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I NTRODUCTI ON

1. 1.Taxi cology and Toxicity
Toxi c,ol oofgtyen rtehfeersrceide nicoeiassf apdi sonpl i ne
t he har mful effects of chemical, bi ol ogi
(I'ntroduction to Forensic Sciences, Seco
Poklis 1996)

While its traditional scope focused on i
toxicology iIis far more comprehensive in
toxic substances interact with biologica
qual itatively and quantitatively, and how
mi tigated.

The word toxicol ogtyoxsijtkomsi tfiralm yt hree fGerrereikr
on arrows, and was | ater adapted through
expanded beyond the study of poi sons t
potentially har mful s u(bGasaarceetst aaandd bD ool lolc
2013)

At oxiicaandany substance that can cause adyvVve
a sufficient concentration. This idea un:ct
i n toxikbelrdgyreonse (SaBhemskipalThe20d@b) :
of thisaoobheeptacedebackyt phtylse cil @&tnh Par ac
"Al'l things are poison, and nothing is wi
a po'ikkiosn.i nsi ght highlighted that toxici:
identity, but also of quantity and expos
benign, such as water or oxygen, can bec
same tilmea maosumatiksn oomfn weolilsons | i key cbyeani d
tol erated with@ORdkIniod i t®@bh) e harm
Toxicology is therefore not just concern
agent , but with the conditions wunder wh
guantitative science that ai ms t o def i |
respodisetsi,ngui shing bet ween therapeutic
dependency also blurs the distinction be
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exert their effects by modul ating physiologi
can become harmful or even fatdlLawlgenmnadmi ni
and Kapur 2006)

Hi storically, toxicology began taking shape
century. Th-nasgth meseasygh demonstrated that
di scernible traces in specific organs and ti
reqdimet only chemical predhei énrbut pabsocht
of modernTrakxt ®oldeglyalHodi stohnes gr oundwor k for t
a medical anfdrifedgal 18di8gnce

Toxicology is distemgursheeniato threechinds
Environment al toxicology focuses on the unin
present in the air, food chain, or various
contrast, clinical toxicology, often regarde
effects of substances deli berately introduced
with a particular focus on adverse reaction
toxicology, on tthhee ogtahpe rbiecht awede, nammdi d qqevs by add
thexitcol ogi cal aspects of | egal i nvestigat
i nterpretation of poisonfdammgmamu@ndi Kalpiuol @@
Poklis 1996, Fenton 2001)

Finally, it is essential t o Tdoixsitciiodgougityeh bet w
field of science that investigates and expl a
and |livi hgxisyihtowmser, refers to the degree o
can cause under( Scaeurvi®Ga i 2tbn2dde nsdi anoinsg both co
fundament al for assessing chemical safety,
data, adgabhewn in

1. 1.D2.ug Toxicity Analysis

Over the past two centuries, drug analysis
evol ut itdre, ffirrsmm188B28¢enovetebtthe earliest for
t @ he -phriegchi si on anal y(tlacnag matno oa nsd. oKeaaptuloy a2y0 0 6 )
met hods, sdiclpund exguadtion and wultraviolet

timensuming and requi.red | arge sample vol ume
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Tablt eDi vi sion of

Branch of Toxicology

Environmental Toxicology

Clinical Toxicology

Forensic Toxicology

Toxicity Type

Aguatic toxicity, Terrestrial
toxicity, Bioaccumulation,
Endocrine disruption,
ecotoxicity
Neurotoxicity, Hepatotoxicity,
Nephrotoxicity,
Cardiotoxicity,
Hematotoxicity, Reproductive
toxicity, Developmental
toxicity

Acute toxicity, CNS
depression, Drug
intoxication, Poisoning

di fferent

toxicology

Target System

Ecosystems (algae,
fish, soil organisms),
wildlife, food chains

Nervous system, liver,

kidneys, heart, blood,
reproductive system,
fetus

Central nervous
system, systemic
(whole-body)

Examples of
Substances

Pesticides, heavy
metals, UV filters,
microplastics, PFAS

Pharmaceuticals,
therapeutic drugs,
chemotherapy agents,
and overdosed
medications

Illicit drugs, alcohol,
opioids, toxic
household chemicals,

branches

and poisons

The devel opmphiaseof exdalaicd i on (-BPE9 e an:
mi croextraction (SPME) revolutionized sar
while reduaigefabonadventaus 198be Lnhretduat
i mMmmunoassaysyrads we mmu@Bsb)Aasndeynzymue ti plied
i mmunoassafEMil) @dcbnahbbed the rapid and sen:
small biological samples, making routine

(Schneider eMearnwhi20lL2)c hr oncau longir mmgthii cg t
advahicggedr f orlmgxitrdo mat diR L@ gk shr omat egr ap hy

massggect r GemMSay | owed for the separation ar
compounds wi thPihp mehn aeerc ukr 1&4; Adams and Vv
1989; Maurer .and Peters 2005)

1. 1.TDxi col oRhwywrimactdhudustard y

l nvestigative toxicology has emerged as
devel opment , aiming to identify and mitd.i
trials Dbegin. Contemporary pharmaceuti ca

advammomdd ,t s uchhr causgrhhpmuit s ay s |, organotypic 3

mu lotmi ¢ anal yssetsagei nttoox iecorl(l®@iganaln ®¢r ead ni
These platforms enatbhdregettheacdatva dtiiesn afe
formati on, and specific mechanistic I|iab
reduced ani mal nuosdee lal@dnngpspitiaidtciocohalbns f urt
candidate selection, guiding the design
potential toxircdatiisehsi.f tl ni np afroaclulse It,o wahred t
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and physiologically bmsaéd,|wihhgthmpporoekciinseet i ¢ ( P
exposesponse assesaimeny smamngi (diloydlettekrimi entat alo.n
20189get her, tahiédoe mest nbt egi eéevel opment by en

compatibility, optimizing dosage for ms, and
pivot al toxicity studies. By embedding inves
phar maceuti cal derwtell o peesltuagen | atitwgrniitfii ocna, en
regul atory readiness, and upho( Rognan catl St e
al . .2023)

1. 1.Thxicity Testing for Cosmetic

Toxicity assessment of cosmetic formul ati c
transformation over the past two decades, dr
mand,aetsepseci ally the EU's Cosmetics Regul ati c

banned ani mal testing for REg uwli stBi@ydn Wo oduct s
1223 /2t0EEur opean Parl i ament and of the Counc]
cosmetic pOfdducitasiL3d@bhapaknrtNUBl el n pl ace of

tradiitni omsaday s, the industrny nonEixkemplvioy s a ¢
met hods designed to evaluate critical safety
cell cultures nffodramaad ®gsgi Mme sprotnises and genot

reconstructed human epidermis models for ski
skinvéadlowating der mal absor dtBiaort ,het ee a@ur. r ert:
OECD Guidelinausrth@?25) safety evaluations enc
sensitization potential, genotoxicity, endo.
Whil e each of these new approach methodol ogi
acceptability cend thwemanalrsel efvaacne | i mi t ati ons
cover age -bds @ etpexaitceidt y, r e ptreordw cctairvce ntoogxeinciictiy
Emerging technaeolmcghiieps slyiskbee msreghnami g magi ng, a
i ntegrated omicexphalregsed oaroevebeiomg such ge:e
expanding the predictive power of cosmetic s
systemi ¢Baoxhei ey al. 2021; OECD Guidelines
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1. 1.Csurrent Met hods t o Assess E

Environment al toxicity testing is rooted

studies the adverse effects of chemical ,

within their ecol ogi cal cont ext. Whi |l e f
human heal th, ecotoxicology and envir onme
i mpact a wide range of species, spanning

how these effects ripple througfhhSpop®l at

2024)

The <concept of ecotoxicol ogy, first I n
I mportance of ecological interactions an
Unli ke classic toxicity testsspetchiaets ansosdeesl
ecotokogy takes a more integrated appro
subl et hal effects, habitat c¢ha(h\aess e uarndet
al . .202t1)has evolved into a multidiscipl:i
fat ebeanadvi ot oxi cants in the environment

assessment and management . As such, envi

i ncorporates a range ab fjBaepnhdniidaa tschr, samedc ibea
to reflect the interconnectednestseronf ec
ecol ogical consequerdga)afh acbh eomiectalal e x RO:

FigdreCurrent toxiic
repr i nt(&d afbridmet

These eight inverte

mo d &i ¢ ha dtvhaent a g e«
mai nt emant e short
|l aboratory handlin
T some cases, asexue
W= suitability as al't
both practical and
them effid¢ihemntughp
et hlilcya f & wvooxri ech It ey

Toxicity
Testing
Models
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These methods face ethical concerns, |l ong du
cost s. The push to reduce the use of wverteb
alternative bioassays. I n vitro model s with

fibsolsl)laassess cytotoxicity but do not addr

i mpact . PhysicochemicB®, medédodisf y sacd @ a HtPi
components but fail to evalwuate their biolog
i's a naesetd, foendgditive, reproduci bl &, and ecol

fisbhediumi nescendge g8y WMs crloe ofxi rst to de

The marinelbauwt on( fwomrfidestclrhyea i f i scher i/ Phot ol
fisyhkariveywaks9mArnered significant scientifi
ability to emit visi bl eFilgikytet Tthhsoungaht ulb iad Il
occurring phenomenon plays a <cruci al ecol og
ani mals and underpins one of the most widely
ecotox(B8epbegy and Visick -RPRi4 ;2 NZlh;ol Ko rammma tMci
et al.. 2004)

FigareA. fischeri cultures used i

(ApRgar pl ate cul dupeé scroatPtecens esnvt aebds apréer b & ditebre
waaddteedhe | i quid growth media (upper par

(BYhe liquid cultures are
i nhi brirtoimord.ef het &rft egmeye
bacteria grown with

n overnight
ask of untr e
e different

grow
o f
re

t h
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1. ®ri gnd NaturafA. Habstcaer i

A. fiissc haem@mgami ve, facult at isvhealpye da rbaaecrt celri

predominantly found in marine environmen:|
sedi ment , and aquatic animal s, particul a
The organi gms in saline conditions and

bet ween 20HamndepB 0AT52)

One of the most Ai ntfrnbsgaiieartggy aissp eicttss dDYf mb i ¢
with marine organisms, n cEtugplrlyynntah esatbd vogie
certaisreaddae msNo nsouccenntarsi sl pfapbeseasymbi ose:
colonize specialized | ight organs and pr
camoufl age or communicati on. Il n return,
and a stablFi ge@rva Tonme sty mpi ot iAc. Ifiifsecshteyrli
ecol ogi cal versatility andmisearovwes iang ea anm

guorum senavaoalgyt aod icm Swaprtienre asnyds tVe nssi c k

Ciliated
appendages

Fi g@re f i'sscshyembii oti c hostjreémhrei stjeddpftEocamandl ¥pssck 2

A) Adult E. scolopes under | aboratory cultivation con
(C) Drawing of the Ilight organ of a juvenile squid. T
and 1 11), wherlkather isymbAloiti vi brio fischer.i colonizes.
facilitate bacterial recruitment and pores that allow

of the |light organ aredcmachéaknhtaoaspddiéf iacs sspyprth isdanies
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1.

Al

an

3. Alp.pl i cati ons odAldi 1Rveilberviaon cfei s ch

Research and I ndustry
I i ¢v1 Bisteegrvies as a valuabl e model organi sm i
d industrial research due to its biolumin

sensitive biBlobumahegseamdoati s produced thr

reaction catalyzed by the enztyanen |alcd & ey e e

(RCOH) and reduces f l)avirnesmolntoinnugc lieno tliidgeh t( Fel
process i s clouotprealolned whye rtehe he genes for |
regul at ed -sbeyn sa niumsryasmve mg t he L uxl and LuxR
synt hesi zes an autoinducer (Al ) that accumul
Once a threshold concentration of Al 'S reac
operon and stimulating | ight producti on. Th
occurs only when the bacteri al popul ation r
ef fnitciaend synchr orfRizgedfrTehe ght oFresmpoaeseence pr
i ntricately l inked to the bacterium's met a
responsi ble for producing fatty acids and ac
convertedghiantno allderdpydes by LuxXxGE.allswx C,eclyecx
components such as fatty acids and FMN, prod
combinati on of genetic regul aA.i ohi sacnhder met a
particul arlynuasf-tuiemd pa@ploincati ons, i ncludin
toxicology, where it i's employed to detect
various chemical substances, such as phar ma
(Septer and Visick 2024; Mi yashiro and Ruby
Tay-Robi nson 2024)

10
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LuxCDABEG .
—— Lux gene expression

FigumBeé ol umi nescence Bryespreim t{ Bde éf
and W. -Rbadylneron 2024)

The process of biol uminersdcern cra
1.3.1.

