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Abstract: Nanomedicine is a novel and challenging field
in terms of its governance. It is gradually emerging that
the existing regulatory regimes may not be able to accom-
modate the requirements of nanomedicine without
amendments or supportive measures. Further, its multidis-
ciplinary essence poses challenges and indicates a need
for an adaptive regulatory framework for governance as
well as promotion of innovation system. The best strategy
to govern nanomedicine remains highly debatable across
the globe. Although, major challenges posed by nano-
medicine are universal, some of them are specific to each
country, hence, making a jurisdiction-based framework
essential to address unique needs of a nation. In India,
a clear framework for the regulation of nanomedicine is
lacking, as this governance gap has been realized through
various studies. Keeping this in view, the authors propose
a multi-level national governance system for regulation of
nanomedicine in India based on four principles. The hier-
archical governance model proposed involves regulatory
space, policy regime, sites of governance and lifecycle of
nanomedicine. The proposed system is inclusive of its var-
ious stakeholders. The system can play a significant role
in sustainable growth of nanomedicine in India.

Keywords: ethical issues; legal aspects and societal impli-
cations; monitoring; policy.

1 Introduction

Nanotechnology enables medical intervention at
nanoscale for prevention, diagnosis and treatment of a
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disease. This application of nanotechnology in the field
of healthcare has been termed as nanomedicine [1].
However, till date there is no universally accepted defini-
tion of nanomedicine. It has been defined differently by
various organizations (Figure 1A). In the present study,
the authors have considered nanomedicine as “medical
intervention at nanoscale for diagnosis, prevention and
treatment of disease in human beings”. We have classi-
fied nanomedicine on the basis of application as drugs,
drug delivery, medical devices, diagnostics and biosens-
ing, biomaterials and imaging or a combination of any of
these (Figure 1B). Nanomedicine offers advantages over
conventional medicine system in terms of efficiency [2];
for instance, a single bacterium can be detected by a bio-
conjugated nanoparticle-based bioassay within 20 min
[3]. To increase bioavailability and targeted delivery of
drugs, nanomaterials ranging from liposomes, dendrim-
ers, cell penetrating peptides, nanoparticles such as
metallic, polymeric and non-metallic have been employed
[4]. Undoubtedly, nanomedicine is promising in terms of
innovative solutions that it may offer; however, it is imper-
ative to consider the risk(s) involved with its development.
The exact mechanism of interaction of nano-based prod-
ucts with the biological system is still not fully understood
[5]. For example, Doxil®, a PEGylated form of liposomal
doxorubicin, was initially developed to reduce the toxic
effects associated with the drug. However, due to long
circulation properties of PEGlyated drug, hand foot syn-
drome has been reported [6]. This apprehension towards
biosafety of nanomedicine has led to the development of
field of nanotoxicology and protocols to study nanotoxic-
ity. Similarly, appraisal of dual use potential of nanomedi-
cine is important from the point of view of biosafety and
biosecurity. Thus, risk(s) and impact assessment of nano-
medicine becomes pertinent.

A number of reviews have evaluated application of
current regulatory laws for nanotechnology in general and
its application in healthcare; however, no nanospecific law
has been enacted till now [7-14]. A regulatory framework
for nanotechnology can serve as a potential template for
the governance of nanomedicine. Since it is directly asso-
ciated with human health, nanomedicine poses unique
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Figure 1: (A) Definitions of nanomedicine by different agencies; (B) various applications of nanomedicine.

challenges and solicits development of a specific govern-
ance framework. Further, current legislations for drugs
and medical devices are neither nanomedicine specific
nor sufficient to address complex issues of nanomedi-
cine. As mentioned earlier, there is no standard definition
of nanomedicine, nor is it specified in any of the legisla-
tions. Further, combinatorial products such as nanodevice
and drug are not covered by a single legislation, nor are
issues pertaining to a combination of biological and
electronics products addressed. For instance, in Europe
and the United States of America (USA) nanomedicine is
treated either as a drug or a device or as both, resulting
in application of medical device as well as pharmaceutical
regulatory regimes [15, 16]. This adds to uncertainty in the
regulatory pathway affecting research and development
as well as commercialization of nanomedicine [11, 17].
Therefore, it is critical to have a clear regulatory pathway.
Addressing concerns at the right stage is essential, or else
nanomedicine may also encounter the same fate as geneti-
cally modified crops, where large amount of investments

were made; however, the crops and products have not
been readily accepted by the end user due to socio-ethical
concerns [18, 19]. Biosafety, nanotoxicity and accessibility
emerge as universal issues associated with nanomedicine;
however, there are a few country-specific challenges as
well. Law being territorial in nature necessitates a country-
specific regulatory framework. USA, United Kingdom (UK),
Canada, Russia, Australia and Europe are working on
regulatory and risk assessment of nanomedicine [20]. US
Food and Drug Administration (FDA) and European Medi-
cines Agency (EMA) have framed guidance documents for
the companies working on development of nanomaterial-
based drugs and medical devices [21, 22]. It is notewor-
thy that even Asian countries including India, Thailand,
Taiwan, Japan and China are in the process of identifying
appropriate governance arrangements and framing regula-
tory policies to address issues related to nanotechnology
and its applications [23].

