amino group
to form peptide chaingn addition to the end amine groups, some amino acids contain
positively charged side chains. These amino acids are Arginine (Arg), Histidineidis)
Lysine (Lys) (Fig22). Themean amino acid composition twfenty-three Mammaliakin
collagenwas measureih one articlgTable10) [62]. The composition percentage of the
posiively charged amino acid is not very high and is listed as'tteb@ndant amino acid in
common mammal collagen. Although this percentage is not significant compared to the top
three amino acid compositions, these amino acids would provide sufficient binding sites for

injected FD&C Blue 1 dye.
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Table10. Mean amino eid compaositions for mammal62].

Mammalia (n = 23)
Gly 329+ 18
Pro 126+ 6
Ala 109+ 8
Hyp 95+7
Glu 74+3
Arg 49+ 3
Asp 47+ 3
Ser 36+5
Lys 29+ 4
Leu 24+3
Val 22+3
Thr 19+4
Phe |[13+2
lle 11+2
Met 6+2
His 5+£3
Hyl 6+1
Tyr 32

Figure21. Schematigepresentation abnic bondingoetweernFD&C Blue 1 anda protein
structure.
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Twenty-One Amino Acids
A, Amine Acids with Electrically Charged Side Chains
Positive MNegative
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Figure22. Twentyone amino acitlypesandtheir chemical structurg63)].

Methylene Blue dye is categorized as a basic dye. With the positive changel by
nitrogen and sulfur atoms via resonance, the dye contains an overall cationic(EfgaBbg
Methylene Blue is soluble in water and can interact with anionic sites available in the skin
tissue. Amino acids that contain negative charged sidashee Aspartic acid (Asp), and
Glutamic acid (Glu). The chemical structures of these amino acedfiown in Fig 2. The
composition of these amino acids in the average mammal collagen is not smalll(yable

Thus, the negatively charged carboxylatethiese structures coulateractwith the
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positively charged Methylene Blue dye molecules. This staining property for Methylene Blue
via ionic bonding is widely used in various medical applications such as chromoendoscopy,
sentinel lymph node dissectioasd other intravital staininj@4-66].

Both acid dyes and basic dyes are susceptible to light degradation, especially to UV.
Basic dyes are known for their poor lightfastness while acid dyes are typically considered
more lightfast than basic dyes. Although it is appropriate to take accouribofadding due
to lightfastness, owtudywas conducteddoors with no windows to enable daylight to
enter. While fluoresced lights were used to illuminate the room, over the coursestfdje
the pig had minimal exposure to natural daylight, fos kaan a few hours. Thus, it is safe to
concludethat the dye loss on the skin was not due to pfaating.

Riboflavin, Fluorescein anikCarotenalyes do not carry positive or negative charges
neededo form ionic bonds witlproteins rather they can fon secondary interactions.
Fluorescein is characterized as a solvent dye, which has very low solubility in water.
Riboflavin is slightly water soluble arfdCarotenas a water insoluble natural substance.

Due to their chemical structures, these dyesgpeated taindergachydrogen bondingr

Van der Waals interactionsgith various polar and necharged amino acid side chains.

These amino acids include Glutamine (GIn), Asparagine (Asn), Histidine (His), Serine (Ser),
Threonine (Thr), Tyrosine (Tyr), Cysta (Cys), and Tryptophan (Trp). Although there are

many different types of such amino acids, the composition percentage of these amino acids in
collagen is not significantly high. Upon injection, yellow dye molecules could interact with
these amino acids ithe protein via hydrogen bonding. In addition to hydrogen bonds, van

der Waals interactions would improve the strength of bonding between these dyes and the

collagen tissue in the dermis layer. Hydrogen bonds are considered to be strong secondary
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interadions, but they are weaker bonds compared to ionic or covalent bonds. Weak hydrogen
bonding can affect the stability of dyes within skin tissue.

Although ionic and hydrogen bonding were suspected as possible bonding
interactionghat wouldhold the dyes oto the skin tissue upon dye injection, the extent of
such interactions was not measured quantitatively. The degree of dye staining could be only
observed through color assessments, perceptual and histological assessment results. Given
the fact that the dys were not visible one month after the injections, potential biological
hypotheses were explored to facilitate a better understanding of the loss of dyes.

The frst hypothesisvas centered around thexmune responsef thebodyto foreign
materials As needles of Aquagold and butterfly device punch through epidermis anthato
dermis layer, woursfform along thenjection pathandbodyinitiates inflammatoryresponse
to heal the damaged sjt@7]. As acomponent of theaflammationresponsgswelling occurs
to summon phagocyteghich wouldclean up debris and foreign materigd8, 69]. These
phagocytes arasuallyneutrophils and macrophag@&&eutrophils support acute
inflammation and are eventually replacednbgcrophages, lymphocytes and fibroblasts
inflammation continuefrQ].

Although rmanent tattooing takes place untterskin, thebody goes through the
samewourd healing proces®Vounds occur during tattoaeviceinjections and result in
inflammatory and immuneesponsén affected regionsDuring this process macrophages
attack foreign bodiesn the casetattoo pigments. &ne ofthesmaller tattoo pigments are
engulfed by macrophage b carried out to lymphatic systefil]. Other pigments remain
in thedermis area becaufieeir huge size imped¢he movement of tatteladen

macrophagedn addition to macrophages, fibroblaatso hold thencoming tattoo pigments
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[24]. The size of tattoo pigmenan affecthe longevity of tattos and tattoo laser removal
process. Tattoo laser breaks down the pigments in the dermisdatreat they become
capable of macrophage phagocytosis. This is critically important beitduises to a
possiblereason forcolor fading and dye loss in the dermis.

When dyes are injéed into the skin, their position can affect their longevity and
interaction with the tissue. Thus, if dyes are placed in the epidermis, which sheds off on a
monthly basis, they will beliminatedat the end of the shedding cycle. However, dyes
injected ino the dermis layer would begin interolecular interactions with proteins in
dermis. As discussed above, Methylene Blue and FD&C Blue 1 would form ionic bonds
while Riboflavin,b-Caroteneand Fluorescein wouldndergo secondary valency interaction
with various amino acids in collagen or other protein structures. Although ititesactions
result in staining the dermis layer, they are not strong enough to keep the dye molecules in
place for a long time.

While typical onic bond, such as thosermed byMethylene Blue and FD&C Blue
1 dyeswith protein structuresftenshowacceptabldevels of durability and thus
colorfastness propertiesatisfactory colorfastness was not achiewbénthe dye were
injected into the skinFD&C Blue 1,which is anacid de, is also usefbr hair dyeng
applicatiors asatemporary dye due to its high molecular weight and inability to penetrate
deep into haif72]. Similarly, FD&C Blue 1 would only stain the surface of collagen or other
proteins inthedermal laye, which would make the bonds susceptible to constantly incoming
leukocytes On the other handpmecationic dyes such as Methylene Blanay beused as
semipermanat dyesin hair dyeng industry due tdhelow molecular weighof this dye

which enables it tslightly penetratéo the corte72]. For hair dyes, alkaline pH opetise
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cuticle toenabledyesto diffuseinto hair cortex. Howevein-vivo studies such as the
examination of dyes in dermis, limit the possibility of controlling pH for this purpdses,
in the case athe intradermal dye injectigrt was notpossible tovalidate whether
Methylene Blue dyeloesactually penetratehe cellular wallof the dermis layer.