I n environmeAt afliilssohvd diel gguwsed to detect
soil extracts, and (vGornidoewks ecth earhi.c @10 1s7u b Lt
Gar-Ordi ales et al. 2019; Gadginh®& 2 Onlh7 ;b iRri o
bi ol uminescence serves as a rapid and ¢
Moreover, the bacter-tiiume prharyist ar ikregy gyd tee
poll ution, offering an earlllya(mMisestreirnmj ntaaa l
of the inhibitory effect oVi wait @:r f TshEnpé¢ reis
282 2014, Ab bRBey oentd apla s sZAWv1e8f)dheatsh ea li son , b e ¢

utilized in the devel opment of bi osenso
tailored for detecting speci(fBrcenpnoan udtan
201 3,; Gagn®OpRAdlLldl essaeti al . 2019; Lee et
Addi tionally, t he s mpaoiramsiemsg arceqlenpl pyv

i nsights into bapcapeu liceetin sbeedpnenmudreinct a tgieonne, r e

11
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and biofi(B®Brhokmani eh al . 2011, Brackman et
Lupp et al. 200.3;Thvosen8art terti badt. e'2 ORnlldadscor e
utility as both a research model and a pract
t ooKokkal. and van Delft 2014; Parvez et al
et al . 2002; Bluaes cthok ei test raell.i a2bOALIOI )t iys amer ie as €
has become a workhorse organism in applied n
assays requiring a rapid indication of cell
key attributesTadbB.&¢ summari zed 1in
Tabz eSeveral distinctive properties of A. fischeri for wuse
Key Attribute Description
A. fidacehsernot require gene
light. Its natural biol umi
Natur al Bi ol umi nes measured in real ti me anc
changes in cellular health
toxic stress.
Changes in |luminescence cal
after exposure to toxicant
Fast and Quantitatin\ and #hihglhughput testing. L
correlates with metabolic
inhibition and iys ftohrusc eal |
A. firsecéeetrs sensitively to
including heavyh m@d pBbs] 6eg
Hi gh Sensitivity to a Br solvents,_ hydrocarbons,
pharmaceuticals, and cos me
detection range enables i
mi xtures and environme
As an alternbtsed toxaoiMmy
f i scahsesraiy supports the 3R:
No Ani mal Testing F Refine) principles in toxi
et hical gui delines and re
no-ani mal met hods.
Commercially avail abl edprt e
cells) ensure reproducibi
Simplicity, Stability bacteéesriruemsi |l i ence and comp:
formats makiétied Wwelkl | abor
applications.
1. 3.R.. fiTsecshterSiyst ems Application
The uti lA.z atiasecnhaeafie st organism in ecotoxicol
become increasingly prevalent due to its sin
broad range of environment al contaminant s. S
avail able tesen dgsveleanpsethabvasbée on the princi|
i nhibit the mAt abipstawhermbt mant yesfs as a meas

i n bioluminescence.

12
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1. 3. 2hd. Mi €Syosttoexm

A prominertstarbd i shheg t éAst fdiyssctheemaxGMi ¢ 1 a i
assay, devel oped in 1979 by Microbics Co

U. K. This assay has become a benchmar k me
and is widely used Iin (KReosar amdamWderegull
Mi cr@tteosxt i nvol vesdreixeadss ngp ar dtiscerbveaerfii ou s
concentrations of a test substance. The
and exposed to the sample wunder control |
decrease in Ilight emission is médgyurnhed 1d:
or 30 minutes. The degree of inhibition i
and expressed as a percentampxiofatt ke é ne
concentration (EC ) (babhpsal/s/owwitye moddeetr enn
accessed Julnhe sl emeth®ma5)i.s codi fied in ini

SO 11348 anedo6MiSTMphtass @ en successfully

contexts, I ncluding monitoring industri a
personal care products, and evalu@Ngng ct
and Koh 2017; Garralaga et al. 2022; Back
and F®rard 2005; Blaschke et al. 2010; B¢
2012; Doe et al. 2005; Froehner et al . 2

1. 3.QtRer Commer ci aBlasaendd ARBesagyasr c h

I n addition to the&€sgesmemnl yauseds MGComme b &
based test systems have lHeassthaelviedlopmidn &
reporter organi sm. These alternative Sy
scal ability depending on t he spek,i fic e
ToxAQ etumiBMARaAN d LMIgSBhroesvhi ch are desi gne
portabl-aubtomatend sol ut i onst hfrooru gfhipeutd Itaebsa

screening. These systems are valuable fo
rapidjtenassessmemMi sr@trModreea me s\ad reyr.) I s
system widely applied for acute toxicity

substances. -tt iAe dIf iiaensdhagnuiaf mrteiefziees t he i nh

13



I NTRODUCTI ON

bi ol uminescence vi aL @MId$tdoboaatt eodk M 0 sse rao metaary
toxicity test &d tf srpewdtfdrc add mp-bdessguibhedki t i
test tubes WwNithi$syleebint zedti on reagent s, an
for rapiLdunainMﬁBu&doshDers a modul ar platform t
assessment of coAnplfe,xs enhaetrrig sciedse ucstimegr mar i ne

bacteri a, t hmoredycdmgrndhdamdiivnmeg environment al
Ta AlrMer ck KGaA) I's ausomadaedditersed, sysmem
toxicity testing. It includes bacterial reco
reagents, ensuring high reproducibility and

+#, INSTANT KIT
LuauSTIXS 3TN
Tovs Tty b

Figegmbefferent toxicity tests usin

(A) MicModexnwwWawt smoder ny(aB)e rL UM IADtodax bps: / / www.)l
(C) Lurki(MMafhfat ps: / / www. nc inebs.td onng/Hedcooatt iodxe)scdai/tt vy )
(Merck,hKG&GaA:// www. aboat)ox. com/ ?pagc¢

Mi cr olpdsaddk assays represent another vital ad:
analysis of multiple sawglllesploat eesonxredta ad o m
l umi nomet er. This for mat i s particularly us:¢
settings, -swladree slcaregegemi ng of <chemical i brar:i
requ(iHierdmann .&oralbve2Q00v-dheveluespedshbioonr eporter
bi osensors have been created for more speci

genetically mAdi fiosrd hwsttirlaiiznes iomimobi |l i zati on

14



I NTRODUCTI ON

conti nutoiume irrradsi tu monitoring of water
aining attention for their potengi al us
particul arémercpinrcege (pColslg uat aentt sa |l . 2015; Gi
arvez et al. 200M6; fHlbsacsheedrriaesaws .ard 0i7nc
to evaluate the toxicity of complex and |
silver nanoparticles odi 94n u@tnii ugn dh emii «
| eachates from pl(avotritcismear eri carlopl2a0s0t8i;c s
2021)These substances often pose chall eng
their chemical compgl exri tuynknown ¢(Badax aafa
et al . 2021The&ago®e 20ilf7fi)c foundatA.on an
fi sdheriumi nescence aswsiatysd mfakre ¢ them avepll
advantage is the detection speed; result:
few hour s, faci | ima&t ingg i tni mend wi rdenanieqit an
contexmst hddei s also highly sensitive, d
heavy metals, organic so(lMandts,alsurZ@k4)al
Additionally, t he asc<oays amaqusitrreairgelt & toir w
compar ed-btacc ealnitmalt s or m@avhanaé¢ t aal Dees2pd 1t 42U
their simplicity, they provide robust, qu
typically in percentage bioluminescence
adaptable to various sample typas, iomc |
extracts from solid matrices, making the
environmental science, toxicology, phar m:

1. 3.R2i.L@ALtations and Considerations

ThA. f tasscshaeyr ihas | i mitations, including
col or, pH, salnonnpow,lasanad cveosl athialte adrf ect
bacterial viability. Proper <controls and
buffer adjust ment) are <crucial. Whil e u

mechani sms of actoroen, oift tiosx iocfatnetns ;p atihreerde |
cytotoxicity, genotoxicity, and mutagenic
priolfe. Des®i it @ Ashted ialssicsimieyr ir e mai ns effecti v

15



I NTRODUCTI ON

evaluation and environment al monitoring as
(Abbas et al. 2018; Mi yashiro and Ruby 2012;

1. 3.Bx@ganding A.hef iRomd Meoraifmul at i on ToXi C

Given the increasing concerns surrounding er
phar maceutilfcfadr mwlbaptaaatnss sl arl 'y through wide
use and subsequentWwaterd®dO024ap Hukkbhaget al

al . ,20t2d0¥i city studies have been conducted o
products, with sunscreens being among the mc
used i n sunscreens have been shown to have t
envirop@amé htwady been , srpeasreharrocgn epdr oducti on t o col
use and eventual rel easienciantda wgtguasi csue bo s
sunbat hs migmmi ng, (dHdlmdgeower idigwe 26 R25) many ot h
formul ati ons-cairseedorf ot hesredgeuti c purposes n
environment al trajectories, yet remain | ar
toxicological profiles on aquatic systems or
of i ngredients have been tested for their agq
of studies assessing these substances. Thi s
research's focus on formulations,mpy ompted u
influence biol umiAfeisceméeiien ehy bshedadi nagp | i gh
potenti al environment al i mpact .

16



I NTRODUCTI ON

I n our establ i shecdomneosrelayr cuhs, e d hsey sttweomsmotsot
areMahbexg sikvam aondetxhegiut o noRleelli kh et al
Abdel kader. et al. 2023)

1. 4 Ma.r b exw gvSkv gho d e |

ThBar bexvgporci modeli mn eappbbascshetior eve
topical formul ations, which utilizes fre
and unal tered throughout the experi ment
mani puswadech ons cutting, c,armpmpemeds/i npgr,e sermr v .

tissue's natAdailt isamailcltyu,r ewhen the compol

t he mo d e | all ows for vi sualization of

mi croscamallynsissuch cases, treated skin
bi opsi es, sectioned into thin slices, é
di stri butisotnr awiutmhacenartribdeem | d Kamus hb &y amd K
2021; Keck et al. 2022; Pé¢HiigkehTdee @l oc @

o f t he eMarwiknragy model begins wit-thr ywiarsdi n
porcine ear st.helhees tfiimastti st epf ,isvloerhe stitce |«
are tested to ensure they are suitable f
of tlieEegmlraa e mar ked,plarcdchtti oen 661 Fowsul .
Afterward, t hiencuwmlbast itcord epi lgadscea th u man body
all owing the formulations to penetrate
i ncubsakiimnpbeopsgeval takes place, and the
freezing areya suenc talniaen efdf h a b r ensiecprnocset o p v e

freshly cryoseand oinmnalg esi ki na tskl e iceeeatsriinegv e d

i mage anal.ysis software

17



I NTRODUCTI ON

cryosectioning fluorescence microscopy + image analysis

Fi géreMarburg ex vivo skin model

The steps are thoroughly described uni

1. 4 EX. Wiowvyaxc i ne Gut Mo d e |

The porcine gut model has become a valuabl e
researchtsduel e ®e anat omical, physiological,
humans. Structurally, trhees epnddrl ®isn @ hqd s torf o i hnut m
termsi né, enzyme distribution, and tissue .
reliability of findings related to nutrient
inter@Zbapngset Stludidsl8pi ghbi ghtytbobé the pig
i nvestigating di etary effects and gut mi cr
composition and i mmune responses closely res

18



I NTRODUCTI ON

Thi s alignment makes the porcine gut m
experiments and (lEkmanm eltilmilsc all2a0tlg2) aslisz e a
repeated, seri al sampl ing of intestinal
comprehensive analyses of phar macokinet:i
toxicology within a singlenbBab¢ectsheTmesd
transl ational value, reducing uncertaint\
heal t h (sZteanmag ieisnalour 20 h@d rmitpaiynt ¢ hitei ne
i's rel at iweeHdBbyt anbglvh lsadhresddk ad e (Figti)rael . 202 3)
While both the skin and gut models are wedtablished and yield a wealth of data,

they do not addredse toxicity of any kind In pursuit of more comprehensive and
costeffective testing methods, our research group aims to identify techniques that
provide substantial results across various domains. To this end, integxdtsuiperi

known for its sensitivity to environmental factprigito our testing framework
represerdgdthe next logical step. By incorporating this model ithi® specialty of the

research grougormulationdevelopment and testinge can further expand the scope

and effectiveness of ooesearch

Figu@uMar burg ex v
modéAnam Sajjad

After being care
food residue, t he

into 15mm biops
incubated. The ©bi
under goutctriyrog, an
to fl uaomi &g ®esrchdipey
i mages are then e

to prodsice r

Cutting in frozen form
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Mo
ap
be
pr
t h
Ho
p h
Fo
Mo
Eu
Eu
Eu
t h
fi

e X

Al

t o

Pr
pr
w a
ge
s e
t h

dern phar maceuti cal and cosmet i's formul a
pearance but @&red nagl,s extdaitaykseadnstedpfswed Hol ogi ¢
i(npeat her A. ECoBdnsaomg2@k%parymwmandr s ekbar
ovided a comprehensive understanding of hc
ereby guiding the design of effective form
we,vetrhe ingredients used and the whole pr
armaceutical formulations are strongly reg
od and Drug Adbonntetdr St adoes ( PBAY macopei a
dernization of Cosmetics Regulation Act (
ropean Commission (EC), Scientific Commit
ropean Medicines Academy (EMMP)AanGood Manu

ropean Phar macopei a iwerEw rsotpep ugpfdagreo danndt ir
ese formulations. |l ngredients such as pre
|l ters have their highest allowed concentr a
ceeded.

