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Abstract

Nanoparticles (NPs) are widely wused in divers
science. The central guestion that need to be
bi ol ogi cal cells and molecules or are they sa
delivery is critical and so is tihneiwinidnoox i ci ty
vi voesearch on animals has generated abundant
However, due to varying |l aboratory conditions,
studies is somewhat wunreliable. I't should be n
NPs can enter the body through inhalation, ski
of NPs and their properties, there is paucity
effects; particle size, shape, surface area an
in creating health and toxicological effects.
information about their effects on various org
i mpact on health and the environment. This rev

subject that

Keywords:

hopefully

Nanoparticles;

prepares us better to a

Toxicological effects

1. I ntroduction

The rapid advancements in nanotechnology has r ¢
i ndustry, agriculture, mat eri al science and me
nanoparticles in diverse fields ranging from
medicine. Nanoparticles (NPs) are approxi matel
physicochemical characteristics, including sma
tuned properties [1-3]. They have potenti al bert
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drug-delivery systems and theragnosi s (simult
Currently, there are many NP-based products in
several car parts, scratch resistant sungl asse:
particle concentration, prewetting, dispersion
Toxicity severity NPs [5]. Another worrisome f:
to other hazardous pollutants in the air or wa
their transmission to the body. Due to the div
an urgent need for attaining more information
especially regarding their exposure and transf
them [ 6]. NPs can enter into the body through
their physicochemical characteristics and mode

with the body, depending on the type of compou

through skin or blood [8]. There i2swiatnh etxhteens i
ability to block UV rays in various health pro
NPs to health, safety and the environment as t|
to primary studies, NPs can enter human body in

in the body through the blood fl ow and induce

use and exposure to NPs has resulted in sustai
and animals [ 10, 11]. Thus, despite their adyv
making them risk factors for human heal t h. C
toxicological profiles should be taken into ac
in this regard is not truly established, rese
parameters such as particle shape, si ze, di sp
effects. A number of studies have indicated th
of genes involved in inflammation [15-17]. Ot he
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include the dose and its distribution in the «L
dose and toxicity. NPs can enter the human bod
and consequently accumulate into different ti s

brain by breaking the strong conrbd wtoiddrbrlae thnwe e

barrier (BBB); they attach to the cells contai
tight injunction in the BBB [21]. NPsd& passage
their cell met abolism are stildl being studied
as part of NPs performance that hopefully can

effects on organs or are theyisafvavenovugho|[ 8]

exploration of the toxicity and the underl yi n

guantum dot NPs that have become common in cli
consumer products and various other industries
2. Sources of toxic NPs

The sources of NP production applicable to va
production sources, NPs can be divided into th
1. Natur al NPs, such as emanating from forest
and dispersed naturally by different means.

2. Human generated engineered NPs that are of
industry and are produced by daily activities

3. Synthetic NPs that are made by engineering

Recent studies on the biological effects of NP:
l evel of toxicity and pose major threat to hun
can be randomly dispersed through air, soi |l , |

pl ants and animals and wultimately becoming a t
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t hat the carbon nanotubes, that are among the

uncommon problems in mice lungs that interfere

Figure 1: Nanotechnology transformative i nnov

environment, and basic biological sciences

3. How do NPs affect human body?
Due to the highly diverse nature and character
bi ol ogi cal effects are related to exposure pat

and the bodybds response to them [5, 23] (Figur
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NP-based targeted
e o deivery

Figure 2: Nanoparticles, depending on their s\
pat hways, including inhalation, skin, and dige
3.1 Nose, mouth, and skin

Smal | particles that enter the respiratory tra
or enter the cells that cover the respiratory
Nanoparticles with varying shapes, doses and c
respiratory tract. Fi brous nanoparticles enter
the prolonged inability of the macrophages 1in
the nanoparticles are soluble, their toxic eff:¢
cannot be solubilized in the respiratory tract
The outermost | ayer of the skistrnat emiadermaism.
that serves | i ke a barrier and prevents exter:!
hydrophobic | ayer of antimicrobial l i pids on
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epidermis, there is a | ayer called dermis that
the tissue through these vessels and el iminate
body through skin. Al t hough epidermis is 1 mpe
damage to the epidermis which makes it possi bl
the injection of NPs into the skin results in
i mportant applications of NPs, in the >domain of
in sunscreens; toxicity studies of NPs is high
contact with the skin. Some reipnotrot st hseu gsgkei snt ctahn

in skin cancer [27].

3.2 NPs uptake via injection
A significant application of NPs is in targe-
treatments[28]. NP-based targeted antimicrobia
some significant challenges in the treatment o
antibiotics, reduced absorption and i ncrease
intracellul ar bacteri al infection [29]. Nano- s
poor bioavailability [30, 31]

I n this context, di fferent NP systems such as
silica NPs have been developed [32]. The <cl as
presented in Figure 3.
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Figure 3: The <classificat

3.2l horganic Nano carri
Ceramic nanoparticles ar
metal oxides such as iron
These particles can al so

preserved from destructi

structures can be made

drug delivery [33]. Met al

di agnosis of diseases and

produced and evaluated,

prepared in different si
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be porous and <create

By designing

escape the reticul
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the provision of
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and shapes, wi

nor ga
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features of these particles is their optical
meaning that nanoparticles of different sizes

This feature can be used for diagnosis of the

both these processes. The surface variation of
l igands such as sugars, peptides, proteins, an
superparamagnetic nanoparticles are an i mport
materials wused in drug delivery that can be p
precipitation method or via biological means W
the particlesd surface, as wel|l as direct bond
these compounds. Il n addition, having superpar e
compounds in targeted drug delivery via the ma
can be guided to a specific place in the body

thereby Dbringing the drug @ (amagmediiftiec) , p loa
(maghemite, feupémpgnamagnetind iron oxide nano
maj or NPs wused in drug delivery. These particl
dextran or chitosan to enhance their biocompat.i

recently been highly emphasized in the drug del

known as Buckyballs); their size, shape and su
drug delivery. Singl e-wall carbon nanotubes an
nanometer, which is half the diameter of a DN
particles can easily pass through the membrane
cell. These structures allow for surface engi nc¢

surface of these particles can be coated with
bi ocompatibility, as wel | as the delivery of d

such as proteins, DNA and drugs. Phar maceuti ca
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these structures. Targeting and simultaneous t |

interesting features of iIimportance in drug del

3.20Rganic Nano carriers

The term, |l i posome was coined in 1961 by Al ec
consist of a liquid part enclosed in a double
synthetic phospholipid. Amphiphilic nature, bi
are among the factors that initiated the use o
[ 33, 35]. Another example of | ipid nanoparticl
a solid |ipid matrix consisting of triglycerid
a size |l ess than 1 e€m. I n order to increase th
are often deployed in their formulation. These
with very low solubility in an aqueous medi um,
transfer them to the desired site via, for ins
commonly used materials, in the form of nanopal
or synthetic, which need to be biocompatible,
besi des comprising an appropriate physi cal S 1

nanoparticles are often selected from biodegra
stability and their scale-up production in | arc¢
number of compounds and form vesicul ar syste
(nanospheres); the drug is kept inside a polym
in a polymer matri X i n nanospheres [ 33, 36]

macromol ecules that consist of block copol ymer

mi celles have a core-shell structure. Speci fi

mi cellization concentration (CMC), aggregation
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depend on the structure and |l ength of the pol:
micelles usually have a |l ow CMC, which affects
drugs and the resistance of micelles [36, 37]

Mi cell es have been widely wused in drug deliver
stability in physiological conditions, reduced
drug at the site and the surface change abil it
doxorubicin and NK105 containing paclitaxel ar
t he gl obal phar maceuti cal mar ket [ 38] . Dend
macromol ecules that are structurally similar t

structures are monodi spersed and their surface
physical interactions. Therefore, the molecule

ei ther t hrough compl exing wi t h t he structure

Polymerzomes are made up of amphiphilic copoly
water ; three block copolymers containing mater
entities have | ower penetrations into the <cel
phospholipid structure. The greater the copoly
property is which can be effective in reducing
have more mechanical and biological stability
of vesicles and macrophages is |l ess common in
for the drug. Despite alll these advantages, th
in the pharmaceutical market. Hydrogel nanopar:t
used to encapsulate and transfer drugs. These ¢
and carry a | arge amount of fluids inside. The

release the drug under specific environmental

These systems have been used to transfer DNA a
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and engineer tissues [ 33].