In the case of Riboflavif)-Caroteneand Fluorescein, bond strength would be less
than that of Methylene Blue and FD&C Blue 1 dyes because of the weaker nature of
secondary valency forceA further reduction in bond strength might also occur because
hydrogen bonding between dyes and the tissue would be minimized in aqueous solutions.
Hydrogen boding in water would block or minimize bonding between+obarged amino
acids and dye moleculeshis, these dyes could only stain the dermal tissue and interact
with the tissue with partial hydrogen bonding and van der Waals interactions.

Based on the strength of different bosttie presence of dyes in biopsy samples may
have been affected. As notedSections 3.1 and 3.2, FD&C Blue 1 and Methylene Blue may
form ionic bonds with dermal tissue. These dyes also showed much higher visibility
compared to the other three dyes, which can only form secondary bonds. In addition, the two
blue dyes were the bnvisible dyes that were present in the histological assessments.

Dyes are different from pigments in that dyes are small enough to be fully
phagocytized by macrophages. Not all the foreign substances are removed by leukocytes
immediately upon injectiofilhus, possible dye staining occurs prior to the phagocytosis.
When macrophages enter the injected site, unattached dyes are engulfed by macrophages and
removed from the site. As described in Section 1.3.1, the color fading is evident one week

after the ijection. Therefore, two issues affect the durability of the injected colorant: the
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epidermis layer is shed which results in shedding the dye and macrophages also remove
unattached dye molecules thus color loss on the skin occurs.

It was previously stated that yellow dyes were only cledidgernableon the day of
injections while blue dyes were more apparent over a longer period. The difference in
visibility could be ascribed to the strength of chemical bonds between dyes aid prot
structures.

According tocolor difference valueshown inTable 3 andistological result given
in Table7, it maybeconcludedhatdye lossoccurredat leasbver onemonth. Since
inflammation continuedntil the 4" week macrophages were activedgntinuing to remove
the dyes over this perio@ontinued inflammation can be interpreted as continued immune
response to foreign materials,this casedye substancefuring the active immune
response, coldiaded significantly and when inflammatiotogped, color difference values
did notvary significantly, supporting the possibility of macrophage cleaning up dye
molecules.

Thesecondhypothesis ishedyediffusioninto different parts of bodglepending on
their partition coefficient values. Thmartition coefficientexplains the ratio of solute
concentration on two different solvents. The two solvents are usually octanol and water,
which can signifywhether a solute is lipophilic or hydrophilM/hen usinghe partition
coefficient ratiq it is usuallytaken into logarithnand useds log P valueélable 11)
According to the equation, positive log P value stands for lipophilicity and negative value
stands for hydrophilicity.

b-CaroteneandFluorescein have high log P vakef 17.62 and 3.4espetively.

With highhydrophobiccharacteristic,iese two substances are likely to mawtheoily
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parts of the body such #selipid layer or sebaceous glan(&g 23). If migrationoccurs

color loss would be apparent because mygration results in less concentrated dye in
injectedsites. Ifb-Caroteneand Fluorescein move into deeper subcutaneousslayere
there isanabundant amount of subcutaneous féisywould becomemuch leswisible from
the skin surface. Color fadirdue to the movement oblorantsto deeper layerwas also
reportedfor tattoo pigmerg migration[73]. If these lipophilic dyes migrate or diffuse into
sebaceous gland, they might move up to the surface of the skin or the epidermis layer along
with sebum. Sebum in sebaceous gland is secreted through hair follicle and functions to keep
the skin surface oilpnd waxy. Thus, as a result of the secretion only minimal amounts of
dye would remain in the original injection site if diffusion occurs.

On the other handhe other three dyewith hydrophilic characteristicse. FDC Blue
1, Riboflavin and MethylenBlue are likely to move to different part§ the bodywhere
water composition is higiBlood vessa would bethe biggest target for the dye diffusion
due tocontaining ehigh percentage of water componemwod plasma isheliquid part of
the bloodwhich comprise$5% of total blood volumdt is composed of 92% watE#4],
which makes it favorable for hydrophilic dyes to diffuse inlimod vessels in the dersi
Considering that the drugs applied via topical and transdermal applications are often intended
to diffuse into blood vessels in dermis, it is reasonable to suggest that the injected dyes could

have diffused into blood circulatory syst¢wd].
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Figure23. Anatomy of human skin to describe the possible migration or diffusion of dye
moleculeq76].

Equation 1. Partition coefficient, log P.

Table 1. Log P values of different dy§¢g7, 78].

FDC Flavin Riboflavin | Methylene| Fluorescein| b-
Blue 1 mononucleotide Blue Carotene
Log P| -4.94 -2.6 -1.46 -0.9 3.4 17.62

3.5.AssessmenBiopsy and Clinical Resultsof the Second Experiment

Three promising dyes (Methylene Blue, Fluorescein and Flavin Mononucleotide)
were selectetb continuethe experiment. Methylene Blue was chosen because it had the
longestvisibility among thevisible dyesbased orthe previousistological assessment

However, further safety issues needed to be addressed to test thstge can be
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considered to bsuitable for actual application to human. Fluorescein and Flavin
Mononucleotide were chosen duegheir promising fluorescentharacteristics and their
minimal healthproblems Initially, the experiment was planned & months to meet the
revisiting period of nonmelanoma skin canpatient§47].

The dyes were injectadlith butterfly needls intoa live pig. For each dye type, six
injections were performed to observe dye visibitityer the experiment perio®ne
additional injection was performeuth asaline control sample. The control site was
biopsied on the day diieinjection. Other biopsis were taken out on a monthly basis. To
attain credible histological resslforeach dye, three dye sites were punched out. Thus, a
total of 19 sites were biopsieder atwo montts period sincéhe injectionincluding one
control site on the day dfieinjection, 9 dye siteafterone month and another 9 dye sites
after the second month. All the biopsies were sent to a patholotistQollege of
Veterinary Medicinef North Carolina State Universifgr histological assessment. Results
including varous histology lesions, their descriptions and severity seoesksted in
Appendix E.

Among six biopsy sitesver thetwo months periodsamplel4 containing Flavin
Mononucleotide dyshowedanevidence of slight dermal inflammation dominated by a few
neutrophils and lymphocytes. Since neutrophils and lymphocytes usually appear in the
presence of inflammation caused by needle injection, it is difficult to confirm whether the
dermal inflammation a&s a reactioto Flavin MononucleotideThe gesence of few
eosinophils was also observiedhe skin lesion. Eosinophils usually develop to treat allergic
reactiors, but Flavin Mononucleotide is not known to cause any allergic reactions. Since only

a feweosinophilsvere observeth the slidethey may have been the result df/gical
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immune response to inflammationraay have been due to thegration of eosinophilfom
othersites. Some histiocyte (macrophage) were also present on Flavin Mononecleotid
injected siteThe pesence of histocytes confirms the existesfomacrophageto carrydye
moleculedo the lymphatic system as proposed in Section 3.4.

