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meeting with academia and industry stakeholders involved in 
NAM development, including MPS and computational models 
(Parvatam et al., 2021). These include lack of infrastructure, 
lack of a skilled pool of researchers trained in NAM method-
ologies, supply chain blocks, lack of awareness amongst aca-
demic and government bodies, bottlenecks in cell sourcing, and 
lack of communication between technology developers, regu-
latory bodies, and end-users. 

To address these issues, the Centre for Predictive Human 
Model Systems (CPHMS) at Atal Incubation Centre-Centre 
for Cellular and Molecular Biology (AIC-CCMB) organized a 
multi-stakeholder roundtable meeting between MPS technol-
ogy developers (in academia and industry), regulators, poli-
cy-makers, and personnel from pharma companies (Tab. S11). 
CPHMS was established in collaboration between AIC-CCMB 
and the Humane Society International (India) to advance and 
enable human-relevant methodologies in India. This roundta-
ble meeting was a first-of-its-kind, cross-sectoral meeting in 
India to discuss the development of MPS technology. The dis-
cussion was focused on two themes: indigenous development 
of MPS models and developing a sustained source of funding 
for these methods. Several recommendations were proposed by 
the members of the government, regulatory, and funding bodies 
during the meeting as discussed below.

2  Recommendations to develop non-animal, 
human-relevant methodologies in India

2.1  Building a database to map MPS research  
in India
As MPS research is still new in India, it was suggested to build 
an open-access, interactive database to map the researchers, 
their skills, and the developed technologies. Such a database 
would assist not just in mapping the expertise and work being 
done in different areas of research but would also document the 
gaps in training and infrastructure. It would also help in forg-
ing collaborations, reducing redundancy, and identifying spe-
cific technologies that are ahead in terms of their technology 
readiness levels. Armed with this information, funding could be 
directed towards specific gap areas in training, research, and in-
frastructure that are relevant to India.

1  Introduction 

The last few decades have seen a global increase in the devel-
opment of non-animal and human-relevant technologies, i.e., 
new approach methodologies (NAMs), which include in vitro 
and computational tests, and their respective regulatory imple-
mentation. However, the field of NAMs is still nascent in In-
dia, where these methods have only started to be used with-
in the last five years (Parvatam et al., 2020) but have already 
achieved some changes in Indian regulations and guidelines 
(Pant, 2020). An 2016 amendment to India’s Drugs and Cos-
metics Rules recognized non-animal tests for dermal and oc-
ular toxicity (Drugs and Cosmetics (Seventh Amendment) 
Rules, 2016). The Indian Pharmacopeia Commission, which 
sets standards for all drugs manufactured, sold and con-
sumed in India, abolished the abnormal toxicity test on ani-
mals and introduced alternatives to the rabbit pyrogen test in 
2020. Provisions for minimizing animal testing and accep-
tance of non-animal approaches were incorporated in a recent-
ly released guideline for the evaluation of nano-based agri-in-
put (feed, fertilizers and plant protection products) and food 
products in India (DBT, 2020). In addition, the updated guid-
ance document on the toxicology required for registration of 
chemical pesticides now recognizes the use of in vitro tests 
and non-testing approaches such as waivers, read-across (data 
bridging) and valid in silico models (MOAFW, 2017). 

Apart from regulatory changes in the areas of toxicology and 
drug development, there have also been several initiatives to-
wards promoting the use of NAMs in biomedical research in 
India. In 2019, a perspectives paper by the Indian Council of 
Medical Research (ICMR) highlighted the need for non-ani-
mal-based research in India (Swaminathan et al., 2019). In ad-
dition, ICMR also drafted a white paper that proposed an Indi-
an roadmap for alternatives to animals in research. There has 
been a significant increase in the number of research labs and 
start-ups that use or develop in vitro microphysiological sys-
tems (MPS) models for basic biological research in the last few 
years (Parvatam et al., 2020). 

These research and government initiatives indicate that this is 
an opportune moment to accelerate non-animal and human-rel-
evant research in India. However, there are certain roadblocks 
to achieving these goals. These were discussed at a recent 
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ogies is very low. Thus, programs that provide information in 
an attractive and accessible manner can be designed to engage 
with the public such that they can be involved in implementing 
change at a larger scale.

2.7  Encouraging bilateral and multi-lateral  
collaborations
Many countries are presently at advanced stages of development 
of these technologies. It was suggested that as India has bilateral 
relationships with almost 20 countries, countries with technolog-
ical expertise in this area could be identified to develop specific 
programs for knowledge exchange. 

