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stribro

« Chemické oznaceni Ag, at. Cislo 47, 11.sk. 5. perioda blok d PS, mol.
hmotnost, 107.868 g/mol

Palladium

46 <+— atomic number

47 argentum

electron configuration ——* [Kr] ad"

Pd +——— symbol

Palladium +—— name
atomic mass (u) ——» 10642

crystal structure - d block (transition metal)

‘electrons per shell: 2, 8, 18, 18

‘van der waals radius: 163 pm | state: solid
4d'°5s' ]07,8682 face-centered cubic EFC.C}[_innizatinn energy: 804.4 KJ/mol
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stribro v ruznych formach

anorganické (chlorid, dusiénan, bromid, iodid) a organickeé soli (laktat, pikrat,
octan) a synteticky nanoformy. Oxidacni stavy +1, +2, kovového stfibro ma
nejlepsi vodivost ze vSech kovu. Ochotné tvofri slitiny s médi.

nanosuspenze, teoreticky pouze Cisté nanocastice, v praxi jako mixtury
stfibrnych iontl, nanocastic, sub-nano frakce a agregovanych nanocastic v
nano velikosti (100nm nebo mir)

vétsi stfibrné Castice — koloidni stibro. Jsou definovany jako dispergovaneé
mikrocastice v dalSi substanci (vehikulu), kde jejich velikost dispergované faze je
typicky od 5-500um

neni stopovym prvkem a neni tedy fyziologicky esencialni



stribro, pouziti

 bakteriostaticky efekt — GCinna latka zdravotnickych
prostfedku, kontaktniho kryti na rany, usnich a
ocnich kapek, ZP odvykani od koureni, kosmeticke
prostfedky — v CR neni dopinkem stravy

. Zlatnictvi, pajeni, zubni vyplné

o koloidni stribro (dermatologikum, antiseptikum)
0,02%, 10, 20,40, 50 ppm/g. jako kosmeticky
prostredek
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nanostribro

» kosmeticky pripravek, ktery Cisti a regeneruje plet, vykazuje
antimikrobialni aktivitu. Snizuje vylucovani mazu a priznive
pusobi na akné, rozSirene pory, kozni plisne, zanety. Uklidnuje
podrazdenou, pripadné zacervenalou pokozku.

» velikost Castic u koncentraci 10 az 20 ppm se pohybuje v
rozmezi 3 do 38 nm. Cim |sou Castice mensSi, tim je produkt 5
stabilngjSi a castice ucinngjsi. Velikost castic u koncentraci 25 az
50 ppm se pohybuje v rozmezi 3 do 72 nm. Jelikoz se vetsi
koncentrace vyrabi dvoufazove, tak se uvolnuji | vetSi castice. Za
nano castice se povazuji latky do 100nm.



nanostribro syntéza, vlastnosti

» Syntéza probiha polyolovym procesem (EG a PVP )-—
rozsuspendovanim PVP (10000) matrix (stabilizator reakce,
variace castic) v EG a nasledném zahrati nal30st.c., dale
metalicky prekurzor AgNo3, EG 130 st. C. Po nasledném
sloucCeni a ochlazeni + metanol a extrakce v 150st.C
odstranénim organického solventu. Pro syntézu mensich ¢astic
se pouziva molarnéjsi PVP (40000)



nanostribro
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Fig. 5. X-ray diffraction of silver nanoparticle.



nanostribro

Silver nanoparticle

Silver nanoparticle
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Fig. 3. Transmission electron microscope of silver nanoparticle. A. Silver nanoparticle prepared from polyvinylpyrrolidone (PVP) (Mw~.40,000). B. Silver
nanoparticle prepared from PVP (Mw~-10,000) at 60 k x magnifications.