Although Flavin Mononucleotide sites exhibited minimal to negligible health issues,
none of the dygwere visiblan the skin lesions. Flavin Mononucleotide has yellowish dye
particle which is distinguishable from other dyes, but none of the particles were suspected to
be from Flavin Mononucleotide. Therefore, it can be assumed that Flavin Mononwleotid
migrated or diffused out of the dermis layasverthe twomonth period.

In the case of Fluorescein dye, two biopsy sites exhibited the presence of dye and
alteration of skin tissue. lm samplel2, a few magenta pigments were observed, confirming
that Fluorescein can remaintime skin overthe 2-month period. In Slide 18 where
Methylene Blue was injected, the magenta particlealssobserved. Considering the color
of Methylene Blue partick the visible magenta particlegre assumed to be Fluaaein
that may have beemigrated ito the site. However, no other Fluorescein biopsy sites
showed theresence ofFluorescein dye within the injected site. The observed dyes were
located at hair folliclg which is coherent with the assumption that theoFdscein dye
would migrate to sebum containing hair or sebaceous follicle due to its lipophilic
characteristic.

Amongst six Fluorescein injected sites, slide 24 was the onlgxiibitinga trivial
adverse healthroblem Minimal dermal inflammatiomswell aslymphocyte, eosinophils,
and macrophagesgere observed_eukocytes usuallgppear when thekin tissuas subjected

to damage includingeedle injectioa Eosinophils could haveeen preserdue tothenatural
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immune response to inflammatioflternatively, they may have been present to combat an
allergic reaction to nearby Methylene Blue sites.

Many biopsy sites with Methylene Blue injection contained visible black pigments as
expected from the previous experiment. Black Methylene Bluecfesrtivere visiblen four
out of six injection slides. The black partiglesindicated by the pathologistere likely
Methylene Blue dyg According toresults otthe previous experiment, Methylene Blue was
visible in skin only up to the first month &it the injection. However, the histological result
of the second experiment showed that thewlge present over temonth period. Two out
of three Methylene Blue injected sites retained black pigments after 2 months. Although the
original experiment waplanned fol6-month period, biopsies were takenly for two
monthsbecause none of the dyes were visdnid¢he surfacef the skinin the third month

The histological assessment resuiticatethe efficacy of Methylene Blue dye in
terms ofthe aspetcof dye presence. Despite its superior stability within skin tissue,
Methylene Blue injectioseems to result inealth issues that could be seversame cases
From Slides 9, 11, 18, 20 and 27, where Methylene Blue was injected, necrosis of skin tissue
was observed eithan epidermis, dermis or subcutaneous layer (panniculus). Although
different types of skin necsts were observed, all were superficial &vilence ohealing
was observedn addition, most of the necrosis was found within the crechié that was
visible from the skin surface. Methylene Blue dgems to havimduced necrosis in some of
the skin tissusamplesbut the healing responseemed to have also started. Necrosis was
only under the scab and no further treatment such agldeient was required on the site.

Some sde effects of Methylene Blugave been describaal previousstudieq55, 56, 79].
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However, alower concentrationof Methylene Blue dye (0.125%hile visibility was not
significantlyaffected health related¢omplicatiors werereduced by teifiold [56].

Dermal inflammatiordue toMethylene Blue dyes/asobserved mostly in
perivascular area, which means that these ttggslto blood vessels andaycause
problems in these arean concert witHfindingsin Section 3.4. Methylene Blue has negative
log P valueof -0.9[78] with ahydrophilic characteristisvhich makes iattracted to blood
vesselsNonethelessfollicular injuries were observed in slides 7 and 20 where Methylene
Blue dye was injected. However, Methylene Blue anhydrousleaseen listed to haa
lipophilic characteristic with log P value of 3.B80], which would leadMethylene Blue to
sebaceous regiofi81]. Thus, Methylene Blue can contain both hydrophilic and lipophilic
features depending on the resonaoiciés chemical structurevhich enables Methylene Blue
dyes to migrate to either watery blood vesseloily follicular ares. When Methylene Blue
entesfollicles, it distorts or collapsesome follicles Black/blue dye molecules weadso

observed within the dermal macrophages

3.6.Limitations

Working with a live animal model resulted in numerous unexpected variables that
would not have occurred vitro studies. Since the primary purpose of this experiment was to
inject dyes as skin markers for potential eventual use on humarss regessary to use a
live animal and consider different variables that may be present in real situations.
Nevertheless, there were extra limitations that occurred because the study involved a live pig.

In addition to variables originating from the useadive animal subject, there were also
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human variables throughout the experiment. A list of limitations that were confronted during
the experiment igivenin this section.

The fastgrowing nature of pigs was one of the variables that affected the appeara
of dye sites. The selected pig for the experiment was initially five and half months old and
weighed approximately 300 Ibs. Although male pigs often reach their sexual maturity after 5
6 months, they continue to grow afterwards. Not much studying evasid relation to the
growing nature of the pig after the initial©bmonths because pigs are normally slaughtered
before they get bigger. The pig selected for this study gained weight significantly every
month. By the end of the third month, he weigheaterthan 400 Ibs. Since average pigs
grow approximatelp4 lbsin a monti{82], the growth rate of the selected pig can be
considered to be typical.

Although this rate of growth is normal it may be problematic when results are to be
compared to humans. According to one study, in 2010, far less than ocaetpdmpatients
with norrmelanoma skin cancer were from the age group24[83]. Thus, according to the
statisticaldata, more than 99% of nanelanoma skin cancer patients were fighpwn
adults whose growth rate has stopp&fith the high growth rate of piggheoverall skin area
increaseswhichresults in expandedye stes compar@to thetime of injection.Moreover,
as the skin areas get bigger, accurate tracing of the dye injection sites becomes challenging.
For spectrophotometrimeasuremest a photgraphof dye sites taken on ttiest daywas
used tadentify ther locationaccurately Althoughthe skin remained mostly unchanged,
some dye site locations together with the tattoo markers shifted slightly over the months.

In addition to the rapid growth of the pig, skin flakes and hairs were contributing

variables to the results of the experiment. For the color measurement, it is always preferred to
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measure the sites with minimal intervention. Although hairs on the bgug wafere trimmed

prior to color measurement and biopsies, they could not be completely excluded. Some hairs
grew within dye injected sites and had to be measured along with the colors. The white color
and coarse characteristics of pig hair may have atféebeaccurate measurement of colors

on the dye sites. Although human skins may also have hairs, much coarser pig hairs should
be considered a potential contributing source of variability in results.

The pig had an abundant amount of skin flakes on jketion area that consistently
peeled off, and this was another limiting factor in accurate measurements of dye site colors.
It was almost impossible to get clear measurements of dye sites without skin flakes being
present. In addition, the epidermis lapd a certain fluorescence property that made color
assessments under UV light challenging. There are many skin chromophores with
fluorescence characteristics. These are porphyrins, NAD/NADH, tryptophan, collagen
crosslinks, elastin crosslinks and dryatan[50, 51, 84)].

