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Background
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\. o Uruguay 25% deaths/year
/. “=———( Radiotherapy Main treatment
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; Alternatives Photodynamic Therapy



Photodynamic Therapy (PDT)

Photosensitize

PHOTODYNAMIC THERAPY

_®_

Person with
cancer receives
adrugcalled a
photosensitizer.

In 24 to 72 hours,
cancer cells
absorb the
photosensitizer.

Cancer cells that
absorbed the
photosensitizer

are exposed
to light.

__

Light causes
photosensitizer
to make a form
of oxygen that
kills cancer cells.

9,

cancer.gov/about-cancer/treatment/types/photodynamic-therapy




Photodynamic Therapy (PDT)
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HO,C COH i i

Laser Photosensitizer ROS generation
Ideally in the UV-Vis activation Generated in situ
biological window
(700-2500 nm, ) Limit the depth of

tumor




Photodynamic Therapy (PDT)

Conventional PS are activated with UV-Vis light

Treatment of superficial tumors

Need move invasive procedures to reach throat tumors




—
How to extend PDT to deeper tumors

Ability o convert light from low to high energy (NIR to Vis)

Ny \
UC property: optically active species as REand TM in
® _Fo crystalline environments
UCNps ]
l_l_o Used for biomedical applications as cancer

therapy and diagnosis

Fluoro-perovskites ABF, or ABF,
A: alkali metal (K, Rb, Cs, Na, Li)

B: TM (Cd, Mg, Mn, Zn, Sc) or an alkaline earth (Ca, Ba)



Our aim

To develop fluoro-perovskites nanoparticles
with upconversion properties by the addition
of TM and RE as a way of extending PDT to
deeper tumors while reducing the use of RE

 Master in Chemistry Thesis “Desarrollo de nanoparticulas para aplicacion en terapia fotodingmica”, Romina
Keuchkerian

* R+D ProjectDesarrollo de nanoparticulas con propiedad de conversion ascendente para potenciales aplicaciones
Biomédicas” FCE-1-2020-162287, resp. Romina Keuchkerian
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UCNps

Emission
~600 Nnm

Cooperative
sensibilization

Absorption at
808 nm



Experimental design
to evaluate synthesis Biocompatible or

parameters targeted coating
KMgF Functionalization NIR irradiation
Nanoparticles Bladder cancer cell line
In vifrcl) therapy
evaluation
Doped KMgF ,
Nanoparticles
Experimental design In vitro
to evaluate optical cytotoxicity
properties vs dopant .
concentration Clonogenic
assays
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TEM Experiments in
XRD - Scherrer vitro
Cytotoxicity
size < 200 nm HOLC oM
Ideal < 50 nm ALA:PpIX 630 nm
NdYb:Mn PVP

Optical properties: Confirmation &
Absorbance FTIR N~ O

Photoluminiscence HNH
n




DoE of the synthesis

Solvothermal

Solvent:

H,O
EtOH
OA

DoE 24

4 factors 2 levels

Reagents:
MgCl:6H,0
NH,F

KOH

g 16 experiments

Temperature Nps size (XRD)
° Time
[MgCL]
[NH,F]




XRD results

KMgF , (Pm-3m) cubic phase

KMgF, Obs
+ Calc
Bkg

| Refpicks
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2 theta (degree)

160°C, 24hs, NH,F: MgCl, / 1:1
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Intensity (a.u.)
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2 theta (degree)

200°C, 6hs, NH,F: MgCl, / 2:1
NH,F excess



TEM results

v/ Square morphology
v Unit cell size slightly higher for
sample with NH, excess

160°C, 6hs, NH4F: MgCI2/1:1 200°C, 6hs, NH4F: MgCI2/2:1
NH4F excess
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Distribucion
= log-normal
= gamma

~— normal

Distribucion
= log-normal
= gamma

~— normal

Distribucion
= log-normal
= gamma

~— normal

Size distribution
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KMgF11
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KMgF17

Nanotechnology 10 (1999) 25-28
J Nanopart Res (2009) 11:1713-1718

Distribucién
= log-normal
= gamma

~— normal

Distribucién
= log-normal
= gamma

~ normal

Distribucion
= log-normal
= gamma

= normal

4

Evaluated: normal, lognormal
and gamma with 0.05
significance level
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Correlation XRD-TEM

v/ Pearson correlation coefficient

v/ Correlation: 09634751
v p-value: 4.815E7

301

25

E
5 XRD
x
201 13,46 0,30 nm to 32,18 £0,60 nm
TEM

15

14,22 4 47 nm to 32,38 £9,99 nm

15 20 25 30
TEM(nm)

&9 Further details on statistical analysis visit poster: 4FFR 28/09 18:00h
I
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Statistics of experiments

Nanoparticulas con conversién ascendente

Coefficients
Estimated Standard t value Pr(>|t])
error

Intercept) 23.4954 2.0114 11.681 7.78e-10
Temperature 5.7585 2.2191 2.595 0.0183)>
Time -3.0797 2.2312 -1.380 0.1844
NH,F -0.3383 2.4922 0136/  0.8935
MgCl, 0.2814 2.0047 0.140 0.8899
Time:NH,F 5.7622 3.2003 1800,  0.0886
Temperature:MgCl, -7.3669 3.3078 2227 0.0389)