It is predicted that by 2019 the global nanomedicine
market will be worth US$ 177.60 billion [24]. A number of



DE GRUYTER

products have been approved by FDA and EMA such as
Myocet®, Emend®, Mepact®, Doxil®, Pegasys® and Abrax-
ane® [25]. At present, in India 17 nanomedicine-based prod-
ucts have been introduced in the Indian market, while 19
products are undergoing clinical trials (paper under com-
munication). The Government of India has invested to
promote nanomedicine for technology advancement and
societal benefits. The Government has also established
specialized research and incubation centers. Therefore, it
is important to assess risk(s) and set mitigation systems
in place to ensure safety and effective commercialization.
Keeping this in view, the authors in the present study have
made an attempt to examine regulatory initiatives and
lacuna of existing regulatory structure in India as a case
study. The present study proposes development of a field-
specific framework involving various stakeholders in India,
which would play a significant role in sustainable growth of
this emerging application of nanotechnology. In the section
below, various initiatives for regulation of nanotechnology
and its application in healthcare in India are discussed.

2 Existing and emerging regulation
for nanomedicine in India

As discussed earlier, nanomedicine is an application of
nanotechnology in the field of healthcare and, therefore,
inevitably shares overlapping issues with nanotechnol-
ogy. Thus, a regulatory framework for nanotechnology in
many instances can provide useful insights to address gov-
ernance challenges presented by nanomedicine. Notably,
nanomedicine is delineable from the other fields of nano-
technology on the basis of intentional human exposure,
as it is meant for diagnosis, prevention and treatment of
diseases. Keeping this in view, the authors in the present
section have critically assessed the initiatives and studies
on regulation of nanotechnology and nanomedicine that
may influence the governance of nanomedicine in India.
Currently, India does not have any nanospecific reg-
ulation in place [26]. Lately, initiatives for regulation of
nanotechnology in India have been taken up. The Depart-
ment of Science and Technology (DST), Government of
India, created a working group for regulation of nanotech-
nology [27]. Nanomission, a program of DST, announced
establishment of a National Regulatory Authority Frame-
work Roadmap for Nanotechnology [28, 29]. Nanomission
has also framed draft guidelines and best practices for safe
handling of nanomaterials [30]. The Council for Scientific
and Industrial Research (CSIR) initiated a project Nano-
SHE that is “Nanomaterials: Application and Impact on
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Safety, Health and Environment” for toxicological evalua-
tion of nano structured materials [29, 31]. The Department
of Pharmaceuticals (DOP), Government of India, in the
year 2006 had assigned the task of framing regulations for
nanomedicine to the National Institute of Pharmaceuti-
cal Education and Research (NIPER) Mohali, which was
later given to NIPER Kolkata in the year 2012. A national
center for pharmaceutical nanotechnology has been pro-
posed by DOP to be instituted at NIPER Kolkata that will
be responsible for nanotoxicology assessment and regula-
tion of nanodrugs and devices [32, 33].

Since 2009, researchers have examined the chal-
lenges that the Indian policy makers and regulators need
to address for effective governance of nanomedicine. For
instance, patentability of nanotechnology was assessed
in general [34, 35], while Sharma and Chugh [36] have
examined challenges associated with patentability of
nanoparticles for therapeutic and diagnostic uses. Many
researchers in India have raised the issue of nanotechnol-
ogy risk regulation in the context of human health with
respect to toxicity, work force and environment safety.
Vivekanandan [37] has identified key issues such as lack
of integrated research, poor policy coordination, funding
constraints, limited role of private sector, low priority to
risk research, pressure of globalization and polarization
of public debate. Jayanthi et al. [38] have indicated the
relevance of identifying stakeholders who would facilitate
development of this field. The applicability of Factory Act
1948, Environment (Protection) Act 1986 and Bio-Medical
Waste (Management and Handling) Rules 1998 of India
has already been assessed and found to be adequate by
other groups [37, 39]. We have examined the suitability
of various acts, policies and guidelines for nanomedi-
cine (Table 1). All drugs (including traditional medicine),
delivery systems, diagnostics and medical devices are
regulated in India under the Drugs and Cosmetic Act 1940.
Although, the Act does not explicitly define nanomedi-
cine, it is applicable on the basis of its definition of drug
that covers medicines and devices intended for diagnosis,
prevention and treatment of disease. In India the Drug
Price Control Order 2013 and the Essential Commodities
Act 1955 ensure public accessibility to drugs. The proposed
Consumer Protection Bill 2015 that intends to replace the
Consumer Protection Act 1986 imposes product liability
on the manufacturer to ensure safety of the consumer.

Similar biologics are governed through the “Guide-
lines on Similar Biologics, 2012” laid down by the Central
Drugs Standard Control Organization and Department of
Biotechnology. These guidelines provide for their manu-
facturing process, quality aspects, clinical and postmarket
regulatory requirements. It is noteworthy that the Drugs
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Table 1: Analysis of different statutes and guidelines that may be applicable to nanomedicine.

