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Biology of reproduction
Gamete maturation — fertilization — pre-implantation embryo development —
implantation — placentation — post-implantation embryo development
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for example.....

» Metal oxide nanoparticles (NPs) are increasingly used for industrial and
biomedical applications (cosmetics, food packaging and additives, paint
formulation, sunscreens, etc.)
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for example.....

» Metal oxide nanoparticles (NPs) are increasingly used for industrial and
biomedical applications (cosmetics, food packaging and additives, paint
formulation, sunscreens, etc.)

» Therefore, the interest of the scientific community on the effect of metal
NPs exposure on reproductive apparatus and on embryonic development
IS now growing; however available data in the literature are still scant and

fragmentary
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Nanotoxicology. 2016; 10(1):111.
Cerium dioxide nanoparticles affect in vitro fertilization in mice.
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Analyst. 2014; 139(5):931
Reprotoxicity of gold, silver, and gold-silver alloy nanoparticles on mammalian gametes.
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Theranostics. 2012; 2(7):734
The Invasion and Reproductive Toxicity of QDs-Transferrin Bioconjugates on Preantral Follicle in vitro.
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Collection of cumulus cells-oocyte complexes (COCs)
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Experimental set-up:
Cumulus cell-oocyte complexe (COC) collection and maturation in vitro

PMSG . .
Ovary dissection COC collection
44-48 h and puncture @ and culture

|

Expanded COCs I

' |

E-MEM I

+ EGF I

Expansion Index : 4 + FSH v
+ 5% FBS

Compact COCs

Not expanded,
dlssomated COCs

Expansion Index: 0
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occurs physiologically in antral follicles before ovulation

Antral follicle Compact COC

Expanded COC

Cumulus cells

" Culture conditions allow the final maturation of COCs by mimicking what

A

» direct contact

» typical ligand-receptor binding

» paracrine signalling pathways

» gap junctions and other junctional contacts like
desmosomes and zonulae adherentes

Interact with the oocyte in different ways, through:

Hyaluronan (HA)
Proteoglycans
Pentraxin 3

Hyaluronan synthase 2
CD44 (HA receptor)
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During the culture time ZnO nanoparticles (NPs) are added to the medium

Antral follicle Compact COC Expanded COC

from:
Joint Reserch Center (JRC) Repository, uncoated and coated

in-house prepared at Harvard School of Public Health, uncoated and coated
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Zinc is important in reproduction?

Zinc deficiency leads to:

+ In males, poor semen quality in term of sperm motility, vialibility and head morphology:
Croxford et al., J Nutr 2011
Sorensen et al., Human Reprod 2009

+ In female, oocyte meiotic resumption impairment.
Bernhardt ML et al. Biol of Reprod 2011
Kim et al., Nat Chem Biol 2010

+» Developmental problems throughout pregnancy:
Uriu-Adams et al., Birth defects Res B Dev Reprod Toxicol 2010
Keen et al., J Nutr 2003

Can zinc ions overloading be toxic for the cell?

Oocyte and cumulus cells have zinc transporters, both for efflux and influx of Zn*

Cumulus cells are important for oocyte zinc homeostasis
Lisle RS et al., Reproduction 2013
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Previous studies demonstrated that nano sized ZnO particles exert toxicity
In mammalian cells like alveolar epithelial cells, macrophages and
neuronal cell as measured by lysosomal damage, mitochondrial
perturbation, reactive oxygen species generation, DNA damage, induction
of pro-inflammatory cytokine release, and cell death....

.... ho information is available on the effects of ZnO NPs on the
reproductive system
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JRC ZnO Nanoparticles

Average crystal size:

NM110 42 nm
uncoated
NM111 34 nm

_ coated with triethoxycaprylsilane
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Home-made prepared ZnO NPs (Sotiriou et al. Environ Sci.: Nano 2014)

Average crystal size:

uncoated
SiO,-coated

Coat: a nanothin amorphous SiO, shell of 4.6 + 2.5 nm
encapsulating the core particles
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ZnO NM-110 (uncted)

Effect of ZnO NPs (JRC)
on COC expansion
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ZnO NPs NM-111, characterized by the presence of a triethoxycaprylsilane coating,
appeared to be less toxic than the uncoated NM-110, since inhibition of COC expansion
was first observed at the concentration of 7.5 pg/ml, while for NM110 NPs effect was

Using the Trypan blue staining we could observe that lack of cumulus expansion was

already evident at 5 pug/ml.

associated with massive cell death.

Trypan |
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In the literature, the reported cytotoxicity associate with ZnO NP exposure is attributed to
v’ the released ions from its rapid dissolution within aqueous solution and

v from direct particle interaction with cells at the plasma membrane level, eventually
followed by endocytosis events
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Comparison beetwen direct exposure and indirect exposure
(conditioned medium) to ZnO NPs uncoated and coated

CTRL NM110 (uncoated) NM111 (coated)

Direct
exposure

Expansion )
index (0-4)

Indirect
exposure

Expansion B
index (0-4)

ZnO NP-conditioned medium is not as toxic as direct ZnO NP exposure

Universita di Roma

Nanolnnovation 2016



Effect of uncoated and SiO,-coated ZnO NPs (Harvard) on COC expansion

2.5 pg/ml

5 pg/ml

=

Uncoated |
Zn0O NPs

TS : ;ﬁ ¥ R etk o2 : : o ; _ = 3 ‘_ - . :
ZnO NPs characterized by the presence of a silica shell appeared to be less toxic than the
uncoated ones, since inhibition of COC expansion was first observed at the concentration

of 12.5 ug/ml, while for the uncoated NPs was already present at 5 pug/ml.

N

~s

Si
Z Using the Trypan blue staining we could observe that lack of cumulus expansion was
associated with massive cell death.
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Comparison beetwen the two preparation of ZnO NPs,
both uncoated and coated

ZnO NM-110
(JRC)

Uncoated

Zn0O
(Harvard)

23
3

S

The presence of the silia hII in the in-hou repared Zn NPs
(Harvard) prevent toxicity better than the triethoxycaprylsilane coating of
the JRC ZnO NPs

nO NM-
(JRC)

Coated

SiO, ZnO
(Harvard)
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Gene expression by quantitative real-time PCR in cumulus cells treated
with uncoated and SiO,-coated ZnO NPs for 3.5 hours
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Take-home messages g Leatned
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From the biologist and toxicologist point of view:

0 the COC expansion process performed in vitro could be a powerful
system to assess alterations in the microenvironment of the oocyte and
could provide a quite sensitive platform to explore the reproductive effect
and toxicological mechanisms of nanomaterials

from the materials science and chemical engineer point of view:

O the encapsulation and coating of NPs with inert or smart material is a
powerful tool to minimize risks to the human health and to maintain or
possibly enhance the performance of a NP by itself, but they need to be
carefully analyzed and compared
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Zn Dissolution [%]
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The dissolution kinetics of uncoated (black circles) and SiO,-coated ZnO nanorods (red triangles)
in RPMI-1640 cell culture medium (pH = 7.4) for initial ZnO concentration of 100 mg/L



One step Engineered Nanomaterials (ENM) synthesis and in-flight SiO, incapsulation.
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ACS Sustain Chem Eng. 2013;1(7):843
A Safer Formulation Concept for Flame-Generated Engineered Nanomaterials.

Gass S, Cohen JM, Pyrgiotakis G, Sotiriou GA, Pratsinis SE, Demokritou P.
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