Fig. 4. Transmission electron microscope of silver nanoparticle prepared from polyvinylpyrrolidone (PVP) (Mw~40,000) at 150 k x magnification.



nanostribro
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Fig. 7. Scanning electron microscope (SEM) image of silver nanoparticle at 30 k x magnification.



toxikokinetika st Fibra

>

>

v zavislosti na solich, expozici a lekové forme - organicke, koloidni stribro,
nanoformy (nizSi biologicka dostupnost), anorganicke soli ve vysoké
koncentraci leptaji sliznice

vétie sle na vysokomolekularni proteiny a metallotheiny (sirné ligandy) v
cytosolu

u anorganickych soli v GIT se rychle tvofi ve vodé nerozpustny chlorid
stribrny, nebo reakci s SH skupinou hlenu se tvofri sulfid stfibrny, krevni

clebstou_ se uklada v sliznicich a kuzi -argyrie, dermalni expozice vazbou na
albumin.

nanostribro lehce prostupuje HEB-em, kumuluje se v mozku a je
neurotoxicke, distribuce do plic, svalu a krevni'plasmy

kumulace: GIT, jatra, slezina, ledviny, mozek, plice, krev. (sestupnég)
vyznamna kumulace taky v myokardu, cerebellu



toxikokinetika, eliminace

hepatalne
stolici

Zluci

moci minimalné

eliminacni polocas obecne 50 dni u
chronickeho predavkovani mesice.

YV V V V VY

Figure 2. Immunostaining or LU6S -+ Kuprrer cells In rat liver sections. (a) rercentage or pixels density of LU-b8 labeled macro-
phages. (b—g) Representative photomicrographs of resident macrophages (brown) 24 h after administration of (b) 0.9% saline, (c)
NAC, (d) AgNOs, (ef) AgNPs and (g) AgNPs -+ NAC. Bars: 100 um (a—d, f), 50 um (e). cv centrilobular vein; pv portal vein. The arrow
indicates inflammatory cells encasing the portal triad. Values are expressed as mean +SEM (n = 3 animals/group) in comparison
to a control, b NAC, ¢ AgNO;, d AgNPs + NAC and e the AgNPs groups. ***p < 0.001 for a,b,¢d; ##p < 0.01 for b; ###p < 0.001

for c.e. One-way ANOVA plus Tukey post-comparison test.




toxikodynamika stFibra

» u anor. soli AgNO3 a Agl (mirny genotoxicky efekt TK6 lymfoblastoid
micronucleus indukce po 5nm a 14nm stribre smrt PC12 bunek)

» GIT toxicita — destrukce mikroklku, intenstinalnich zlaz a gobletovych bunék
- uvolneni sekrece hlenu — disulfidicky vazané glykoproteniny, to ma za
nasledek abnormalni pigmentaci ilea (125-500mg/kg 56nm AQ)

» hepatotoxicita — octan stribrny a 60um nanoAg zvysuji_hladinu alk.fosfatazy
a k. mocové (zvysena exkrece k. mocove a allantoinu), hyperplasie
zluc_ovodu s eosinofilni infiltraci, zvySeny sérovy cholesterol, toxicky pro
slezinu

» kardiotoxicita — 900ppm AgNo3 4 tydny zv. hematokrit, hemoglobin
aorticky elastin, ventrikularni hypertrofie kumulace Ag v glomerulech), po
vysazeni ale mizi

>negrc|)toxicita — nekrdza glomerulu, Bowmanoho pouzdra a proximalniho
tubulu

»letalni davka anarganickych soli (AgNO3): 280mg/kg p.o. u potkana,
800mg/kg u kralika, u nanoformy velmi nizka toxicita 5000mg/kg



toxikodynamika st Fibra

»tvorba volnych kyslikovych radikalu, disrupce energetického
metabolismu a genové transkripce, vazba na volné thiolové
skupiny enzymu a celularnich proteinu. To ma za nasledek
tvorbu proinflamacnich cytokinu, poskozeni DNA a bunécnou
apoptozu ev. nekrozu