2.8  Increasing stakeholder crosstalk
One of the critical lacunae is an absence of communication be-
tween technology developers in academia and industry along 
with the stakeholders in government, regulatory bodies, and 
pharma companies. This leads to gaps in understanding the re-
quirements of end-users during the technology development and 
of regulators for obtaining regulatory approval. On the other 
hand, end-users and regulatory bodies also need to be informed 
regarding the technological advances in the drug discovery area. 
One-day multi-stakeholder workshops or meets conducted twice 
a year could assist in addressing this limitation.

3  The way forward

To take forward the recommendations of the meeting partici-
pants into actional outcomes, we propose two strategies. In 2013, 
India introduced the Companies Act, which made it mandato-
ry for firms with a net worth exceeding ₹500 crore or a turn-
over exceeding ₹1,000 crore or net profit above ₹5 crore to spend 

2.2  Building Centres of Excellence for  
human-relevant research
In the past five years, more than 30 research labs and start-ups ini-
tiated work in the area of MPS research in India (Parvatam et al., 
2020). This research spans diverse organ systems, including eye, 
liver, brain, skin, wound infections, placenta, lung, and various 
cancers to understand human development and drug discovery. 
However, much of the research currently occurs in siloes. Build-
ing dedicated Centres of Excellence would have a multi-fold im-
pact by bringing researchers with varied expertise and skills to-
gether to build MPS models for drug discovery. This could also 
accelerate the pace of research and reduce redundancy, as multi-
ple groups are working on similar themes. 

2.3  Thematic categories in government and  
private grants 
Currently, researchers working on MPS projects apply to the 
broad categories of stem cell or disease biology for government 
grants. Creating thematic categories in various government and 
private grants could increase awareness towards this area and 
provide positive incentives for researchers.

2.4  Industry-sponsored PhD or post-doctoral  
fellowships in this area
To address the specific needs of industry, who are the main 
end-users of MPS technology in drug discovery, industry-spon-
sored fellowships could be provided. These fellowships could be 
directed towards specific needs and requirements of industry or 
methods identified to be at advanced stages of technology-readi-
ness levels. This would increase the cross-talk and bridge the gap 
between the technology developers in academia and the end-us-
ers in pharma companies.

2.5  Training programs and incorporation 
in educational curricula
There is only a small pool of skilled researchers in India who 
are trained in human-relevant technologies, such as MPS mod-
els, computational tools, etc. This is due to a lack of training pro-
grams specifically geared towards this area. To address this, ded-
icated training programs need to be developed. To combat the 
lack of awareness amongst students and researchers, certificate 
programs or curricula could be designed for various target audi-
ences, including students, researchers, regulators, or personnel in 
contract research organizations (CROs) and micro, small & me-
dium enterprises (MSMEs). It was also suggested that regulatory 
bodies be involved in these training programs, as researchers are 
often unaware of the process of obtaining regulatory approval for 
new technologies. 

2.6  Increasing public awareness and engagement
Public opinion and civil societies can play an important role 
in public policy and legislative changes in a country. In India, 
public awareness regarding non-animal and emerging technol-

Fig. 1: Recommendations proposed in the multi-stakeholder 
roundtable meeting to enable the development of human-
relevant technologies in India 
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2% of their average net profit on corporate social responsibility 
(CSR) activities. In 2019, the Government of India amended this 
Act such that corporations can now use their CSR funds to sup-
port research efforts in science, technology, medicine, and en-
gineering at major institutions and bodies2. This paved the way 
to increasing private investment into research. For many of the 
recommendations proposed, including establishing Centres of 
Excellence, tapping into the CSR funds could provide a potent 
method to increase private investment and involve various indus-
try stakeholders in developing MPS models. 

As several members also suggested the formation of steer-
ing committees to carry forward these recommendations, we 
propose the formation of three working groups (WGs) in the 
areas of education and training, basic and applied research, 
and translational research of MPS technologies. The educa-
tion and training WG would focus on building a pool of re-
searchers and students that are skilled in NAMs. The basic re-
search WG would focus on how to address the challenges re-
lated to research, funding, and infrastructure for developing 
MPS technology in India. The translational WG would address 
how to take the technology to end-users, including crossing 
regulatory hurdles and scaling up. These WGs would ideally 
be multi-stakeholder and could meet on a bi-annual basis to 
share updates and design strategies. 

We envision that these initiatives will commence in the com-
ing few months and assist in achieving the goals proposed at this 
roundtable meeting. 
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