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Abstract

Lately, nanotechnology and nanomedicine have achieved tremendous interest and funding, from several entities
and directions. Nanomedicine demonstrates great promise for development of medical diagnosis, treatment, and
prevention; it also raises various ethical concerns however, there has not been so much study and discussion about
social and ethical issues. Nanomaterials are extremely reactive in biological systems owing to the large surface
area. Although the benefits of nanomaterials are apparent, there are some studies which show the potential risk to
biological systems. Therefore, the rapid progress of nanomedicine and its potentially profound social and
environmental impacts is indicative of how the arisen problems could be dangerous and already there are signs that
some challenging ethical issues could be raised. In this paper we will examine more recent developments in debates
on nanomedicine ethics.
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Introduction
Recently, nanomedicine has been considered as developing

scientific research area. Most of the existing debates surrounding
ethical issues in nanomedicine are consequent of the past technologies
such as biotechnology and information technology [1]. Debates also
exist over whether nanomedicine has any unique ethical issues or the
ethical issues of past technologies apply to nanoscience [2].
Researchers have widely written about probable ethical scenarios that
might coincide with the development of nanoscience [3]. Other studies
conducted in the area of nanotoxicology have suggested risks,
including side effects of nanoparticles on humans, fish and the
environment [3-6].

Pharmaceutical and biotechnology companies and government
agencies have begun investigating and experimentation of various
nanotechnology applications in nanomedicine. Some of nanoparticle-
based therapies or imaging devices are presently being used in clinical
trials and awaiting clinical trials, or have already been accepted by the
Food and Drug Administration (FDA). Several nanomedicine have
been approved for cancer treatments or are currently being
experienced on human subjects [7]. The efficient targeted therapeutic
prospective for nanomedicine can generate the potential side effects, if
the precision becomes wrongly applied or if it has more than just the
desired effect. Bottom-up manufacture from the molecular level, based
either on mimicking biology or on incorporating components from
living systems, raises issues about hybrid devices that interface human
and machine, and also about priorities [8].

This paper presents the perspectives of practitioners about ethical
issues related to nanomedicine. Many industrial and developing
countries have allocated significant amounts of funding for
nanotechnological research. Until now, however, there has been little
formal study, debating, or thinking concerning the social and ethical
issues related to nanomedicine all over the world. Therefore, it seems
that we need to consider assessment for ethics training and scholarship
in nanomedicine as well as preliminary proposals for research ethics

and medical ethics training for scientists and clinicians as well as for
empirical research in nanoethics.

Nanomedicine
New medical techniques and novel scientific discoveries bring a lot

of critical questions relating to the role of human dignity in medical
research and in the society of the future [9]. Nanomedicine is
estimated to improve human capabilities and properties and assures
the ability of health care professionals to diagnose, treat, and share
medical information nearly instantly [10]. Nanomedicine includes the
application of nanoparticles and nanodevices for diagnostics, targeted
drug delivery in the human body, the production of new therapeutic
materials such as nanorobots or nanoprotheses and biosensing
[10-12].

The ability to monitor and intervene at a cellular or molecular level
may fall foul of the complexity of the system. Nanomedicine may
enable rapid readouts of our whole genome or of our body’s levels of
everything imaginable. Knowing all the information that
nanomedicine could provide, is not necessarily a good thing [8]. As
nanomedicine emerges as a vital and robust tool for the practice of
medicine, it is becoming apparent that we need for ethics scholarship
and training in nanomedicine.

Ethical issues in nanomedicine
Since the science and technology of nanomedicine is quickly

expanding, ethical and law issues should be taken into consideration.
Several nanoethicists have lately identified the need for 'better' ethics
of emerging technologies and believed that researchers should
consider ethical reflection as part and parcel of the research and
development processes and should be transferred to nanomedicine
[13]. Therefore, it is essential to proactively address the ethical, social
and regulatory aspects of nanomedicine in order to diminish its side
effects on the environment and public health and also to avoid a public
reaction [11,14]. Also a recognition of the ethical issues involved may
be helpful to decision makers, particularly employers, workers,
investors, and health authorities. Because the goal of occupational
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safety and health is the prevention of disease in workers, the situations
that have ethical implications that most affect workers have been
identified [15]. Consequently, nanomedicine is poised to add a
profound and complex set of ethical and societal questions [16].