passive targeting. Il n t
anatomi cal conditions.
the reticuloendothelial
swal l owed by them. This

that the drug first enters

the macrophage acts as

d0i:10.20944/preprints201806.0273.v1

Nanoparticles

passive mode, t
Nanoparticles | ess
system and reach

feature can be wused

t he macrophage

defense system to

gener

this condition is vascular permeability associ
in cancerous tumors. This means that after exi:t
infected with the tumor, the drugs are |l ess |
system and, as a result, accumul ate there and
and polymer and micellar particles use this aprg
the environment al conditions of cancerous tiss
temperature is often slightly higher than the ¢

and the pH is slightly | ower (about 5.4). This
of passive drug delivery sensitive to pH and t
drug delivery, entails the possibility of more
can be achieved by conjugating the carrier wit

as antibodies. These changes can be made on mo

studied in recent years [40].

For exampl e, nano-doxorubicin which is used fo
on other organs due to its high metabolism [
despite the reduction in the drug side effects,
is released from the NPs. The reasons for some
the type of the NPs wused. This resulted in th
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pol ymer, etc. to determine which one had more
of injectabl e NP that is used for treatment of
these NPs assist in reducing tumor volume in t
from the drug, they need to be excreted from t
effect on organs | i ke kidney and liver [42].

3.3 NP generation by implant

The use of NPs for enhancing the i mprovement o
due to its close similarity to the mineral part
to those of the bone, hydroxyapatite has caugh
use of nano-hydroxy particles results in the
characteristics; nano-hydroxyapatite particles
compared to common hydroxyapatite. Thus, they
gr aft [ 43] and used for i ncreasing osseointeg
reduction of dental sensitivity, and increase
to their very smal/l si ze, NPs can easily enter
natur al bi ochemical environment of the cell; n
reactions and cell death [44]. Nano-hydroxyapa:
concentrations; 2 and 5 mg/ ml concentrations ¢
gingival fibroblast cells [45]. Shahoon et al
bl ood mononucl ear cell s and mouse fibroblast

hydroxyapatite particles and observed that the
dose dependent manner, but the reduction was
di fferent concentrations of hydroxyapatite on

been explored; the highest inflammatory effect
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4 . NP-cel l interactions

Surface properties of nanoparticles, namely hy
the biological environment al responses of thes:¢
proteins, cellul ar uptake and phagocytosi s, S |
removal . The surface properties of nanoparticl
adhesi on, gr owt h and di fferentiation. Nanopa
physi cochemical interaction in the celll me mbr a
in the cell membrane surface and that can be e
di ameter of the nanoparticles, the more their
and the higher the | evel of cellular toxicity
comprising |l i popolysaccharides, proteins and

penetration of nanoparticles occurs through i

mechani sm i sThd itldxiumiktnyo wnf. Au NPs with a di ame

expl ored. I n the range of 3, 5, 50 and 100 nm,
smal l est sizes which included apoptosis, oxi datf
mut agenesi s [ 48]. NPs enter cell through endoc
reduction in cell. Anot her study showed that t
such as TNF-UO, I1-8, I1-6, 11-1, and wultimat
interaction of NPs with the cell surface | igan
route for drug delivery and this is implemente

amphipathic compounds as they pass through m
reminiscent of the cyclic citrullinated peptid
and a hydrophobic part and CCP bonds with cati

the negative charge remained from the membrane
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connection of NPs to the <celll surface protein

particles and the particles reaction with the

being stronger than the anionic | evel in this
mol ecul es, their hydrophobic property, i's in

medications whose transfer is otherwise diffic
Coating NPs with |Iigands i mpacts the size, i g
changes The rod and cylindrical shapes of NPs,
ti me for wrapping and this is due to the thel

interaction of NPs with macromol ecules such as
can result in structural changes of proteins [
structures change after attachment of NPs due
performance. NPs such as C60 fullerenes and S

activity of enzymes such as HIV-1 protease (HI

therapeutic purposes [54]. The key mechanism r
oxidative stress that results in an intracell
ROS and reduction of antioxidants. DNA strand
base changes and, when DNA is not repaired, th
progress of cancer. Oxidative stress activates
The entry of NPs into |iving cells causes the
1- Potassium ions exit the cell causing a chan
and its malfuncti on.

2. Building components of proteins in the cel

enzymes are proteins and NPs can cause their de

have been directly connected to | ysosomal me mb

Mp
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rel ease t o cytosol and i nduced aut oi mmunity,
neuropathic pain. It is possible, therefore, t
of di seases associated wi t h ENM exposur e, I
permeabilization is similar to other endogenou
active cysteine amino acid and induced Cancer

Nanoparticle
Disruption of cell @

membrane and
L
lon release e e ®
® e
[ ]

plasma membrane =
ROS generation

Induction of massive

leakage of cellular
content

Protein 8 DNA damage
deactivation St .
° ) Accumulation in cell

® @ ’ e ® membrane

[ ]
| ® (]
I |l metabol Disruption of

inhibition DONA
replication

\ @ [ "

/‘\
®
L

Affects comect
function of plasma

membrane proteins

:_'no;:i:;m“ H'-*I : im;z::‘ilz":tinn
Figure 4: Nanoparticle-cell interactions: mo |
out comes [ 57]
3. The genetic material of the cell (nucleic ac

and growth [55].
The main mechanistic function of nanoparticles
variiomusvawoe vstudies suggest that they can pro

(ROS) , and therefore can play a role in intre
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transcription factors, and inducing changes ir
ways, including damage to the DNA, interferenc
the process of gene transcription, etc. [22]

Figure ©5: Entry of nanoparticles into the |ivi

The oxidative stress caused by nanoparticles ¢
1- ROS can be produced directly from the surf ac

radicals are present on the surface of particl
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2. Entering the mitochondri a. Sever al studi es
enter mitochondria and cause physical damage t
3. Activation of i nfl ammatory <cell s, such as

involved in nanoparticles phagocytosis process

oxygen and nitrogen species [10].

4- Met al nanoparticles (iron, copper, chromium
Al t hough some NPs, such as Ag NPs, are used a
mechani sm, i ncorrect use of these NPs can dan
example, Ag NPs can be used to disinfect wound
area. They can prevent bacteri al growth and re
heal t he wound. But , it should be noted that t
body around the injury site and cause cell dea
5. The effects of physicochemical properties o
In fact, a unique property of nanomaterials is
them with wuseful characteristics, but i's iron
mechani sms of toxicity. Toxicity has generally
size and surface area, composition, shape, and

5.1. The effect of NPs size on cytotoxicity

NP cytotoxicity is affected by changes in NP
vol ume ratio [61]. Sedi mentation velocity, m &
deposition velocity dependTlhoen stihzee sofz en aonfo pt ahret ir

an important role in interacting with the biolc

MYy
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bi ol ogical mechani sms such as endocytosis, cel
in the endocytic path deNPe nsdi zoen atfhfee cstisz et hoef inoar
the smaller the size, the faster the release r:
therefore, it owi | penetrate into the cell and
dependent toxicity of NPs can be related to th
NP sizes of |l ess than 50 nm administered throu

than 100-200 nm NPs and exert stronger toxic ef

surface wil!/ increase and the | evel of oxidati
NPs indicates their pharmaceuti cal behavior, t
to all ti ssues and exert toxic effects. NPs | a
its path to other tissues. But agai n, organs

oxidative stress.

