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Abstract

During the last decade, huge improvement in nanobiotechnology and nanomaterials production
resulted in different forms of nanoparticles (NPs) with a huge potential for health-related
applications that remain understudied. Such applications extend beyond a direct human effect
and could be mediated via impacting the environmental conditions, livestock production, and
even the outbreak of certain diseases. Evidently, the increased growth in the production of such
nanomaterials along with their understudied effects/ potential on human health represents a
major side effect of nanotechnology. Such limitations include not fully identified bio-distribution
and the physiological/ toxicological impacts on the different body organs as well as cellular
activity upon exposure. NPs are very small in size (1 to 100 nm) and are found in different
forms. There are various classifications of NPs depending on their size, shape, and properties.
NPs have special physical and chemical characters as a result of possessing a large surface area
and nanoscale size. The lack of proper safety assessment studies of such NPs, both in vitro and in
vivo, as well as the shortage in biodistribution/ adverse effects and mechanisms represents a
major concern. This brief review attempts to outline and correlate reports on several NPs and
their application in the medicine and biology as well as summarizing any discrepancies in
experimental conditions, toxicity, biohazard, and safety of NPs in different organs.

Keywords: Nanoparticles, Nanotechnology, Biomedical applications, Biohazards

Introduction

Recently, nanotechnology has gained
obvious momentum, in spite of not being a
modern notion. The prefix "Nano" implies one-
billionth as a nanometer equals one-billionth of a
meter following the metric scale of linear
measurements.  Profoundly, nanotechnology
refers to the synthesis of any material with a
nano scale of dimensions ranging between 1 and
100 nm [1]. However, with its progression, the
scope of such definition was extended.

Nanoparticles (NPs) of various sizes have
diverse biomedical utilizations. Whitesides has
elegantly explored and clarified the link between
nanotechnology, biology and chemistry [2].
Such relationship starts with the synthesis of
different NPs, followed by characterization and
in-depth assessment of the potential effects both
in vivo and in vitro of such NPs and finally
promoting certain potential applications (Figure
1).

*Corresponding author e-mail: (vetahmedhamed@zu.edu.eg), Department Physiology, Faculty of 433
Veterinary Medicine, Zagazig University, 44519 Zagazig, Egypt.
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Figure 1. The lifecycle of nanoparticles.

Nanotechnology is recently utilized as a
tool to investigate the potential ways for
therapeutic application in a few different ways,
for example, imaging [3], sensing [4], targeted
drug delivery [5], gene delivery systems [6],
and artificial implants [7]. Such drugs are NPs
of polymers, metals, or ceramics, that could
conflict conditions such as cancer [8] and
combat human pathogens such as bacteria [9,
10]. Applying nanotechnology in diagnosis,
monitoring, treatment, and diseases control
gave rise to a new branch named
nanomedicine. Although medically related
nanotechnological application appeared to be a
moderately ongoing current, the fundamental
nanotechnological approaches for medicinal
application goes back to quite a few years.

Nanotechnology derived products have
become widely useful in biomedicine and this
promoted the introduction of a hybrid science
called nanobiotechnology [11]. Nanomaterials
have notable applications in
nanobiotechnology, especially in diagnosis

and drug delivery system implants and
prostheses  [12].  Nanoscale  materials
incorporate  well in different biomedical

gadgets/ devices due to the nanosized nature of
the different biological systems. These
nanomaterials normally include inorganic and

metal NPs, carbon nanotubes, liposomes, and
metallic surfaces [13].

Bio-specific molecules may be mixed with
NPs via utilization of chemical or physical
approaches and taking advantage of
specialized biological processes, such as
antibody-antigen interaction, receptor-ligand
interaction, and DNA-DNA hybridization [14].
In addition to surface physics [15,16] and
thermodynamics [17], the toxicological
impacts decide the particular use of
nanomaterials [18]. In this context, we attempt
to focus on the utilization of inorganic e.g.
(metallic and metal oxide) and organic e.g.
(carbon-nanotubes and liposomes) NPs in the
biomedicine. Also, NPs induced toxicity is
additionally explained.

