Silica nanoparticles cause pleural and

pericardial effusion, pulmonary fibrosis and

sgranuloma in rats as seen in exposed workers
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Nanosafety

* The potential hazards of nanomaterials
to the environment and human health

were widely concerned.
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Nanosafety

* Wide-used nanomaterials, heavy exposure

* Nanoproducts, nanowaste enter environment.

* Not aware of the risk of the nanoproducts that
workers are exposed to



Nanotoxicities are found in anima
experiments.

SWCNT
in a macrophage




Granuloma formation post SWCNT




Theoretical possibility of

human toxicity

It is theoretically possible that
nanomaterials may produce some
novel toxicity and cause unusual
diseases in humans as observed iIn
some animal experiments.
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A group of patients with
unusual disease
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case sex age Exposure Plural  Pericardial coatings
(M) effusion  effusion
1 F 29 13 ++ + Polyacrylate
2 F 47 11 ++ -- PA
3 F 18 13 ++ + PA
4 F 29 12 ++ + PA
5 F 19 10 ++ + PA
6 F 35 10 ++ + PA
7 F 28 5 + -- PA




Case 1
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Case 4







Bronchofibroscope

lobus centralis dexte. inferior lobe bronchus principalis dexter



Clinical findings

O Symptoms: shortness of breath.
O Signs:
pleural and pericardial effusion.
pulmonary imflamation
(no effect to antibiotics and glucocorticoids)
Pulmonary fibrosis

Rapid and Progressive




19-yr-female(C5)

O Pleural effusion and pericardial effusion
O Pulmonary fibrosis

O Rapid and Progressive
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Case

Case 5. Case 5.Eighteen months later.
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The group of patients .,z
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* All patients with pleural effusion

* Five out of seven with pericardial effusion.

* Fenestration of the pericardium was performed
in the 19-yr-old female, and 170 mL of light-
coloured fluid was drained.



Pathology

O Non-specific inflamation

O Macrophage infiltration
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Pleural membrane(C3)
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Pulmonary Biopsy(C1)
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Transbronchial lung biopsy
(C1)
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Pleural mebrane(C2)
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Lung(C5)
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O Inflamation with inflammatory cells

O Pulmonary fibrosis
O Granuloma formation of pleural membrane



Common characteristics

Young females

In previous good health

In the same workplace

Same symptoms, signs
Similar laboratory results
Bad result: 2 died, 5 disabled

O OO0 0O O




Clinical findings

O Symptoms: shortness of breath.
O Signs:
pleural and pericardial effusion.
pulmonary imflamation
(no effect to antibiotics and glucocorticoids)
Pulmonary fibrosis
Rapid and Progressive
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Analysis of the used coating

O Polyacrylate

O GC-MS: butanoic acid, butyl ester, N-butyl
ether, acetic acid, toluene, di-tert-butyl
peroxide, 1-butanol, acetic acid ethenyl
ester, isopropyl alcohol, and ethylene
dioxide
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Nanoparticles in a macrophage
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Nanoparticles
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Immage Hame : Lung-000%
A couigition Date $ 1119252009

Specitmen ;

Indicated PMagnification : 740000
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Specithen : Image Hame : Lung-0011
Indicated Magnification : Z300000 A cguigsition Date 0 11519/20029
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Specimety | Image Mame : Lung-0001

Indicated MMagnification : Z50000 Acquisition Diate : 11/19/2009




nanoparticles in a vascular
endothelial cell

Specithet Image Matme : Lung-0002

Indicated hWagnificatiorn : 2250000 Aocguisition Date : 1151272009
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Speculations and questions

* What are these nanopartilces and why exist?

* Are these nanoparticles related to the workers’
death and their multi-organ damage?

* May these nanoparticles pose the damage
directly or as a carrier?
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F~<~prosure to manoprarticles is related o
Pleural effusiormn, pulMmonmnary fibhrosis aard
gramuulorma

. Somng®., M- Li* and 3. D

AESTRAC T: Mano materials generate great benefits as well as newvw potential risks_ Andimal studies
Z=rdd e witro esxperirments showvw that nanoparticles can result in lung damage and other toxicity, bot
no reports on the climnical toxicity imn humans doe to nanoparticles hawve ywet bhboeeorn macie.