»>toxicita vyplyva z kumulace: mozek, srdce, jatra, ledviny, slezina
»zavisi na davce, lekové forme
»zatim neexistuje antidotum/vhodny terapeuticky postup



toxicita stribra

klicem k monitoraci hladiny je sérovy ceruloplasmin (spolu s médi se AgNP lehce vaze na
apoceruloplasmin za vzniku denaturovaného Ag-ceruloplasminu)

v GITu soutézi s médi, absorbuje se a muze vest k hypocupremii — suspektné WN)
tvorba reaktivnich forem kysliku

nedostatek ferro-oxidazy v komplexu Ag-ceruloplasmin=oxidacni stres napf. u jater, mozku.
Apoceruloplasmin (ferrooxidaéni aktivita), fyziologicky oxiduje intracelularni zelezo z
2mocného na 3 mocné, které se nasledné odstranuje exocytdzou a inkorporuje do
transferinu. Nizk& hladina transferinu a vysoka feritinu (probihajici zanétliva reakce, 2
mocné Zelezo zpusobuje oxidaéni stres Fentonovou reakci)

hyperferitemie vznika taky sekundarné — oxidacni stres

FR je chemicka reakce, kdy v pfitomnosti tranzitnich kovu (Fe2+, Cu+) se H202 redukuje a
vznika vysoce aktivni a toxicky hydroxylovy radikal. Tato vlastnost u platinovych kovu,
zejmeéna Palladia, absentuje

Nanostfibro je neurotoxickeé (u pacietnu s argyrii)



leéCba
» zavisi na davce, Iékoveé formeé
» zatim neexistuje antidotum/vhodny terapeuticky postup
» trolox (ve vodé solubilni analog vit. E), vit. C

> perspektivni jsou thiolové antioxidanty: chelatotvorni antidota
» n-acetylcystein, L-lysin, glutation



lecba, detekce toxikokineticko -dynamicky model

»>toxicita byla monitorovana v ruznych vodnich organismech. Je obtizné
ji vztahnout bud na AgNPs v PVP nosic¢i nebo samotné Ag+, ktere se z
nanocastic stribra uvoliuji kontinualné v misté expozice

»>lze vysvetlit zeta potencialem — elektrokineticky potencial koloidni
disperze, na rozhrani mezi povrchovou vrstvou ¢astice a okolni
kapalinou. Charakterizuje naboj a fyzikalni stabilitu vrstvy nanocastic
ve vodnim roztoku/rozhrani povrchu ¢astic a roztoku, kde vznika
elektricka dvouvrstva, zavislé od kompartmentu.

»polydisperzni index (€astice ruznych velikosti) pouzitim dynamic light
scattering metody
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> ucéinnost NAC,
vit. C a GSH na
detoxikaci
AgNPs

(@) b (b) ALT (c) ALP

Figure 1. Effects of N-acetylcysteine (NAC), ascorbic acid (AA) and glutathione (GSH) in hepatic tissue after silver nanoparticle
(AgNPs) i.v. administration. Rats received a single intravenous injection of 0.9% saline (control), AgNPs or silver nitrate (AgNO;)
(5mg/kg), followed by single i.p. administration of NAC, AA, or GSH (1 g/kg). Twenty-four hours post-treatment, the concentration
of (a) aspartate transaminase (AST), (b) alanine transaminase (ALT), and (c) alkaline phosphatase (ALP) were determined. (d-k)
Representative photomicrographs of the hepatic parenchyma stained with Hematoxylin-eosin after administration of (d) 0.9%
saline, (e) NAC, (f) AgNOs, (g,h) AgNPs, (i) AgNPs + NAC, (j), AgNPs + AA, or (k) AgNPs  GSH administration. Bars =100 um,
except for panel H (50um). cv: central vein; pv: portal vein. Arrows indicate inflammatory infiltrate. Values are expressed as
mean = SEM (n = 4-10 animals/group) in comparison to a control, b NAC, ¢ AgNO;, d AgNPs | NAC and e the AgNPs | GSH
groups. Panel (a) ***p< 0.001 for a,b,c.e; **p < 0.01 for d #p < 0.05 for a; ##p < 0.01 for b,ce; Panel (b,c) **p < 0.01 for a,b,c.e;
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NAC upravuje biodistribuci a clearance AgNPs

»AgNPs se nejvic kumulovaly (potkani, kralici) v mononukl. fagocytech
(MPS), s vyskytem v jatrech, sleziné, plicich a kostni dreni a zUstavaji
V nich