5. Kle.y I ngredients in Formulati on
t hough formul ations can contaitnheasiwi de v a

cuses on the imErngdciognmosleythaedare not onl
product function but also subject to ongo

5. Rrdservatives

eservatives are essenti al components in co
i marily used to inhibit microbial growt h a
thea,sed formul ati ons, which are inherently
neyawell tolerated by individuals with int
nsitivities i (Wabtersueteheshpbli20hS®Ows ng con

eir absence can | ead to severe outcomes, S

20



I NTRODUCTI ON

contaminaPseundomomngas i acfecaygi aovws a i n ocul ar

(Engel et Coolmmolnd Y8 ) )used preservatives inc
benzyl alcohol, and organic acids. HowevVe
chl oroxyl enol have raised concerns due t
human ti scsiunegs .anBalnancr obi al efficacy with

remains a key chall engeg Nomwlagkmder aet. f alk muR ¢

1. 5.3uRfactant s

A surfastuamthcies datswvestagrane ,t hat can be ¢

or i nto a system and al ter t(hReoisre ns 2r0f0adc)
Surfactants are essenti al components in
modi fy surface and interfacial tension.

and cleansing performance of prodpdttse, a-
their functional benefits, surfactants h
safety, particularly concerning skin irr
environmeaBatmumpattTehley 2021 )composed of
and a hydrophobic tail, which makes t hen
chemical properties, such as oil and wat
groupsonneoen cati onihcot eanicgnibcas ean do na nphe

hydrophilic region.

1. 5. BEs8enti al Oi | s

Essential oils exemplify the intersecti ol

acting as both bioactive agents and sensc

compounds, they exihnfblidmmat o my,craoredsadnt iao
making them useful in therapeutic context
enhances the sensory appeal of cosmetic
consumer i nterest i n natural, mul tifunct
increasingly wused in "clean" Dbeauty for mt
ar e ma d e, their regul atory classificat
underscoring their dual functional and a
(Essenti al Oils 2023; Da Silva et al. 20:

21



I NTRODUCTI ON

1. 5.Brdgrances

Fragrances are one of the most crucial ingre
as a sensory enhancer, making the product
consumer '(sGomewWwd¥egzz et. aFr ar0odMges can be eit
or synt heti c, and in skincare product s, mo r
hundreds of nat(uwruaclk | @rye S22 0Bd7ige su sltealve shown t
irritations are documented(&shabereacR2i0®@B®)t o

1. 5. Anbi oxi dant s

Many stressors make our skin prone to premat
and other i1issues. Reactive oxygen species (R
i n dhenges to the skbeSscieateadacwliltbl amt matat
photoaging. These ROS can arisezymabugh var
pat hways, coll ectively increasing oxidati v
Antioxidants are compounds fimwnd sprtiomarcialvy nig
free rAassdiicnagirseedi ent s, they are widely wused i

skin damadbene®un ss Kirmm b eetnhz yenmaztyinta.tainct iaonxdi dnao

1. 5. WV6I.l ters

Exposure to sunlight has been proven to rele
the body's production of wvitamin D, which is
(Osterwal der et al. BéOwdveRamosnletght .ard 0@t
(UV) Il i ght sources are also responsible for
sk-ahtering (POsdreamerd ader UM fall.t e2G14)an be in
mi n erassled physi cal agents that scatter UV r a\
absorb UV rays and release ther mal energy.

Il n recent years, growing attention has been
human health and the environment. Specific f
di met hyl PABA, can br eak down under Uuv ex

22



I NTRODUCTI ON

phot odegrpmprdead u otns btyhat may trigger phot ot

i n t heChsakiipor asong.suk et al. 2016)

1. 5. Buhscreens and their I mportanceé
The use of sunscreens is highly regul ate
t he USA includes sunscreens under drug

Sunscreen formul ation type®hiasel s¢pe agmuyl
compactasd déleas bles A. E. Bemsame®19)r m

particularly those containing organic UV

have come wunder i ncreasing scrutiny for
Il mpacts. Studies have shownr dlhartedfhedegrca
by inducing oxidative stress, DNA damag
organisms, even at very | ow concentrati ol
regions | i ke (Dowaisi eand@dephald®d®e¢ol ogi cal

has confirmed that sever al sunscreen ing
the skin, with some reaching plasma conc
potential to di sr(u/mtt ttah eete\Widiolc e2iaed wsigtisrt @ n
model s suggest hor monal i nterference, cCu
Vul nerabl e popul ations, sushueast a ntiiagh er,
permeability andwébodht suatbhose. aAapubl i
demand for safer alternatives is rising,
i n sun caréeéDaonomatateonal . 2008; Sander e
For this reason, we decided that sunscree

in this thesis.
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Al MS OF THE THESI S

The overarching aim ofAltihive brh®sds model
orgaanudsre its biol umdintea cemmiedc lastdadnodgi c a l
testing i systuemsresearch ni che, whi ch h i
der mat ol ogi c alexf gromwli antei csrks namdhd gut mod

The aims of the research for this thesis

Part 1: Model devel opment and est

The first step before At afrivemlgentibeest abl &
in the conditions of the | aboratory wher
achieved through minor optimization and

cultivation protocols for this bacteri um.

After the establishment 6 A.t hfeicsonphteurmies aoino
exXx Yuvomodcealeetno anti microbial fbombbwedon
The second application on a biological m

eX Pbvoine saksi na tnoi csreorbvieo meelsatradigas e t a&s

its adaptkami Isiury ace alterations and micr

Part 2: Application to aquatic toxicol

ingredients/ formulati ons

The aim of the second stage of the reseat
whichitically aewdami nemsdaqqudetriomni ¢ oxi ci ty
phar maceutical/ cosmetic iAv.grfeidsscehaetrsieaadt i
bi osd@mdsdough an assay Qa,l rietadynlewitsd st g Mih
ovaob mi.Auéeisous studies have determined t
tdetermine i f a tested substance 1 s toxi
| at efro oonv.er come the | imitation, a modi fi €
was developed toaadh-theggd grhepsuutiotdsucii | an e
ti me af di2hte hcluarbroernat or fheondgtemeisgsappl i ed
to a broad range of cosmetic and phar mac:
surfactant s, fragrances, uv filters, and

above European Uni oAl srog g uelea tf corrynutl hart @ ssmasl,
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Al MS OF THE THESI S

commer ci al sunscr ecmsodnctes eel @cetsetdeadl e av e
wor |l d expmodiutrmommaguat.iR otsysdlesns f or sampl e
i ncubation, and data interpretation were
performance across all tests.
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MATERISAND METHODS

3.1 .Bla.cteri a

For the Altiuidvielsr i @ hfeisd ¢ lme mB-IN(RA.L7 fwas heelrti g
i n fdreieed form from a reputabl eGesromarnc e,
Coll ection of Mi croorgani sms and Cel l Cu
Tlefr edrzieed form ensures the stadurliing a

transportation and storage, maintaining
3.1.T2sSkrldst ances

Commonly used substances i n cosmetic an
searched to assess their water toxicity.
preservatives, surfactants, fragrances,
setdhe®nEur opean Commi ssion Coslng Regul a
a broad spectrum of representatives was ¢C
e maxi mum all owed concentratdo.nsl rdetfh e
se of surfactants/emulsifiers, the cri:

c
a reference value to evaluate toxicity w
s

urfactant itself. After t estsiumg cgiereqlse acs
| eaowvnes) were also tested. More about the
i nformati on c & hSeubpep | featuemfdoaumateiron chapter
Purified water (ELGA Labwater, Veol i a Wa

Germany) was used t o emiuciorbebdensubst ansesAl

substances are | isted in the tables bel o0\

Tab3lei st eodtacheprteservatives

Annex

Preservative Ceu EC No. CAS no. /Ref Used in: Provider

cosmetiSigw”hdr

Et hyl par ¢ 0.40% 20-39-9 12078 V/ 1: f (Dar mst
ormul ai

Ger man)

cosmetiSigw”hdr

Met hyl par 0.40% 20-28-3 9 97 63 V/ 1: (Dar mst
formul at

Ger man)

. Sig#Madr

Propylpar 0.40% 202307 94 V/1:  Cosmeti ~ 5 mst
formul ai

Ger man
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MATERI ALS AND METHODS
Preservative Ceu EC No. CAS no. A/r&r;efx Used in: Provider
Al Aasal
22Phenoxyet 0.50% 20-88-9 12-99% V/i2 9 bot h (Schwer
Ger man)
Freshly prepareBrbdpyhphpabeaebef3:1
0,
Aqua cons 0.40% formul@@, ®hs g: 0, 025 og mperatl @
Applich
PanReac
Benzalk'or 0. 10% 26456 8 0 0514 V/51pharmacel I TW
chlorid 5 11/ formul a
(Dar mst
Ger man)
Sigma-Aldrich
Benzoic acid 2.5% 200-618-2 65-85-0 V/1 both (Darmstadt,
Germany)
. Si g#Ad dr
Bipheoyl 4 159 20998 oma v/7 bot h (Dar mst
(Hydroxyhbi G
er man.
. Si g#Wmadr
Ethanol >15.00 200-578-6 64175 - cosmet i " pat mst
formul a
Ger man)
(EPuhXeynI o xPyEe 20-88-9 | 1299 cosmeti Scplligl;f .
and 1.00%7/784’3435 6/373(\(;)4z V 29/- formul a: GmbH
Et hyl hexyl (Germany)
Caesar &
Salicylic acid 0.5% 200-712-3 69727 Vi3 both Loretz GmbH
(Hilden,
Germany)
Thermo
Fischer
Sorbic a 0. 6% 203-768-7 110-44-1 Vi4 bot h Scientific
(Kandel,
Germany)
cosmet i Si gadr
Thi omer s 0. 007' 200-210-4 54-64-8 V/16 . (Darmst
formul a
Ger man
Tabdlei st eodtadchesurfactants
Surfactant CMC EC No. Tl CAS no. SpeC|f|c§1t|on o Provider
name functions
. BASF
Capryl 0.496 500- Plantacare® cleansing, :
Glucoside mg/ml 220-1 810 UP 68515-73-1 foaming (Ludwigshafen,
Germany)
BASF
Decyl 1.287 259- Plantacare® . :
p ) 54549-25-6 cleansing (Ludwigshafen,
Glucoside mg/ml 218-1 2000 UP Germany)
BASF
Lauryl 0.557 Plantacare® . !
Glucoside mg/ml 1200 UP 110615-47-9 cleansing (Ludwigshafen,
Germany)
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MATERISAND METHODS

Surfactant

Cetearyl
Alcohol (and)
Sodium
Cetearyl
Sulfate

Glycerol
monostearate -
60

Cetearyl stearyl
alcohol

Macrogol-20-
glycerol
monostearate

Octoxynol-12

(TritonX-100)

Poloxamer 188

Poloxamer 407

Polysorbate 80

Stearic acid

CcMC

0.1% to
1%
(wiv)

1-5%
(wiv)

0.1% to
1%
(wiv)

0.1% to
1%
(Wiv)

0.22mM

4.1
mg/ml

34.2
mg/ml

13-15
mg/l

220
mg/L

EC No. Trade
name
267- ®
008-6 / - Lanette® N
250-
705- )
4/286-
490-9
267- ®
008-6 Lanette® O
- PEG 20
- PEG - ether
) Pluronic
F68
) Pluronic F-
127
- Tween 80
200- )
3134

CAS no.

67762-27-0,
59186-41-3

31566-31-1

67762-27-0

25322-68-3

9002-93-1

9003-11-6

9003-11-6

9005-65-6

57-11-4

Specification of
functions

skin conditioning
(emollient),
(surfactant)
emulsifying,
emulsion
stabilizing,
(surfactant)
foam boosting/
opacifying,
(surfactant)
cleansing,
viscosity
controlling

Emulsifying, skin
conditioning
(emollient)

skin conditioning
(emollient),
(surfactant)
emulsifying,
emulsion
stabilizing,
(surfactant)
foam boosting/
opacifying,
(surfactant)
cleansing,
viscosity
controlling

Humectant,
solvent

emulsifying

emulsifying,
cleansing

emulsifying,
cleansing

emulsifying,
cleansing

cleansing,
(surfactant),
emulsifying,

emulsion
stabilizing,
fragrance,

Provider

Caesar & Loretz
GmbH (Hilden,
Germany)

Caesar & Loretz
GmbH (Hilden,
Germany)

Combi-Blocks
(San Diego,
California, USA)

Carl Roth
(Karlsruhe,
Germany)

Carl Roth
(Karlsruhe,
Germany)

Sigma-Aldrich
(Darmstadt,
Germany)

BASF
(Ludwigshafen,
Germany)

Merck
(Darmstadt,
Germany)

Sigma Aldrich
(Darmstadt,
Germany)
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MATERI ALS AND METHODS

Other
(tested with
surfactants)

Dimethicone

Lanolin

Tabilei st

Fragrance

alpha-
Phellandrene

Benzyl Alcohol

Camphor

Cinnamal

Citronellol

Coumarin

Eucalyptus oil

Farnesol

Geraniol

Laurus nobilis
oil

Ceu EC No.