Metal oxide and metallic nanoparticles

Metal oxide NPs were utilized to create
different medical tools. Metal oxide NPs
represent a promising tool for biomedical
applications because they are characterized by
their higher stability, simpler preparation
processes, simple engineering to the wanted
size, shape and porosity, simple incorporation
into hydrophobic and hydrophilic systems and
easy functionalization due to the negative
charge on the surface [19]. The iron oxide
magnetic characteristics had been utilized for
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diagnosis and therapy related purposes, for
example, in magnetic resonance imaging
magnetic particle are used as imaging contrast
agents, and ultrasonic techniques for example
magnetomotive ultrasound [20], magnetic
particle hyperthermia and photo acoustic
imaging [21]. The zinc oxide (ZnO) electronic
structure is significant for biomedical
purposes; for instance, imaging cancer cells
via utilizing ZnO intrinsic fluorescence
nanowires [22]. Likewise, the ZnO nanowires
surface functionalization augmented their
solubility in water, biocompatibility, and
diminished their cellular toxicity. The ZnO
surface  functionalization  with  special
biomolecules makes photosensitive biosensors
[23]. Alternatively, titanium oxide (TiO2) has a
wide variety of biomedical uses [24]. For
instance, in materials used for bone-
substitution [25]. Also, the potential use of
TiO2 NPs for regeneration of bone has been
suggested [26]. Zirconium oxide can be also
used for dental implants owing to, similar to
titanium, its compatibility with hard tissues
[27].

Metallic NPs represent an interesting field
biomedical sciences and engineering research.
Such materials can be synthesized and altered
with different chemical functional groups, thus
allowing their conjugation with antibodies or
drugs. Collectively, this opens wide range of
applications in biotechnology, diagnostic
imaging, magnetic separation, targeted drug

and vehicles for gene delivery. The
implementation of this innovation relies upon
the geometry and size of the particles as these
decide their different characteristics. Nano-
gold are used to examine the blood flow in
vivo via using photograph acoustic imaging
[28,29] in the form of nano spheres, nano
shells and nano cages [30]. It is possible to
amend the surface of nano-gold by
compounds that poses sulfur due to the higher
chemical affinity of both sulfur and gold [31].

Gold NPs modification with bio-specific
compounds reinforces the binding to specific
tissues [12]. For instance, surface-labelled
gold nano shells had been utilized to in vitro
targeting of cancer cells [28]. Different
polymers used as wound dressing [32] and
bone cement [33], also have been carried on
AgNPs and their antimicrobial effect are
promising. AgNPs-bone cement combines
powerful antibacterial action with low
cytotoxic  effects in comparison  with
gentamicin and silver salt bone cement [33].
Controlling molecule delivery via decreasing
their size is a proper approach to diminish
toxicity. AgNPs addition to latex membranes
can be utilized for skin recovery [34] with the
membranes controlling the nanoparticle
delivery rate [35]. The different effects of NPs
in the view of the available literature are
compiled in Table 1.

Table 1. Dose related changes following Experimental nanoparticle administration

Type of nanoparticle Administration Effect Reference
Cerium oxide | 50, 100, 200, and 400 mg/kg BW/day | |liver and Kidney | [101]
nanoparticles intraperitoneally CNPs for 14 consecutive days function parameters
30, 300 and 600 mg/kg BW/day orally daily for | 1LDH [102]
28 days |GSH
1ALP
0.15, 0.5, 1.0, 3,5 or 7 mg/kg BW/day via | 1 TIMP-1 [103]
intratracheal instillation IMMP-9
THydroxyproline
Copper oxide | 5, 50 mg/kg BW/day via oral gavage orally for 14 | Oral administration | [104]
nanoparticles days. of

control group

*
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NPs (with 5, 50
mg/kg b.w) to rats
caused significant (P
<0.05) al-

terations in
antioxidant enzyme
activities. It was
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Station, Nusthulapur, Karimnagar,
505481, India

found the significant
dose dependent
decrease (p < 0.05)
in GSH, Catalase
(CAT) and SOD
activity, whereas the
lipid peroxidation
product (MDA)
levels were
increased (p < 0.05).
Statistically
significant reduction
in reduced
glutathione, catalase
and SOD activity
represents the
reduction of an-
tioxidant enzyme
levels following
exposure of CuO
nanoparticles and
significant increase
in lipid peroxidation
levels indicate the
tissue da-

mage and oxidative
stress.