»jedna davka NAC vedla k ovlivhéni biodistribuce Ag. Nejvic v slezing,
jatrech a plicich

»po aplikaci NAC poklesla hepatalni koncentrace AgNPs a zvysSila se
renalni eliminace 10 nasobné&, minimalizovala se renalni reabsorbce

> histopatologicka evaluace AgNPs v ledvinach poukazala, ze zménou
topografie NP, jejich kurvatury, povrchoveho napéti a ulozeni
Imobilizovanych sterickych bariér méni miru fagocytozy.




otravy koloidnim st Fibrem TIS 2019 -2022

e celkem 13 pripadu (2 pripady poziti ditétem)
e nahodné poziti
1 PL (15-30ml denne)

» 1 pripad 50ml denné — slabost, bolest v podjaterni
krajine, zvysena teplota

1 pripad vyplachovani krku — paleni sliznice
* 1 dermalni expozice- jako tonikum



Otrava koloidnim
stribrem TIS

» zena r.60 uzivala asi 5 let 20-30 ml
koloidniho stfibra vyrobeného doma k
potlaceni Uzkosti, slabosti, Unavy, bolesti
na hrudi

> vSimla si Sedavého zbarveni kize, nejvice
na obliCeji a na slunci, jinak bez obtizi

» predtim leCena Ferronatem, pro
nesnasenlivost vysazen

» v dobé dotazu v normé: koagulaéni
parametry i Fe, jaterni a renalni funkce v
normé&, USG bficha, RTG S+P, ocni
vysSetreni




Otrava koloidnim stribrem

47 lety muz 3m potize s chuzi, 6m horSici se sensoricka ataxie

Dobrovolnik u praktika, uzival 13 let koloidni stfibro (2x mésicné i.v.), posledni rok 1x
tydné, poslednich 6 mesicu denne pro refrakterni onychomykozu

I((é/grétita}lisml’ analyzou zjisténa hladina stfibra 11990nmol/l (1294ug/L ref. 10-960nmol/L
,ougd

magnetickou resonanci zjiSténa cerebralni atrofie a mineralizace globus pallidi.
ALT 2,92uklat/l, AST 1,64ukat/l alk fos., albumin, globulin ok.

vyznamna urinarni exkrece médi (vylou¢ena Wilsonova nemac)

portalni trakt byl expandovan lymfocytarnimi fibrotickymi infiltraty, bez deposit médi

v cytoplasmé endotelialnich bunék b vl)gpozorpvény tmaveé hnédé az Cerné refraktilni
nepolarizujici pigmenty obsahu%lm stribro a siru (sulfhydg/)love skupiny). Dobre

reprezentujici afinitu Ag k — SH tunkénim skupinam (Ag2



Otrava koloidnim stribrem

normocytarni normochromni anemie Hb 10,9g/dl, nizka
hladina séroveho zeleza f5quI/I,,RI 9-33),
hyperferrittmie 4521pmol/l a nizka saturace
transferinem tj 11% R 16-45%)

go vysazeni lécby klesla pl. hladina na 4800nmol/l tj.
18ug/L za 3 mesice a na 1650nmol/l tj.179ug/l behem
12mesicu. Serova hl. medi a cerulopasminu reflektovala
otravu stribrem. Ceruloplasmin 0,139/l za 10 mésicu a
0,299/l za 20 mésicu po vysazeni, zatim co se zvysSila
serova hladina meédi z 9,3'umol/L na 13umol/L_za 20
mesicu od vysazeni, JT ALT 1,08 na 0,58 a GGT na 0,58
ukat/l__lse taky upravily. Barva kuZe se postupné

upravila.

hladina stfibra z plné krve byla 0,2-0,9ug/l, zatimco max.
tolerovana davka serové koncentrace AgNP je 0,14ug/kg
(pozil 15ml 10ppm kol. stfibra 3x denn_e%, toje

ekvivalentni 0,45mg/den, expozice ekvivalentni 6ug/kg
den (40nasobek tolerované davky)
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Figure 2. (Upper) Reciprocal relationship of serum silver (#) against ceruloplas-
min () and copper (A) in blood over months after cessation of silver use.
(Lower) Recovering trend of markers of ALT (o) and GGT (x) over time. Cp: cer-
uloplasmin; ALT: alanine aminotransferase; GGT: gamma-glutamyl transferase.