10%.
(Cev)

25% 232-
(Ceu) 348-6

odt dd e

CEU

0,001 % in
leave-on
products/0.01
% in rinse-off
0,001 % in
leave-on
products/0.01
% in rinse-off
0,001 % in
leave-on
products/0.01
% in rinse-off
0,001 % in
leave-on
products/0.01
% in rinse-off
0,001 % in
leave-on
products/0.01
% in rinse-off
0,001 % in
leave-on
products/0.01
% in rinse-off
0,001 % in
leave-on
products/0.01
% in rinse-off
0,001 % in
leave-on
products/0.01
% in rinse-off
0,001 % in
leave-on
products/0.01
% in rinse-off

0,001 % in
leave-on
products/0.01
% in rinse-off

Trade
name

EC No.

224-167-6

202-859-9

253-242-6

203-213-9

203-375-0

202-086-7

283-406-2

225-004-1

203-377-1

CAS no.

63148-62-9

8006-54-0

ftragrances

CAS no.

4221-98-1

100-51-6

36861-47-9

104-55-2

106-22-9

91-64-5

84625-32-1

4602-84-0

106-24-1

refatting,
(surfactant)
cleansing

Specification of
functions

antifoaming,
skin conditioning
(emollient),
skin
conditioning,
skin protecting
Antistatic,
skin conditioning
(emollient),
(surfactant)
emulsifying/
hair
conditioning/
skin
conditioning,
(surfactant)
cleansing

Annex /Ref.

111/45 and V/34

11/1730

/76

111/86

7z

111/355

/82

/78

111/359

Provider

Santa Cruz
Biotecnology,
Inc. (Texas,
USA)

Sigma Aldrich
(Darmstadt,
Germany)

Provider

Sigma Aldrich
(Darmstadt,
Germany)

Alfa-Aesar
(Schwerte,
Germany)

Sigma Aldrich
(Darmstadt,
Germany)

Sigma Aldrich
(Darmstadt,
Germany)

Thermo Fischer
Scientific
(Kandel,

Germany)

Merck
(Darmstadt,
Germany)

Sigma Aldrich
(Darmstadt,
Germany)

Sigma Aldrich
(Darmstadt,
Germany)

TCI EUROPE
N.V.
(Zwijndrecht,
Belgium)

Shear Essence
(New Jersey,
USA)
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MATERISAND METHODS

Fragrance Ceu EC No. CAS no. Annex/Ref. Provider
o i
| S
Lavender oil products/0.01 - - 111/360 ((ngfzr:]i?]u,)
% in rinse-off 4
o
ﬂfg\}eﬁﬁn Sigma Aldrich
Menthol 201-939-0 89-78-1 111/338 (Darmstadt,
products/0.01 Germany)
% in rinse-off 4
0,001 % in
leave-on Bosynth (ltasca,
Nerol products/0.01 203-378-7 106-25-2 - Ireland)
% in rinse-off
o i
qu\,le./;r;n Sigma Aldrich
Patchouli oil 282-493-4 8014-09-3 - (Darmstadt,
products/0.01 Germany)
% in rinse-off Y
o
Olgg\}e-/grlln Sigma Aldrich
Salicylaldehyde products/0.01 201-961-0 90-02-8 111/340 (léeérrnnﬁqztr?d)t,
% in rinse-off Y
0,001 % in Applichem /
) . leave-on PanReac /
Turpentine oil products/0.01 232-350-7 8006-64-2 11l 124 ITW (Darmstadt,
% in rinse-off Germany)
o
oo
Vanillin 204-465-2 121-33-5 111/346 (Darmstadt,
products/0.01 Germany)
% in rinse-off Y
Tabelei st eodt dd eVVB | foiclktegrss
Uv- C EC No CAS-NO Annex /Ref Provider
filter /blocker EU : ' :
Avobenzone o Merck (Darmstadt,
(Eusolex® 9020) 5% 274-581-6 70356-09-1 VI 8 Germany)
Homosalate o RN £ Merck (Darmstadt,
(Eusolex® HMS) 7,34 % 204-260-8 118-56-9 VI/3 Germany)
Oxybenzone o 021, £ Merck (Darmstadt,
(Eusolex® 4306) 6% 205-031-5 131-57-7 Vi/4 Germany)
Applichem / PanReac /
Titanium dioxide ~ 25%  236-675-5[1]  13463-67-7 IV/143 VI/27 ITW (Darmstadt,
VI/27a (nano)
Germany)
. . 1V/144 V1/30 Merck (Darmstadt
o 999 qa )
Zinc oxide 25% 215-222-5 1314-13-2 VI/30a Germany)
Tab7tlei stesofedt anti oxi dants
Antioxidant Ceu EC No. CAS no. Provider
Tocopherol o : )
(Vitamin E) 1% 233-466-0 10191-41-0 Sigma - Aldrich (Darmstadt, Germany)
Apigenin 2% 208-292-3 520-36-5 Sigma - Aldrich (Darmstadt, Germany)
Ascorbic acid (Vitamin C) 10% 200-066-2 50-81-7 Sigma - Aldrich (Darmstadt, Germany)
Coenzyme Q10 0.05%  206-147-9 303-98-0 Sigma - Aldrich (Darmstadt, Germany)
Hesperetin 2% 208-290-2 520-33-2 Thermo Fischer Scientific (Kandel, Germany)
Rutin 2% 205-814-1 153-18-4 Sigma - Aldrich (Darmstadt, Germany)
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3.2 .CultivamMaiomt amAaihicieviolbri o fi sch

fi scheri)

Al i i vi brwaos fgrsocwhnreraver ni ght in a liquid medi
peptone ((TRS SAQGddi c h, Darmstadt, Germany),
(CAS 213 SAgarai c h, Dar mstadt, Ge-i Bany) , 30 g
Si gfmldrich, Dar mst ddtHyP @\aBlmd rCyA)S,-2140,0 2 8

Si gfAladr c h, Darmstadt ,.)P@BeCmMmanyPs8 Bi ®3o0pgv &KH

Chi mi e, Di euze, Fa- dBlc § CASCOIRODBAgp IMgcCHem /

PanReac [/ | TW (Dar mgHRG@(t CA SGer@ah &) gmO0. 7 ¢
Al dri ch, Dar mstadt, Ger ma8nly ) , SBlgdml cfhl| ycer o
Darmstadt, Germany) per 1 L of distilled wat

solid meditagmr 12CH® L9 GAYdai c h, Darmstadt, Ge
was adlWedpH of the medium was adjusted to 7.
NaOH (Education Line pH meter, Mettler Tol ed
Aer-Nml B404248686). The media wer®5sterilize
Systec GmbH, redy éobel2@®, mGar at approxi mately
AC. To maintain and presewnv e utl it eurbeasc twerriea ,mi o
333 of s%egliylceer80l / mlath®AE. t Tke wtabedity of t
stocks was checked the next day by streakin:
them at room temperature overnight. After fr
media by adjusting the wuspenvdiahgtohe ooomnt &mif
transftbkbami mg 50 mL Falcon tube containing 30
medi um. The culture was subsequently incubat
shaking at 150 rpm (KS 15 A, Ednmddn d B¢ hl et
Hechingen, Germany) .
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3. 2.D2.ter mi nBtoilounmi mfe sdcemcac ber |

GutBi opsi es

This study was (pAabdelok aade.if bo@mntaiproB B & r |
activity was assessmdd@hkh degl ka hbarF cets leg li .nt
i ntact porcine intestines were sourced

experimentation wit.hi3malwo sheoautriso nosf (sd papur
l ong) of intesti-@8l ctmi sasvayg, fpomi thenedg !l d
di ssected |l ongitudinal sy, twWweorhessgea retaldy f wiay
avoid disrupting the muiclulsi Al s@ayreuccutl Aruer ea nodf
fi sowaesricentri fripgredf oat 100000 nut es at roon
MI KRO 120 @edtreasudglettich GmbH & Co. KG,
The T amallllitet s wer e glLe sods pfernedsend nbendcitddn,i ad n
di | umtaisormppl i ed to eachetts 0Aherfeiasncbhéecrtib @
gutti ssues were incubated at rodmctempait a
growlur.i ng incuba-t pbaded némhblbﬁoiahty'mri cal mi
tabl et s-diwge £t @o¢d et o si mul ate the digestiywv
following oral administratimln.ofEagtho s pahbd
buffered saline (pH 6.8, 37AC) and stirr
shaleMB O (control, Edmund B¢hl er GmbH, Bod
di gest eglonal ilqOubot s wer e withdrawn from eac
A. f kisecthteerdr i nt esti nalnfteicts wens 2 nheo urnd epca
ti ssue served asSteem idntzreaeatceod t ®mn tsrwoalb.s

samples from the surface of each i ntesti:
treat ment . These swabs were cultured on
spread plate technngghbht aatd + o(oFAmEbtaheengecto a4
2020)Each experi ment was performed in tri
measur ed afTtheer pMB8artéecsphet ographed in dark
D7200 Digital SLEROM@n mMeernas WiNihk camn EllBr ope B
The Net hRirdlammdisnescence was documented U
setum@imminescence | mueamgiittyatwlyEi gemiah| y ma
proceEsgmBges descri bevdtpr ewinous (nPaliifkhcat
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2020; Eckert et al . 2021; Keck et al . 202 2;
2021)

|l maged software, version Sc.hhEk dewazetusadd f2dr]
The initial step involved automated color a:

(foregrobad}) (bmdkground) pixel s. Foreground

bilaami nescence, while background pixels repre
1 pi xels were subtracted from cl ass | pi xe!
i mage indicated t he bacteri aleatbmendtumi Téd®ce

l umi nesseasseswsaed as the mean grey value ( MC
the results were reported as the mean Dbi ol un

for different replicates and time points.

Fig8né&) Macroscopic i mage oul tanr ead awi tpH aA.e fi
(B) Macroscopic image after, twisduddiurteaoorad e dt heh

pictuTlee remaining white pi

xels correspdqmid dtec
et al. 20283)

3. 2.DF.ter mi nBitolounmionfedcemcasmr beri
SkiBi opsi es

Three porcine ear s wer e selected and prepa
bi ol umi nAs c efniosec heekiin Theopaires were thoroughl"
using standéapPdl pkloceduwmraddls tAe@2h)air was | eft
assessments were conducted to measure transe

el asticity
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Each ear was then @iwvgy9dFed diD@inde $s wopnasteed i

“intacd covered to preserve its original

disinfectedEosbhgleel\to&ndi\ﬂasryspttedt, Ger many)
5 minutes, and subsequently rinsed- with

dr.y

Skin biophysical me a pubetme nt be wentaane a a |
sections, including transepiacdrilbadthywae et i
was then further di vided into three sma

protocol s:

1.Treat ment with acedenHgHEBenmgwe) )| &pelk
30 seconds, followed by 10 minutes of
an extemded e20aer ati on.

2. Treatment witthl@a mDey masolalpeid i ed by roc
surface 10 ti mes.

3.An untreated intact control area.

Af ttéhre tr,e&ti memi ® physiicmd!| padioper TEWIS, pH,

were again measured fFamaedgh tskeéat rbe rotp sa

with five biopsies collected from each t |

The bi opspileasc ewe manl la nPedas u r(@yneat$ o fite mdc le,

Ger maannye)x posed to bact ereLalafmvnefregcit@wim us

bacteri al cul ture. The remaini ngm@pat f o f

medi um sourced from agar pl at es. The in

t emper athwrue sf.orMezasur ement sT BMEAN Icnofnidnuictt ee

PRO micropTadaenr rGradep, M@ naed®r f 6, Swindz d1

poshcubation.
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ETONE
— Octenisept
DERMAROLLER
DERMAROLLER
— No Octenisept

ACETONE

Fi ggPeotocol of th Fi gabears after pur
porcine ears preparation for bi

3. 2 .De.t er mi nBitolounmionfe dcerdasrchieri
t hAdquatBbnei r onment ( moé-i fied \

Assay)

For this part oif r sttfeept &€ udmo,st as o mmadn i ngr e
phar maceuti tal mobamebnsalweérnre waast eromicnadled 1t I
maj or woulbup &£ ested: individual subemances ( Gr
formul ations F@dIGr o@QmpodapVvel, di ffer emft subgro
i ngredientwerssubshasers as the most commonly
surfactant s, fragrances, antioxidant s, and

separated i nt o -osnunpsrcofdeuecnBu monple Arra@@mmmi s8gi on

(Cosmetic Ingrediienes)i gt adbiasrCGra@aampdglosubst a
The all owed concentrations of preservatives,
were al so sear chiedcliwmdithg st databiasiecal micel |

of t he sFurvfea cottahnetrs dceorni €veionigr a hieo Esi(rEolp)ean Uni o
regulwetrieonnl so pr otdlue.etd€ & é0s ec omedruec tmade at t h
t wi ceeut2ne) @ haduf 50h@,C18H; % L &€nd Q.1 % C
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3. 2. Tsted substances, Leantmn | |

Pr oduct s

Commerci al sunscreens were used for t he
i nformation about their composition can
One mL aliquots of each f o#fmuwl actriecanmsw ew et
tested. hl¥eo smiimi,c dti al ysi s membranes ( Medi
U. K.) were prepared in a 6 mwedi ampétaer.t
measure the amount of sunscreen to be us

membr ane wasugmbasheetiot muba of the ringo:s
= zZ» ' Al RERA@npo

Theecommended amount of sunscreen applic
Heal th Organization (WHO) and the U.S. F
mg/ oan] CHaRr t) Ea®h sunscreen was tested in
concentlr amigi/ocnns] ,,ar2d mg /. Bghd omp i nocul ating
the prepared di al y ssiusn snternebernasn ewse rwe tahl |aopwel

i n twel 96pl ates for 3. min at room temper

3.2 Wa.t efoxi CIAgyatTegsPr epar ati on

Measurement s

Bacteria were grown overnight epwdot h@nO b
to assess the toxicityTbhé méehoddweasn adb
(Westlund aentdTalkt h 20Ci&dnge2dfaldealeiogn wi t h t
type of study requirednumder I|Thieo rtetsad ywa
performed afteewas hacldiesveed Obe test was

96ével | pl at es-bdqtNtucnne OI6a cfkl apol ystyrene, Tl
Ger many) . Twenty microliters of each sub
wells in sextupli(@a)t eof abnadc t1eOr0i ami csruosl pi et nest

t o eadh owallmi .nescemeaswvailkfdieceartemdtr et i me poi r
TECAN IEnZdmmi PRO mi cropl at e ArGe adM% n n(eTdeocr af
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SwitzeThandd).at es wer e l eft i n the pl at e re
bi ol uminescence was measur.ed at 0, O0.25, 0.5
For chronic ,t dxiodiutmy nteessteintge val ues were mea
point s: 1 h, 2 h, 3 h, Adtheyr 6Gak,h 8nelmasul @ mken
covered plates were incubat®@ apmrosmngempe
Edmund B¢ hildr SVEIdmmuKS B¢hl er GmbH, Bodel shaus
Bi ol uminescence values were evaluated by cal
values dcanmpeanedated controlThgraeawmtodl bgcbap
consisted of untreated bacteria in a growth

measur ed.