While tattoo inks were placed on the corners of the sites for dye injections to aid the
identification of sitesa correct identification of the 120 dye sites was still somewhat
challenging. When planning the experiment, it was etquethat the colors would be visible
to the naked human eye for a few months, but most of the dyes were found to be no longer
visible after the first month. The lack of colors and randomized placement of dye sites made
the site identification very diffidt The large number of dye sites in the limited application
space sometimes also resulted in confusions during measurements.

The biggest difficulty in site identification arose due to the use of tattoo markers.
Although tattoo ink spots were placed i tkin solely for the purpose of marking the

corners of dye sites, some were vague or sometimes not visible after some time. The loss of
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tattoo inks was likely due to the injection method used. Tattoo inks were injected with a
syringe and not with a spetiized tattooing device and no specific administration method

was set up for tattoo injections. Considering that tattoos are usually placed in the skin with a
professional tattoo machine by professionals, the use of a syringe resulted in inconsistent
markerappearances and sometimes the associated loss of color. However, even with
inconsistent tattoo marks the location of dye sites could be determined from the pictures
taken on the first day of the injection, as well as skin features and other tattocirsdiléat

an appropriate professional tattoo machine was employed by an experienced user, the tattoo
marks would have been more effective to indicate dye sites. Alternatively, making a grid on
pigbébs back or numberi ng e a cldaridbemticatisniot e coul d
different dye sites in future.

In addition to outside variables such as hair, skin flakes or tattoo marks, there were
certain challenges associated with the color measurement. Measurement of color, although
simple, was timeonsuming. Initially, when site colors were easily noticeable on the skin, all
120 sites could be measured easily. However, when the dye sites were no longer visible, it
was difficult to measure the actual site of injection. In the case of Aquagold injectiwes, si
the injection location covered a wider region, there was no need for precise color
measurements. On the other hand, the butterfly needle injections had specific spots where
dyes were injected. Visible dye spots were much smaller compared to Aquaedtidis.

Even when dye sites were indicated by surrounding tattoo marks, it was challenging to
clearly distinguish between measuring unaffected skin areas and dye sites.

The experimentds goal was to identify pot

number of suitable colorants were tested on the pig skin. Although some dyes had adequate
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visibility and showed potential for use as markers, additional experiments are necessary to
test how different skin coloration would affect the performance of the dtfi@nans belong

to different ethnic groups and show specific racial features. The color of human skin varies
from white to black depending on the amount and the composition of mgg&n86]. Since

the experimental pig had a whipenkish skin color, it could serve as a good indication of

dyes performance on white skin colored people but may not bepajgpecfor people with

darker skin colors. For example, blue dyes that were noticeably distinctive otohgiit

skin may not be as visible on darker skin colors and as such may not be appropriate for such
cases. Several types of skins need to be anabefede the dyes are proven for their

visibility as biopsy markers. Though the visibility of dyes on different skins requires further
validation, the histological assessment results show that none of the dyes cause any serious
side effects or adversely afft the health of skiwithin the biopsy sites. This was inferred
visually as no sign of significant skin issue such as necrosis was observed and only minor
inflammation, likely due to the mode of injection, was noted on some injection sites.

Due to havig limited resources, only one pig was tested in this study. As such all
performance criteria including visibility and health issues were tested in various locations on
the back of the same pig. Considering the large variability among humans, and animals, t
ensure that the experiment is reproducible, the experiment should be repeated on different
pigs. Depending on the size, age and environment, this may result in a certain degree of
variability in results. These need to be tested to determine whetheff¢ihendes are within
an acceptable range.

The potential use of different solverits the dyes may also be taken into

consideration. For safety reaspdsstilled water was used to dissolve the dyes. This worked
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well for FD&C Blue 1 and Methylene Blue dy but not so well for the other three dyes.

Especially in the case of Fluorescein different solvents may result in better injection of the
dye into skin regardless of the injection method used. If dyes could be dissolved in certain
organic solvents, whictmay be considered safe for injections, the efficacy of dye application
may be improved.

There was challenge associated with taking appropriate dye site pictures. Due to the
huge size of testguig and lack of labor, the pig always sedated in differentipos. The
best position would be making the pig flat on his belly, so all the pictures could be taken
underthe same illuminant. However, the pig was not feeling comfortable with-thetly
position and struggled to lie down on the sides, resultingconisistent lighting on the color
assessment pictures.

Keeping the pig sedated was another huge challenge associated with the experiment.
During dye injection and biopsy, the pig needed to be sedated sufficiently so that he does not
move, and the processuld be accomplished safely in time. As the pig grew bigger, the pig
was not sedated quickly even with more doses of the drug, and thus more anesthetics were
forced. Sometimes the pig flinched during the biopsy process which made the experimental
procesdlifficult. It was tough to accurately predict the effectiveness of drugs when the pig

was in bigger shape.
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Chapter 4. Conclusion

The visibility and thedurability of injected dyes differed depending on specific dye
typesused Methylene Blueshowedthe bestprofile, visuallyandexhibited corresponding
spectrophotometric color difference of 30.73 (ID) and 18.63 (&@@weekafterthe
injection. The next visible dye was FD&C Blue 1 watblor differences in the range 29.40
(ID) and 17.74 (AQ). The sigficantly large color differencemdicate the high visibility of
thesedyeOt her dy e s -Camtenb,arfd Flaovescahowedcolor differencs in
therangeof 7.50 and 10.90yhich weresignificant as well. While the color difference values
of the blue dyes remadal significant at least foonemonth, the yellow dyes no longercha
noticeable differences monéiterthe injection. The color/dye loss rescitn be supported
by thefact thatcolor difference valuesemainedconstant andid not decease further.

Even though theye sitesvere appareranthe skin surface, the histological
assessment results showed no evidence of dyes except for Methylene Blue dye. Methylene
Blue dye was observed the biopsied skin tisssecollectedatthe 2% and 4" weeks
Inflammation and lymphocyte infiltration were recorded from the contf8krad 4" week
biopsies while they were not present for tHeagek biopsies. Inflammation and lymphocyte
could be interpretetb bea result of wounsloccuring during the dye injection. It can be
inferred that the wounds healing process continuesipadt week but nblonger than the
8" weekof inspections

Upon dye injectios, inflammation appears as a part of the d ynénsne response
to theintroducedforeign maters. Macrophages engulf dyes and mélvemto the lymphatic
system. The difference in the macrophage processing time depends on theaafinity

interactionof dyes to the skin tissue. FD&C Blue 1 and Methylene Blue can form ionic
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bonds withtheamm aci ds t hat have char g€aotepd, ah@ chai r
Fluorescein could only form secondary interactions with the amino acids wahnool

charged side chains. The dyes with strong ionic bonds tend to stay longer in the dermis layer
conmpared to the dyehat fromhydrogen bonsland van der Waalsteractions

Dye loss may have occurred due toitgrationof dyesinto other parts of the body
based onhepartition coefficient values (log P) of dyes. Dyes with hydrophilic
characteristisare likely to diffuse into blood vessels just like readily absorbed dyes while
dyes with lipophilic characterisgavould move to lipid layers and glands. Due to the
migrationproperties, the dye may not be visiblehave less visibilityrom the skin arface
The gradual loss of dye gives credit to the dye migration through diffosghanism

Based on the results, Methylene Blue dye had the pmostising result fouse asa
skin biopsy marker. However, even Methylene Bhssnot visiblebeyondtwo months due
to possible undergoinpiological reactions under the skin. Thus, dyes askronger bond
or alternative injection method should be implemented to keep the dye visible for a longer
period.