sDetekce Ag v
endotelu jater
obrazek D

Figure 1. (A) The liver biopsy (hematoxylin and eosin (H&E), < 4) shows distorted acinar architecture, with periportal and focal bridging fibrosis and mild lympho-
cytic infiltrates in the portal tracts. The hepatocytes are arranged in single or twin cell plate and showed moderate (50-60%) macro-vesicular with focal micro-ves-
icular fatty changes. Focal lobular activity with mild lymphocytic infiltrates and rare neutrophils and eosinophils are seen. Occasional ballooned hepatocytes are
found, but neutrophilic satellitosis, as seen in steatohepatitis, are not identified. Mild hemosiderin deposits are seen in the Kupffer cells. No definite Mallory bodie:
are discemed. Periportal glycogenated nuclei are not identified. Rubeanic acid stain for copper is negative. (B) Perls stain of the liver tissue confirms moderate
hemosiderin deposits, which are seen in the zone 1 and focal zone 2 hepatocytes. Modified Scheuer grade 2 out of 4 siderosis is present (25-75% with discrete
granules in zones 1 and 2). (C) The portal tract shows the blackish deposits over the endothelial lining of the portal vein (H&E, x<40). (D) Ultrastructural photomicro
graph of representative tissue sections under scanning electron microscopy. Silver nanoparticles deposits along the endothelial lining of the liver tissue. The ori
ginal magnification is <950. (E) Scanning electron microscopy and energy-dispersive X-ray analysis (EDAX) of the nanoparticles confirmed a high silver peal
concentration in the elemental mapping. A high silver peak height implies a high concentration. BSECOMP: backscattered electron composition; cps/eV: counts pel



otrava st fFibrem - argyrie

« 30ml koloidni stribra 10-12 let. K tomu si jeSte pravidelné
mazal pokozku stribrnym krémem a v nekterych pripadech
pridaval do roztoku jedlou sodu ¢i kuchynskou sul.

e za svuj zivot tedy vypil priblizné 200 litrd koloidniho stfibra.
Navic vyrobeneho ,podomacku®, z nedostatecne procisténé
vody, takze muzeme predpokladat, ze se mu do téla
nedostavalo Cisté koloidni stribro, ale roztok stribrnych soli.



Argyrie z RO
stfibrného
prstene

Fig. 1. Multiple clustered blue-gray macules of less than 1 mm in size (circled)
on the base of the left 4th finger in a ¥ Id woman with localized cuta-
neous argyria associated with wearing a silver ring. This patient presented in
the summer, which is often the case in this photosensitive dermatosis. Clini-

Sally, thise Jeaibns wore mipicind 65 repisent 4 s nevus or farbin, (Fek Fig. 2. a) Histological examination of localized cutaneous argyria shows multiple brown to black granules in a perivascular and peri-eccrine distribution (hema-

i tpsnsdire etk toxylin and eosin, original magnification x100). b) Darkly stained elastic fibers within the papillary and reticular dermis (red arrow), increased melanin pigment
within the basal layer of the epidermis (yellow arrow), and brown-black granules deposited focally within eccrine ducts and blood vessels (black arrow) (hematoxylin
and eosin, original magnification x 200). ¢) Brown-black granules within eccrine ducts and blood vessels (black arrow) and one black ellipsoid globule (red arrow).
These pigment deposits were non-polarizable (hematoxylin and eosin, original magnification x200). d) Dark-field examination shows multiple refractile white
particles against a dark background (red arrows), giving a “stars in heaven"-like appearance (original magnification x 400). (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of this article.)