|GSH

|CAT

1 MDA

50, 100, and 200 mg/kg BW/day via oral gavage

200CuNPs
TALT

1 AST
LCYP450

[105]

Silver nanoparticles

Rats given 5.36 and 13.4 mg/kg BW of AgNPs
for six months.

1SOD

TMDA level.
|DNA chromatin
integrity %

[106]

5 and 0.0003 mg/kg BW for AgNP 1V at 24 h
before sacrifice.

TALT,

1 BUN,
1TBil
1Creatinine

[107]

intraperitoneally with Ch-AgNPs each day for 14
days at doses of 50, 25, and 10 mg/kg BWH,
respectively.

TMDA
TALT
TAST
|GSH
1gG
1gM
TP

[108]

30, 300 and 1000 mg/Kg doses of AgNPs (60
nm),28 days of oral administration

INF-kB
| bel-2
Tcaspase-3

[109]

515 g/m3, (6 h/day, 5days/week for 13 weeks),
inhalation

talbumin
TLDH
1 TP

[110]

rBMEC 6.25-50 pg/mL, (25, 40 or
80 nm in size), (24 h)

1 IL1B,
T1IL-2
1TNF-a
1 PGE-2

[111]
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A431 (human skin carcinoma) 50 and 100 TROS [110]
mg/mL, (24 h)
Pancreas cancer BxPC-3 Cells AgNPs (100 | TROS [112]
pg/mL), (24 h)
Zinc oxide | 50, 100, 150 and 200 mg zinc oxide NPs nZn0150 [113]
nanoparticles (nZnO)/kg BW/day intraperitoneally daily for ten | 1SOD
days TGPX activity,
nZn0200
1 MDA
1 TOS when
nZno200
| TAC
500, 1000, and 2000 mg/Kg BW/day for 14 days. | | B.wt [114]
L FI
1 WBCs
1 NEUs
Neuro-2A30-45 nm, (2-72 h) |LDH [115]
Human hepatocyte (L02) 100, 300 and 600 | |SOD [116]
mg/Kg BW, (7 days) | GSH
Selenium nanoparticles | 0.2, 0.4, 0.8, 2.0, 4.0, or 8.0 mg Se/kg- BW/day | 0.2 and 0.4 mg Se [117]
orally daily for 14 days. 1B.wt2.0, 4.0, and
8.0 mg Se
|B.wt
CNT PC12 cells bPEG-SWCNTSs at concentrations of | 1GSH [118]
0.5, 2.1 and 1 mg/mL TROS
1 1L-8 [119]
Human Dermal Fibroblast Cells10 pg/mL, (72 h) | 1ROS
Embryonic kidney cells (HEK293) 4 mg/Kg BW, | 1 IL-8 [120]
(7 days) TLDH

BW:; body weight, LDH; Lactate Dehydrogenase, GSH; Glutathione, ALP; Alkaline phosphatase, TIMP-1; Tissue
inhibitor matrix metalloproteinase 1, MMP-9; Matrix metallopeptidase 9, CAT; Catalase, MDA; Malondialdehyde,
ALT; Alanine aminotransferase, AST; Aspartate Aminotransferase, CYP450; Cytochromes P450, SOD; Superoxide
dismutase, BUN; Blood urea nitrogen, TBIL; Total bilirubin, Ig; immunoglobulin, TP; total protein, NF-kB; nuclear
factor kB, bcl-2; B-cell lymphoma 2, rBMEC; primary rat brain microvessel endothelial cells , IL; interleukin, TNF-
a; Tumor Necrosis Factor Alpha, PGE-2; Prostaglandin E2, ROS; reactive oxygen species, GPX; glutathione
peroxidase, TOS; total oxidant status, TAC; total antioxidant capacity, FI; Food intake, WBCs; White blood cells,