3. 2.St.at iAstal aalidstPAr esent ati on

Mi
0.
generate graphs and conduct descriptive anal
Descriptive stati stlJiAGhH fwtewess resa mear at. eld .t1h rOou g

rosoft Excel (Microsoft 365, Redmond, WA,
9.1. 0, University of Amsterdam, Amsterda

= O

Normal ity was assesWieldk tthersotu.g hFotrh ev aShiaapnicreo |
Levenebds test was used.

The medrmies normally distributed -wlaayt a were ¢
ANOVRost hoc anal ysebupif e lnew,)e Buosnefde rtroo ndiet er m
the significance betwédenrtebel dat areompmppasedt
standard devtvatliuen o(fSD)essA tphan O0.05 was <co
signiForcawmnwari ance homogeneity, Welehoéds adopt
parametric-Wahtas Knaskali s was used.

Adobe Il lustraAdobévkeEnsi pnA@6bé@& .0l 1 ustrator
USA was used to present and convert the heat
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RESULTSDARNDUSSI ON

Bef or eA.usfiinsgsc h&r bi osensor for the studie
cul ti,ogti o gaowdrhd bi ol usmit abés twermdaeeri oh he
conditions in whi chperhfeoweneesd snheeaesfuerregnbe nntgs
taken

After successfully growing and maintaini
under went various trials tDhicul st vy eparmh
conducted to check and establish a const
bacteria to go omanfdutl emmrt wkitbithemebhsut
AAquatoxo test, especially aas ohhtodrem iofn g
toxicity tAstiiwgchbhbolil uani mescence i s sens
dif erent factors, which can | e(aBla c koh aruess ud-"
al . 1997; Froehner et al. 2000; Froehner
2021; Rose and Morris 1979; Abbas et al
By having thiirdsath,af pz end t tAbh e ,f gdsooeaty iodnt r ol
condi ®nloynga lle gr ¢ wt I8 phoesatmoscOu ( lap g owma 3
obsefFrvegdiie This wasl ocgpghbasewédomy 3ah to 10
maxi mugp@©ODO0. 12. BetwdaentyPpismdtbdolberyi gl
phase was observeshgdrapped wbi 6h06 hbeOWee
Il nstead of falling into the death phase,
Not ablyeastgmreodwt h curve deviated from the
publ il she@FatguR@Si | va eThiad .v &r0i2alt)i on can &k
specific methodol ogi cal di fferences in t

practice of cultivating badhtakirinnaeairsd tEy | e

t herefore, high otxhyeg ebna cttrearnisafle rc urlattuerse i n
96ével | pl ate with laoviseahrdhkamd splrjeectoéd 9100 r
I n contrast, the published article measul

to 7d0onhs,tantly refmwhsehiemg tolug culutdyr ense a s
following the same protocol and growth <c
(meaning al sothahewssmapplul eédr at,wBi bhr eme
l i kely contributed to a.Tfthaestcaomtmeduletdi ar

including | imited oxygen availability duc¢
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I mpacted dywreamgireoswtdubstanti al amounts of 0 X\
sustain biolumi bespenheetahesievidi yferences, t
growth patterinte ewaesr yc omlsaisdeemstdr engetr hemenel i

of the experiamensami barcomesvith the typical

0.14 —
0.12 —
5 010 —
<
85 0.08
0.06 —
0.04
| I I | | | | | | 1 I I I | | | | | | 1 I I | |
Oh 1h 2h 3h 4h 5h 6h 7h 8h 9h 10h 11h 12h 13h 14h 15h 16h 17h 18h 19h 20h 21h 22h 23h 24h
Time
FiguadiMeasurewtly curve of A. fischeri in 24 hours
7
2.5x10 5 P
’-;2.0x10’
2
-
& 1sx107
]
[}
c
8 7
m1.0x10 3
Q
£
E sox10° |
-
0 10 20 30 40 50 60 70
Growth time (h) Growth time (h)
FigadeRubl i shed gbiowk b mi( MBcaadece (B) (©Ii IAv
2021)

Untr ddt sedh ®id iumi nes cweenpceer freerdrdd dagmi ne t he i nit
l i ght I ntensi ty I(Feived®é& ifeo rb iuglcuwlne ags ict@ensct es

showedi stinct peak at 0.75 h, folTlThbewed by su
BL showed an additional,buncreadedberboiwera@aadhnh
|l evel as the peak at 0.,75 nlck.l udh en ge Yomertieme ratl a

smal | wel speenddeshalkowg at 90 r pm, l' i kely 1 e:
which is essenti-mdodwai g od uany matsice nrceeact i on
medi ated oxidation of |l uciferin 1Té&quires oKXy

fisdlCéanmrii stensen.and Visick 2020)
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>

-
m

2.5e+06 —

2e+08

& 1.50+06 —

1e+06 —

5e+05 —

0 0.25 0.5 0.75 1 2 3 4 6 8 10 12 24
Time [h]

Fi gaBMeasureldumi nescence curve of A. fischeri
Consequently, reduced oxygen |l evels coul
research, keeping a constant BL curve 1in
than finding ways to increase oxygen, b
condgs tofongrowing in the small wells of th
I n this case, l etting the bacteria adapt
conditions to maintain it was more benef]
This section is part Olf mparno va Inrge atdhye pBuibol a
Norfl oxacin with T'abbyl eAbsd eMakdaed efrr, o M. Aa p e rN
Keck, C. M. in Pharmaceutics 15(2):375, J:
For this paA.t foifssacshhearp plerx& dgiuvno bainopsy mod
eval uat e i ts suitability as an i ndi cat
coll aborative study, my contribution foc.!
i ncluding the prepdr aficaud Hanrde sc ofnosre ruvsaet ioc
gut tissues, as wel/l as the devel opment ¢
bi ol uminescence over time to determine
Smart Fi lenxs @it oamodel , aiming to observe
bi ol umi nAsctimeme hteifei p(oArbcdienl ek agduetr Tea adhi €W
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t his

wer e

, a growtxh gaurnw oamomled ciamel a sampl e
tsel f . Tt

determined before the study

descrMaéeedrimal s .and Met hods

Di

docume

fferent trial s wer e first conducted to d

photography, wuntil the corré&cgagetti ngs were

1. The camera was positioned 31 ¢cm above the

g

rown bioluminescent bacteri a.

2. The camera settings were set-sdamandapertur

S

hutter speed.

-

2. &

Figad®chematic visamkesantoongbesérvadetice bi ¢l e

Thi s
Il nit
wi t h

subsequent comparisons against

and the real camera setting (1

The camera was install ed tome as ahmd dpeas iwiitac
setup provided a reliabl eyometrhdd nea ana
i al trials established baseline biol umi.|

physical

Unttreedda bacteri a exhibited stablEEhbuol umi nes ¢

measuring time points. I n contrast

bi

ol

umi nescence suppression withi

(Figabe

n
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By 12 hours, the visual differences bet we
underscoring the I mportance of quantitat
efficacy of SmartFilm tablets in iTohibit
provide constant bioluminescence inhibit
swabbing was alwaans$ yt per $ ameneandy the sal
reliable results and growth pattern on t
suppression of bi ol uminescence was obser
formul ati on, confinmrn@li tactevhayced mpmat
mi xt(WArbed el kader et al . 2023)

Untreated Physical mixture SmartFilm

oo

Oh

FigabeDi fference of Dbioluminescence on t

The cotton swabs are taken from the gut biop

wel | as physical itmiexatt uerde saanmip | Sensa, r twreirlem c o |

This method achieved reprodudiAblde | rkeasdwelrt
al . .202h3r)ough this analysis, it was succe
demonstrated approxi mat el y odp albdehely stiloceal a n
mi xture tablets, reducing bacterial biol
after p8i hobuhg,baster release of norfl oxaea

(Fi gabe
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luminescence intensity [MGV/px]

10 ——
8
6
a
2
0
oh 2h 4h 6h 8h 12h

time

—O— untreated —— physical mixture tablet —O—smartFilm tablet

FigabeEx vivo antibacterial activity (as mea
with nod foladdxacismartFi |l m tablets compared t
(Abdel kader et al. 2023)
4. 3 . Al.t er aBiiophyanopalrti es of the ¢
To ensure relialAl.e fgxsmdireirvmnesntseawasdhary to d
porcine skin Booweamonerobhée omkims much as po
di sinfection itself may alter skin propertie
i nvestigated th®neftfrantsepfi d@cmanhi svapter | oss
el asticexywpyoraet he skin, usi ndyi sbroutpht eidn tsakcitn a
model s. Barrier disruption was achieved chen
t hrough aCDernma ma papcldir csaditireo,Qd od ph ot signi fi can
change TEWL, §&Ili ggdt7iec igtayPp,e or pH
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40 *xx

xx

n.s.

n.s.

TEWL values [g/m2/h]

20 ! ! [

n.s.

no Octenisept® Octenisept® | no Octenisept® Octenisept® | no Octenisept® Octenisept®

No manipulation Chemical manipulation Mechanical manipulation

FigaZeTransepidermal water | oss of the 'sakidn before
mani pul ation through® Acetone and Der mar ol

Data are presented as mean N standwaldudevi*atp on ¢.SDJ,
0.01, *** p < 0.001

What c¢changed the skin's TEWL and pH valu
not the disinfection.

Chemical mani pul ation does not affect th
ot her hand, the mechanical one results i
i ntact skin and chemicaldismanfeocdd®Beadn (wi
While the elasticity of the skin remains
di si n{Fe gtaiBent hfei pgiHPsehows a significant r ec
di si nfmecit pdl ated skin compared to disinf e
The most essenti al aim of this part of
di sinfed®tceac Manmaelptst il |l not be af fietcd ed K
applidae¢e spprneosent aniyn fsioggnhcéei taat ed , ski n
regardl ess of thedmeanpuhatiedor eype, usec

SsubseA.uefnibsoHernmi nescence assays.
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40
— n.s. n.s. n.s.
= -
<
> 20
=
2
- - |
0
no Octenisept® Octenisept® | no Octenisept® Octenisept® | no Octenisept® Octenisept®
No manipulation Chemical manipulation Mechanical manipulation

FigaBeChanges of elasticity on t'hfangdkicmeanitcal dingli nfect.i
mechanical mani pul ation
Data shows no .significant change

15

10 =
0w
g n.s n.s.
= n.s. . i
> - .
z : w ;

5

0

no Octenisept® Octenisept® | no Octenisept® Octenisept® | no Octenisept® Octenisept®
No manipulation Chemical manipulation Mechanical manipulation

Figa®epH value

Data are presented

changes

as
0.

before andaafdt ehesnkicmal diasiidnfmecthiammn c\
mani pul ation

N
p

me an standwalduaevi®atp on @.SOY.

0.001

T*Hh ep

* k%

01, <
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4. 3 . Ob.servati on of Bi BAlrutmifni ecsi cael

Mi crobi ofme Layer

As described in the Aims of the Thesi s,
"artificial mi cr obi ome iltmoyteegrft ioanl tbheeh asvk i
chemical and mechanical mani pul ati on.