The prescent study aimed to examine the reiationship betwesen o group of workers" prescnting
it iy Ssterious Sy mptomatic fndings and their manopartic e cexpo Ssure .

Sewven yourng fermale workers (aged 18 37 wrs), exposed to manoparticles for S 132 months, =il
writh Shortness of bhreatihh and pleural effusions were admitted to hospita I munological tests,
examiination s of bacteriology. wirclogy amnd turmour markers, bronchoscopy. inter mal tho racosco ey
and wvideo-assisted thoracic Sargery were performed. Surveys of the workplace., clinical
o servation=s and examinations of the patients were comndoacted

Polyacrylate,., consisting  of manoparticles, was confirmed im the wworkplaace. Pathological
exarminaticon s of paticents" ung tissue displayed Nmnonspecific pulmonary inflamomaation, P ualmormsry
Fibrosis and foreign-body gQranalomas of pleura. Using transmission celectromn microscopy .
nanoparticlies were obserwved to lodge in the cytoplasmm and caryoplasmm of pulmonary: epithaelial
And mesothelial cells, but are also located in the chest fluid. TheSse cases arouse conocern that
IO rmag— e rmm i OSLre o SoOrmee mnanc poartic bes witho ut protective measure s may be related to Sericouss
dAdarmage to huarman g s
FUE W VNI RIDIS - Foreign-body granulomma,. hamman, by poxacemia,  pleural effusion. polyacryi=ate
manoparticie, pubmonary: fHbhrosis
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Isolation and EDX analysis of
nanoparticles in a marophaghe
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Results and speculations

* Nanosilica entered patients blood vessels,
pulmonary tissues, and their subcellular
organelles, and potentially exerted toxicity.

* Nanosililca may have posed workers multi-
organ damage and death .
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MNManomaterials are increasingiy being used for comumercial purposes. Howewver, concerns about the potential risks of exposure o humans have
been raised. We previowusly reported unusual pulmonoary disease and death in a group of patients with ocoupational exposure o sprasy paint. Howewver,
the nanopartic e and chemical composition of the exposure was not ful by described. The present study aimed o isolate and identify the nano part icles
observed in the patents”™ biopsies and report the potential deleterious effects 1o human lung
and energy dispersive m-ray analyvsis. silica nanoparticles were identified and characterized mainly in macrophages. pulmonary microwvess
wvascular endothelinl cells, micrnol mphatic vessels, pleural effusstons, and a few n alveolar epithelial ocells and pulmonm oy
N mnic roscal e particles pressnt). MNotably, damage to alveolar epithelial cells,
observed. Given the well doocumented toxicity of microscale silica. it s pos:

s using clectron microscopy. UUsing € leciron micr osc opy

ks,
interstitiml tisswe (with
mscrophages, vascular endothelial celis, and the blood—oas barrier woas
ibie that these silica nanoparticies may have contributed in part to the
illness reported in these workers., Such a possibility supports the adoption of controls and prevention strate cies o minim e inhalation of meoopar—
ticles by workers, and it highlighes the urgent need and the importancs of the nan osafery study in bharmsns.

K ernrwn anredls - hurmman, pleural effusion; pulmonary fibrosis;, silica naonopartse ke



Questions ?

OMicro-SiO2

ONano-Si0O2

> Silicosis

> ?

OToxicity of nanosilica in animals




More questions ?

O Would nanaosilica cause pleural and
pericardial effusion and the unusual
toxicity as seen in the reported workers?

O Did the workers’ clinical damage result
from the single toxicity of nanosilica or
combined role of nanosilica together with
polyacrylate?




Animals

090 adult male SPF Wistar rats
04—-6 weeks old , weights 180 - 220 g.
O Five groups, 18 rats in each group

O Polyacrylate/nanosilica (PA/NSi) were
made by order from Fudan University.