The animal study on a pig was carried out to test the feasibility of dyes as
complementary biopsy markers when compared to other methods suckopsaitéve
photography or tattoo marking. Based on the results, dyes show promise although their
visibility needs to be improved beyond thenbnth period. Once the durability of dyes in the
dermis layer is improved they can be considered as one of the safer and more visible biopsy

identification methods compared to current techniques.



88
Chapter 5. Future Work

The biggest problem with the current work was that the dygenot visible fora
sufficienty long time. The original plan was &pplydyesthat would berisible on the skin
surfacefor more than three months aoduld last forup to six months. Howevemost dyes
were only visible up to one monéfter the injectionThe most important consideration for
the next step is to test different methods to keep the dyes within the dermis layer.

Considering tk hypotheis thatdyes may havbeenengulfed by mamphages or
diffused into other parts of the body such as blood vess&ymph circulation onepotential
suggestion for the next experiment is to testuge of adermal filler as a carrier docal host
for theinjecteddyes. Dermal fillers are injeaii commonly into the dermis layer of face to
give fullness to the face and lessen facial lines. The lasting period of dermal fillers depends
on the type and location of the application. Outhefmany commercial dermal fillers
available hyaluronic acid (HA) would be a reasonatdemal filler to be usebdlecause HA is
naturally produced within the body and therefigrexpected to exhibihinimum side
effects. HA usually stays effective on the facial skin from 6 months to 18 monthes. If t
tested dyes could form a stable bond within HA dermal filleutld beexpected to
maintainlonger lasting dyes under the skintié approach based on the use déamal
filler is promising, it should be tested on more than one pig subject twmdhé
repeatability ofesuls.

The useof different dyesthat are considered safe, could dsconsideredThe dyes
in this experimendid not remain in tha n i maody,Ppresumablylue tothelack ofa
suitable amount ddffinity with skin tissueslf other safelyeswith chemical structurethat

could form strong bonds withithe dermis layeiare identified, their applicatiotould result
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in longervisibility. One suggestion i® use a reactive dye which could form a strong
covalent bond. Once tle@valent bond forms between dye and skin, dye loss will not occur
or would be significantly minimized he risk of using reactive dye would be permanent
staining of dyes onto the skin. However, considering that other tested dyes showed much
shorter durality than previous expectations, testing reactive dyes and recording their
durability would beareasonable procedumdonethelesshe safety of any dye that may be
considerednust be approved before its actual use on live animals.

Fluorescein an@-Cardenewere insoluble in water and remained as water
dispersible materials. If carrieptherthan distilled wateareusedassolvens, a higher
amount of dye could b@eposited. &e organic solvents such as ethanol could be tested to
see whether usingdifferent solvent would enhance the dye deposition in the skin.

For the next researchore accurate antbnsistenphotograply of sites is
recommendedTlaking photgrapts of dye site under the same conditions would enhance the
guality of any photographicomparisons. It was found challenging to obtain consistent
photographs in this experiment due to the large size of the pig. If a fewer number of dye sites
could be placed on the back of the research pig, it would make it easier to let the pig lay
down on is belly which would facilitate taking phajoapts. In addition to the position of the
pig, it is necessary to keep a constant distance from the subject and use uniform and
consistent illumination conditions. If a controllable source of lighting can loegla the
research lab and have the pig ready in the same position every time, it would be possible to
obtain better photgrapls and generate a more detailed comparison from the pictures.

Concerning injection methods, Aquagold injection method was netfective

method for dye injection into the dermis. It was expected to show quick injection and less
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skin irritation, but the results showed that dyes could not penetrate deep enough to the dermal
layer. On the other hand, butterfly needle injection Wizsve in stably injecting dyes
intradermally. The challenge with the butterfly needle injection occurred when compact skin
tissues resisted the inflow of dyes and kept pushing back the dyes to syringes. Thus, constant
pressure was necessary to injettte dyes within the dermal layer. Such resistance was a
challenge occurred using butterfly needle injection. Thus, one alternative suggestion for

future is utilizing tattoo machine for dye injections. Tattoo machine could be used to inject

the dyes stalglwithin the dermis layer. Tattoo machines have proven their efficacy from
permanent tattoo ink injection. Tattoo inks are injected into dermis layer through capillary
action resulting from repeated needle penetration.

One drawback of using tattoo machimeuld be that it is difficult to control the exact
amount of dye going into the skin, but it has the advantage over other injection methods by
insertingdye to aconstant depth.

The pig in this research was isolated from other pigs for th@éuibd ofthe
experiment. It was necessarily done to avoid any skin irritations or abrasions that could arise
from interaction with other pigs. Moreover, there are higher chances of getting unwanted dirt
on the dye sites. The advantage of keeping a pig isolatiedtipossible variations that may
occur from pig interactions could be minimized. However, if fewer dyes are injected so that
dyes are not placed at the side of pig, isolating a pig would be unnecessary. Whether pigs
should be isolated or not could be idec based on the number of dye sites compared to
pig's back area.

Histological sample collection was done using formalin fixativetanasighsnap

freeze methodt was suspected that formalin reacted with dyes in biopsy samples, but the
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experimental resushowed that if strong affinity forms between dyes and skin tissue, dyes
would not be lost to formalin. The disadvantage of using snap freeze method is that
morphology is likely tdoedistorted duringhethawing processrhus, using formalin

fixatives would be most appropriate for histological sample collection.
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AppendixA. Mat eri al Saf eCaxtereagluaesceih, dethylene Blue, b
FD&C Blue 1, Riboflavin and Flavin Mononucleotide

Safety Data Sheet
BETA CAROTENE PDR 67833

PYLAM
DYES'

EST.1918

REVISION DATE: July 2, 2015

I SECTION 1 — PRODUCT IDENTIFICATION I
PRODUCT NAME:.........ccccvuveiueeeennns Beta Carotene Powder
PRODUCT NUMBER:.......ccoosseenens 67833

SYNONYMS: . coosiivanninimiaimms Beta Carotene Powder

CHEMICAL FAMILY: .......ccevvvurennee Natural Colorant

CHEMICAL FORMULA................... Beta Carotene (CAS# 7235-40-7)
CAS NUMBER ;i cuicimecvasssmsin 7235-40-7

COMPANY: ....covieereecreceeeereeseeenes PYLAM PRODUCTS COMPANY, INC.

2175 E. CEDAR ST.
TEMPE, AZ 85281
480-929-0070
RECOMMENDED USE................... Coloring agent.
FOR ADDITIONAL INFORMATION ABOUT THE SDS: SafetyCoordinator@Pylamdyes.com

EMERGENCY PHONE: ............. (800) 424-9300 (CHEMTREC USA)

| SECTION 2 — HAZARDS IDENTIFICATION |

The following information is presented in accordance with 29 CFR 1910.1200 (Hazcom 2012) which became effective
on May 25, 2012:

CLASSIFICATION IN ACCORDANCE WITH 29 CFR 1910.1200(d):

Not classified as hazardous under any GHS hazard class.