The size of NPs has a direct effect on their p
enter the cell and their effects are unknown;
but they replace a series of proteins that are
Accordingly, the NPs size is effective in cell

that the toxioivpoodoél Agn NME3T8B- E1 and PC12 cel

NPs size and dosage affected cell viability as
and changed the cellular morphology that induc
5.2. The effect of NPs structure and shape on

NPs come in a variety of shapes, such as spher

influences their toxicity [67].
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The shape of NPs is effective in the membran
phagocytosis [68]; endocytosis of spherical NP
NPs are more exposed to blood flow and have mo
CNTs can be of single-walled CNTs (SWCNTs) or

their mechani sms on cell viability; SWCNTs pro
toxicity of nano-carbons was found toNBs depenoct
cause oxidative damage to DNA, induce | ipid pe
presence of Iight, and these NP-induced effect
5.3. The effect of NPs surface on cytotoxicity
Surface charge of NPs affects biological aspecHt
protein binding, and passage through the bl ooc
have more cellular absorption than the positiyv
proteins, which causes hemolysis and pl atel et

NPs surface affects absorption | evel of i ons
response. I n addition, surface charge deter min
the organism to changes in NPs shape and si ze

of surface chemistry of NPsi mnvahnudmarmoidnerhussne c e
has been investigated [ 74]. For instance, t he
reduced the ATP and genotoxicity for negative

to hydrophilic, positively charged amine-modi
and cells initially depends on the nature of

may interfere with cel | adhesi on, affecting

cytoskel et on, proliferation, and even survival
of NPs and the groups on their surface have a
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bare iron oxide NPs with an approximate di ame

compared to polyethylene gl ycol (PEG) coated o

interaction of NPs/cells with different charge
agents, while the metabolism of the nanotube f
5.4. The effect of NPs concentration on cytota
The 2 mg/ ml concentration of silicon had a t o>
observed in 4 mg/ ml [76]. Varied concentration:
i nduced LDH | eakage; the toxicity changed wit

(Figure 6).

Figure 6. Physicochemical properties of NPs an
Vivo. [ 77]
5.5. The effect of NP on the protein conformat
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A number of techniques such as nuclear magnet.
crystallography [79], circul ar di chroism spec
di fferenti al scanning cal orimetry [ 82], fluor
spectroscopy [ 84] have been widely wused for an
i nduced conformational changes and subsequent

such as, protein type, NP type, size of NP, sh
Subtl e changes in the structure of NPs affect t
with proteins. The interaction of the single
carbon nanotube (MWCNT) of varying diameter wi!l
met hods [ 85] . The circular dichroism bands of
SWCNT showed a remarkable increase of Db-sheet

with SWCNT causes the protein folding and mor
structure of tau protein (Figure 7). Also, as :
altered the secondary structure of tau protein
study showed that SWCNT induced stronger i nte
pronounced structural changes [85]. Also, TEM

to the surface of SWCNT thus dispersing it, whe
surface and eventually ends up in MWCNT aggl om
NPs can also influence the protein adsorption
changes. Protein surface residues form an inte
on t he NP surface based on t heir charge, h y
Thermodynamic parameters can stipulate the Kki-rt
namely standard enthalpy change ( @HA), standar
free energy change (®GA). For example, if @HA :
forces between NP and protein is hydrogen bond:
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®HA is almost zero and ®SA is positive, then t

protein is electrostatic interactions (Figure

Tau Lo

MWCNT

Assembly

Téu LL:L‘

R R
/\,“’\
Disassembly
— Random coil structure
VA = Beta Sheet structure
Figure 7: Schematic illustrating SWCNT-induce
resulting in pronounced conformational <changes

MWCNT [ 85].


http://dx.doi.org/10.20944/preprints201806.0273.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 June 2018 d0i:10.20944/preprints201806.0273.v1

Water molecule

Figure 8. Schematic representation of interact

based on the hydrogen bonding or electrostatic

5.5.1. The effect of protein corona on the tox
After injection of NPs into the bloodstream, t|
mol ecul es to interact with the surface of NPs

abundant proteins are adsorbed onto the surfa
replaced by proteins with higher affinity [ 88]
corona depends on the physicochemical properti

and the duration of exposure in that environme
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composition of nanomaterials and provides them

the physiological responses including aggregat
in the bl ood, signaling synthesi s, transfer, 8
complex with no gener al protein corona specifi
(1 gG), fibrinogen, and Apo | ipoproteins are f
proteins are prevalent in the blood plasma and
with | ower concentration but higher affinity o
attached to the NP and interact with it are sc
such as PEGyl ated NPs, contain only one weak

Protein corona reduces the toxicity of NPs by r

NPs with | ess protein corona have more cellul a
phenomenon has been reported for CNTs [91], gr e
NPs in various <cell environments [ 93]. I n the
positively charge polystyrene NPs, protein col

damage [ 94, 95]

5.5.2. The effect of protein corona on non-spe
The specific entry of NPs into the cell i's ac
specific cellular uptake is a random process of
The amount of NP entry into the cell depends
uptake of oligonucleotide-medi ated AuNPs has |
absorption significantly increased in an envir

cellular absorption of Fept NPs with QDs (QDs)

the formation of protein corona [96].
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5.5.3. The effect of protein corona on bio-dis
The nature of the NPO6s <core, whet her non-poly
increases NPOs persistence in the blood and re
the |ife of BSA-coated nano drugs was 6 ti mes

5.6. The effect of surface charge of NPs on th
NP hydrophobicity and surface charge changes t
effect on the |l evel of interactions between N
extracellular matri x, and non-target <cell s. Hy
circulation due to the opsonization of particl
system. Positively charged NPs are attached to
specific manner ; hydrophobic groups on the NF
accelerates the identification and relocation
interaction, the surface of the particle is co0\
of opsonization and hence increases particlesbo

