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PHOTOACTIVE PTCs for dyeing with antimicrobial effect o

alterbio

PTCs: Blue-greencoloured aromaticmacrocyclic compounds
capable to form coordination complexes Wlth different metals.

CuPTCs as common dyeg.g. =
Sumifix Turquois Blue G (N) conc
Indanthren Brill Blue B (En

Al, Zn PTCs are photoactive:

Absorbinga photon, excitedphotosenzitizers capableto interact with a triplet oxygenpresentin the air creating
a shortliving singletoxygen- a veryreactiveform of oxygencapableto kill majority of microorganisms
Thelifetime of the 1O, is only severabs: the effectlimited to max20 nm from the surfaceof modifiedtextile

E:> ecofriendly and washpermanent antimicrobial system
no leaching to the environment

Mechanism of photosensitized reactions of O

S A I // 302
” v Singlet oxygen
hQ  he i T
_ \\> f short living (.s)
PTC h@ Isc 10 o _
2 fantimicrobial
S ¥ . .

f effect limited on the fabric
Jablonski diagram surface (20 nm) 5
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PHOTOACTIVE PTCs for dyeing with antimicrobial effect K

alterbio
C@)C Centre for Organic Chemistry, Ltd.: F;;oz <F;§H2
7\ 20

Synthesis oAl and Zn PTCs for textile finishing:

freactive(VS, MCT, cyangipe): cotton (10) XOQN MQNQ(D X—QQN I\/I:eNi\j©
SRS SN

fdirect: cotton (3)
fdisperse polyester (10)

INOTEX" INOTEX, Ltd.: Textiles dyeing and fastnesses evaluation (accred. lab)

; 130°C, 60 min
Example of dyeing processes:
PH=4-5  gr¢ \
(HAC)
Cotton 50°C 1,5C/min Polyester Reduction cleaning,

rinsing

60 g/l Na,8O, 20 g/l soda ash

60°C

20°C ,
15’ 40 Aftertreatment (soaping):
7777777777777777777777777777777777777777777777777777777777777777777 12/ TANATERGE PURA 92°C 15 min, s
3% PTC water 60°C 10 min, water 20°C 10 min overflow . ]

24" InternationalCongres$FATCCJune 1316, 2016, Pardubic€zectRepublic



PHOTOACTIVE PTCs for dyeing with antimicrobial effect K

alterbio

PTC 1146/75 - Zn/VS PTC 1134/231- AIVS

Best results for Cotton: Vinyl Sulphone R group oo [~ o

p-amino phenyl sulphate ethyl suphofBAFSES) Shade
after dyeing

PTC No. Structure washing 5 x 60°C

1146/75  ZnPTC(SINHGH,SQCHCHOSQH), (SQH),
washing10 x 60°C

1134/231 AIOHPTC(S®HGH,SQCHCHOSGH), 5

Colourfastnesses (for healthcare sector accord. EN 14237 levels 4 required)

Colourfastness Standard PTC 1164/75 — Zn/VS PTC 1134/231 - Al/VS
in water ENISO105E1 4-5/4/4 4-5/4/4
in alkalineperspiration ENISO105E04 4-5/3-4/3-4 4-5/3-4/4
in acidperspiration ENISO105-E04 4/4-5/4-5 4-5/4/4
in washing60°C(CLS) ENISO105-Q06 3-4/3/3-4 3/3-4/4
rubfasness wet ENISO105X12 4-5 warp 4-5 warp
rubfastness dry ENISO105X12 4 warp 4-5 warp
lightfastness Q-SUNXES* 3-4D 3-4D

4
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PHOTOACTIVE PTCs for dyeing with antimicrobial effect alteebio

C(O)c Evaluation of photoactivity of PTC dyed fabrics

Testing of capability of fabrics to produce the singlet oxygen by an iodide method:

H+
10, + 2 —= |,

Determination of the triodide content growth rate:

* Fabric placed in a dish with the iodide solution and exposed to the light

 Redlight emitting diode (LED) light source (photocatalytic effect initiation)
the red LED emitting spectrum corresponds with an absorption spectrum of blue PTCs

» Spectrophotometric determinatiorA (,= 351 nm)

- I;- growth rate as a directiok,,, of the liear dependency
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Sample Kobs- 107 [min-] Al/VS PTC dyed cotton

(3%PTQlyedcotton) unwashed washed washed more photoactive
fabric 5x60°C 10 x 60°C