Significant effect of
temperature and of
interaction between
[MgCL] and temperature

Significance level: 0.05




Statistics of experiments

F=01522436
[MgClL.] [MgCl,]
p-value =0.990273 , ° 150 20
0.0481 0.0962
30 —
2 h.' M
o e L
Mean size increases with X 20 | FRR— , e
temperature in low [MgCL], 54 : ) _
however, at low [MgCl,] it . . . .
diminishes 160 200
Temperatura

a Further details on statistical analysis visit poster: XXXXXX




All the tested
experimental conditions
yield Nps with
appropriate size for the
application in PDT

—
100 nm




Ligand exchange

OA for PVP

[

.

2

KMgF3-AO NPs

T% (u.a.)

Ethyl acetate:Ethanol 2:1 —PVP
Polyvynylpyrrolidone (PVP) —— KMgF3-PVP
T T T T T T T T T T T
3500 3000 2500 2000 1500 1000 500

130°C- 4h Reflux
Wave number (cm™)



KMgF, doping -

KMg, F.xEu*" (x=0.5)

EUu(NO;,), precursor

Eu’*

a(a.u.)

—— KMgF,
—— KMgF5:5Eu®"

1 1
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1
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TG results
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KMgF, doping - Mn**
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XPS results

KMgF3: 5%Mn
Cys X C-C,C-H

KMgF;: 5%Mn

m
Intensity (a.u.)

N

290 288 ) zé's 284 282 280
Binding energy (eV) KMgF: 5%Mn

Intensity (a.u.)

Mn 5, 3

Mn o, 42

T T T T ¥ T T T T T d
1200 1000 800 600 400 200 0

Binding energy (eV) ' MWMW WI

Surface composition (at %):
C=43.2%; 0=7.7%,F=17.2%, K=11.8%, Mg=199%, Mn < 1% 70 B 6% 840

Binding energy (eV)

Intensity (a.u.)




KMgF. doping - Mn**

Expected a band around 600 nm
KMg, F,:xMn®(x= 0.1,0.2,0.3,0.4,0.5)

—— KMgF
C,H.MnO, precursor ol J
46 4 —— KMgF,:1Mn

—— KMgF;:2Mn?*
—— KMgF, . ~ —— KMgF;:3Mn?*
— KMgF;:1 Mn2+ ;; —— KMgF;:4Mn?*
—ir\/lg?:zmn2+ = —— KMgF,:5Mn?*
— KMgF;:3Mn L
—— KMgF;:4Mn%* E

—— KMgF,:5Mn?*

a(a.u.)

T T T T T
450 500 550 600 650 700

Wavelenght nm.

1 T T B 1
300 400 500 600 700 800
Wavelength nm.

Expected a band around 400 nm
.



KMgF, doping - Mn** 4%

100 nm
EDS Layered Image 2




KMgF3 dOpiI‘lg - Nd** KMgF,:xNd?" (x=0.1,0.3, 0.5,

0.7)
= = = ! — KMgF
S = |8 12 Drr 3 Lsio KMgF3 INd3*
4D , . 3+
5 2 i 49,0 %P) ——— KMgF;:3Nd
~ 1127 7512° 2133 312 : 3+
= P s o _ 2Gy, Mg, 1. 7 KMgF,5Nd
8|8 N SESEN [ P T KMgF ,:7Nd3*
| = I oo o . 2D e 2H 4
g ::::::j Koo > 5/2 92’ ' 512
@
@ 8
E A__ JA» A A 3
20 . 4I0 . 6I0 ' 810
26(°)
No impurities were found
when Nd** was added

i 1 E 1 ' 1 % 1 % 1 ] 1
200 300 400 500 600 700 800
Wavelength nm.




KMgF, doping - Nd**

Nd Lal

EDS Layered Image 2
2 3

100 nm

oK) 2
500nm

500nm



Up to now

Succeeded in obtaining KMgF, under the

selected conditions

Nps size are adequate to continue with Nps

functionalization, doping and further

studies

Temperature has a slight effect on

Nps size depending on [MgCl,]

Ligand exchange was successful




Working in progress..

Incorporation of  Mn?  avoiding

oxidation

Further characterization of optical properties

of samples with Nd and incorporation of Yb**

NPs functionalization with ALA
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Terapia fotodinamica

Nanoparticulas de KMgF

SR KMgF,Nd: YoiMn
HZNWoH Fotosensibilizador

Nd: Activacion a 808 nm |:’> Ventana biolégica

® Tesis de Maestria en Qca en curso “Desarrollo de nanoparticulas para aplicacién en terapia fotodindmica”, Romina Keuchkerian

® Proyecto FCE II “Desarrollo de nanoparticulas con propiedad de conversién ascendente para potenciales aplicaciones Biomédicas” FCE-1-2020-162287, resp. Romina Ke
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...and our sets of editable icons

You can resize these icons without losing quality.
You can change the stroke and fill color; just select the icon and click on the paint bucket/pen.
In Google Slides, you can also use Flaticon’s extension, allowing you to customize and add even more icons.
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