Nano materials
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Figure 9: Toxic effects of diverse types of na
6. Toxic effects of diverse types of NPs on va
Tabl BoXic effects of nanoparticles on different
Target NP CMa¢gemnt oaticomes || nceédflfect
(timel size)l
rout e of
adminigstration
Br a AuNPlo 8-50 Igl(?/rwlgrphcnlBMgEiCca\llo mor phjol ogi cal
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an;j ’60éntng)ct’e_(?ragfttebrrd2e4nemted after 2:¢
(24 h) suggest.i 1ng|‘cr‘ov.{a§‘8}al
cytocompadanddtihealyi al
of the NPcedlelsst)ed.
Only t he smal ljest
NP tested (3 nm)
i nduced mild sjgns
of cellul ar tolxicity
[ 9
61120 h Zebr alfl i mpmct on ner vous
post embryosystem
fertilizati on, g(na\éflo(r)p\r/niegtal
50 eg/ ml and/ or
neuromusicul ar
sys[ 9
AgNP 6 25|11 me- andBMEG eT-i me - and dose-
50 8g/mq_e|ct~:-=2_r)5den1(prruSl;neaplylpnendent
40 or E%r%'m'.ri”nl arrrprrtatborfsynnrease
size) (‘Zyatchlplne mi rce loeviegesaes e | Dr O -
and el ateendd orti hseehsi hibnmmait or y
per meabi lddlyl s)anydt oki ne rel ease
cytotoxicity ard corlrelating
cell s [ 98] i ncreasels in
permeabil ity and
cytotoxijcity of
cell s. [100]
Cu 130-50 m i
g/ kg BBB penetration
[ 100]
AL 130-50 i
mg/ kg BBB penetration
[ 100]
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of : agents |® Qg zsdhione | evel
A Feru %gqﬁ,% hnto UR Pt er ed activiti
n-10 > ggarenchymal, s gsop and GPx,
nm) 0 pat.hmog'Canlryé)erpolarizatior
A FeruEf'nlotxé/rt%t'Dns WS t he
I (20-5O S F’nyed [102] mi tochonjdri al
A Ferdmoxi de me mbr anej
(60-185 n m) di ssipatiled cel |l
(3 mojnt hs) me mbr ane
I ntracerebr al potenti all , and
i noculation or increaselqd DNA
I ntra-arterial damage [|103]
injection after
BBB
di sruption
Ti20 30_45nmlleakage (Nfeu}g—céﬁte permeability
dehydrogenase pl asma
Zn0O |2-72h (LDH) [104] me mbr anej|
F 603 apoptosils, cell u
A bOs mor phol olgy,
mi t ochonjdri al
Crs0 function| [ 104]
CNT PEG- Aﬁcumhu.latlﬂcf)an dell1s Decreased
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of i pid per oxid
and decrjeased th
activitiles of
superoxilde
di smutasje (SOD),
glutathijone
peroxidalse ( GSH-
Px), catal ase
(CAT) and
glutathijone
(GSH)[106]
QD 0. 68 mgModer atelNeurhoingGhdlilkedeat h, t oxi
contai nguwantitiekCldfce@d sct on axons,
50 nmolionCsd was| obserphaxdnal
(13.5 nimn bmain| tissul@efgener ajti on
size) né6 hsigns of|[ 108]
I ntrapeirnftlommmat i on or
I parenchymal
damage wer e
detected| [107]
5 _g/h8s e - and t i me-
Lung 3(5'\|ép h/ dadepé&ndent i ncrease
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correlating
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smal |
granul omat ous
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Sb adenocarcin
0o ma
epithelial
Ag cel l l i ne
(A549)))
N i
F
CuO |07 40c ne2g human A g damage
epithel[lat]
cell s
SPION 200iL06Deaseqgiyman &‘t”|9vation of
e g/ mL cytoklnesep'tahne NE, stiimulati on
|nflamma10|eo|nIS f\ ‘%%)mor necr osi
24h < '
TNF-U [112] . factor - all pha
( TNFU), |reducti ol
of NFE- kB,
increase(d ROS
[ 113]
SWC'\{LO-loo Bags enl an 54t9i mel‘-OW aecute
T (24 h, |[dep&nideni upgojeygdotoxijel ty was
and 72|ihy cell '”a”b9||Cgt%/c:‘3huepr.reduced |
to 50% deccerlelass g :castper5|_on
max i mum dosage0 SWCNT s hn
after 72 np.Serum [[115]
Oxi dati ve strijess
was exhipited jJas a
mechanism of
cytotoxicity [114].
~Incre e_dH ul neavne | Assp oogft ot i |C and
QD 12'SOgLDH d alsaaldteunmicnnec'rntic cel l de:
[116] oma ce[ L4&7].
He a tNP 3‘19(5\|d:),'0‘ 10@a0u saendd c|Lradil ac|y tnecaretas e i pid
9 S/10000 pdpenh o&a mi t ygel | peroei dafti on
(peri odcoonfges8i o(nSI CHn@LPO) l evel and
weeks) [infl ammati on decreaseld | evel
[118]. GSH, SOD and
CAT [119].
Iron100 20 %how cahaitaenduced a
oxideand’ 500bsg/ I| e/ mmaxowabsouokntrijati on- ar
NPs |, (per od'daft'él:ar ti me-deplendent
weeks) capaC|t|=sndoWbeptatoxicity
proteinsj|cdlnl s the
heart [120].
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CNT1—0.3 Bilgd &lgs pbit essvdbdauDamaljge, NP
body wedlgannel sjar Thedi stribujtion W a ¢
suppresseEindoahdhdapendlent of
i nhi bitedCel Ks jacnodhcentrjati on an
potassi um time [122]
channel s l ead to
increased heart rate
[ 121]
QD human Ch s i n
hepatthFFEﬁEondrial
afr . mor phol olgy and
Carc'ng[nffjcture, as we
HepG2 5§ i?npalring t he
functi on and
stimulati|ing t hei
bi ogenesfis [123].
DernAgNP 50 Midmde hondrd3l N o evidence for
a | 100 eg/dneLpendem(hc!"énlalnLFle lul ar
(24 h) apoptosissh'eq.aldeahm %e yp to a
ROS at caraC|noma):entrat|on
concentration (I\)ﬁ)ff 6.25 __g/mL.
650 eg/ mlL [124]Morphological
changes at
concentrljations
bet ween |6.25 and
50 _ g/ mL
wi t h concomitant
ri se in |[GSH,
SOD and i pid
peroxidaljtion.
DNA
fragmentjati on
suggests
cel | delat h by
apoptosii|s[125].
TIOZ15 a?g/c(mytotoxi:Hqg/aTw.%ystOtox'c'ty was
(24 h) |[detected (ktoratboebeeyt/fad to be
affectin;e cell%flfaerCF'ng cell ul
functionscellilkéfggﬁlt'OnS
prolifera(}qn&ahn, such as .ceII
differentd&ntH I1p.r6€rldferaFlo_n, )
mobility Ll'ebardqbqugbtiole{te;t'at'on )
apOptOSI’imﬁ?$Jdezbting i n
d apop|[ 1.
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sebaceous
gl and cel l
Il i ne
(SZ295)
F 604 65nm Skin |ltrucmogasel|s ROS,
cell s |[removes cancer
cells [128]
CI\ITl(a‘,g/mL Vﬁdhctio1Huma%fDNA damajge and
oxidativ=Der fa{) rammed cell -
and cF'IIOﬁ Sth [ 1307 .
toxicity t?y
accumul ation of
peroxidative
product s |l ncreased
interl eukin, ([rL) -8
rel ease, and a
decline in cel |l
viability [129]

QD 4.6 | ntm easedHumacnel|lllncr easeld Il L-16b,
core/ shreédllease epi delLrnibbt, 6, I L-8, and
di amet elrL- @D afrkder at | bdDEY Ue
for 8 h8.alnhdes2e4 |sreBHKspBncentrjati ons
h i ndicat e t haft132]

surface |[coatinjg of
QDs does not
affect tihe upt ake
by keratinocytes
but i s a mai|n
determinant of
cytotoxicity and
i mmunot oxicity

[ 131]

Liver \gIN,Ps 50/ De clloione |l Maajps enter cells
150, 2:)v0i,ab4i(](]t/m.O[U15363dV\.’h'Ch resul ts i1
ppm fof 24 h f|_brothets,

pri marfproducti|on of

hepat omgtdeator|s of
oxidative-stress.
However,
protectiyve
mechani sims coul d
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i ncrease GSH
productilifon t o
avoid

oxidati vie damage
[1¢

Cds e 62 5-1000 Pri majoy2 . 5 at _Og/ml,

&g/ ml/ 1-8h hepatocyteSoxlcular

oxidati vie,
photol yti|ic
conditions. No
toxicity wa s
observed when
adding Zn S cap
[1¢

Zn0l100, 3pTWh d i Il oul

NP s , , e an‘cytl—lwtnnaxnl cCe ular|
600 mgp/oktge.nt i alhepfit aZompgXx phol ojgi c al
Al 1l owedNHsori n7f ma(mnta2 )i ammodi fi cajti ons,
days cells [13836]. mi tochonjdri al
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reduction of SOD,
depl etion of GSH
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[114] .
AQs 235, 24%ppm Bl god cel l and

mel anomaxi copha

ge accumul ati on,

hepatocyte
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port al vein

alteration [137]

Ti20 5, 10, C9D 1% TRatand|Diewdreti on of GSH
or_150 é@‘l—‘ IJ(xg =(bepriRvoeSbIevcee|I,I reduced
daily 1507 1 &% (evees @BRochonldrial
days. successtBIA)y me mbr ane

protect cells |poobenti al i ncrea
t he t oxi|c ef fleamt s ROS l evel s
[ 136] [15] .