Grouping

Control group with NS
Control group with PA
3.125mg/kg PA/NPSI
6.25 mg/kg PA/NPSI
12.5 mg/kg PA/NPSI

O O 0O 0O O







Experimental design

OPart 1: 1-week study:

75 rats terminated at 24h, 3d, and 7d
post intratracheal instillation

OPart 2: 2-week study

15 rats (3/group) for repeated ultrasound
and CT examinations.
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Pleural fluid
upon dissection

1-1.8ml in each
pleural cavity



Silica nanoparticles in PA/NSi
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Nanoparticles in a rat’ s pleural @f’
fluid
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Control (NS)

PA/NSi (12.5mg/kg)




PA/NSi (3.12mg/kg)
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PA/NSi (6.25mg/kg)
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PA/NSi (12.5mg/kg)
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Pulmonary fibers Pleural membrane
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PA/NSi (3.125mg/kg) on d14 (%




Ultrasound examination

Control






Pleural effusion

Control PA/NSI



Chest CT






Results

O PA/NSI causes pleural and pericardial
effusion as seen in exposed workers

O Effusion occurred on days 3-5, peaking on
days 7-10, then decreased and disappeared
on day 14.

O No water was found in control groups of NS
and PA.




PA/NSI causes similar toxicity to those
observed in exposed workers

ITmytermnatiormnal Jomnrmal of N anmnommuedicime

& - .

T Do e =

O RS AL R ESES R C H

Polyacrylate/ manmnosilica causes pleural amd
Pericardial effusionmn. amnd pulmonmnary fibrosis amd
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Abscrace: NManomaterials offer great benefit as well as potential damage to hurmans. Workers
exposcd to polyacryilate coatings hawve plecural cffusion. pericardial cffusion. and polmonarye
fibrosis and granaloma. which are thought 1o be related to the high exposSure Ho nanomaterials
in the coatings. The study aimed to determine whether polyacrylatessi a nanoparticles cause
sirmilar toxicity in rats. as obscrved in exposcd workers. MNincty male Wistar rats were ramndomiy
diwvided into five groups with 18 rmats in cach group. The groups included the saline comntrol grougp.
another control group of polyacryiate oniy. and low—. intermediate—. and hish-dose growups of
polyacrylatcmanosilica with concentrations of 3_ 125, 6. 25, and 125 meks Scventy—five rats
fior the I-weok study woere terminated for scheduled necropsy at 24 hours. 3 days. and 7 days
postintratracheal instillation. The remaining 1S5 rmts (three males/eroup’ had repeated ultrasouwrnd
and chest compuited tomeaoeraphy examinations in a Zowsweek stuady o observe the pleural amc
pericardial cffusion and pulmonary toxicity . We found that polyacrylate nanosilica resulted in
pleural and pericardial cffusions. where nanosilica was isolated and detected. B ffusion occurmed
on day 3 and day S post-administration of nanocomposites in the 6.25 and 1 2.5 meke oroups.
it gradually rosc to a maximeuom on days T— 10 and then showly decrcasced and disappocarcd on

day 14. With an increasc in polyacrrlate/manosilica concoentrations. pleural cffusion increascd.
as shown by ultrasonographic gualitative observations. Pulmonary Abrosis and oranuloma seers
also obscrved in the high-—dose polyacrylate/nanosilica group. Our study shows that polyacrye Tates
nanosilica results in spoecific toxicity prescnting as pleural and pericardial cffusion. as well as
pulmonary fAbrosis and emnuloma. which are almost identical o results in reported pati enes.
These results indicate the ursent Neced and IMmPortance of nanosafoty arnd awareness of Lo Tcity
of polyacrylate/manosilica.

ey words: polyacrylate/mnanosilica. pleural effusion. pericardial effusion. pulmonary Abrosis.
eranulona




Conclusions and Indications

* PA/NSI causes pleural and pericardial effusion,
and pulmonary fibrosis and granuloma in rats as
seen in exposed workers.

* The unusual disease of the reported workers are
closely related to the exposure of PA/NSI.

* This highlights the urgent need and importance
of nanosafety.



Conclusions and Indications

* This also highlights :

* Some nanomaterials like nanosilica may cause
unusual toxicity upon heavy exposure compared
to their micrometer-sized and bulk counterparts,
which should be taken seriously in the
development of nanoscience and nanotechnology.



Still more questions

O Mechanisms of nanosilica causing pleural and
pericardial effusion

O Prevention of the nanotoxicity in nanoexposed
workers

O How to detect and evaluate the damage of
nanotoxicity in humans?




Nanomaterials : “double-edged sword”, [FA Fa (257,
more study about its safety and control need!
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