Act Scope

Shortcomings

Drugs and Cosmetics
Act, 1940

Import, manufacturing, sale,
distribution of drugs

Extends to vaccines, RNA, living
modified organisms, stem cells,
gene therapeutic products. Proposes
to delineate medical devices

Drug and Cosmetics
Bill, 2013

Drug Price Control
order, 1995

Controls pricing of drug

Guidelines on Similar
Biologics, 2012

Similar biologics

Bio-Medical Waste
(Management and
Handling) Rules, 1998

Management and handling of bio-
medical waste

Draft Bio-Medical
Waste (Management
and Handling) Rules,
2016

Management and handling of bio-
medical waste

Draft Guidelines

and Best Practices

for Safe Handling

of Nanomaterials in
Research Laboratories
and Industries, 2016

Safe handling of nanomaterials

— Definition of nanomedicine is not included

— Only in vitro diagnostics are regulated

— Labelling of active ingredients only; in case of encapsulated
drug, the drug is the main ingredient not the nanomaterial

— Generic drug marketing requires approvals based on
equivalence studies without considering safety studies

— Does not cover combination product

— Nutraceuticals and cosmaceuticals are not regulated under
the Act currently

— The Act provides for postmarketing step, but it lacks
implementation and enforcement

— Does not cover combination product
— Does not define nanomedicine

— Defines “active pharmaceutical ingredients or bulk drug”
as any pharmaceutical, chemical, biological or plant
product including its salts, esters, isomers, analogues and
derivatives, conforming to standards specified in the Drugs
and Cosmetics Act, 1940 (23 of 1940)

— In light of this definition most of the nanomedicine may be
excluded from its ambit

— Nanomedicine not defined in the guidelines

— The guidelines have a postmarketing step, but it is restricted
to adverse reaction of biologics or allergy; however, there
are no provisions for its disposal or assessment of effect on
environment

- The rules do not extend to institutes

- “Occupier” means a person having administrative control
over the institution and the premises generating bio-
medical waste, which includes a hospital, nursing home,
clinic, dispensary, veterinary institution, animal house,
pathological laboratory, blood bank, health care facility
and clinical establishment, irrespective of their system of
medicine and by whatever name they are called

- In light of this definition, the rules do not extend to institutes

- The guidelines mention that the nanomaterial hazardous
waste containers shall be collected and disposed of as
hazardous waste following the standard procedures

- However, currently it is not known what the best possible
way of disposing nanomaterial waste is

- No monitoring or enforcement mechanism is provided to
ensure adherence to these guidelines

and Cosmetics (Amendment) Bill 2013 would extend to
vaccines, recombinant deoxyribonucleic acid-derived
products, living modified organisms, stem cells, gene
therapeutic products etc. It is also proposed to delineate
medical devices from drugs by defining medical devices
separately. Despite these amendments, there may still

be lacuna in regulating nanomedicine especially in case
of combinational products or nanomedicine that have
multiple functions, for instance, iron superoxide dots as
theranostics, therefore creating uncertainty on the regula-
tory pathway to be followed for such products. This uncer-
tainty would also arise in case of nanosimilars or generic
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nanomedicine, as there are differences between nano and
bulk forms of drugs [25], which may affect the innovation
quotient of nanomedicine in India. The existing Drugs
and Cosmetics Act 1940 and Drug Price Control Order 1995
exclude nanoscale medicines and hence require further
amendments to recognize (a) nanomedicine and (b) nano
as an ingredient and to ensure labeling of the product con-
taining nanomaterial.

Anand et al. [40] have pointed out the weakness of
Indian regulatory mechanism in the context of regula-
tory implementation and oversight. It has been empha-
sized that there is a need of an effective risk governance
system because of complexities associated with nano-
medicine and inadequate information regarding regula-
tion of nanotechnology in general [41]. Moreover, since
nanomedicine is interdisciplinary, it converges through
different disciplines; thereby, multiple legislations are
applicable. Hence, it is desirable to simplify the process
and reduce uncertainty. Keeping this in view, an insti-
tutional framework for regulation of nanotechnology in
the healthcare sector in India has been proposed that
considers parameters of environmental safety, occupa-
tional safety, product specificity, hazardous chemicals,
waste disposal, intellectual property rights (IPR), R&D
and information disclosure [42, 43]. The multi-tier system
proposed by The Energy Research Institute (TERI) lays
more focus on the infrastructure of regulatory frame-
work rather than the mode of function and lifecycle of
the product [43, 44]. Another regulatory framework pro-
posed for nanotechnology by Purushotham and Karanam
[45] is restricted to approval of material or product either
for commercialization or R&D purpose on submission of
dossier by the company, but neither the complete lifecycle
of the product/service nor the entire range of stakeholders
has been considered [45].