CNT ConceRtodtut bnobhumanol[fDNA damage,

sD25 ceQglacpnopt ot i chespagtnmdilsas taseld
[138] . ma C3Aioefrbacell|lul ar RO
l i ne and | L8 |[[139]
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exposed to |glutathifone
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compared| to thiosndgerl eulkin-28 (1!
exposed to |8), Il i pid
MWCNT1 [ 147] peroxidaftion [ 14F¢
QD 1.5 Opohla/nkgge sa t|&mpe yodd me- deplendent
1, 7, 14, MNAK |kd @lnley|,d ecr d &s e of
28 daystoxicity|(BEK20OB) t ochon|dri al
transporters. transmembrane
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expressiijon,
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apoptosif|s [150]
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n or al permeability of cell
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e X
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orgphS4-156]
StoﬁoégNPSZS-day Aggregation iln
ch repeat esddt oomaah ti ssujes
dose [ D5 7]
AgNPs o f 60
nm, 2.6 mg
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Au NPs Gast ridRiemtoers tn g tumor
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CdseO.SZP(T)m( HumaRemovi ng t umor
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TioO |1012 Aggregation iln
NPs |particl®etsdmpa&cilsoti ssues
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caspase-|3 and
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Ear A g NpasO 0 0 E';IgrAp”}:tlirme1EEALoBf/Ctlnl"lnqe) i rment of th
AgNPs mitochonj?’rTi3alCe t@EHSndrial
'ndu.cedfur}ction function| [ 175]
hearing 0SS
wi t h plalr7t5i]a |
recoverny
wi th

R T} SINULLCII LY
h. 4 andN arenchyma
[ 176]
7 days
CNT rlnS?meioef?diQO t he upjtake
hg . nfo t hle CNS
' a”pgarenchyna N p
7 days |pathological
alterations wer e
observed|[ 177]
1 mg/ mlk .
QD i
4.5 mf;%ﬂ”;grmal ties,
after 24, y wal | def elct s,
neur al tube
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Eye AuRPRO ancdel?oodeaﬁtuﬂnano Do sils,

nm, 72hdeve|opmacnorrar\eagbggtgﬁt
growth [ 178] expressijon facto
pi gmentajiti on,
devel opment
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ot x2, and rx1l) al
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(sox10) [ 178]
Iron2’ 20 adqedllzoodeath olr
oxi dd&d M 72hdevelopmantal
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Si | }5c0a, 10|0 and Hu man .
NPs 150nm sizes [/ cornea el lrular rea_ctlv
48 n epithe Xﬁ en |species
cells ratijon [179].
(HCECSs|)
CNT Up to 7E?\yoe-ni”erHation
every reeteiknal
for 9 Wc'iaeeé(egnermion

[ 180]

QD 17 weekéye_i

3.6 kg Ieng odry tion [181]
wei ght
6. 1. Brain targets
The structure of the brain is maintained by tfF

(CSF) to prevent the entry of pathogens. This

by various barriers, has only this protection
protected by tight intercellular joints, but r
ability to damage the brain through their toxi
Parkinsonbds it is necessary to pass the drug t
delivered using NPs which can cause damage to
epithelial cells of the cerebell um by induci nc¢
speci al place in restorative dentistry besides
NPs . These particles have high strength and t
passage of X-rays, so they are ideally suited
radi ati on. Using NPs with plasma | aser i n den
variatienzen[ IB®]. This NP is reduced to nano
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the skin in the form of emulsion gels [1]. NPs
i ver , intestine, femur, thymus, gut, heart, s
When these particles are exposed to | aser p u
collective effect [ 1] ; ensuing particles turn
kinetic movements. Therefore, this process can
in addition to increasing speed and accuracy,
need for anesthesia. Metal NPs such as Ag NPs
they are invariably present on the wound healdi
me mbr ane potential, resulting in decreased intr
[ 98, 184] . This is achieved by targeting the
death. Au NPs increase the radiotherapy effici
cells and increase energy absorption. Most <can
treatment [ 185, 1867 . Cancer cells need high a
Hence, Au NPs with folic acid molecules attach
cells on exposure because they have a smal/l S i
During radiation, when cancerous cells are exp
photoelectric effect, occurs which absorbs a si
One of the main points of focus in diagnostic

effectively depict and capture various componer
di scusses vari ous factors t hat shoul d be <cons

highlights some of the most i mportant exampl e
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especially for molecular imaging and cellul ar
Advantages of using these NPs include the abil
of multiple properties, persistence in the cir
volumes (such as medication). The principles a
devel oped over the past years, hence more comg
have been reported, such as paramagnetic par:t
machines that can deliver materials to the ato
MRI of micro emul sions is used for examining
among the nano-carbon structures that, due to
red blood cell s), play a speci al role in the f
cell s, bi o-sensoring bl ood glucose, detectin
engineering, and so on. Recent studies have s
purposes, such as crystallization of proteins,
The intrinsic fluorescence properties of nan
identifying specific targets in human body tis

have now been devised to connect DNA mol ecul es

surfaces of nanotubes; this enhances the abili:
infectious cells [180]. The assembly of speci
wi despread use as enzymatic biosensors, which
a variety of biological mol ecul es most widely
Recently, the use of CNTs in tissue engineerin
key role of CNTs in the culture of tissue cel/l
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6. 1. 1NPHKet al

AuNPs

AuNPs have the potential to connect to the CNS
endot hel i al cells (BMECs) are among those impo
increases cytokines expression such as TNF-U,

the brain. The toxicity of AuUNPs depends on t he

For exampl e, with regard to the particle diame
found to be more toxic than 5 nm, indicating t
[189] .

The reason is that smaller NPs have a higher
through the BBB. No morphol ogi cal changes have
eg/ m , diameters of 3, 5, 7, 10, 30 and 60 nm,
i nduced cell cytotoxicity [184]. The toxicity

endot hel i al cells (rBMEC) showed that these NF

that smaller NP sizes had higher toxicity NPs

changes in the cell [ 98] .

Ag NP

This class of NPs is widely used today in drug
neurodegenerative potential by damaging mitoch
drug mol ecules could improve drug efficacy; dr
NPs via ionic or covalent bonding, or by physi
Au has been combined with methotrexate, an ant.i


http://dx.doi.org/10.20944/preprints201806.0273.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 June 2018 d0i:10.20944/preprints201806.0273.v1

to the surface of 30 nm Au NPs after overnight

pH-sensitive |Iinker enables the increase in inf
therapeutic effects. The surface of Au NPs can
as a spacer. The amphiphilic characteristics o
under physiological conditions and provide num¢

AuNPs, AgNPs induce tight junction disruption e
barrier and induce cerebral edema [192]. AgNP

40 or 80 nm and a concentration of 6.25-50 ¢g
infl ammatory cytokine, cell permeability and c
systemically and precipitate in diff ArgNPts t i s s
increase serotonin and dopamine neurotransmitt

The toxicity of Ag NPs on primary rBMEC is dose

co-culture time induced increased the express

penetration [98]. I ntravenous and intraperiton
eg/ mli in mice caused BBB penetration [98]. Th
neur onal cells of the rat at 1, 10, and 20 nm

dose- and time-dependent [101].

6.1. 2. MER sa | oxi de

SPI ON is approved by the FDA and is used i n MF

effect reported is that it causes cancer [ 193]
neur onall damage [194]. I't is important to know
effective in causing toxicity, breaks as a res
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ferumoxyt ol and ferumoxi

concentration of 208 or

duration of 3 months caused
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dem dextran. The

1042 eg/ mL of ferumoxt

permeability

ti ssue [102]. The FDA approved SPI ON has

in vetoudies on brain cel

oxidizing NPs I|like (U)SPI ON

of increased | evels of

glutathione,

i ne which coul

caused toxicity

membr ane hyperplasia, destruction of <cell

study examined the toxZnothy 5df

exposed to neuro-2A cel

or 2-72 h; t oxi

mor phol ogi cal changes i he cel |, changes
LDH, plasma membrane penetration, and apoptosi
6. 1.3. Carbon-based nanostructures

I n vstvwdi es generally show good

inject&-ommnroifched CNTs i

BBB. I ntraperitoneal injection of a concentrat
di ameter of 13.5 nm withi
These NPs can accumul at e
shown that PEG- SWCNTs at

scaffolds in tissue engineering, can accumul

stress [105]. Therefore,

precipitated in the CNS.

ce showed that

6 h resulted

n the brain tissue

concentrations of

he toxicity of

The toxic effects

t hrou

changes

Goxoate 48P80 ( MMO

compatibility
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mitochondri al membrane potenti al ( MMP) , i nduc ¢
(ROS) , increased | evels of | i pid peroxides, al
(SOD), glutathione peroxidase (GSH-Px), catal a