PTCL16475—2Zn/VS 3,23 5,92 5,92 than

PTCL134231 Al/VS 14,00 22,36 23,71

Zn/VS PTC dyed cotton
5



PHOTOSENSITIVE PTCs for dyeing with antimicrobial effect g

Antimicrobial activity of Al/VS and Zn/VS PTC dyed cotton fabric

/SZU EN ISO 2074Betermination of antibacterial activity of textile products

National Inst. of Public g ) ] ]
Modified standard-illumination needed

Health, Prague

Two differentlight sourceselected:

* Energy Saving SPIRAX SP0318 MEGAMAN,
E 27, 18 W, 1200 Im 270Qwarm white):

alamp with a wavelength simulating B
light conditions in .
building interiors with a limited daylight access )

davka: 1I8h=2,11Jx cm?

P [pW

* NARVA LT 36 W/Dg4rtificial daylight,
COLOURLUX prpahd a lampgube simulating NARVA D65 - 47 cm, stied, 800 I, 77,1 wW x cm?
outdoor daylightenvironment. T

UV parts of spectra eliminated in both lamps 0 ——

300 350 400 450 500 550 600 650 700 750 800

A [nm]
davka: I8h=5,0J*xem™;7,5h=2,11] x em™
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PHOTOACTIVE PTCs for dyeing with antimicrobial eﬁecII:_N 1SO 20743 altt;?bio

Antimicrobial activity of Al/VS and Zn/VS PTC dyed cotton fabri

CA=(log Ci—log Co) — (log Ti—log To)=F -G

Antibacterial activity — A (log)

Cotton fabric dyed with Liaht exposition
Zn/VS PTC 1146/75 Light source g i /cfn-2) S. aureus E. coli
(3% dyeing)
Unwashed 51 6,5
daylight indoor
1) |5 x washed at 6C conditions 2,1 1,9 2,9
SPIRAX
10x washed at 61C 1,2 2,3
1
Unwashed 2.0 45 >
. 2,1 47 3,8
daylight outdoor 50 47 50
2) |5 x washed at 6C conditions ’ ’ ’
21 4,6 3,8
NARVA
10x washed at 6C 2.0 4,5 R
2,1 4,8 3,7
Antibacterial activity — A (log) SPIRAXindoor5 J/cn?
Cotton fabric dyed with
Al VS/ PTC 1134/231 Maintenance type S. aureus E. coli
(3% dyeing)
Unwashed 55 4,9
Washing 5 x washed at 6C 5,6 4,1
10x washed at 6 3,0 3,5
_ Unwashed 50 6,0
Washing HCHT . . 5 x washed at 6 + CHT 5,0 5,5
(chemothermo-disinfectior)
10x washed at 6 + CHT 5,0 54
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Growth value on the control
sample (untreated)

G=T,- T,

Growth value

on the antibacterial sample
(PTC finished)

« Cotton fabric dyed with
photosensitive PTCs have
the reliable antimicrobial
effect againts G+ and-G
microogranism strains.

* The antimicrobial effect
stable in repeated
washing (6€C) + CHT
disinfection cycles
(health care sector).

~



c/;zu PhOtOtOXiCity alt.?rbio

3T3NRUIin vitro phototoxicitytest (Regulatiord40/2008Method B.41;0ECIIG432 432

« phototoxicity = excessive reaction to sunlight

» photoactivesubstance 4ight (UVAs W vilnmunologicabhcuteskin
reaction(erythema oedema pigmentation, e.g. fig, bergamot oll,
tetracycline,..

» tested substance applied on fibroblagalldc 3T3
NRdye uptake - only living cells

« 8 concentrationson two plates oneirradiated5 Jem? UVA(+UVA), - BEEer 00
secondin thedark (-UVA éi

 PM1: Photoirritation Factor calculated: COLIPA/BGW software
comparison of cytotoxiconcentrationsdecreasingell viability to 50%
in presence and absencd UVA:

[ PR PR
3
oA v

Phototoxic : PIFt 5 e i

PIF= oo S 1
Probably phototoxic: PIF t 2 = 4

ECoo (+UV) 2

PM2: Mean Photo Effect (MPE)
comparingdoseresponsecurvest+UV and-UV,cut-off value0.100

Concentration
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Cotton fabric dyed with pthalocyanine 1134/23_ %

COLIPA/BGVYV software

alterbio

Fabric extracted: 3 céfiml PBS buffer, 24 h, 3C

100 -eEe= [feassf 'iﬁéé'i i_“" s

unwashed 5 x was@ed at 60
N
= >
g S
= c
g S 504
5 —
T T T T T T TTT] T T T TTTT] O' T
0 1 extract concl0 100 mg/| 0

lextractconc.10 100 mg/

yellow point = + UVA

) bl int = UVA
Pthalocyanind134/231 (dye) He pom

ED 50 (mg/ I): + light -light CutOff Mean
8.588 - PIF  2.000 116.58
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Phototoxic Probability
1.000