Notably, nanotechnology poses complex challenges
that also need immediate attention due to potential
commercialization of products. Most researchers have
emphasized the need for a regulatory body responsible
for governing development and commercialization of
nanotechnology products [40, 46, 47]. Purushotham and
Karanam [45] proposed Nanomission taking over this func-
tion of approval or establishing a separate authority for reg-
ulation [45]. Bhattacharya and Bhatti [48] have expressed
their concern on uncertainty in institutional structure of
the regulatory authority and proposed establishment of
a department of nanotechnology to assist coordinated
action and development of roadmaps and policies [48]. The
studies discussed above emphasize the need for risk assess-
ment and generation of data but fail to provide solutions for
effective enforcement to enhance growth of nanomedicine
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in India. The regulatory framework that may be suitable for
India is debatable [33]. As nanomedicine is evolving and it
is too early to comment on the possible amendments, we
propose a regulatory framework to govern nanomedicine
from different angles. The authors propose establishment
of a separate national regulatory authority independent
of any funding agency that can have separate divisions for
each thematic area. Further, for state-level implementation,
state regulatory authorities can coordinate and report to
the national regulatory authority. The authors elucidate a
multi-tier regulatory framework considering India as a case
study. The next section discusses the governance frame-
work proposed for regulation of nanomedicine in India
and its components. The presented framework intends to
promote an efficient ecosystem for nanomedicine innova-
tion and policy development.

3 Multi level governance framework
for India

We propose a multi-level national governance system to
regulate nanomedicine at the level of research, premar-
ket and postmarket that involves regulatory space, policy
regime, site of governance and lifecycle (Figure 2). The
framework aims to (i) promote responsible research and
innovation, (ii) enhance public and social acceptability
of the products as well as research and (iii) ensure safety
of human beings and environment. The illustrated frame-
work is applicable for all applications of nanomedicine as
shown in Figure 1B. Both products and services are to be
governed by the framework presented here. The sections
below discuss the principles on which the framework is
based and its architecture.

3.1 Architecture of governance system
for nanomedicine

The authors propose a three-tier architecture of governance
mechanism for regulating nanomedicine in India. Tier 1
represents regulation at the research level, Tier 2 at the pre-
market level and Tier 3 at the postmarket level (Figure 3).
The hierarchical structure is easy to implement and expand
to accommodate any sub-emergent technology. As dis-
cussed in Table 1 there are gaps in terms of guidelines for
waste disposal and handling. Institutes do have biosafety
committee(s) for microorganisms established under the
Environmental (Protection) Act 1986; however, nanomedi-
cine does not fall under the purview of this committee.
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Figure 2: Proposed governance framework for regulation of nanomedicine in India. The framework is based on four components and
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Figure 3: Three-tier governance framework for nanomedicine in
India. The framework comprises three-tier regulating at research,
premarket and postmarket levels.

3.1.1 Tier 1: research level

The first tier regulates at research level where the product
is not completely developed or is at different stages of its
development. Regulation at research level entails gov-
erning research and development both at company and

institute levels. Additionally, it can be applied to suppli-
ers and contract organizations that provide facilities for
research, prototype development or component manu-
facturing. In order to address biosecurity issues, lone
inventors and “do it yourself” projects can also be moni-
tored. Although, in India, Factory Act 1948 provides for
hazardous material, there are no specific guidelines for
nanomedicine. Also, there are no particular laws appli-
cable to individuals; thereby, it is important to govern at
research level to control safety of worker(s), researcher(s),
individual(s) and the environment. The authors through
a survey observed that there are no guidelines at institute
level for waste disposal and nanomedicine handling.

3.1.2 Tier 2: premarket level

In the proposed framework premarket level regulation
covers clinical trials, approvals from authorities, produc-
tion, risk assessments, disposal mechanisms and intellec-
tual property (IP) protection. In case of services, contract
research and manufacturing organizations, suppliers and
manufacturers can be regulated. All premarket activities
of universities, institutes and companies can be regulated
to ensure quality and safety.
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3.1.3 Tier 3: postmarket level

The framework has a component to administer oversee-
ing compliance, enforcement and postmarket monitor-
ing. Post release in market includes monitoring use by
consumer, effect on environment and disposal. There are
no laws on waste disposal by the end user or methods for
its disposal. Additionally, pricing of the product and IP
enforcement can also be monitored.

It is very essential that the framework be implemented
at each level through various stages of the lifecycle of the
product and at central and state level in the country. Gov-
ernance mechanism can be improved by periodic review
of the framework.

3.2 Pillars of the framework

The proposed multi-level governance system for regula-
tion of nanomedicine in India is based on four principles
that are regulatory space, policy regime, sites of govern-
ance and lifecycle of nanomedicine.

3.2.1 Regulatory space

Regulatory space refers to a landscape where a variety
of stakeholders and interest groups may have resources,
capacity and ability to exert influence over the governance
of issue areas in the landscape [49]. In India, in the context
of nanomedicine there are three important stakeholders
that may influence the governance framework: (i) produc-
ers (ii) policy makers and enforcers and (iii) consumers
(as shown in Figure 4). Producers include universities,
institutes, small and medium enterprises, companies,

Policy makers and

Producers
enforcers

Consumers/users

Institutes

Institutes Central

Companies

State

Companies

Figure 4: Regulatory space of nanomedicine in India. It comprises
producers, policy makers and users.
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start-ups or lone entrepreneurs, that are engaged in the
research and development of nanomedicine-based prod-
ucts. The second group of stakeholders comprise policy
makers and law enforcers at the central and state levels
who have a critical role in the regulatory regime. The third
set covers the consumers, that is, the research organiza-
tions, patients and public in general.