6.1.4. QDs

The primary application of QDs is now in the fi
compounds. Their additional applications i ncl
tracking of their behavior. I n these methods, (
such as antibodies, bind to QDs which makes QD:
to target mol ecules or target cells whose surf

binding of antibodies on the surface of QDs to

cells or proteins results in the emission of |
in the sample, no emission will be observed (F
bi omol ecules is possible over an extended per.i
extensively used in the detection of cancerous
through trigeminal nerve or ol factory epitheld:i
the ability to reach tumor tissue in | aborator
were isolated and Cd was observed in the brain
damage and nerve inflammati on. However, the t
needs further investigation. QD toxicity is si

the brainlmanwvenahymas. used these NPs to target
which in the |l ong term were able to reduce the
QD NPs on neuron-1like PC12 cells has been exami

death and axon damage [ 108].
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Y

Goldnanoparticles  Linker  Cross-linker Antibody ~ Antigen

Figure 10: CNT decorated with gold nanoparticl
6. 2. Lung target

One of the properties of NPs entry (into tisstu
various ways to transfer a drug into body such
entry For inhalation drugs, the most i mportan
| arge size, the lungs are a good target to acc
6. 2. 1NPHKet al

Various studies have reported Ag NP-induced in
the lungs. The toxic effect of Ag NP on | abora
being dependent on diameter. NPs with 20 and
increased BALKC, CCL11, and I L-13 in the | ung
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occurs following inflammati on, the | evel of ma

ROS | evell li98Bdr.eases

The toxicity of met al NPs such as Cu, Zn, Co.
adenocarcinoma epithelial cel | l'ine (A549) was
Og/ ml and exposure time of 3 and 24 h; these N

6. 2. 2. MePtsal oxi de
Li ke met al NPs, the most i mportant damage of T

of these NPs are ZnO and CuO which have a dame

l ung tissue by increasing | L-1b; they also inc
pH in the tissue [200, 201]. Otheandt NdODebdlPhayv
on lung tissue to be the expression of TNF-U

The study of SPION cytotoxicity on human |l ung

trigger activation of c¢c-Jun N-terminal Kkinases
(TNFU), reduction of NF-kB, and an increase of
6.2.3. Carbon-based nanostructures

The most i mportant damages to the lung tissue
infl ammati on and genotoxicity inducing asbesto
toxicity of t hese NPs includes neutrophilic
cytokine production, thickening of the tissue,

ROS 0,,H MO and RNS and directly causes cell i
of 10-100 e©€g/ml and exposure time of 24 to 72
on dose and time and caused oxidative stress |

A549 human |l ung cancer cells indicates that th
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6.2.4. QDs

Cadmium selenide nano crystals are highly toxi

ultraviolet | ight is as much as the energy of

| eads to the release of cadmium ion into the <ce
of wultraviolet Ilight, they wil/l be non-toxic
toxicity affects lung tissue. In animal studie
LDH and al bumin |l evels [206]. QDs, inorganic

of the most attractive tools for bioimaging an
with a cadmium selenide (CdSe) core induce cel
( ROS) and i nhibiting survival related signal:.
mi tochondrial -dependent pat hways invol ving Fa:
human neurobl astoma cel |l s. Previous studies f
|l evel of human | ung adenocarcinoma cells and f

form of apoptosis and necrosis [117].

6. 3. Heart targets
As one of the entry routes of NPs is through a
heart and circulatory system, today it has be:q

i ndustries that use NPs are more susceptible t

focused their attention on identification of d
[118] . Nano materials (NM) l ong-term exposur e
increase ROS, i nfl ammation, and genotoxicity |

6. 3. 1NPBet al
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AgNPs have been extensively used in diameters
the toxicity of AgNPs i n various concentrat:.
circulatory system of pi gs; acut e toxicity \
pat hol ogi cal examination of heart ti ssue 1 ev
various Ag NPs (100, 1000 and 10000 ppm) adver s
and high-dose Ag NPs treated groups when compa
hi stopathol ogi cal anal ysi s. Some reports have
could release whilowkercoowhd t{Aansl ocate in blood
some organs. It has been suggested that the ad
(100 mcg) were not saf e Tdhoes es tfuwdy deefr ntaylt catpopx ii cci:
on catla heart <cell l ine (SI CH) showed that th
the | evel of GPx, CAT, and SOD [119].

6.3.2. MeRsal oxi de

Il ron oxide NPs (I ONs) affect the mitochondri al
ROS, which changes the oxidative capacity of t
100, 200, 300 and 50604 cagn/dmli tc ownacse nrtervaetail oends tohfa t
concentration-dependent ; hi gher NP concentrati
ROS in the heart [120].

The examination of the cytotoxicity of iron ox
cells showed that these NPs induced higher | e
increased with increasing dose and ti me. I n f
dependent [208].

6. 3. 3. CNT

n o
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CNTs which are used today in the manufacture o
wel | as in the circulatory system can cause si
that CNT increases the heart rate of rats and

bl ood pressure and uncoordinated heartbeat [ 12
The study of cytotoxicity of carbon NPs on mic

i nduce DNA damage; cytotoxicity in these NPs w

6.3.4. QD
CdTe-QD is another type of NPs wused in the ind
[ 209] whi ch i nclude mi tochondri al respiratory
decreased cellular calcium | evel s. Due to the

its morphol ogy changes causing disruption of mi

[123]. These in turn can alter the rhythm of h
6. 4. Der mal targets
The skin is the | argest organ in the body that

pat hogens. The entry of toxins and NPs through

effects. When NPs are smaller than cell s and ce
components. The skin is composed of three | aye
NPs through the skin is controversial but seve
through the external protein of the epider mis
damaged skin which increase skin sensitivity |

6. 4. 1 NPBet al
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Skin is the |l argest target organ for AgNPs duce

AgNPs and expectedly sever al studies have ex
hepatocytes. One study showed thatll18pgNPsnobave
i mportant toxicity being the increase in ROS, :
Even a study of speci al wound dressing, i mpr e

cause skin discoloration and oxidative stress
The effect of AgNP cytotoxicity on A431 (humai
cellular damage up to a concentration of 6.25
observed at concentrations between 6.25 and 5

SOD, and | ipid peroxidation. DNA fragmentation

6.4.2. MeRsal oxi de

One of the most widely used met al oxwldiec NPs t h
is essential component of sunscreens. Studies
apoptosis of hepatocyte ceNPs. pOnbéerasesdt asoa
follicles and der mal |l ayer of the skin to the

causing apoptosis and over a period of time <c

toxici tNNPsofonTiHaCaT (keratinocyte cel/l l'i ne), s
i mmortalized sebaceous gland cell l ines (SZ95)
affected cellular functions such as <cell prol.i

apoptosis [127].

The toxiz@NRsy of <Fkin tumor cells increases ROS

=]
o
(7]

gni ficant toxicity on healthy cells has b

6. 4. 3. Carbon-based nanostructures
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The effects of SWCNTs on keratinocyte cells ha

increase ROSs and cytotoxicity by increasing t
radical producti on, and | oss of macrophages [
changes in the skin and increase NF-kB [121];
dependent . I n a study of the toxicity of SWCNT
and decreased cell viability hasi nbevembdredpor t ed

were reported to be the toxicity of skin fibro
The study of the cytotoxicity of carbon NPs or

this type of NP induces apoptosis and cell cyc

6.4.4. QDs
The toxicity of QDs on the skin and their pen
wherein different shapes, doses, and sizes of

based on their size and duration of exposur e

corneum and is deposited near the hair follicl
types of QDs accumul ate at different sites in
polyethyl ene keratinocyte cells increased | L-1

toxicity have shown that the type of QD, size,

—
o
X
O

ity [131].
Il nvestigation of the effect of quantum NPs on |

that they increase concentrations of |1 L-16b, | L

6. 5. Liver targets
NPs can enter the human body in various ways,

bl oodstream, causing damage to the tissues and
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met abolism of

drugs and toxins.
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Serum | evel s of

aminotransferase (AST) can help physicians to ¢

of t hese e

can increa

6. 5. 1 NPHBet
I n a study
5, 50, and
mi ce had t

pat hol ogi ¢

and induct.
or intrape
used i n me

i ncreased

the | iver

toxicity of

of AgNPs wi

effect was
shown that

deposited

184] . Anot her

l i ver i nfl

Il mn vmbdel s,

appeared t

nzymes are directly connected with m

he | evels of the enzymes in the
3-100 nm AuNP was injected into ra
nm did not show harmful effects
effects such as fatigue, |l oss o

tudy showed the deformation of
of i nfl ammati on. Studi es have sl

neal) dictates the type of toxic

ne today is AgNPs wherein toxici
| evel in this organ. Il n rats, i
ue and increased LDH | evel [ 216
NPs in hepatocytes which were mc
a size less than 10 nm at differ
uction of <cell viability. These
above 100 nm are deposited in
he | iver. The capillary di amete
met al NPs used in drug delivery
ammation and increased cytokines exr¢

he toxicity of AgNPs on primary

oxidative damage and increased
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NPs on primary rat hepatocytes cell s at

to be increased ROS |l evel [218].