Wh e n comparing bacteri al Il nécgualke, on o]

bi ol uminescence was approxi mately eight

agar compared to 1.18 1 10 RLU on the
attributed rochgazmo'mposutiioeant which pr omo
sustdaibm®l umi nescenchle.. fOhsacthheer ioh ek ehgeaesd,
the skin envinradnmenti ndhsaaba trammn of porcine

2.00E+07 ns.
n.s.
n.s
n.s
n.s.
n.s.
1.50E+07
=)
-
x
(0]
5]
& 1.00E+07 I
?
(]
£ .
5
e}
@ 5,00E+06 e s
—s n.s. n.s.
n.s. n.s.
n.s
: T ] [ ] . n.s.
. ' - .
0.00E+00 . ’ e !
no Octenisept® no Octenisept® Octenisept® Octenisept®
Skin Agar Skin Agar
Intact skin Chemical manipulation = Mechanical manipulation

Figa2abeBiolumbekackeoxleagaanttef ochemimdahbherc
mani pudmad i dinsi nfection

Data are presented as mean N standwaldu@evi®atj
0.01, *** p < 0.001

Disinfection results in significant bi ol
agar plates (p < 0.001); otherwise, it d
the skin. On the contrary, the biokumines:s
the intact and disrupted skin,Edonedsi chactti n

reduce the bioluminescence to significani

53



RESULTS AND DI SCUSSI ON

To correctly interpret the findings presente
intr ogneati @omed mo de 6f pchhodw c e s and regul a
bi ol uminescence under the test conditions. T
an enzatmel yzed reaction involving luciferase,

NAD( RBiHg a il e

Flavin reductase
NAD(P)H + H + FMN NAD(P) + H + FMNH,

Luciferase
FMNH, + O, + R- CHO

FMN + H,O + R- COOH + hv (490nm)

FigadheChemical reaction equation of bio
On the other hand, bi ol umi.n € sicsegniceec i smenaonts a
thatgcomfach wjithi aloxmicmemssence i s one of the
bacterium reduces or di minishes. By knowing
is required: Ano bioluminescenceo should not

are deadodo unlceossp | ceomefnitrammeyd absys ay s .

Standar dipMiotc onetodbs capture acute responses Wwi
underesti mate effects that only emerge aftel
phar maceuti cal ingredients, which are often

significant 2oavumah&ambieodnanvsiucdrensamote hdpoi nt s

are insufficient. Chronic tesFiggRrRes needed
Some ingredients/ substances target the bacte
i's reflected right away. I n this case, an &

previous studies have shown t hatomsaoyme <chemic
| ater (BactkBhdahs et al . 1997, Fr oehnTehi set al
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phenomenon happens as a result of these i
bacterial cel |, | iFk eg @tipghee Isny ntthhiest i sct updayt, h w
chrdmWwito 2a4sshkm)ys were therefore perfor med
properties and potenti al modes of actio
I nhi bition highl i ghttshcehmmengeic a gierdsit g lets si m t
effects on protein synthesis andteatmher
bacteri dIBafckmatuisoret al 1997)
Oh  15min 30min 45min 1h 2h 3h 4h 6h 8h 10h 12h 24h
I Il Il ] 1 1 [ | 1 1 Il |

Acute phase Lag phase Chronic phase Last timepoint

- High bioluminescence (BL)
- Enzyme apparatus for BL fully
developed

- Cells show maximum BL

+ Inhibition of BL in this phase reflects

- Little reproduction Higher sensitivity toward

- Protein synthesis is vital substances blocking

synthetic pathways

The parameter becomes

disturbances of the energy status of
the cell or severe structural damage
* Chemicals with unspecific modes of

action show toxicity linked to:

- membrane-associated

processes
- Proteins in general
- energy-supplying processes

directly

Fig2eeAn
Presented is a
the acute phase, <che
l ag and chronic phas
synt.hesither essenti

pat hway

Increased incubation time

overview

more integral, reflecting
additionally the status of

biosynthetic pathways

of incubation and mea

summampydeomfi ntgh €2 4p rho cwei stshe sA .t hfaits

micals that
e, there 1is
al time point
can show

do not targe
| i tpdres ctehd

is at 24h,
inhibition.

4. 4. AguaToixe ciPh gr mdceutCosmét aadl
Ingredi ent s

To evaluate the toxicity of commonly u e

cosmetical formul ations as individual co

tests were successfhwlulry tda onedu atmed dher sa

determimpagt tdvfe t hese substanmced i htelra ¢
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rel ative bioluminescence of treated sampl es

bacteria using the formul a:

o0 gl *'ﬂ

“un T e dua®
The calcul ated relative bioluminescence valu
val ue-tafeanerd bact earsi a @red cexigragsesed

Given the many tested substances, the result
and ease of interpretation. This visual appr
across multiple substanceéisngansgy dtoemuiwas i 00BC
based on the observed bioluminescence behavi

the I mpact:

O 100 %: bédmhamtieiEseenekati ve bioluminescence
This enhancement may suggest t hat t he subst

i nteracts with the bacteria to augment their

10685 %: n ol Ttheex irceiltayt i ve Dbi ol umi nescence r an
100 %, i ndicating no significant i mpact on

category ar et acxoincs i wdnedreerd tnhoen t est conditi ons.

> 85: I nitA aHi gthoexri crigducti on in Dbioluminesce
effect i's insufficient to inhibit -bacteri al

stage toxic effects.

> 50%: it5oX&% cdart ymore of the bioluminescence |
where the bioluminescence inhibition is pro

bactmatiabdol i s m.

>75%: higliBtokuwmi hgscence i s 75% reduced, or
case, the substance might be severely toxic.
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Fig@rei ves an over-woeciwngfoft htthe of @lrl owi n¢
Ssubstances tested:

Setting values for rel. BL [%)] impact on A. fischeri
> 100 enhanced bioluminescence
100 - 85 no toxicity
> 85 initial toxicity

‘ toxicity
high toxicity

F

geaBelLegend of the sett
he evaluation of the h

i
t

4. 4. ZThAquaToixci ci t Br ecsfertvimd i v e s

Preservati vetswavetriemed askiifstedc!| assi ficat.i

phar maceutical, as crossoversp(esedyv dtoit
used in,cashebibers
Thet her dibvaisssidomnwashe functional groups,

heat Ramldrei g@be

Anot her evaluagtiexc epftf thremrdwsmpisht gr aphs p
bi ol uminescence behavior of the preserve
regardl ess of which f or imnFli tdr/En g9 218Bkey ar
FigaRe The | ast review shows the overall
the acute phase, chronic phase, and 24
Agquat oxi g@®Fd g@dFei gBRe The i mpact values we
100 (meaning 100%) minus the percent val

Lo mtra g o m00] » givii g @t e  Cudgp> i m- ¥ tiim
-o=|=l<>=i>ﬂ!o=|=l¢3-
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The vadtuef nedn t hi s equati on can det er mi
bi ol uminescence is positive (the resul't
mi nus value).
concentration rel, Bml”::iicence ] rel. Bioluminescence [%)] chronic
[% viv] % EU[ Oh 0.25h 0.5h 0.75h 1h |lag phase 3h 4h 6h 8h 10h 12h 24h
Organic acids and their salts
Benzoic acid 00025 01 |77 77 74 70 66| 101 104 99 116 145 145 72 74
0025 1 |84 83 79 106 109 98 121 155 149 69 79
025 10 |80 106 108 110 151 140
125 50 97 100 124
o 25 100 85 85 93
s 5 200 70
®
E Sorbic acid 00006 019 91 92 B89 85 101 103 94 109 148 100-117
g 0.006 1 193 93 93 89 85 103 105 95 115 161 106 68 132
e 0.06 10 |89 90 90 86 82 103 110 99 117 161 111 69
8 0.30 50 [92 93 90 85 79 100 104 96 117 162 114 74
= 0.6 100(90 90 85 77 70 100 116 128 143 172 120 92
1 200 (95 93 8 69 - 97 91 91 114 156 125 81
E quaternary ammonium compounds
©
3 Benzalkonium chloride 00001 01|76 78 81 79 88 89 103 114 134 164 149 85 117
3 0001 1 |89 94 9% 94 83 84 110 137 168 188 175 105 132
| 0.01 10
L 005 50
S 01 100
0 200
organic mercury compounds
Thiomersal 0.00001 0.1 [89 88 88 90 109 114 136 173 117 74 130
0.00007 1 [93 91 90
00007 10 [90 75 72
0.004 50
0.007 100
0.014 200
Alcohols
Ethanol 00200 0.1 [111 107 114
0.200 1 1109 103 109
2.00 10 |107 100 105
10.00 50 |115 1068 111
@ 200 100 (120 112 117
i 40 200 | 156 146 151
';E Parahydroxybenzoic acid esters (Parabens)
% Methylparaben 00004 01|82 89 95 98 100{ 101 100 115 119 154 180 124 118
& 0004 1 |8 91 9% 99 100| 102 99 115 124 156 186 128 140
% 0.04 10 |86 92 97 101 103| 104 99 114 126 158 186 129 197
é 020 50 (81 88 92 95 97 107 103 115 125 124 170 113 245
& 04 100 (84 90 93 95 95 105 113 121 137 145 187 149 381
o 1 200091 95 9 95 92 100 98 110 124 126 184 137 462
Ethylparaben 00004 01 [100 83 80 76 100 91 98 84
0.004 1 /100 83 80 76 82 84 88 79
0.04 10 |81 83 81 76 83 81 87 80
0.20 50 (79 81 79 74 81 83 90 81
04 100 (82 82 8 76 82 92 9% 85
1 200183 82 79 73 80 97 104 87
Figl@hdeHeat map of tested preseryv
Red symbolizes bi oGruard meisrcceinacat @ n hud rbd ft fi emt. e d.
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Red symbol i

Organic

the | owes

Benzal kon

exposur e

at

rel at

Fig@beHeat map of

Zes

bi

t he

tested

3 H "0
concentration = B|0Iurr;|23; et bl rel. Bioluminescence [%)] chronic
[% viv] % EU| Oh 0.25h 0.5h 0.75h 1h |lagphase 3h 4h 6h 8h 10h 12h 24h
Parahydroxybenzoic acid esters (Parabens)
Propylparaben 0.0004 0.1 |8 8 84 83
0.004 1 86 88 91 89
. 004 10 | 84 87 90 88
2 020 50 | 91 94 96 94
5 04 100 [ 100 104 106 101
£ 120099 99 98 92
0
o]
8 Butylparaben 0.0004 0.1 | 100 98 107 114
5 0.004 1 91 98 107 114
H 004 10 [101 107 116 123
o 020 50 [108 107 116 128
I} 04 100 {108 111 118 124
1 200 91 96 104 109
4-Hydroxbenzoic acid esters 0.0004 0.1 |100 83 84 80 100 89 95 100 117 148 212 129 150
X . 0.004 1 81 83 84 80 77 92 95 97 124 155 207 117 200
Methylparaben:Propylparaben (3:1) 004 108 90 91 8 8| 91 113 131 141 160 234 135 155
0.20 50 | 89 92 92 87 82 102 1M1 121 145 160 221 133 150
04 1008 91 91 85 81 91 M7 140 281 319 336 199 208
1 200/ 82 86 B85 79 76 100 134 163 307 361 372 235 239
Phenolic compounds
2-Hydroxybiphenyl 0.0002 01|91 99 104 102 101 105 100 92 98 143 91 74 119
0.002 1 87 102 108 105 101 120 120 108 111 154 104 79 121
0.02 10 [ 81 100 109 102 96 102 108 107 116 158 100 72 111
008 50 |76 99 107 97 89 100 109 110 119 161 104 111
015 10073 99 106 92 &1 98 107 110 118 161 106 92
0 200 | 77 105 108 86 T 97 111 122 128 162 114 79
” 2-Phenoxyethanol 0.0005 01|83 8 83 79 75 96 110 119 138 163 141 93 110
:g 0.005 1 83 85 83 78 T4 97 114 120 143 170 133 95 112
E 005 10 |78 78 76 72 68 99 125 136 153 161 123 103 109
a 025 50 |78 78 76 72 71 95 110 110 126 143 92 90 104
o 05 10075 77 74 72 71 98 110 100 108 125 72 78 100
= 1 200|77 78 74 72 72| 88 105 101 103 10653 85 &3
g Preservatives in cosmetics
=
I
4 Euxyl 9010 00010 01 |70 76 79 90 94 83 89 86 85 81 77 70 69
§ 0.010 1 83 83 88 9 87 95 97 102 99 96 89 93
= 78
Salicylic acid 123 102
119 97 106

pres

oGruamd m eisrcckinaceaet @ ;1 hu rba ft fi ont. e d

acVv asa KliOKist) acu
t toxicity.
ium chlori de
durations, wit
vely | ow

t e

i s
h

and

chronic

profoundly

t ot al

concentr at

i n

ons

hi
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Th

omer sal, a preservative with notable ant

used for eye product s, i ncluding eye shadow

(Silva Bel I[Heowewever almo®02Bhands do not use it

re
20
EU
st
Th
au
0.
t h
an
Et

a
1

r
e
t
0
i
t
h

we-t

e f
st
s u
P a

e X

~+ T T 9 C
> - 9 =

f
r
b
r
h

ctions and(S8ohvacBedéumat etoibsclz.ak2 23 ;alZ uk
3; Zhu .lett eaxl hi b2i0tOe8d) t oxi city at concentr a
regulatory | imit. Although this preserva
ong restrictions, its allowed concentrati
rul el ow8 e@6Ga% .Iffefl miHgegd wi th ot her mercur
horized by this Regulation, the maxi mum
OT%. ad his assay, thiomersal shows that it
s extremetliypn owdiwooyntcenmeac ur k,nowmi ch i s
i micr Rabhl maganet al. 2023)

anol exhibits enhanced BL i nnttemaiacute ph
bl er At efliimyg lceomicentrati ons |,0weirt it htaonx itch e
ects mani f-alsltowegd omdrycearntt redt i olmhi(s20 %) and
etshsee st heory of the importance of <chronic
stances inhibiting synthetic pathways mig
abens, chemi callyldyr oxlydsexnizfoiied aa&s dp a&rsd er s,
i bit mild to moderate FBlgR2dehg@beéei on in t
ng the evaluated compounds, butyl paraben
ghtened | evel of BL reduct8m)h, iwhitchhe <ch
ergoes a distinzd4 horaBgithenl@uhi mgufdO ma
ptatrentappeai gate the toxic effects, c
l umi nescence-hdBL) e.ngptahoynlttprae ad€n i s t he 1
aben, presenting initial toxicity during
end of the assay at 24 h. Conversely, m e
tial toxicity, foehewed nbyBLamr amexXp ec tuendt
stantly inNotabklwnwg at 324 dombination of
pyl padyadbreorx yb4nzoic acid esters/ Agua cons
te phase but enhances it during the chron
nolic compounds are the | east probl emat |
i mal -tob@i cnonmpacts up t o t he 22EU concer

roxybiphenyl, recognized as a potent ant.ii
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bacteria and f (&g miesre nfgaremuleasiadre 2 0ReBe m
safe for cosmetic applicati onHsenfnelslsqywianng
Buchwal,d & 0f0i2Zndi ng corroborated by the pr
Euxyl 9010 exhi BduySaltoyicctpwcad BR%Wi bits
during both the acute and chronic phases