LABEL CONTENT IN ACCORDANCE WITH 29 CFR 1910.1200(f):

SIGNAL WORD: ..cciniciicisssiisiviassne Not Applicable
HAZARD STATEMENT: .......ccveueee. May form combustible dust concentrations in air.
PRECAUTIONARY STATEMENTS: ......coeiereeeereeee e P402+404: Store in a dry place. Store in a closed container.
| SECTION 3 — COMPOSITION / INFORMATION ON INGREDIENTS |
HAZARDOUS INGREDIENT PERCENT CAS M TI:VTWA “
) | . NUMBER |
None as per 29CFR Part 1910.1200. N/A N/A ' N/A
PRODUCT COMPOSITION INFORMATION .....ccccoueenennen. No hazardous components are found under the applicable
regulations.
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Safety Data Sheet

BETA CAROTENE PDR 67833
| SECTION 4 — FIRST-AID MEASURES |
BREATHING (INHALATION).......... If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is
difficult, give oxygen and call a physician.
SWALLOWING (INGESTION)......... If swallowed, rinse mouth with plenty of water. Seek medical attention. Never give fluids to
an unconscious person.
o Immediately flush eyes with plenty of water for at least fifteen minutes. Get medical
attention.
SKIN (DERMAL): ....oervrereerrrcneeneee. Wash thoroughly with soap and water.
SIGNS AND SYMPTOMS OF EXPOSURE: ......ccccvevvvneee Skin may get discolored upon contact with the material.
| SECTION 5 — FIRE-FIGHTING MEASURES |
FLASHPOINT: 103.3 °C (217.9 °F) [closed cup]
LOWER FLAME LIMIT: .....cccourueeve N/A.
HIGHER FLAME LIMIT:......ccccooueun. N/A.
AUTO IGNITION TEMPERATURE: No data available.
EXTINGUISHING MEDIA: In case of fire use water spray, foam, dry chemical or CO-.
SPECIAL FIRE FIGHTING PROCEDURES: .....cccceeveuee. Firefighters should be equipped with self-contained breathing
apparatus and protective clothing.
UNUSUAL FIRE AND EXPLOSION HAZARDS............... Dusts, when mixed with the right proportions of air and in a source of
ignition, have the potential to be explosive.
| SECTION 6 — ACCIDENTAL RELEASE MEASURES |
HANDLING PRECAUTIONS: ......... In accordance with good industrial practices, handle with care to avoid contact.
SPILL PROCEDURES.................... Spills should be swept up and placed in containers. Spill areas can be washed with water;
collect waste water for approved disposal method.
WASTE DISPOSAL.............ccccceuce Waste disposal should be in accordance with existing federal, state and local

environmental regulations.
RCRA HAZARDOUS CLASS......... N/A.

RCRA HAZARDOUS WASTE NUMBER:........cccvseeernnnas Not regulated.

N SECTION 7 — HANDLING and STORAGE |
STORAGE:.......ccccorrrnrereerirercrernene Keep container tightly closed. Store in a cool, dry place.
HANDLING: ..... ....In accordance with good industrial practices, handle with care to avoid contact.
VENTILATION: ....Use local ventilation if dusting is a problem.

L SECTION 8 —- EXPOSURE CONTROLS / PERSONAL PROTECTION J

OCCUPATIONAL EXPOSURE LIMITS (OEL): ...cccvrueeeees
| None as per 29CFR Part 1910.1200. - | N/A |

RESPIRATORY PROTECTION: ..... Avoid the inhalation of dusts. When the potential for dusting exists use a NIOSH/MSHA
approved respirator with dust filter.

PROTECTIVE CLOTHING.............. Wear gloves, coveralls, apron, and boots as necessary to prevent skin contact. Wear
safety glasses with side-shields (frame goggles).
SAFETY STATION: ..........cccccvuenuen. Eye wash station should be easily accessible.

CONTAMINATED EQUIPMENT:....N/A.
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BETA CAROTENE PDR 67833

I SECTION 9 —- PHYSICAL / CHEMICAL PROPERITES I

APPEARANCE & ODOR:............... Orangey powder; characteristic odor.

ODOR THRESHOLD....................... Not Available

PHYSICAL STATE: w..oovviviiiaiivin Powder.

SOLUBILITY IN WATER: ....ccceueuun Soluble.

OTHER SOLUBILITY: ..ccoeerrernee N/A.

BOILING POINT: .cocimauissscssisasasins N/A.

FREEZING POINT: N/A.

MELTING POINT: ..o Not Available

DECOMPOSITION TEMPERATURE:.........c.ccoceerveerinnas Not Available

FLASH POINT: 108.3 °C (217.9 °F) [closed cup]

AUTO IGNITION TEMPERATURE: No data available.

FLAMMABILITY (SOLID/GAS): .....Not flammable (may form combustible dust-air mixtures)
UPPER FLAMMABILITY LIMIT:.....N/A.

LOWER FLAMMABILITY LIMIT.....N/A.

VAPOR PRESSURE:........ccou.u....... N/A.
VAPOR DENSITY (AIR=1): ............ N/A.
PARTITION COEFFICIENT (n-ocatnol/water): ............... Not Available
SPECIFIC GRAVITY:.......ccveuemnanna N/A.
o] p B e e N/A.
VOLATILITY INCLUDING WATER:N/A.
EVAPORATION RATE: ........c......... N/A.
VISCOSITY : iccciviveiiiais ....Not Available.
BULK DENSITY:...coooeereeeeeeeeneens N/A
L SECTION 10 — STABILITY and REACTIVITY |
REACTIVITY: ciiiciiciimrresnessonesamssonesses No data available
STABILITY:....coveereee .Stable.

.Carbon monoxide, carbon dioxide, oxides of nitrogen, sulfur, and other potentially toxic
fumes.

Oxidizing and reducing agents may destroy color.

...None expected.

None.
| SECTION 11 — TOXICOLOGICAL INFORMATION J
Toxic Ingredient Percentage of Formula | CAS# De Minimis Level
N/A N/A N/A ‘ N/A
B Bt eencsstasasannsonsonssnnnaenssasesssadasan Solid particles (powder/dust) on the eye may cause pain and irritation.
SKIN: R N/A.
INGESTION:.. . N/A.
INHALATION: ..ot Inhalation may cause respiratory tract discomfort.
COMMON ROUTES OF EXPOSURE:.......ccceeeeuerrereernnne Ingestion, Inhalation, Skin & Eyes.

....................... This chemical is not considered to be carcinogenic by NTP, IARC, or OSHA.
-...No Data Available.
. N/A.
. N/A
.................................... Non-irritant.
SIGNS AND SYMPTOMS OF EXPOSURE: .....cccccevuenenen Skin may get discolored upon contact with the material.
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BETA CAROTENE PDR 67833

| SECTION 12 — ECOLOGICAL INFORMATION l

ECOTOXICITY :.coos v, LC50: Leuciscus idus (Golden orfe): > 10,000 mg/l (96 h)
PERSISTENCE & DEGRADABILITY:...............c.cc........... No specific information available.
BIOACCUMULATIVE POTENTIAL:. .. No Data Available.