3.2.2 Policy regime

Policy regime has been conceptualized as governing
arrangements for addressing policy problems [50]. These
governing arrangements can be either hard or soft form
of governance. Nanomedicine in India can be regulated
through a mixture of both the arrangements, as it is an
emerging technology [15]. In the absence of nanomedi-
cine-specific regime or provisions in existing laws that
may cover nanomedicine, soft governance can supple-
ment the regulation. We have proposed nanocertification
as an effective soft governance tool for nanomedicine
in India, and it has been discussed in detail elsewhere
(paper communicated).

3.2.3 Site of governance

It is very critical to assess at which target site to regulate
technology, and in case of nanomedicine we have pro-
posed governance at the site of research, production,
testing and use (Figure 5). At each site it is essential that
the usage and disposal of waste be monitored to ensure
biosafety.

Research

Production
* Universities and institutes et Hikreihs
= Companies

* Incubators, innovation and
science parks

Testing Use

= Universities and institutes
*+ Hospitals and clinics

* Companies

* Patients

* Public

* Clinical trials
* Labscale testing at

institutes, universities, and
companies
+ Testing facilities

Figure 5: Sites of governance of nanomedicine in India. The sites
comprise research, production, testing and use.
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Figure 6: Lifecycle of nanomedicine in India. The lifecycle com-
prises different steps — conceptualization, research and develop-
ment, IPR, clinical trials, safety, release in market and postmarket
monitoring.

3.2.4 Lifecycle of nanomedicine based product

The lifecycle of a nanomedicine product can be divided
into seven major stages: conception, research, product
development, protection of IPR, clinical trials and safety
assessments, release in the market and postmarket moni-
toring (Figure 6). The lifecycle of nanomedicine initiates
with conception of an idea and ends with postmarket
monitoring. A Kkey role can be played by the postmarket
surveillance in enabling further research to mitigate the
issues based on user feedback or on callback of the prod-
ucts. Investments or funding are required for two critical
stages of the lifecycle, that is, conversion of concept to
establishment of proof of concept and product develop-
ment to clinical trials. It is proposed to monitor throughout
the lifecycle of the product including funding for effective
governance of nanomedicine. Nanotoxicity information
reporting by the recipient may be made mandatory upon
completion of the project.

4 Conclusion

Each emerging technology needs to balance the risk(s)
it poses and benefits that it offers to the society. Nano-
medicine being a multidisciplinary field poses various
challenges with regards to its regulation. To overcome
this concern, India like many other nations has initiated
steps to characterize the regulatory landscape for nano-
technology and its applications including nanomedicine.
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Organizations such as TERI and Center for Knowledge
Management of Nanoscience and Technology have pro-
posed a framework for governance of nanotechnology;
however, neither of these are suitable for every applica-
tion of nanotechnology nor do they cover the entire lifecy-
cle. It is important to have a globally accepted definition
and classification system for nanomedicine. To promote
global trade, interoperability and harmonization of stand-
ards for products, manufacturing processes and nano-
toxicity testing assays are critical. In India, the Bureau of
Indian Standards and CSIR-National Physical Laboratory
have been assigned the task of developing standards [41].
Nanomission has framed draft guidelines and best prac-
tices for safe handling of nanomaterials. The International
Standard Organization and Organization for Economic
Co-operation and Development (OECD) have also pro-
posed standards for handling nanomaterials that would
be applicable to all the OECD member countries. But an
implementation and enforcement plan to ensure adoption
of these guidelines is essential.

Keeping in view that nanomedicine is emerging and
challenges are yet to be fully unraveled, a soft governance
strategy such as nanocertification system to supplement
the hard regulation may be adopted. Therefore, a three-tier
governance framework, which can be used by the policy
makers for developing a pathway for regulation of nano-
medicine in India, is proposed in the present study. The
model is based on regulatory space, policy regime, sites
of governance and lifecycle of the nanomedicine product.
The proposed framework has a combination of hard and
soft governance mechanisms and regulates at three levels
starting from research, premarket and postmarket with an
essential component of implementation and enforcement.
The governance framework regulates in terms of biosafety,
biosecurity, regulatory pathway, accessibility and intel-
lectual property. Such a framework aims to ensure further
growth of the technology and address risk(s) effectively.

Acknowledgments: None.

Disclosure: The authors have no conflicts of interest in
this work.

References

[1] Wong KK, Liu XL. Nanomedicine: a primer for surgeons. Pediatr.
Surg. Int. 2012, 28, 943-951.

[2] SinghS, Pandey VK, Tewari RP, Agarwal V. Nanoparticle based
drug delivery system: advantages and applications. Ind. J. Sci.
Tech. 2011, 4, 167-169.