% of the EU maxi mum concentrati on, or e v

|l s under the Annexs Val(lLoiwsetd oifn pcroessneertvi:

EU Coslng regulation. Since it I S cCa@

Cosmetics Re@gwul/ 2t0a@nes(eECG)atNo.e 1 o be

e
gredient r®aldiscwlsi d oddiodvsii s icurrentl y |
e

smetic products up to a maximum conce

restriction applies: Not to be used for
shampdSad.icylic acid, according to the s
medi cation to treat warts, as a skin peel
keratoplastic properties. Although the EI

in thissahbcylic acidreapubiitsce mo®@i compaganHt
Tohave a more compr(EhgR2gEvegR2BBingp&aPe s an

comparison of bi ol uminescence -hoawn biit men
poionft spreservatives disgsigedsentedspecific

Quaternary ammonium compoundsed&leBtit t he

reducing it to O % across al/l exposur e
untreated bacteria (p < 0.001). Thi s C i
compounds (p < 0.00X)eBLwhtoh2i /i tiinaltlhye r
subsequently increasing to 19 % in the c
cosmeti axBlexhedudecti ons of 20% (acute pha:
91% (24 h,stahthstugbahby significant). Qu:
such as benzal kondaaau nen tes ol eddetr, rowadt ea nwiea Inmi
agents frequently wutilized in cosmetic f

i's also a knowdi as llerglkinngwit®h ©s$e to cor
affecting Anhien eaynedl iBdedWsi t ® R2II0$)st udy doe:

toxicity, benzal koni um @&h!| © rbs d# airnsi noebssceern
a finding consistent wi t h | Stsu de £tsa bH ad \wse
demonstrated its ecotoxicological Ai mpact
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fisdhirterzziel

ekttt al meO&O®MV®I) s m

cel | membr ane integrity,

2009; S¢tterlin et al. 2008)
t he

Al t hough
f I s chhaevrei

sensitive
processes
The cat éogtolrgyr esfer vati ves,
anal yvd eggu3rQé- i g u3rleFi g u3re,

ar e

bacteri al speci es

preservatEveylgrBHEpP.9010,

phenoxyethanol , i's cl assi(fHeat haesr

2019 functions primarily

of

toxicity

i s

attr

i mpai(rTiezge!| netr iadnt

toxicological

not been previously

di srupteMd )y arséhs ulot iamgl
as

represents

a

as

effect sA.of

organi

i nvestigated,

suggests
iIRubdemdd

a

S i mi

corroborated b
t hird

mi XxXtur e

an e mo |

phenoxyet hasnpoelc,t rau mbrpaed er vati ve and

I mplicated

Al t hough
fischet s
has been
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% i n the

t he
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i ent

et hy
aA. &s e cBemdsa
|

formal d

W

i n allergic(Madchiaosgi enecempadm

the toxicity of
antibacter-naggaeifivVechahAt afjia s hien GF a
dkcmanesna eet al
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ds (OA) exhibit

acute phase (p
at 24 h (p

< 0.001). The|j

to activate proton pumps

expenditure and harknsgdied abol i c

Parabens

in the acute phase (p <

focused on

2018)

0.

t o

exhibit a compl ex

.001) ,
to 150% aRFi @7 gu2rBei ga@®Re Pri or studies

2002)
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restore
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Proton pumps are activated by
bacteria to overcome the lowering

in pH, consuming energy. : F | g Q 6 e A n t | m
mode of act|
PRIy g The dissociation releases H+ ac | d S ( OA

® .~ iOns, thus decreasing the

9 N * intracelluar pH
i g The model i
E)\ﬁ agoDnNiZ \ / A new equilibrium between accep t bneo daes
T6 I‘i;cation M e s A the 2 forms s recreated once t H f (
P AAe AN o AAA the undissociated form ac I on or
/\:\\/\/\:\ enters the bacterial cell Bi orender C
- .
OA in their undissociated form 1 1
can diffuse across the bacterial f | g ur e IS r
cell membrane ( R 0SS | e t
AN T AN o Equilibrium between
AAA <7 AAA .- Undissociated and dissociated
RRAE AAAe form of OA is based upon

environmental pH and pKa values

Comparatively, previous inve@lkteaeaadt.oals. rx
The present study observed a 1-7 fereyluct
but,yland propyl paraben), a result pot et
experi ment al conditions, cul ture envir
met hodol oghesal approac

Al coholpar amensphenol i c compounds have

bi ol umi nlfehsecoenncceen.t r ati on t o act as bacter
number mi ght be insufficifFeinggBmMEo gdBrler upt
FigBRe

400
£
@
g
o
E 300
2
@
H
200 okl
100 T
0
Blank Parabens Organic acids Quaternary Organic mercury Alcohols Phenolic Other
ammonium compounds compounds
compounds
Figa7ZeOverall comparison of the bioluminasal
phase

Data are presented as mean N standwaldudevi®atij
*** p < 0.001
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400
g
g
g
5
@
200
100 } ‘
I
° Blank Parabens Organic acids Quaternary Organic mercury Alcohols Phenolic Other
ammonium compounds compounds
compounds
FigaBeOverall comparison of the biol umiantrscr
phase
Data are presented as mean N standwaldudevi®atij
0.01, *** p < 0.001
400
£
g ek
§ L
£ 300
]
5
@
B
200
100 2 I [
o T
Blank Parabens Organic acids Quaternary Organic mercury Alcohols Phenolic Other
i p d compounds
compounds
Fig2a®eeOverall comparison of the biol umix&ls:
ti mepoint
Data are presented as mean N standwaldudevi®atij
0.01, *** p < 0.001
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RESULTS AND DI
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The surfactants were divided i,mioxefdour gr o
cosmetic surf anat ambdyisa s amidr od heearst £, but as er
soapaocgl,usi ves) .
A gener al evaluaswuirdmacspmgygesnts ttheat | east pr
substance group amorFg gaBli3Ei g 8g&Sedf aomponusads
classically wused in pharmaceuti cal formul at i
during the | ag phase, which | ater turns into
concentration acute phase chronic phase
[% viv] % CMC/EU| Oh 0.25h 0.5h 0.75h 1h [lagphase 3h 4h 6h 8h  10h 12h 24h
Classical pharmaceutical
Cetearyl Steary| Alcohol 0.00001 0.1 124 129 131 131 129 111 191 194 175 175 103 210 106
Lanette® O 0.0001 1 131 128 130 130 128 114 211 216 182 182 111 214 115
0.001 10 134 124 126 127 127 30 102 115 99 99 85 99 149
0.05 50 121 118 119 121 122 36 127 132 112 112 107 140 236
0.1 100 83 84 81 83 84 43 146 145 117 117 111 144 241
0.2 200 60 53 49 50 50 38 118 124 103 103 93 117 174
Cetearyl Alcohol (and) Sodium Cetearyl Sulfate 0.00001 01 104 131 123 97 75 97 154 176 163 163 172 160 98
Lanette® N 0.0001 1 107 118 112 91 73 99 164 190 165 165 188 169 106
0.001 10 100 108 102 83 68 102 182 217 160 160 221 183 109
0.05 50 113 114 110 96 85 100 177 209 156 156 211 207 131
0.1 100 117 109 111 109 111 104 188 182 210 210 312 285 175
0.2 200 121 86 91 99 110 112 197 187 244 244 307 264 105
Glycerol-monostearate 60 0.005 0.1 91 92 88 82 83 16 56 79 133 133 235 198 426
0.05 1 90 9 86 81 82 18 65 90 144 144 252 217 482
0.5 10 92 9N 86 81 82 18 67 93 148 148 263 227 562
25 50 93 91 83 76 77 19 65 86 133 133 247 224 663
5 100 107 108 98 88 88 18 60 80 124 124 229 213 658
10 200 98 100 87 73 T4 18 56 76 128 128 287 283 535
Polysorbate 80 0.0015 0.1 8 8 B84 86 88 15 83 143 213 213 270 242 541
Tween 80 0.015 1 88 85 84 86 89 17 91 155 234 234 300 274 591
0.15 10 81 78 78 81 85 22 109 169 259 258 334 311 686
0.75 50 7 M 73 79 86 22 108 166 244 244 318 299 789
1.5 100 83 76 77 82 86 25 113 173 254 254 339 317 856
3 200 79 64 65 73 78 26 111 172 260 260 357 350 949
Mixed surfactants (used in pharmacy and cosmetics)
PEG-20 glyceryl stearate 0.001 0.1 91 104 109 110 108 108 194 251 345 345 225 345 233
Macrogol - 20 - glycerol monostearate 0.01 1 93 106 111 112 109 116 215 219 308 308 194 326 220
9 g 0.1 10 90 101 106 107 104 113 218 239 340 340 225 331 295
0.5 50 94 104 108 108 106 123 236 246 344 344 222 337 264
1 100 98 107 108 108 1086 128 239 243 341 341 218 321 281
2 200 111 122 121 121 118 143 248 244 374 374 237 320 340
Poloxamer 188 0.00041 0.1 90 118 96 112 120 94 142 146 180 180 212 189 108
Pluronic F&8 0.0041 1 90 115 96 114 123 97 160 180 194 194 182 190 118
0.041 10 86 85 95 116 124 104 180 204 211 211 203 201 106
0.205 50 85 | 23 92 112 120 100 175 222 233 233 194 173 94
0.41 100 50 11 65 89 98 29 180 229 240 240 248 231 100
1 200 8 B8 22 37 42 115 202 216 227 227 319 277 148
Poloxamer 407 0.00342 0.1 98 104 109 123 146 103 168 176 242 242 144 204 149
Pluronic F-127 0.0342 1 102 106 110 125 1489 103 186 205 275 275 173 224 197
0.342 10 103 104 108 122 143 97 190 255 307 307 202 240 247
1.71 50 106 104 108 122 144 103 168 168 232 232 148 197 162
3.42 100 106 107 109 125 148 114 200 221 292 292 194 248 192
7 200 116 115 117 136 159 124 207 239 332 332 219 267 267
Fi g@Bteat map of the tested surfa