Argyrie jako diagnosticky markr
otravy Ag

Table 2
Diagnostic entities in the histological differential diagnosis for black dermal pigment and their clinical associations.
Entity Clinical association Histologic appearance
Pigment/particle quality Distribution
Argyria Colloidal silver compounds, occupational Small, uniform, brown-black Basement membranes of sweat glands,
exposures (silversmiths, photography, granules, black globules, non- connective tissue sheaths of pilosebaceous
soldering, batteries, and mirrors), topical silver  polarizable units, arrector pili muscles, perineural |
nitrate, silver-coated wound dressings, tissue, vessel walls, and elastic fibers

amalgam tattoo, silver earrings, silver nasal
piercings, silver rings



Srovnani s platinovymi kovy

Palladium
Platinove kovy
vy .. . evvs . 3 (4|5 |6 18 |h9 10 12

Nejvétsi reaktivita, nejnizsi teplota tani a mB vB|vB |VIiB|VviiB,vin | vin [ vin | 1B | nB
nejmensi hustota ze vSech platinovych kova. V Sandum [Thon | Vanad | Cheom | Mangw | oo | Kebek | MK | M| Zeek
kompaktnim stavu je odolné v(i&i plsobeni éﬁ% 4:3[71) wxm sgﬂl(; Fe Co Ni wal;I) %Q,
atmosféry, pri zahrivani se pokryva vrstvickou Vit | Zinum | Neb | Molbdn Techmacund ot | feo | Kadaur
oxidd. Zvolna rozpustné v mineralnich Y [ Zr Nb Mo Rh Amg Cd

. , . , . ° 868,90585(2) | 91,224(2) |92,90638(2) | 95,94(1) 102,90550(2) 107, )| 112,411(8)
kyselinach a snadno v taveninach oxidu a e e e i T
peroxidy alkalickych kov(i. Typickymi oxidaénimi tntha: Hf | Ta ¥ W Ir Hg

. . v v . 178,49(2) | 180,9479(1) | 183,84(1) 192,217(3) 96,96655(2)| 200,
stavy jsou +ll a +1V, koordinacni Cislo dosahuje O e el e e sl Hnurunium  Ununlum
maximaln& hodnoty 6. = Rf Db Sg

(261,110) (263,1786) | (264,12) | (265,1306)
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Srovnani Pd a AG

46Pd:1s2,2s2,2p6,3s2,3p6,452,3d10,4p6,552
,4d8
46Pd:152,252,2p6,3$2,3p6,482,3d10,4p6,580 Figure 1 Both patients (healthy person in the middle) showed

generalized diffuse dark blue-grey hyperpigmentation (a). In the
4d10. female patient, who injected the drug subcutaneously into the

lower extremities, multiple scars could be observed (b). These

resulted from abscesses and necrotic ulcers at the sites of

47Ag1s2 2s2 2p6 3s2 3p6 3d10 4s2 4p6 4d1Q @epicationoftheacidicinjections.
osl

46Ag (+) 1s2 2s2 2p6 3s2 3p6 3d10 4s2 4p6
4d10

Stfibro ma jeden valen €ni elektron (eln. 1,93),
nejlepsi el. vodivost. Pd se kumuluje v
makrofazich, fibroblastech, alteruje

lymfaticky systém.




averem

» toxicita nanoforem stfibra je i nadale predmétem toxikovigilance, tvorby
toxikokineticko-dynamickych modelu. Toxicitu je obtizné vztahnout bud na
AgNPs nebo samotné Ag+, které se z nanocastic stribra uvolnuji kontinualné.

> anorganické soli stfibra nizké koncetrace maji systémovu toxicitu nizsi,
muzou ale leptat sliznice.

> ve vhodném terapeutickém postupu hraji dulezitou roli chelatotvorna antidota
s SH skupinami, zejména N-acetylcystein

» existuji studie potvrzujici preventivni efekt nanocastic stribra na zmirnéni
nefrotoxicity paracetamolu, nanocastice stfibra upravuji hodnoty urey a

Kreatininu, zvysuji hladinu GSH
> Pd se kumuluje v makrofazich, fibroblastech, alteru;j e lymfaticky system
» Ag ma podobnou toxicitu (argyrie), v jistych ohledec h je ale toxi ¢téjSi

neurotoxicita, hepatotoxicita a pod.
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