DE GRUYTER

3]

(4

(5]

[6

(7]

(8]

o

[10]

[11]

[12]

(13]

[14]

[15]

[16]

[17]

(18]

Zhao X, Hilliard LR, Mechery S}, Wang Y, Bagwe RP, Jin S. A
rapid bioassay for single bacterial cell quantitation using
bioconjugated nanoparticles. Proc. Natl. Acad. Sci. 2004, 101,
15027-15032.

Zhang X, Eden HS, Chen Z. Peptides in cancer nanomedicine:
drug carriers, targeting ligands and protease susbtrates. J.
Control. Release 2012, 159, 2-13.

Maynard AD, Warheit DB, Philbert M. The new toxicology of
sophisticated materials: nanotoxicology and beyond. Toxicol.
Sci. 2011, 120, 109-129.

Chang HI, Cheng MY. Clinically-proven liposome-based drug
delivery: formulation, characterization and therapeutic effi-
cacy. Int ] Nanomedicine 2012, 7, 49-60.

Chaudhry Q, Blackburn J, Floyd P, George C, Nwaogu T, Boxall
A, Aitken R. Final report: a scoping study to identify gaps in
environmental regulation for the products and applications of
nanotechnologies. Department of Environment, Food and Rural
Affairs, London (2006).

Gee D, Grandjean P, Hansen SF, van denHove S, MacGarvin M,
Martin J, Nielsen G, Quist D, Stanners D, Eds., Late Lessons
from Early Warnings: Science, Precaution, Innovation. Euro-
pean Environment Agency: Copenhagen, 2013. p 746 (EEA
Report; No. 1, Vol. 2013). Available from: 10.2800/70069.
Hansen SF, Maynard A, Baun A, Tickner JA, Bowman DM. What
are the warning signs that we should be looking for? In Nano-
technology Environmental Health and Safety: Risks, Regulation
and Management, Hull MS, Bowman DM, Eds., Elsevier Editora
Ltda, USA, 2014, pp. 9-18.

Bawa R. FDA and Nanotech: baby steps lead to regulatory
uncertainty. In Bio-Nanotechnology: A Revolution in Food, Bio-
medical and Health Sciences, Bagchi D, Bagchi M, Moriyama
H, Shahidi F, Eds., Blackwell Publishing Ltd.: Oxford, UK, 2013.
DOI: 10.1002/9781118451915.ch41.

Ludlow K, Bowman D, Hodge G. A review of possible impacts of
nanotechnology on Australia’s Regulatory Framework. Austral-
ian Review. 2007. Available at http://www.innovation.gov.au/
Industry/Nanotechnology/NationalEnablingTechnologiesStrat-
egy/Documents/MonashReport2007.pdf.

Bawa R. Regulating nanomedicine — can the FDA handle it?
Curr. Drug. Deliv. 2011, 8, 227-234.

Amenta V, Aschberger K, Arena M, Bouwmeester H, Botelho
Moniz F, Brandhoff P, Gottardo S, Marvin HJ, Mech A, Quiros
Pesudo L, Rauscher H, Schoonjans R, Vettori MV, Weigel S,
Peters R]. Regulatory aspects of nanotechnology in the agri/
feed/food sector in EU and non-EU countries. Regul. Toxicol.
Pharmacol. 2015, 73, 463-76.

Bowman DM, Gatof J. Reviewing the regulatory barriers for
nanomedicine: global questions and challenges. Nanomedi-
cine 2015, 10, 3275-86.

Dorbeck-Jung B, Chowdhury N. Is the European Medical
Products Authorisation Regulation equipped to cope with the
challenges of nanomedicines? Law Policy 2011, 33, 276-303.
Dorbeck-Jung B, Bowman DM, Van Calster G. Governing nano-
medicine: lessons from within, and for the EU Medical Techno-
logy Regulatory Framework. Law Policy 2011, 33, 215-224.
Satalkar P, Elger BS, Hunziker P, Shaw D. Challenges of clinical
translation in nanomedicine: a qualitative study. Nanomedi-
cine 2016, 12, 893-900.

Marris C. Public views on GMOs: deconstructing the myths.
Stakeholders in the GMO debate often describe public opinion

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

P. Bhatia and A. Chugh: Framework for regulation of nanomedicine in India =——— 381

as irrational. But do they really understand the public? EMBO
Rep. 2001, 2, 545-548.

Adenle AA. Global capture of crop biotechnology in develop-
ing world over a decade. / Genet Eng Biotechnol. 2011, 9,
83-95.

Falkner R, Jaspers N. Regulating nanotechnologies: risk, uncer-
tainty and the global governance gap. Global Environ Polit.
2012, 12, 30-55.

FDA guidelines [Webpage on internet]. Available at http://www.
fda.gov/ScienceResearch/SpecialTopics/Nanotechnology/
default.htm. Accessed March 9, 2016.

EMA guidelines [Webpage on internet]. Available at http://
www.ema.europa.eu/ema/index.jsp?curl=pages/special_top-
ics/general/general_content_000345.jsp&. Accessed March 9,
2016.