MOBILITY IN THE ENVIRONMENT: ...............cccesueenn-nn.. NoO specific information is available.
| SECTION 13 ~DISPOSAL CONSIDERATIONS |
WASTE DISPOSAL:.....covevvcrnenne Waste disposal should be in accordance with existing federal, state and local

environmental regulations.
RCRA HAZARDOUS CLASS: ........N/A.
RCRA HAZARDOUS NUMBER:..... Not requlated.

| SECTION 14 — TRANSPORTATION INFORMATION |

The information listed below is offered to supplement the data which may also be found on the product’s label. Depending on
the packaging quantities and packaging instructions, the item may be subject to specific regulatory exceptions.

DOT TRANSPORTATION INFORMATION
DOT SHIPPING NAME: ................. Not regulated.
HAZARD CLASS: ....... e N/A.
< NIA.

UN CODE.:.........ccce.... .

NA NUMBER: ................ e NJA
PACKAGING GROUP : . e N/AL
SPECIAL PROVISIONS........cccco..e. None.
REPORTABLE QUANTITY: ........... N/A.
VESSEL STOWAGE:........cc.cocveuene N/A

EMERGENCY RESPONSE PAGE: N/A:

| ~ SECTION 15 - REGULATIONS |

Contents of this MSDS comply with the OSHA Hazard Communication Standard 29CFR 1910.1200

TSCA STATUS: ..o, This product is registered under the regulations of the Toxic Substances Control Act
(TSCA).

RCRA HAZARDOUS CLASS: ........N/A.

RCRA HAZARDOUS NUMBER:..... Not regulated.

CERCLA REPORTABLE QUANTITY ...ccccovivrceinceenenanns NIA.

CERCLA HAZARDOUS SUBSTANCE:.......ccceeeeeerrreenrnns Not regulated.

SARA M 2% i i s N/A.

SARA SECTION 313: ........c.coceeene.. SARA Title 11l Section 313: This product is not reportable for SARA 313.
OSHA CRITERIA: ..o No carcinogenicity unless listed in Section 3 or 11 of the Safety Data Sheet.

STATE REGULATIONS:

REGULATED COMPONENT CAS # COMPONENT CONCENTRATION | STATE REGISTRATION

N/A N/A N/A
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BETA CAROTENE PDR 67833
CHEMICAL INVENTORIES:
N . g New
Canada Canada Australia China Europe Japan Philippines
DSL NDSL AlCS IECSC EINECS Korea KECl ' mETWCSCL  PICCS iy
No Data
Y N Y Y b Y Found Y Y
SECTION 16 — OTHER INFORMATION |
HMIS Information :
Health:..............
Flammability: .............
Reactivity: .....cciceviviaia
Personal Protection: ........ccco........ SD
DISCLAIMER: .......cceoemeerenreeienne Pylam Products Co., Inc. believes all the information and data given is accurate as of the

date of preparation and is offered in good faith. This information is given without warranty
or representation solely for your consideration, investigation, and verification. Since
conditions of use are beyond our control, Pylam Products Co., Inc. expressly disclaims all
liability for the use or handling of this product.  All risks of use are assumed by end-users.
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| SECTION 1 — PRODUCT IDENTIFICATION |
PRODUCT NAME: ......c.cicsinssnanins Fluorescein
PRODUCT NUMBER:. ...66578
SYNONYMS:.....ooerereecreceeceeereennes Solvent Yellow 94
CHEMICAL FAMILY:......c.ecocvrvrnnen. Xanthene
CHEMICAL FORMULA: ...Solvent Yellow 94 (CAS# 2321-07-5)

CAS NUMBER: .....coovveerrercnrennane 2321-07-5
COMPANY :cnnvmmsnsmng: PYLAM PRODUCTS COMPANY, INC.
2175 E. CEDAR ST.
TEMPE, AZ 85281
480-929-0070
RECOMMENDED USE.:.................. Coloring agent.
FOR ADDITIONAL INFORMATION ABOUT THE SDS: SafetyCoordinator@Pylamdyes.com

EMERGENCY PHONE: ............. (800) 424-9300 (CHEMTREC USA)

| SECTION 2 — HAZARDS IDENTIFICATION

The following information is presented in accordance with 29 CFR 1910.1200 (Hazcom 2012) which became effective

on May 25, 2012:

CLASSIFICATION IN ACCORDANCE WITH 29 CFR 1910.1200(d):
Eye irritant; Category 2

Combustible dust.

LABEL CONTENT IN ACCORDANCE WITH 29 CFR 1910.1200(f):

HAZARD PICTOGRAMS: N

SIGNAL WORD:....ccsssssenssasossoiisst Warning.
HAZARD STATEMENT: ................. H319: Causes serious eye irritation.

May form combustible dust concentrations in air.

PRECAUTIONARY STATEMENTS: P264: Wash face, hands and any exposed skin thoroughly after handling.
P280: Wear protective gloves/protective clothing/eye protection/face protection.
P302+P352: If on skin: Wash with plenty of soap and water.
P333+P313: If skin irritation or rash occurs: Get medical advice/attention.
P362: Take off contaminated clothing and wash before reuse.
P305+P351+P338: IF IN EYES: Rinse cautiously with water for several minutes. Remove
contact lenses, if present and easy to do. Continue rinsing.
P337+P313: If eye irritation persists: Get medical attention.
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FLUORESCEIN 66578
SECTION 3 — COVMPOSITION / INFORMATION ON INGREDIENTS I
HAZAV : WR;DOUS INGREDIENT ‘ PERCE&T ‘ Cre | TLV~TWA |
. - | . _ NUMBER | A
i | i
i None as per 29CFR Part 1910.1200. N/A N/A 1 N/A ;
| | o
PRODUCT COMPOSITION INFORMATION ......c.ccovvreuenee No hazardous components are found under the applicable
regulations.
SECTION 4 — FIRST-AID MEASURES |
BREATHING (INHALATION).......... Ifinhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is
difficult, give oxygen and call a physician.
SWALLOWING (INGESTION). ....... If swallowed, rinse mouth with plenty of water. Seek medical attention. Never give fluids to
an unconscious person.
EYES it iemmnanens Immediately flush eyes with plenty of water for at least fifteen minutes. Get medical

attention. Contact with material may irritate or burn eyes. Check for and remove contact
lenses. Effects of exposure to substance may be delayed. Ensure that medical personnel
are aware of the material(s) involved and take precautions to protect themselves.

SKIN (DERMAL): ..ot Wash thoroughly with soap and water. Get medical attention if irritation develops. Remove
and launder contaminated clothing before reuse.
SIGNS AND SYMPTOMS OF EXPOSURE: ....cccceeeeruennnen. Skin may get discolored upon contact with the dye.
SECTION 5 — FIRE-FIGHTING MEASURES I
FLASHPOINT: wcicoeccianisinnzsginnios N/A.