6.5. 2. M\ePt sa | oxi de

a conc:

Zinc oxide NPs have anti - tiunmovrmbpdred p earntdi ehse nocne It
can be used in chemotherapy studies. Studies i
l eukemia (HL60) reduced in response to these N
cancer cells (HepG2) also reduced 2iNMPst heeampr ese
increase ROS and iinduembidelf | ammaseoMNPsI anhibi-
i nduced | ipid peroxidation daX@ade® Himadr &ased
di sturbed the balance of | iver oxidation syste
[ 136] .

The toxicity of ZnO NPs on human hepatocyte (L
alteration, mi tochondri al function change, red
damage [114].

APOsNPs up on injection into mice at 235, 245 pp
cells and mel anomacrophages |, hepatocyte necrc
portal vein [137].

The toxi eNiPtsy onf rTaitO 1l i ver derived cell l i ne ( BF
of GSH |l evels, reduced mitochondrial membrane
[15] .

6.5.3. Carbon-based nanostructures

Li ke other NPs discussed here, carbon NPs are
organ through the circulation; some the target
the i mmune system whose function is disrupted
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pl atelet activation. These NPs attach to the p
toxic effect. The binding of t hese NPs to t|
i nfl ammati on of the spleen [138]. Nano-carb
hepatobl astoma C3A celll l ine increased infl amr
l evel, and induced DNA damage [ 139].

6.5.4. QDs

QDs cause heavy damage to the body due to the

The |liver tissue is more exposed to this damag
Some of the damages include oxidative stress,
the I iver, and increased LDH Il evels. The toxic

sizes more than 100 nm cause hepatocyte damageée
should be coated with biocompatible materials.
The toxic effect of quantum NPs on primary r a
release of free cadmium ions, which could not

core [218].

6. 6. Kidney targets

NPs wused today in various industries enter t |
dependent on their dose, size, shape and entr.y
pat hways in the body. Exampl es of t hese dama
def ormation of body organs, and cellul ar d ama
i mportant examples of these cells are I|liver a
removed from the body through the Iiver or kid

the kidneys.

pp
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6. 6.

adyv

t he

and

¢
©

mor

and

dec

1 NPHBet al

ani mal model s, di fferent shapes, si zes, anec
erse effects of NPs. One of the reported si
se NPs are excreted through the kidneys [21
ki dney damage, because the higher the vol ul
neys and the higher renal tissue damage [ 22(
ALP in rat serum showed the | evel of rena
estigation of the toxicity of AuNPs on embr

icity was dose-depenttat; 4ah, cbhegntcronasiednt
m of DNA damage and transferrin | evel alter
. 2. MeRsal oxi de

a study to evaluate the toxicity of ZnO NPz
e injected into | aboratory rats. After 14 ¢
cose, tri-methyl amine-N-o0oxide, and 3-di hyd
cinat e, alpha ketoglutarate, and 4-hydroxyp
es of these NPs alter fat and glucose in t

ney damage which is more intensive at a do

ithelial necrosis [143]. At a dose of 10 mg/

Il s and apoptosi si mfv mtedheall [elpdid]lh.el i al cell s
previous studies, the toxicity of ZnO on

phol ogical modifications, mitochondrial dys/|
oxidative DNA damagetlyld4] Cu NPs on HEK293

rease in cell wviability and increpagZe® ROS |

andOAloxi de NPs at doses of 1, 10, and 100 &g/

caudu

sed DNA damage and genomic toxicity and the
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6.6.3. Carbon-based nanostructures

Shang et al . (2015) used MWCNTs as scaffol ds

cellular toxicity to HEK293 cells, resulting i
damage by increasing necrosis. MWCNTs increase
infl ammatory factor, rise |lipid peroxidation al

depending on the type of MWCNT, for exampl e,
SWCNT1, and the smaller the size of the NP, the
[147] .

The toxicity of carbon NPs on HEK293 was in th

glutathione (GSH), interleukin-8 (lIL-8), and I

6.6.4 QDs

As mentioned before, QDs causes substanti al b c
from heavy nuclei, especially the kidneys are
toxins. Some of the damages include oxidatiywv
met abol ic pat hways of proteins which itself

apopt osni ymobwel s [ 149] .
The toxicity of guantum NP on HEK293 was rep

membr ane potential, increased Bcl -2 expression

6. 7. Spleen targets
The spleen is an organ of the i mmune system t

i mmuni ty and defend the body against i nfecti
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infl ammation and damage to the I mmune system,
the spleen.

6. 7. 1 NPBet al

NPs can enter the body orally and intravenous
damage to the gastrointestinal tract. I n a stu
323 nm size were measured on the spleen. While
absorbed in the intestines and stomach, 300, 3
nm induced the accumulation of Ag salts in th
membr ane and Na- K- ATPase activity and el iminat

The toxicity of Ag NPs was reported to be inhi
Bcl -2, and an increase in caspase-3 activity a

6. 7. 2. M\ePt sa | oxi de

Il ron NPs also cause iron ion accumulation in t
often used to treat cancer tumors. The reticul
on the biological di stribution of NPs and thei
time, up to 100 days, in the spleen [153].
6.7.3. Carbon-based nanostructures

Mo st NPs damage the i mmune system and induce
spl een. SWCNTs accumul ate in the spleen and, b
and cause cellular toxicity. The most signific

factors caused by these NPs [222].

6.7.4. QDs

Ti ssue imaging through infrared stimulation i ¢
fluorescence. Using the | ight properties of QD
organi c pigments. The i maging and sentinel [y

py
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i mages could be obtained through intracutaneou
red area. The marked points have better col or
about the toxicity of mineral QDs containing P
damage the nervous system, the digestive syste
and the way they are complexed and accumul ated
toxicity has been studied only in animal s.

One study examined the negative effects of Se
for treatment of mice and concluded that quant
which was the spleen. I n fact, the toxicity of
Previous studies on the toxic effect of QDs i nj
NPs were eventually accumul ated in the splee
phagocytes; |l ong-term observation revealed pat
6. 8. Stomach targets

The intestinal epithelial cells are different
activity is transferring digested substances t|
they simply |l et many particles, especially smal
the bloodstream. Oral targeted drug delivery,
NPs in the intestines and their entry into the
the death of germs and destruction of some par
that gastric acid does not destroy the drug, bi
the stomach.