Red

symbolizes

bi

oGrueamd m eisrcceinaceet @ . hu rba ft fi ont. e d
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concentration acute phase chronic phase
[% viv] % CMC/EU| Oh 0.25h 0.5h 0.75h 1h |lagphase 3h 4h 6h 8h 10h 12h 24h
Cosmetic surfactants
Capryl Glucoside 0.0000496 0.1 110 137
Plantacare® 810 UP 0.000496 1 120 179
0.00496 10 103 163
0.0248 50
0.0496 100
0.1 200
Lauryl Glucoside 0.0000557 0.1
Plantacare® 1200 UP 0.000557 1
0.00557 10
0.02785 50
00557 100
0.11 200
Decyl Glucoside 0.0001287 0.1 104
Plantacare® 2000 UP 0.001287 1 92
0.01287 10
0.06435 50
0.1287 100
0.3 200
Dimethicone 0.01 01
01 1
1 10
5 50
10 100
20 200
Lanolin 0.025 0.1
0.25 1
25 10
12.5 50
25 100
50 200
Stearic acid 0.022 0.1
22 10
11 50
22 100
44 200
Cctoxynol-12 1.375E-05 0.1 271 543 543 728 247 149
Triton X-100 0.0001375 1 136 288 570 570 776 276 197
0.001375 10 142 307 613 613 839 295 247
0.006875 50 149 316 623 629 859 305 162
0.01375 100 157 319 620 620 823 284 192
0.028 200 153 313 615 615 841 277 267
FigBdeHeat map of the tested surf
Red symbolizes bi oGrueata meisrceeinacaet d ;.1 hu rba ftfi oent. e d
Lanette O shows acute toxicity in the 2x
the | ag phase. Lanetatppeldysatbabeyedfcoche
b yA. fiscResiaggdedst s t hat fatty alcohol s
bi ol umi.nGosncheinnceed -ovlh &ahn | bagty acacdysl,atthley
homoserine | actones, which play a centr al

e n h a n c(eRnebnyt

et.Gaycm@®dsHt)e avhatcd 6 G,

backbone

ester

f

glycerol

COoOmpaoSsE

ed

Wi

t hanst ear i

ment atbhod iacc uwtees ppohnasseetjhngh et b aig

Mfhoiub i

thed.r

i nteresting
phase, the biol umlionvesseeanceafiteri
and from six hours onward, bi ol

umiAnescen
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s antag/r ime t qalbyodmozaod s t ea r ad gufeinrtsital dtyi | 1 zi ng st
i d, foll owed by glycerol, which serves a:
odu(cuhloenmr and .Makedr syr2@tdpnts present th
hancemen20 wlyvbePiiBecsiegal gticer ol monosteara
i ng the one that shows t he ahisguhrefsatc ttmind | un
ntai nad magi n ofngygt t y acids and appears to hayv
ol umi nescenaler mavdeyr diismeus Aewthagi n t At syt Aesd
ay a crubilami nelse einrc eX.Ip & o(d@Edtteiraomnd olfi 20 11)

is could explain why this suwrcfreaatsamtg enhan
roni c hpahvaisneg atnhde 24 gh@isd 8 BRiakd hd

e two triblock copolymers, Poloxamer 188 a
rm toxicity. However, Pol ox améac ult8e8 r educ
aNe. previous studi esnpla@dvd hiesee cPimpatuend st o
schgrri an interesting pattern emerges: t h
esent i@l bmghescence response than Pol oxar
tributed toprPmboxéadmereng@gi ng I n mi cel |l e
ncentrati otnesr arcattihnegr wtihtahn bianct er i Al cel | me |
sdmemiai nt ai n sgmgowdihscnaungtthioaunt s .

e typical cosmetar esuafactvahnht sat yanmy adar i

0 m -bpal saendt, renewabl e feedstocks. They are d
cluding babwi tchar@&n pemphdadesss oand environm
mpatibility. However, resul tesxcégppom t he Ac
antCthz@0 eUP, the tGwaradatamdrs RlIxéhritbadarbeot h acu
xicity, with toxic effects becoming eviden
om as %Wfow @R22NWHOODnNnUR omparing toxicity | evels
antCae@ado eUP and Bdde¥Pcexli bi20O ORdWUIPNt acar e

il or studies have examined tAhe fafsf@ddetrs of

riking observgitabOh UWUR, tvhaitc P | paonst saecsasrees a | «
ntgh dan 8(lP e WRPancasoltuhmed nes aCadvhCc.e up t o

sOlcy oxlyZnoand &wédebi 80enhanced bi ol uminesce]
ut el apphd.seAl t hough there aA.e fnios ddhersge t stu
rfactants have beeregsahidwre rbades tctdige iraafcfdaicath @rs
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coamdt aphyl oc o(clceues eaturelus 201LRpg&rdung ¢e€h
i nformation, the same Afffeicidcmergiht be haj
I n general, the surfactants show an i nhij
bacterium seems to integrate and metabol |
macr@eodlycer ol monost ameornatsd ,e aling @r8eb 9 c r o
FigudumaAl t hough Pl antacares are mild and i
ones (part of the <c¢classical phar maceut i c
positive i mpact oFn gt@héeE i lgiBdleumi nescence (

400

300

wh

rel. bioluminescence [%]
N
=]
[=]

100 8 I

Blank Classical Cosmetical Mixed Other
pharmaceutical

Figeb@verall comparison of the bsiualfuageitosiigse et
phase

Data are presented as mean N standwaldua@evi®atiy
0.01, *** p < 0.001
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0.01, *** p < 0.001
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0.01, *** p < 0.001
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4

. 4.

4T.h e

aquatifcragogxamccéey

concentration

acute phase

chronic phase

[% viv] % EU| Oh 0.25h 0.5h 0.75h 1h |lagphase 3h 4h 6h 8h 10h 12h 24h
Alcohols
Benzyl alcohol 1E-05 01
0.0001 1
0.001 10
0.005 50
0.01 100
0.02 200
Citronellol 1E-05 0.1
0.0001 1
0.001 10
0.005 50
0.01 100
0.02 200
Farnesol 1E-05 0.1
0.0001 1
0.001 10
0.005 50
0.01 100
0.02 200
Geraniol 1E-05 0.1
0.0001 1
0.001 10
0.005 50
0.01 100
0.02 200
Menthol 1E-05 0.1
0.0001 1
0.001 10
0.005 50
0.01 100
0.02 200
Nerol 1E-05 0.1
0.0001 1
0.001 10
0.005 50
0.01 100
0.02 200
Aldehydes/Ketones
Camphor 1E-05 0.1
0.0001 1
0.001 10
0.005 50
0.01 100
0.02 200
Cinnamal 1E-05 041
0.0001 1
0.001 10
0.005 50
0.01 100
0.02 200
Salicylaldehyde 1E-05 0.1
0.0001 1
0.001 10
0.005 50 1
0.01 100
0.02 200

FigddeHeat map of t

Red symbolizes

bi

oluminescence
BL.

he

tested

nhibi

t

f
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r
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concentration acute phase chronic phase

[% viv] % EU| Oh 0.25h 0.5h 0.75h 1h |lagphase 3h 4h 6h 8h 10h 12h 24h

Esters
Coumarin 1E-05 0.1
0.0001 1
0.001 10

0.005 50
0.01 100
0.02 200

Terpenoids/Phenols

alpha-Phellandrene 1E-05 0.1

0.0001 1
0.001 10
0.005 50
0.01 100
0.02 200
Eucalyptus oil 1E-05 0.1
0.0001 1
0.001 10
0.005 50
0.01 100
0.02 200
Laurus nobilis oil 1E-05 0.1
0.0001 1
0.001 10
0.005 50
0.01 100
0.02 200
Lavender oil 1E-05 0.1
0.0001 1
0.001 10
0.005 50
0.01 100
0.02 200
Patchouli 1E-05 0.1
0.0001 1
0.001 10
0.005 50
0.01 100
0.02 200
Turpentine oil 1E-05 0.1
0.0001 1
0.001 10
0.005 50
0.01 100
0.02 200
Vanillin 1E-05 0.1
0.0001 1
0.001 10
0.005 50

0.01 100
0.02 200

FigdeeHeat map of the tested frag

Red symbolizes bioluminescence inhibition. Gr
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The fragrances were categori zedodscoewvei ng t o
specific functional groups or molecul ar arra
bi ol ogical systems.

I n general, the fragrances, despite their f
t hroughout ti mepoints, show <c(Bnhgilsleé ent t oxi
FigdRdn t he acaltiec yplhadstbelbhy diedobi l asender oi |,
turpentine oil d o .Al ccto tpevxelsiebnitt eaacrultye btiooxliucmitn
i nhi batneschdesbosve effects esexposawumr egs marke nigo
it the most toxic compound within its categc
i nhi pi i naddcirmgautc tjivosnt 50 % of the EU per mi ss
Al dehydes demonstratrellLa i mdhnshiigiemthpahbhter pha

with cinnamal causing adverse effects even &
% of talpopreWed threshol d.
Camphor, however, appeat dht o ibhee ftsdaloawrn amtged wi

I mpr oeBld, whsi crhedylmaend at the 24 h time point.
Coumari n, the sol e riepdwrcedl aic n lvelb eotfi otnhe es
concentexa&teiednef0 tah d odwéndc e n.t rHactwieavnetr he | ag
phase and at 24 mtr atlilondh er og welptaried Bl nrceed uc
Terpenoids and phenol s, bByl-i nbhitratt ety r gppear
Al ppwlael | andrene and turpentine oil exhibit t
group and across aiplhet ¢ atnead efnreagmances. aklugtle
at concentr at% onfs tplwmac el i ed BOmi t .

All tested concentrations initially induce a
after 4 hours, bimddimi ncliceaidley uneecaglogpgt us
to exhibit toxicity from the first hour afte
unt hleh Qénar k.

Laurus ombbi loins t he oitrhcerrb shsabnsdmi niensicteinaclel yd ur i n
acute phase before transitioning into an ini
|l esser concern.

Al i i vibriol dristcehse fioav eunpd ead otoe2r4d whh i ch al | t e

concentratioans exXhebi s.
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Patchoul i oi todbes pnobl| amp elaocweart tchoannc etnhte
l i mint ei t her the acHDOoweteooxeirccihtryo niisc opbhsaesrev e d
t he-pEUmi t tag d .2l4e \he |

Turpentixme botbk i nitial toxicity during t
houfrsl,l owed by an increheeacut &i phladme na s C
ht i meri od.

Meanwhi |l e, vanillin tirmmmiskhpirtoibmg e f t omeah
compl ete toxicity at %c orcephder @izl toand tehkrce
Notably, | oweheavinaor &8%e Cof the BLsin the
I nhibiting throughout the whole chronic |
A broader analysis of the fragrance grou
tested fragrances significRingdye aThermds t
substanti al decline in bioluminescence i
which reduce relta@®ve bioluminescence
Esters follow clto@®| ywhwitehaacoménad b tt ic @ms

8 M. | nterestingl y,i ntcabeipesicomdbyg astb@l8pdenol
During the hhmwmordRcdhygbhasakllgrance groups ¢
an overal/l i ncre@set i si,d e idilbchaymite)lsc emale k e

foll owed ,dnldaastteloypbehei,datplbeeeoBd by.ar oun
By t heu2d4(fiagdime bi ol uminescence declined
esters emer ginrmg pdidsignigey immgta r el at%ve bic
(p < 0.01). | n contrast, terpenoi ds a
bi ol uminesce%ce | evels at 84

A more detailed akcsagsamredéasiofigsnhédé vaduteé

andhphases highlights a consistent toxic
al de HFyidgedsiFEi gdRe

Benzyl al cohol , gerani ol , cegaéamak|y antd
bi ol uminescence across all ti me points,

Notably, benzylsearlweoshods avhprcens darlasamifiuvlie ,
effects due to iIits antimicrobial propert
toxi ciAty fi, s cihtest o ovierhént ed ant i(rmiicrtel aas
preservative unldiekrel Fu eXplaings i ts pr o

bi ol umi.nescence
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Conversely, gerani ol , ci nnamal ,-i daenrdt ivaalli | | i n
compoygNhNd€)have been extensiveAly fsitiasadh erdi. T h e

primarily Iinked to their ability to disrup
|l eadilmga ktage of i ntrascealllFwlgamB addrdt esratme st udy
i ndicates that mehatnel aasd mBLatl ®hdierst oibh

mechani sm of odficindroeascionngs itshteshlbgaert e d kaill icteyl |10
me mbr ane, whi ch caueretbe,dkiatk@@geo of niciehilt icoomt
sensing, which is the | eading mMmechamsichmrof b

(Rossi eltntadr. e2t0i2ig !l y.,f rtome ad |l y hfer & ersa reade D n e
i mpadtiiongmi aes @drehgahphbhandrene dmeéerteur penti
are no specific studies tophlrddknnupenhbe shbwe
enhanced BL at 24 h. The speculation for sucl
wher e t he bacteri a mi ght have already met ¢
reipclati on, and the amount of the substance
concentrationg,oxratihegr ttAlsams h® Wowadlsco on t he
the inhibition is higher from 0 to 4 h, wher
Turpentine oil shows toxicity in the |l ag pha
all egation for this phenompmédredh amidglkeed ebe wi hé

only difference being that during the first

shows enhanced bioluminescence, and the inhj
these times, the respiration mighlt thme di st ur
the stress environment, probably because the
not high enough to have an antimicrobi al e

themselves compatible with the environment.
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1) Damage to the
outer membrane

of Gram-negative @
bacteria: increase

of permeability

and consequent
leakage of cell

content aARa

6) Inhibition of quorum
sensing and biofilm
formation

[ =

i
OF Yaa

2) Damage to the inner
membrane: increase of the
proton motive force
through leakeage of ions @
and consequent
cytoplasmic coaugulation

’. '

"‘2 3) Binding to FstZ protein

preventing bacterial cell

~ODTINRC Aon, division (FstZ assembles into
& Q the Z-ring at the site of cell
o o @ 74 2 o division).
o ¥ — \ f"‘l
\i,/" '<>;-o f ’ . /"\,/\\/\'/\,'/‘ . % .j , @
® . o o ‘ =
rep ¢ 5) Reduction ofthe 00 4) Alteration of
® intracellular ATP pool via @ > (] , permeability and
decreased ATP synthesis and Torese function of
augmented hydrolysis * membrane proteins
FigdBfent i mi modbi af actiidoenntoifc anla tcuornep o ur
can have different targets toi@)Reptrinh
(Rossi et al 2021)
300
£ 200 =
@ ke
(]
% *kk
@
2
E
=
=]
o
5 100 . { ‘
0
Blank Alcohols Aldehydes/ketones Esters Terpenoids/phenols
FigddaeOverall comparison of the biol umiimesud
phase
Data are presented as mean N standwaldudevi®atij
0.01, *** p < 0.001
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0.01, *** p < 0.001
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