LOWER FLAME LIMIT

AUTO IGNITION TEMPERATURE: No ('iata available.

EXTINGUISHING MEDIA: In case of fire use water spray, foam, dry chemical or COz.
SPECIAL FIRE FIGHTING PROCEDURES: ........cceueuuee. Firefighters should be equipped with self-contained breathing
apparatus and protective clothing.
UNUSUAL FIRE AND EXPLOSION HAZARDS:.............. Dusts, when mixed with the right proportions of air and in a source of
ignition, have the potential to be explosive.
SECTION 6 — ACCIDENTAL RELEASE MEASURES |
HANDLING PRECAUTIONS: ......... In accordance with good industrial practices, handle with care to avoid contact.
SPILL PROCEDURES.................... Spills should be swept up and placed in containers. Spill areas can be washed with water;
collect waste water for approved disposal method.
WASTE DISPOSAL: ...ccovreererrennnnn Waste disposal should be in accordance with existing federal, state and local
environmental regulations.
RCRA HAZARDOUS CLASS: ........ N/A.
RCRA HAZARDOUS WASTE NUMBER:.......ccecuceervrenaens Not regulated.
| SECTION 7 - HANDLING and STORAGE |
STORAGE Ssvvvnsimvssiussnsssavins Keep container tightly closed. Store in a cool, dry place.
HANDLING: ..o In accordance with good industrial practices, handle with care to avoid contact.
VENTILATION:: .c.cnoeenssomsuessasomrmonsns Use local ventilation if dusting is a problem.
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| SECTION 8 — EXPOSURE CONTROLS / PERSONAL PROTECTION |
OCCUPATIONAL EXPOSURE LIMITS (OEL): ................ N/A

RESPIRATORY PROTECTION: .....Avoid the inhalation of dusts. When the potential for dusting exists use a NIOSH/MSHA
approved respirator with dust filter.

PROTECTIVE CLOTHING.............. Wear gloves, coveralls, apron, and boots as necessary to prevent skin contact. Wear
safety glasses with side-shields (frame goggles).
SAFETY STATION: ...ccceveeeeeenen. Eye wash station should be easily accessible.
CONTAMINATED EQUIPMENT:....N/A.
I SECTION 9 — PHYSICAL / CHEMICAL PROPERITES I
APPEARANCE & ODOR.:............... Orange-red powder; odorless.

ODOR THRESHOLD: ....
PHYSICAL STATE: .......
SOLUBILITY IN WATER: .
OTHER SOLUBILITY: ...

...Not Available
...Powder.
...Insoluble.
...Alcohol solvents.

BOILING POINT Zuviescvanisivasaaisssiasoss N/A.

FREEZING POINT: .....cccuocisiicoscance N/A.

MELTING POINT: ~ 320 °C (~ 608 °F)
DECOMPOSITION TEMPERATURE:......cccoecermeerrerrinenes Not Available
FLASH POINT: wcivnaniausmziis N/A

AUTO IGNITION TEMPERATURE: No data available.
FLAMMARBILITY (SOLID/GAS): .....No data available.
UPPER FLAMMABILITY LIMIT:.....N/A.
LOWER FLAMMABILITY LIMIT.....N/A.

VAPOR PRESSURE................ ...N/A.
VAPOR DENSITY (AIR=1): ............ N/A.
PARTITION COEFFICIENT (n-ocatnol/water): ............... Not Available
SPECIFIC GRAVITY:...ccceeeervrnrenns N/A.
T N/A
VOLATILITY INCLUDING WATER:N/A.
EVAPORATION RATE: ....... N/A.
VISCOSITY . cooovisivsssssvomunssssssisasio Not Available.
| SECTION 10 — STABILITY and REACTIVITY |
REACTIVITY  .ovinssavssinvsismceniose No data available
STABILITY: ociiisvinsnsnmsas Stable
HAZARDOUS DECOMP................. Carbon monoxide, carbon dioxide, oxides of nitrogen, sulfur, and other potentially toxic
fumes.

......................... Oxidizing and reducing agents may destroy color.
....None expected.
................ Will precipitate with acids.

| SECTION 11 — TOXICOLOGICAL INFORMATION J
Toxic Ingredient Percentage of Formula CAS# ‘ De Minimis Level
N/A N/A N/A 1 N/A
EYE e s s e Solid particles (powder/dust) on the eye may cause pain and irritation.
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INHALATION: wooooooooooooooo NJA,

COMMON ROUTES OF EXPOSURE:.....c.ccceeevverereerennnn Ingestion, Inhalation, Skin & Eyes.
CARCINOGENICITY ...cccevuerrrreraanen This chemical is not considered to be carcinogenic by NTP, IARC, or OSHA.

GERM CELL MUTAGENICITY:...... No Data Available.
....N/A.

| B ....Rat (intraperitoneal): ~ 600 mg/kg.
IRRITATION: ...cooireiieeeeereeeane Slightly irritating to the eyes.
SIGNS AND SYMPTOMS OF EXPOSURE:..................... Skin may get discolored upon contact with the dye.
I SECTION 12 — ECOLOGICAL INFORMATION I
ECOTOXICITY: : cconsiaiiviasimsanicanivi No Data Available.
PERSISTENCE & DEGRADABILITY: ..o No specific information available.
BIOACCUMULATIVE POTENTIAL: .. . No Data Available.

MOBILITY IN THE ENVIRONMENT: ......ocooveericiciinne No specific information is available.
| SECTION 13 —DISPOSAL CONSIDERATIONS |
WASTE DISPOSAL. ...........c.ccuuu..... Waste disposal should be in accordance with existing federal, state and local
environmental regulations.
RCRA HAZARDOUS CLASS: ........ N/A.

RCRA HAZARDOUS NUMBER:.....Not regulated.

[ SECTION 14 — TRANSPORTATION INFORMATION |

The information listed below is offered to supplement the data which may also be found on the product's label. Depending on
the packaging quantities and packaging instructions, the item may be subject to specific regulatory exceptions.

DOT TRANSPORTATION INFORMATION

DOT SHIPPING NAME.................... Non-hazardous powdered dye; Item # 154800.
HAZARD CLASS: .... ..N/A.

UN CODE.......... ...N/A.

NA NUMBER: ... ...N/A.

PACKAGING GROU .. N/A.

SPECIAL PROVISIONS..... ...None.

REPORTABLE QUANTITY: ........... N/A.

VESSEL STOWAGE:.......iioucsuivics N/A.

EMERGENCY RESPONSE PAGE: N/A.

| ~ SECTION 15 - REGULATIONS |

Contents of this MSDS comply with the OSHA Hazard Communication Standard 29CFR 1910.1200

TSCA STATUS: ...oeeeeeeeeeeceee This product is registered under the regulations of the Toxic Substances Control Act
(TSCA).

RCRA HAZARDOUS CLASS: ........ N/A.

RCRA HAZARDOUS NUMBER:..... Not regulated.

CERCLA REPORTABLE QUANTITY e N/A

CERCLA HAZARDOUS SUBSTANCE:......ccccvvereereennn, Not regulated.

SARA 12 i ionrsnsnnssnusnssansess N/A.
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