6. 8. 1NPHBet al

AgNPs, when used for drug delivery, should pas
damage to the stomach. One study examined the

P&
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60 nm given to rats for 28 days. The toxic eff
dose-dependent ; 12mg/ kg had the | owest toxic e
l ed to increased ROS level and inflammation [ 1

One study examined the toxic effects of Au NP:¢
have ther mal properties which can kill tumor <c
The exposure of CdSe® to0c®4ohocadseh cedlcsedtc:
was in a dose- and time-dependent manner [ 1509]

6.8. 2. MER sa | oxi de

Met al oxi de NPs enter human body from food soL
Tio,®P used in agricultural toxins enters food p
and the breakdown of macrophages [160]. ZnO NP
1000, and 2000 mg/ kg when admi ni stered orall
aminotransferase. Hi gher doses increased toxi
i mportant damage was inflammation and increase

6.8.3. CNT

CNTs have multiple effects on mammalian cel |l ul
and cause inflammation and increased ROS in mi
on the physical state of the tubes, whet her t
unf ormed i mpurities in CNTs, and the refining -
solubl e CNTs are |l ess toxic than aggregated CN
Al t hough CNTs ar e widely used i n water pr oc e
rehabilitation medicine, they have harmful eff
abandoning CNTs in the environment can have h
addition, CNTs may have adverse effects on the
damage [165]. Existing research has shown that
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skin, the respiratory tract, or the digestive s
routes to the body have been reported for CNTs

Few studies point to the digestive tract throuc

enter the body. In addition to being the entry
entire gastrointestinal surface is a complicat
the i mmune system (such as macrophages, neutro
go el sewhere through the gastrointestinal tract
the mesothelioma cells of the digestive syste
induced apoptosis and increased expression of
carbon in the environment and its penetration

6.8.4. QD

I n vstwodies confirm the toxicity of QDs; the gr-r
are affected in the presence of QDs. The toxic
factors, including the size of the NP, sur f ace
surface chemistry. Different mechani sms have b
one of them entails the release of Cd in Cd Te

mechani sm is the process of producing oxygen fr
with intracellular components is yet another p
core and the shell are typically composed of t

with configurations such as CdS/ Zn§S, CdSe/ ZnS

notation being: core/shell. The I11-V QDs have
because the bond between the components in the
is ionic in the I1-VI]l group. Despite the | ower
in this category is more difficult and time-co
[224] . Coated QDs &enter the body, open-up in
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congestion, |l eading to increased ROS, apoptosi

damage [ 166].

6. 9. Pancreas targets

The enzymes necessary for food digestion are i

the pancreas. They are injected into the duode
stimul.i after ingestion of foodstuff. Di fferen
of the pancreas due to their high toxicity. I n
of duodenum. NPs are examples of these toxins.

6. 9. 1NPHlet al

Stensberg et al . (2011) investigated the toxi
entered the organ in the form of endocytosis a
dosage, the form, and duration of administrat:i:
the destruction of this organ. The effect of A
it included increased apoptosis factors, i ndic
[167].

The toxicity of cobalt NPs on human pancreatic
of NPs in the cell and apoptosis, which was do
6.9.2. MeRsal oxi de

The toxic effects of Ag oxide NPs were evalua
mg/ kg) for 14 days. The effects included incre
appetite | oss, HB, HCT, MCV, MCH, MCHC, and L
NEUs, and ALP which increased with higher dose

at all doses, but higher doses increased sedi me
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study examined the toxicity of (ZnO (SM 20( +))
125, 250, and 500 mg/ kg. These NPs caused anerm
doses had | ower toxicity[171].

The toxi eNRsy tofatTiwere co-cultured for 42 days
cancer cells [172].

6. 9.3. CNT

I n one study, PEGyl ated CNTs were wused for pa
effective at 5, 10, and 50 eg/ml doses for indtu
was induced by the effect on mitochondri al me m
viability of cancer cells. These NPs, thus, ca

6.9.4. QD

CdTe-coated QDs are used to induce toxicity in
by wultraviolet Iight and, by releasing quantum
viability. Therefore, QDs can be used for radi

6. 10. Ear targets

Recently, NPs, especially AgNPs, are used to ir
and antibiotics. Today, NPs are used in antibi
to the middle ear is very dangerous as it is a
in the ear is thus being studied.

6.10. INPsMet al

Il mn vstwudies, Ag NPs were used for MRI i maging
the ear was investigated in rats; they reduced
mi t ochondri al membrane and increased ROS | evel
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toxicity of Ag NPs was evaluated on BALB/c

5 h, NP penetration into cells was obser\

city was dose- and time-dependent [175].

. 2NP LOxi de

Today,

the commonly wused NPs for drug delivery
s on the ear and nerve were examined. Th

ated the CNS parenchyma, but no pathol o

r, a small amount sedi mented in the mi
cope and showed increased mitochondri al
CNT

effects of CNT on ear <cells (BALB/ c¢c 3T3

ed toxicity was mitochondri al me mbr ane d

s considered it to be safe although ther
QD

extensively wused i n MRI and one of its

eported its toxicity on the face, i nclu
tube defect s, organ di sorder s, and h e

ates into the ear <canal and can | ead t«

ry nerve [177].

Eye targets
one of the methods for transmitting nat

or treat ment of cornea disorders often
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properties, NPs can enter the veins and nerve
di sorders in the cornea.

6. 11. INPsMet al

AuNPs have been used for drug delivery to the
eyes was necessary to be investigated. As the
et hanetheolt oxi ciN,yN,tNfi meMATy | @mmoni umet hanet hi o
studi ed. Doses of 0.08 to 50 mg/ |l were inject
investigated, which included negative effects
it caused cell apoptosis and abnormal expressic
of eye pigments (pax6a, pax6b, otx2, rx1l) and |
growth inhibition were observed in infants whao
during pregnancy |l eading to the conclusion tha
[178].

One study reported the toxicity of silica NPs ¢

of 50, 100, and 150 nm induced ROS generation

6.11. 2NPOxi de

One of the organs that is severely exposed to
bl ood vessels of the eye and causes apoptosi s.
eye tumors [178].

6. 11. 3. CNT

One study examined the toxicity of SWCNTs and 1|
more eye irritation than SWCNTs. The only repo
ti ssue damage [ 180].

6.11.4. QD
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The toxicity of QD to the eye has been examin
degeneration of eye tissue, reduced cell viabi
7. Conclusion

Nanoparticles have many biomedical applicati on
size, shape, chemistry and charge. However, th
produce toxic effects need t o be under st ood
infl ammati on, necrosi s, ROS and apoptosis are
toxicity of NPs. These results may create a be
treat ment of di seases for which they are ideal
shape, and the properties of NPs that are resp
har mful i mpact by appropriately modifying the
toxicity. The dose of NPs is an important fact
accumul ation, distribution, metabolism and dis
NPs have a higher toxicity than those admini st
various studies, there should be protocols tha
are more toxic. |In general, the problems in the
bet ween different toxicological studies perfor
Accordingly, the study of NP toxicity in vari ol
such as drug delivery, bi o-security and NP t ox
need for the development of accepted and speci
its surface surroundings and the composition o


http://dx.doi.org/10.20944/preprints201806.0273.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 June 2018 d0i:10.20944/preprints201806.0273.v1

our increased knowledge of NPs |l ead to their s

can be used for treat ment of assorted di seases
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List of abbreviations

Al bumin Derivatized (AD) éééeéécééeécéceé eéeéeéée
Bl oodi Brain-Barrier (BBB)éééééeééecéeéeéeéeécecé
Brain Microvascular Endothelial Cells (BMECs) é
Centr al Nervous System (CNS)éééeéeéecééécéeéeecé é e
Cerebrospinal Fluid (CSF)ééeééeééeééeeécecéeé e éé
Dextran Derivatized (DD)éééécéecéécée. ée6ééeé € é
Silver Nanoparticle éééééeéeééééceéeéééee. ééeéé Ag
Dopamine (DA)éécééeééecécéecééececéecec DA

Gol d Nanoparticleséééééeéeéeéé eéeééééeeceeé Au
Magneti c Resonance | magingééeéeéé

Carbon nano tubes ééeééeéécéée. eéécéeééecéée CNTs
Mul ti-Walled Carbon Nanotubeséééé eeéeééeeé.
Nanoparticleséééééeéeéeéeeécééeecéeé eééeé NPs
Quantum Dotséééeééééeeeeeceeeecéeé e éeé QDs
Single-Walled Carbon Nanotubeséééée. eééeééeéeée.
Superparamagnetic I ron Oxide Nanoparticleséééé
Ul tra-Small Superparamagnetic I ron Oxide Nanop
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