Currently, the ethical considerations involved in nanomedicine are
related to risk assessment in general, somatic-cell versus germline-cell
therapy, the enhancement of human capabilities, risk management of
engineered nanomaterials, research into human embryonic stem cells
and the toxicity of nanoparticles and nanomedicine, uncontrolled
function and self-assembly of nanoparticles [12,17]. For instance,
recently, the identification of cytotoxicity of nanoparticles toward
mammalian gremline stems cells has aroused great concern over the
biosafety of nanomaterials [18]. In their study, they used a cell line
with spermatogonial stem cell characteristics to test in vitro toxicity of
several types of nanoparticles. In cell culture tests, the surfaces
modified nanoparticles were internalized into platelet and fibroblast
cells in a short period of incubation without harming the cells [19].
Toxic effects of nanoparticles on health despite the many benefits of
nanotechnology, some studies indicate that certain nanoparticles may
cause adverse effects because of their small size and unique properties
[20,21]. Indeed, their size makes them highly mobile in both the
human body and the environment. Nanomaterials can enter human
tissues through several ports via the lungs after inhalation [22],
through the digestive system, and possibly through the skin [23].
Systemic distribution of nanoparticles has been demonstrated after
inhalation and oral uptake [24], and nanoparticles have been found to
cross the blood brain barrier, reaching the olfactory bulb and the
cerebellum [25]. Many of the artificially manufactured nanoparticles
are made of non-biodegradable pollutants, such as carbon black and
metals, and the long-term behaviour of such substances is not known.
Silver has potentially toxic effects on human health and it can enter
into the human body through various portals. Previous literature [26]
indicated that Ag+ causes early changes in the permeability of the cell
membrane to K+ and then to Na+ at concentrations that don’t limit Na
+, K+-ATP activity. As per the existing literature [27], it has been
demonstrated that silver nanoparticles show intensive toxic effects on
the proliferation and cytokine expression by peripheral blood
mononuclear cells (PMBCs) [28]. Silver does not only cause dermal
and cosmetic toxic effects, but also it causes death in animals.
Nanoparticles, such as silver nanoparticles, are showing severe toxic
effects on the male reproductive system. The identified research
suggests that nanoparticles cross the blood-testes barrier and are
deposited in the testes, and that there is potential for adverse effects on
sperm cells [29]. In the literature of Burd et al., it was demonstrated
that commercially available silver-based dressings are also showing
potential cytotoxic effects. The cytotoxicity correlated with the silver
released from the dressings as measured by the silver concentration in
the culture medium [30]. Cadmium is a recognized toxicant that has
been classified as a probable human carcinogen. It is a heavy metal
that has the potential to cause lysosomal damage and DNA breakage
in mammalian hepatocytes [31] and many other cells and tissues [32].
Cadmium also disrupts mitochondrial function both in vivo [33] and
in vitro [34], and promotes apoptosis [35]. In the testis, cadmium
induces lysosomal damage in testicular Sertoli cells [36], but its main
toxic effects appear in germ cells but not in somatic cells [37].
Subsequently, a decrease in the number of spermatogonia in relation
to the time of exposure was observed, followed by a decrease in the
number of spermatocytes and, ultimately, sperm cells. In humans,
male infertility is strongly linked to cadmium exposure, but is rather
due to a failure of the acrosomal reaction in sperm cells [38]. Although

molybdenum in soluble form is considered to be a mildly toxic
substance, it did not significantly affect the metabolic activity or the
membrane integrity of the C18-4 cells. Interestingly, whereas the effect
on mitochondrial function is mild, molybdenum nanoparticles seem
to promote some plasma membrane leakage at very low
concentrations (5 μg /ml and 10 μg /ml). The same pattern of toxicity
is shown for aluminium nanoparticles; however, the morphology of
the cells did not change, indicating that at these concentrations
apoptosis still occurs. It is known that extreme and visible membrane
damage occurs only in the late stages of apoptosis. It is shown that
Aluminium nanoparticles (Al-NP) exhibit greater toxicity and more
significantly diminishes the phagocytotic ability of macrophages after
24 h of exposure when compared to Al2O3-NP.

Ethical investigation should also consider some of the reductionistic
implications of engineering models and metaphors integral to
nanomedicine, as well as application of nanomedicine for non-medical
purposes, like human enhancement. Most of these challenges concern
rate-limiting steps in nanomedical research, and they should be
significantly featured in developing nanomedicine proposals [39].

Even though in vivo animal experiments and ex vivo laboratory
analyses can increase our understanding of the interaction of
engineered nanomaterials in biological systems, they cannot eliminate
all of the uncertainty surrounding the exposure of a human subject to
nanomedicine products in clinical trials. Also nanomedicine
cytotoxicity and mutagenicity investigations are still in the early stage
and even sometime contradictory. Some reports show that the
advanced nanomaterials may inadvertently impose undesired intrinsic
biological impacts which need to be considered [6,12,14].
Furthermore, as the use of engineered nanomaterials in nanomedicine
increases, questions of social justice, access to healthcare and the use of
nanotechnology for physical enhancement become increasingly
important [14,40].

Conclusion
This brief survey has mapped some of the ethical and social

topography of the uncharted lands that nanotechnology may be
offered to medicine, and posed many questions for debate. How, as
societies, we seek answers as these technologies emerge will be of
crucial importance. Scientists and clinicians in nanomedicine owe it to
themselves and to the wider society to reflect on them, so that the right
benefits may be achieved with justice, while retaining our humanity in
all its rich diversity. Nanotechnology supporters think that it has the
potential to transform our lives dramatically, whereas opponents of
nanotechnology fear that self-replicating "nanobots" could escape from
laboratories and diminish all life on earth. A focus on the ethical, legal,
and societal implications of the technology, and especially respect for
human nature, is therefore sensible. But it is not sufficient to fund
research on societal questions; respect for the human condition must
frame the development of nanomedicine. This paper demonstrated
that none of the ethical questions surrounding nanomedicine are new
or unique, and would hold true for any new medical device or
medicine that was being evaluated.
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