NEUSs; neutrophils,

Zinc oxide nanoparticles

The improvement of biodegradable,
biocompatible, and functionalized
nanomaterials for biomedical applications had
been an exceptionally dynamic research zone.
Zinc oxide (ZnO) nanomaterials had increased
huge importance for biomedical applications
depended on these desirable properties. ZnO
has novel optical and semiconducting
characters [36,37]. ZnO-based nanostructures
were researched for a wide range of
application, for example, nano-sensors, energy
capacity, nano-electronic and cosmetics [38-
40]. ZnO nanomaterials can be utilized as
semiconductors in microelectronic gadgets and
used to accelerate water pollutant degradation

by means of photo catalytic activity [41]. In
view of its intrinsic capacity to absorb UV
light and optical transparency, ZnO NPs are
utilized in the cosmetic industry, normally, in
facial creams and sunscreens [42,43]. Food
and drug administration (FDA) had declared
using of ZnO in sunscreens because of being
stable and its natural capacity of absorbing UV
light. Because of its antibacterial properties,
different antimicrobial applications of ZnO
were also encouraged. ZnO NPs have obtained
importance for another biomedical application
relied upon their high stability, and low toxic
effect and biodegradability. The ZnO surface
has more OH groups in its chemical formula,
that could be effectively utilized [44,45]. ZnO
slow disintegration in both acidic (for example
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in the cancer microenvironment and cancer
cells ) and strong basic conditions is
advantageous [46]. Also, several researches
discussed the usage of ZnO nanomaterials in
bio medicinal purposes, for example drug and
gene delivery, biomedical imaging, and
cancer treatment [47].

Silver nanoparticles

Nano silver or silver NPs (AgNPs are silver
atoms clusters, which vary in diameter from 1
to 100 nm. AgNPs possess a huge potential for
medicinal applications due their antimicrobial
properties. Silver NPs flourishing research
scale is now hugely commercialized. Nano-
silver (NS) has been integrated by clothing
manufacturers into fabrics for socks due to its
antibacterial activity preventing the growth of
odor producing bacteria [48,49]. Also, Nano
silver has been incorporated into wide range of
contact materials of food, for example,
fabricating food containers by using plastics,
surface of refrigerator, bags and cutting boards
[50]. Such applications were linked to a longer
preservation of foods via the microorganism
growth inhibition. The medicinal applications,
despite the slow start, NS in prophylaxis is
currently gaining strength. Ongoing proof
proposes that NPs has a powerful anti-
inflammatory impact [32,51] and hastens
wound healing [52,53]. Silver, in its original
form, has been known to have antibacterial
action and has been utilized since the
beginning, from Hippocrates' initial ulcers
treatment to cerebrospinal fluid (CSF) Crede's
treatment for gonococcal diseases in babies.
Silver sulfadiazine is the highest quality level
in topical treatment of patients who have burns
[53]. Growing interest for silver and Nano
silver had increased due to the emersion of
antibiotic resistant bacteria and the expansion
of hospital acquired infections. Silver use is
seriously constrained by human toxicity of
silver particles, however, nanotechnology has
simplified the synthesis of smaller particles
of silver with progressively large surface area
to-volume proportions, significant adequacy
against bacteria [54,55] and, diminish toxicity
of humans [56].