Karim ME, Munir AB. Nanotechnology in Asia: a preliminary
assessment of the existing legal framework. KLRI J. Law
Legislation 2014, 4,169-223.

Nanomedicine market [Webpage on internet]. Available from
http://www.prnewswire.com/news-releases/nanomedicine-
market-is-expected-to-reach-usd-17760-billion-globally-in-
2019-transparency-market-research-239213281.html. Accessed
July 13 2016.

Weissig V, Pettinger TK, Murdock N. Nanopharmaceuticals
(part 1): products on the market. Int. J. Nanomedicine. 2014, 9,
4357-4373.

Jaspers N. International Nanotechnology Policy and Regulation,
Case Study: India. The London School of Economics and Politi-
cal Science and Lee Kuan Yew School of Public Policy. 2010.
Available at http://www.lse.ac.uk/ internationalRelations/
centresandunits/regulatingnanotechnologies/nanopdfs/
EuropeanUnion2010.pdf.

Beumer K, Bhattacharya S. Emerging technologies in India:
developments, debates and silences about nanotechnology.
Sci. Public Policy 2013, 40, 628-643.

Press Information Bureau [Press release]. 2014 [February 20].
“Continuation of the Mission on Nano Science and Technology
in the 12th Plan Period”. Available at http://pib.nic.in/newsite/
PrintRelease.aspx?relid=103969. Accessed on November 1
2015.

Ghosh A, Krishnan Y. At a long awaited turning point. Nat.
Nanotechnol. 2014, 9, 491-494.

Draft guidelines and best practices for safe handling of nano-
materials [Webpage on internet]. Available from http://nano-
mission.gov.in/. Accessed February 12 2016.

CSIR Nano-SHE [Webpage on internet]. Available from http://
csirnanoshe.org/aboutus.php. Accessed February 12 2016.
Alexander | [Webpage on internet]. DOP plans to revive efforts
to frame regulations on nano-drugs with a new centre at Kol-
kata NIPER. 2012 [April 26]. Available at http://pharmabiz.com/
PrintArticle.aspx?aid=68682&sid=1. Accessed on November 1
2015.

Bhattacharya S. Governance and regulation in an emerging
technology: nanotechnology as a case study. In India Science
and Technology, Banerjee P, Bhattacharya S, Kumar V, Mandal
K, Mehra K, Pohit S, Raina RS, Suman S, Eds., Cambridge Uni-
versity Press: New Delhi, 2015, pp. 215-218.

Jain A, Hallihosur S, Rangan, L. Dynamics of nanotechnol-

ogy patenting — an Indian scenario. Technol Soc. 2011, 33,
137-144.


http://www.innovation.gov.au/Industry/Nanotechnology/NationalEnablingTechnologiesStrategy/Documents/MonashReport2007.pdf
http://www.innovation.gov.au/Industry/Nanotechnology/NationalEnablingTechnologiesStrategy/Documents/MonashReport2007.pdf
http://www.innovation.gov.au/Industry/Nanotechnology/NationalEnablingTechnologiesStrategy/Documents/MonashReport2007.pdf
http://www.fda.gov/ScienceResearch/SpecialTopics/Nanotechnology/default.htm
http://www.fda.gov/ScienceResearch/SpecialTopics/Nanotechnology/default.htm
http://www.fda.gov/ScienceResearch/SpecialTopics/Nanotechnology/default.htm
http://www.ema.europa.eu/ema/index.jsp?curl=pages/special_topics/general/general_content_000345.jsp&
http://www.ema.europa.eu/ema/index.jsp?curl=pages/special_topics/general/general_content_000345.jsp&
http://www.ema.europa.eu/ema/index.jsp?curl=pages/special_topics/general/general_content_000345.jsp&
http://www.prnewswire.com/news-releases/nanomedicine-market-is-expected-to-reach-usd-17760-billion-globally-in-2019-transparency-market-research-239213281.html
http://www.prnewswire.com/news-releases/nanomedicine-market-is-expected-to-reach-usd-17760-billion-globally-in-2019-transparency-market-research-239213281.html
http://www.prnewswire.com/news-releases/nanomedicine-market-is-expected-to-reach-usd-17760-billion-globally-in-2019-transparency-market-research-239213281.html
http://www.lse.ac.uk/ internationalRelations/centresandunits/regulatingnanotechnologies/nanopdfs/ EuropeanUnion2010.pdf
http://www.lse.ac.uk/ internationalRelations/centresandunits/regulatingnanotechnologies/nanopdfs/ EuropeanUnion2010.pdf
http://www.lse.ac.uk/ internationalRelations/centresandunits/regulatingnanotechnologies/nanopdfs/ EuropeanUnion2010.pdf
http://pib.nic.in/newsite/PrintRelease.aspx?relid=103969
http://pib.nic.in/newsite/PrintRelease.aspx?relid=103969
http://nanomission.gov.in/
http://nanomission.gov.in/
http://csirnanoshe.org/aboutus.php
http://csirnanoshe.org/aboutus.php
http://pharmabiz.com/PrintArticle.aspx?aid=68682&sid=1
http://pharmabiz.com/PrintArticle.aspx?aid=68682&sid=1

382 —— P.Bhatia and A. Chugh: Framework for regulation of nanomedicine in India

[35] Barpujaril. The patent regime & nanotechnology: issues and
challenges. / Intellect Prop Rights 2010, 15, 206—-213.