Cotton + pthalocyanine 1157/95 (1134/2%.:%%

COLIPA/BGVV software

Fabric extracted: 3 céfiml PBS buffer, 24 h, 3C

unwashed 5x wastied &0
@
> >
3 ot
= o
= S
— 5
50
I I n LR SR A | J LR 2 | O-l I n LR SR A | J LR 2
0 1 extract conci10 100 mg/l 0 1 extract conci10 100 mg/l

yellow point = + UVA
blue point = UVA

After washing (+ CHT) no viability observed — all unfixed PTC removed
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Phototoxicity- RhE model EpiDer oo

(INVITTOX Protocol 121)

Cel Cutwe 3

« ,realskin“ model - normal human epidermal keratinocytes
(epidermis, stratum corneum)lyed cotton in direct contact with cells ... - .
more relevant than against more sensitive single cells |

e 5 concentrations + blank on 4 tissues: 2 tissues irradiated (&,JcbivVA), 2 tissues in
the dark (UVA). Viability MTT test (yellow colouviable tissueso 3 h dark blue colour
formazan), absorbance 570 nm

» prediction modelone or more test concentrations of the (+UVA) part of the experiment
inducesa decrease in viability exceeding 30% compared with idericelentrations {
UVA) Substances decreasing (+UV) viability of cells more than by 30% are considered
to be phototoxic

» pilot study - application cotton with PTC 1134/231 unwashed 24 h, removal of cotton,
rinse, ¥z tissues irradiated - the decrease in viability cca 25% PTC 1134/231

MTT (3h) \
- . viable tissues
4 Y r -

L, 4 dead tissues
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concentration
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PHOTOACTIVE PTCs for dyeing with antimicrobial effect K

alterbio
INOTEX"

Reactive Al/VS PTCs-sgale:

cotton: lab. jig trials

- exahustion dyeing of ready made facgsks
- ready for millscale trial (ind. jigger)

Co/PES 50/50 blend dyeing trials running
(prolonged service life in lorgrm laundry)

Disperse Al, Zn/ PTCs with hydrophobic chaig®
polyester: HT dying

dyeing trials and aftertreatment optimization
aimed to colorfastnesses improvement

redukéni Cisténi termofixace term?fi_x.a_fe_+ ,
redukEni CiSténi
1152/174
3%
Stalobarevnost
- vevodé 4-5/4-5/4-5 4/4-5/4-5 4/4-5/4-5
- vprani 60°C C1S 3-4/3-4/3-4 4/3-4/2-3 3/4/3-4
- vpotu kys. 3-4/4-5/4-5 4/4-5/4-5 3-4/4-5/4-5
- vpotu alk. 4-5/4-5/4-5 4-5/4-5/4-5 4/4-5/4-5
A o S A e 100% cotton face mask
- mokry otér 3-4 3-4 34
- nasvétle 2-3 34 23

12
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PHOTOACTIVE PTCs for dyeing with antimicrobial effect e®

alterbio
Conclusions:

f Photoactive Al, Zn PTC derivatives synthesised (> 20)
- reactive and direct PTCs for cotton and cotton/PES blends dyelng
- disperse PTCs for polyester dyeing I _ >

MEgCI2.6H20
rrrrrrrrrrr

- PTC by coating under testing as well | PO - -

aaaaaa

f Sample dyeing and dyed fabrics evaluation =

- colourfastnesses
- photoactivity: singlet oxygen production

||||||||||||||||

f The best alternatives with high colourfastnesse® washstable photoactiviy
cotton: PTC 1164/75-Zn/VS and PTC 1134/231- Al/VS

f High and reliable washpermanent antimicrobial efficiency of dyed textiles confirmed
using modified EN 20743 (light source selection, G+ asti&mns)
- stable in repated washing and chemothermodisinfection

f The dyed fabrics are to be well aftertreatedramove properly unfixed dyes
to prevent the risk of phototoxicity

Functional cotton dyeing with stable antimicrobial effect have been developed
and prepared for industrial transfer

13
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« M. Vrtalova, V. Spelina, K. Kejlova: National Institute of Public Health, Prague
WwWw.Szu.czmartina.vrtalova@szu.cwladimir.spelina@szu.ckristina.kejlova@szu.cz
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