Selenium nanoparticles

Selenium is a trace element required for
human wellbeing. Lately, the medical
advantages of selenium  have been

progressively known and studied [57].
Selenium is found in the body of human as

selenoproteins, from dietary natural or
inorganic  selenium.  Natural  selenium
(essentially  selenomethionine) and ionic

selenium (e.g., selenite and selenate) are
profoundly bioavailable, however elemental
selenium is difficultly absorbed from the
gastrointestinal tract except in nanosized [58].
Selenium as a pleiotropic mediator for delivery
of drug and biotherapy has drawn much
attention to the interpretation of Se-based
nanomedicines. Selenium isn't just utilized as a
dietary supplement to prevent and treat
infection, but also it is used for drug delivery
as NPs to improve the therapeutic effects of
drugs [59,60]. A synergistic impact is expected
between selenium and Se-loaded material.

based on the various biological activities
and physiological impacts, SeNPs are widely
used to manage oxidative  distress,
inflammatory disorders, Se-related thyroid
disorders, viral disease, bacterial/fungal
infection, detoxication, chemo/radiotherapy
adjuvants, fertility improvement, medicinal
analysis, and so forth [61].

Cerium oxide nanoparticles:

Cerium is rare earth metal with atomic
number of 58. It considered the most ample
rare earth metal, which possess two oxidation
states [62]. Cerium oxide is a lanthanide metal
oxide and is utilized in ultra violet absorption
[63,64], as a catalyst [65,66], in gas sensors
polishing [67,68]. From a commercial point of
view, Nanoceria plays an important part in
consumer and cosmetic products. Also, they
act as excellent oxide conductors utilized in
gas sensors [69]. Newly, Nanoceria related
biomedical applications are emerging as they
showed protection against cellular destruction
mediated by toxicants, radiation and even
during pathological states, for example, heart
or brain ischemia, neurodegeneration of retina
or neurological issue [70]. Naked nanoceria is
poorly soluble in the water resulting in
difficulties in  biological applications.
Numerous reports have pointed out a
nanomaterials polymer covering could boost
the biocompatibility, stability and solubility,
for example, nanoceria covered with dextran
exhibited antioxidant actions [71].

438



Zag Vet J, Volume 48, Number 4, p. 433-447, December 2020

Hussein et al., (2020)

Nanoceria is getting discharged to the
environment, human exposure has been found
particularly through inhalation resulted in a
significant concern. Paradoxical results are
found in the different reports describing the
toxicity of nanoceria. Few reports stated that
nanoceria have low toxicity [72] that was not
sufficient to induce cytotoxicity or
inflammation [73].

On the other hand, proof from other studies
explains that nanoceria induces cell death.
They have pro-oxidative action because of
reactive oxygen species (ROS) that trigger a
damage of cell and even induce cellular death.
A few in vivo or in vitro reports studied the
induction of oxidative stress by nanoceria [74].
Interestingly, while nanoceria works directly
as an antioxidant, also it behaves as free
radical scavengers for free radical. This is due
to the effect of hydroxyl radical, superoxide
radical and hydrogen peroxide interaction
which restricts cellular death of via oxidative
stress. Besides that, some controversial results
are also reported concerning oxidative stress;
nanoceria either produce either pro-oxidative
or antioxidant characteristics [75,76]. A few
investigations have reported that nanoceria had
antibacterial activity [77,78] .

Nanoceria cytotoxicity assay carried out
using fibrosarcoma (HT- 1080) cells and
breast cancer of human (MCF-7), no cellular
death was found when the cells were treated
with NPs at concentrations of 20, 50, 100 and
200 pg mL. The improvement of glutathione
(GSH) production and the lowered depletion
of GSH induced by hydrogen peroxide in the
NPs treated cells was reported [79]. Targeted
drug delivery is the most difficult task in
neuroscience because the blood-brain barrier
(BBB), inhibits the passage of large molecules
as it works as a selective filter. In vitro and in
vivo investigation affirmed that NPs were
utilized as carriers to cross the blood-brain
barrier [80]. The molecular process following
nanoceria toxicity of the lung adenocarcinoma
(A549) cells has been discussed. These NPs
induced some morphological changes in A549
cells. It also leads to higher rates of cell
apoptosis due to increased number of positive

cells to annexin-V and decrease in
mitochondrial membrane potential. These
results were confirmed by changes in

expression of BAX, Bcl-2, Cyt-C, AIF,

caspase-3 and caspase-9 using immunoblot
analysis, so reactive oxygen species caused
DNA damage and cell cycle interception that
caused apoptotic cell death in A549 cells
following exposure to nanoceria [81].