[36] Sharma K, Chugh A. Legal aspects of nanobiotechnology inven-
tions: an Indian perspective. SCRIPTed. 2009, 6, 433-448.

[37] Vivekanandan ). Nano applications, mega challenges: the case
of the health sector in India. Stud. Ethics Law Technol. 2009, 3.
DOI: 10.2202/1941-6008.1117.

[38] Jayanthi AP, Beumer K, Bhatti M, Bhattacharya S. Nanotechnol-
ogy: ‘risk governance’ in India. Econ. Polit. Weekly 2012, XLVII,
34-40.

[39] Srivastava N, Chowdhury N. Regulation of health related nano
applications in India: exploring the limitations of the current
regulatory design. SSRN, 2008, 37, 1-2.

[40] Anand M, Srivastava N, Sarma S. Policy and ethical concerns in
nanotechnology safety: case of Indian health sector. / Biomed
Nanotech. 2011, 7, 34-35.

[41] Anand M, Srivastava N, Sarma SD. Governance and nanotech-
nology developments: a focus on the health sector in India.
SCRIPTed. 2012, 9, 6-24.

[42] The Energy and Resources Institute (TERI). Regulatory Chal-
lenges posed by Nanotechnology Developments in India. TERI
project: Capability, Governance, and Nanotechnology Develop-
ments — a focus on India New Delhi: The Energy and Resources
Institute. [Project Report No. 2006ST21: D6], 2009.

[43] Ali A, Sinha K. Prospects of nanotechnology development in
the health sector in India. Int. J. Health Sci. 2014, 2, 109-125.

[44] Ali A, Sinha K. Exploring the opportunities and challenges in
nanotechnology innovation in India. /SSPI. 2014, 2, 227-251.

[45] Purushotham H, Karanam M. Knowledge management and
regulatory issues — key for sustainable development of
nanoscience and technology in India. International Confer-
ence on Nanoscience, Engineering and Technology (ICONSET),
November 28-30, 2011.

[46] Chowdhury N. Regulatory supervision of emerging technolo-
gies: a case for nanotechnology in India. Econ. Polit. Weekly
2006, 46, 4730-4733.

[47] Sarma SD. How resilient is India to nanotechnology risks?
Examining current developments, capacities and an approach
for effective risk governance and regulation. EJLT. 2011, 2.

[48] Bhattacharya S, Bhatti M. Creating capacity for nanotechnol-
ogy research and innovation in India. In India Science and
Technology, Bhattacharya S, Kumar N, Mandal K, Mehra K,
Nath P, Pohit S, Raina R, Eds. Cambridge University Press: New
Delhi, 2013, pp. 215-221.

[49] Chiu IHY. Enhancing responsibility in financial regulation —
critically examining the future of public-private governance:
part 1. Law Fin. Markets Rev. 2010, 2, 170-188.

[50] May PJ, Jochim AE. Policy regime perspectives: policies and
governing center for American politics and public policy

DE GRUYTER

University of Washington Prepared for the annual research
conference of the Association for Public Policy Analysis and
Management Baltimore, MD, November 8-10, 2012.

Bionotes

Pooja Bhatia

Kusuma School of Biological Sciences,
Indian Institute of Technology Delhi, Hauz
Khas, New Delhi-110016, India

Pooja Bhatia has a Masters in Biotechnology and is a doctoral
student in the area of nanomedicine research and its management in
India at Indian Institute of Technology, Delhi. She has worked in the
field of IP management and Technology transfer for the last 10 years
and is also Consultant Licensing at Foundation for Innovation and
Technology Transfer. Her current areas of interest are governance of
nanomedicine, synthetic biology and marine bioprospecting.

Archana Chugh

Kusuma School of Biological Sciences,
Indian Institute of Technology Delhi, Hauz
Khas, New Delhi-110016, India,

Phone: +9111 26597533,
achugh@bioschool.iitd.ac.in

Archana Chugh is currently Assistant Professor at Kusuma School

of Biological Sciences at lIT Delhi. She is working in the area of
peptide-mediated therapeutics and governance issues of novel life
science technologies. She was awarded a PhD in Plant Molecular
Biology from University of Delhi, India. She was also awarded
NSERC-Visiting Fellowship for 3 years to work as Visiting Scientist

at Lethbridge Research Centre of Agriculture and Agri-food Canada.
Prior to joining IIT Delhi, she was Assistant Professor at Rajiv Gandhi
School of Intellectual Property Law at IIT Kharagpur where she
taught various forms of IPRs as well as IP management. She also
worked as Patent Associate with IP law practicing firm Remfry and
Sagar. She is also a registered Patent agent with the Indian Patent
Office. She has several publications in the area of IPR in various
journals of repute and is currently focusing on emerging governance
issues for nanomedicine and synthetic biology.