Copper oxide nanoparticles

NPs of metal oxide, like copper oxide
(CuO), have gained attention due to their
antimicrobial and biocide qualities, and can be
used in several biomedical purposes [82].
Copper oxide metal is semiconductor material
of special mechanical, electrical and
electromagnetic properties and has been used
for various applications, such as fuel cells,
near infrared detectors, electromagnetic
storage media, sensors, catalysis, and
semiconductor [83-85].

While CuO NPs (CuO NPs) have been
shown to be used in medicinal purposes, the
big alert for their use in the medical field is
owing to their highly poisonous effects
[86,87]. CuO NPS might be detrimental to
mammalian  cells, vertebrates and to
invertebrates. The key mechanism of toxicity
depends on the increased production of
reactive oxygen species [88]. Such NPs
therefore trigger oxidative stress in human
epithelial pulmonary cells, facilitate toxicity
and may cause serious damage to DNA and
mitochondria [89].

CuO NPs are primarily used as antibacterial
agents. These have been used in hospitals
owing to their antibacterial ability when an
acceptable dosage was used. Researchers also
showed that the usage of CuO can decrease the
prevalence of hospital-acquired diseases and
therefore the costs of the health care sector.
Bed sheets containing CuO NPs are
recognized as important advances in
healthcare, as they eliminate bacterial contact
and therefore bacterial contaminants in
hospitals [90].

A previous work has shown that CuO NPs
now have therapeutic effects on the skin [91]
especially when used in small quantities [92].
Another  potential  action  of  these
nanomaterials relies on their role in wound
healing.  Multiple dressings  of  wound
also textiles has been developed for treating
burns as well as other skin lesions. The healing
process has been shown to be specifically
associated with the capability of CuO NPs to
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reduce microbial colonization in the treated
areas and to prevent infection, thus
encouraging the regeneration of damaged
tissue [93].

Carbon nanotubes and liposomes:

The physical and chemical properties of the
carbon nanotubes (CNTs) have accelerated
their usage in different scientific fields.
Surface modification of these particulates and
their  functionalization ~ with  molecular
biological molecules has broadened their use
in nano biotechnology [94,95]. Due to their
nanometer size, nanotubes could be beneficial
to drug delivery vehicles, making them move
easily within the body [12]. CNTs are
promising platforms for bone and osteoblastic
proliferation [96]. It has been shown that the
unmodified single- and multi-walled toxicity
of CNTs depends on concentration, these
particles can be safely used in osteoblast
cultures in lower concentrations [97]. The
utilization of collagen-changed calcium
carbonate nanotubes as another age of
cylindrical structures for regeneration of bone
has been reported [98]. Liposomes are
synthetic vesicles from natural phospholipids
with globular character. They serve as
immunological adjuvants and drug carriers.
Over the last two decades, liposomes have
been greatly considered as a carrier for cancer
medication, gene therapy and vaccines among
other uses [99,100]. Both carbon nanotube and
liposomes possess a huge potential for
different biomedical applications especially in
drug delivery yet remains understudied.
Conclusions

Through this review, it was shown that NPs
and nanomaterials are already being as a
widely researched field for different
biomedical applications. Several NPs need
proper investigation for possible use in
biological applications. Drug delivery using
NPs could be advantageous; there is therefore
a need for further work in this field. The
outcomes of exposure for certain type of
nanoparticles depending on the route of
administration, the dose and the
physiochemical characteristics of such NP.
The desired action of a therapeutic NP
depends mainly on its ability to overcome a
multitude of barriers to have the intended on-
target, on-site effects.
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