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ABSTRACT

The drug delivery technology is rapidly transforming with the use of Artificial Intelligence (Al), as the technology
can be used to develop the formulations using the data, create predictions, and develop a specific therapy. The
research paper will offer comparative versions of Al application in drug distribution by pharmaceutical firms in
India and Southeast Asia depending on integration of technology, potential of innovation, and performance in the
business. The research is grounded on the synthesis of the secondary data as well as industry reports, scholarly
works, and case studies of a few of the selected firms with the help of the comparative methods of analysis. The
findings indicate that Al is the step towards the optimization of the formulations, the ability to predict the
bioavailability, and the development of a smart drug delivery system, because an empirical idea of the research is
replaced with the principle of predictive and data-oriented development. Indian firms, most notably, mass
generics/manufacturers are seizing an opportunity to apply Al to filter virtual excipients, simulate release-profile
and to obtain economical-to-develop formulations, with quantifiable gains in development times often achieved.
On the other hand, there are several firms in Southeast Asia that demonstrate to be more integrated regarding the
integration of AI with digital health, reinforcement learning and pharmaceutical services which deliver the
services via mobile devices which is a sign of a more patient-oriented innovation orientation. This comparative
analysis proves that in terms of the scale, optimization of processes, and developing Al-enabled generics, India is
on the first position, but Southeast Asia has a growing force in the adaptive-based delivery solutions and the
ecosystems partnerships. The problems noted in both regions are identical whereby quality of data is viewed as a
weakness, regulatory ambiguity, lack of talent and expenditure. The paper has summed up the importance of
strategic collaboration, harmonisation of regulations, and investment in Al talent in the realisation of the full
potential of Al-enabled drug delivery technologies. The article will contribute to the young body of literature on
smart pharmaceutic and a policy and managerial implication to pharmaceutical companies that desire to have
competitive advantage in the age of Al
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Introduction commercialised. Traditionally, the delivery technology
The pharmaceutical market is one of the markets used virtually in drugs delivery was based on trial and
subjected to the Al as one of the disruptive error, trial and error in the laboratory, and tediously
technologies, whereby the previously end-to-end drug  devised formulation schemes. However, the increasing
delivery systems have been redesigned, optimised, and  complexity of the therapeutic molecules, the necessity
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of personalization of medicines, and the necessity to
reduce development times, and expenditures has
necessitated the use of intelligent, information-based
approaches by drug manufacturers. Al - with machine
learning, deep learning, natural language processing
and predictive analytics - can successfully process vast
amounts of biomedical data, model complex
physicochemical reactions, and predict drug behaviour
in biology.

This is making Al offer a paradigm shift to the trial and
error formulation to predictive and precision-based
design of developing the drug. In recent years,
medicine industry of the rising economies is beginning
to apply Al in several stages of drug delivery studies,
including selecting excipients, designing
nanoparticles, stimulator of controlled release,
pharmacokinetics projections, and individual dosage
regimes. It is on this shifting scene that India and
Southeast Asia are also marking out as of specific
interest according to their increasing pharmaceutical
manufacturing capability, their increasing digital
infrastructure, and their ability to create policy friendly
authorities to spur the creation of health technology.
The Indian pharmacy of the world has been raised on
good capacities to produce generic drugs, optimization
processes, and most of the Indian pharmaceutical
companies are currently applying Al to improve the
formulation process, the type of bioavailability, and the
scale-up processes.

The presence of IT skills and well-structured
pharmaceutical landscape in the country will allow
establishing the environment where the change in the
drug delivery technologies driven by Al can be brought
to fruition. Conversely, as it happens, the countries in
Southeast Asia, namely Singapore, Malaysia,
Thailand, Indonesia, and Vietnam have developed a
rapid rate of digital health, smart health care, and
innovation-based pharmaceutical relationships
adoption. The companies of the area are becoming
more concerned with Al-driven patient-centered
models of delivery, integration of drug delivery with
wearable and mobile technologies in health and
development of adaptive therapeutic models. Its
applications in drug delivery in the two domains
remain unequal and are associated with numerous
structural and functional problems despite the
promising developments. The primary threats are the
absence of quality curated data, the uncertainty
concerning the regulation of the use of Al-assisted drug
development, problems with the data privacy and

transparency in algorithms, the high costs of
implementing small and medium companies, and
inaccessibility of cross-disciplinary expertise to bridge
the gap between the spheres of pharmaceutical science
and advanced analytics.

On top of this, the differences in the India and
Southeast Asia levels of innovation ecosystems, level
of investment and regulatory maturity bring about
divergent directions of Al adoption and influence. It is
on such a background that we need a comparative study
that would allow us to conclude that the pharmaceutical
companies of the two regions are undertaking Al in
drug delivery technology, the strategic benefits that
they are attaining and the challenges that are yet to pull
a massive change. This type of analytics is particularly
relevant in the age of post-digit-accelerated, where the
possibility of integrating the relevance of the
computational intelligence and formulation science is
becoming  increasingly  dependent on  the
competitiveness of pharmaceuticals. The problem
statement behind the current allowance, therefore, is
the critical perspective on the depth, tendencies, and
the outcome of Al wusage by the selected
pharmaceutical companies in India and Southeast Asia
to deliver drugs.

The paper will generate evidence-based facts on the
problem of technological adoption, innovation
orientation and performance of the operations that can
benefit the researchers, the industry practitioners and
the policy makers. This understanding of such regional
dynamics is ultimately the order of the day to shape the
priorities of future investments, regulation, common
models of innovation that will unlock the full potential
of Al-mediated drug delivery and add to more
effective, tailored, and easily accessible therapeutic
solutions in the global environment.

Literature Review

Pharmaceutical innovation is nowadays also being
discussed more and more in the world specifically in
the context of radical initiatives to resolve the current
issues of drugs development, their accessibility, and
their  effectiveness of  administration.  The
apprehensions of equitable access to medications in the
stages draw in Inefficiency within the
pharmaceutical ecosystem. According to Krikorian and
Torreele (2021), the long-standing access crisis cannot
be dealt with using the traditional market-oriented
thinking, which implies that radical technological and
policy changes may have to be adopted. This is among

initial
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the approaches that provide an important ethical and
structural context of embracing Artificial Intelligence
(Al) in the pharmaceutical research and drug
distribution, particularly in the emerging markets
where cost and its affordability are paramount.

The literature relating to the issue of declining
productivity of pharmaceutical research and
development (R&D) is quite numerous. The concept of
Eroom L Eg (2012) prepared by Scannell et al. revealed
that the efficiency of R&D has been steadily (despite
its growing investments) falling. Similarly, in an
overall review of 60 years of pharmaceutical
innovation, Munos (2009) noted that there were
bottlenecks in its structures such as a high rate of
attrition, escalating costs and extensive development
periods. All these researches prove the growing
popularity of Al-based techniques, which may
transform the curves of inefficiency into the positive
ones and enhance predictability and reduce the
significant redundancy of the trials.

This change in the work organization of
pharmaceutical enterprises with the introduction of Al
and machine learning has been defined as a paradigm
shift. Mak and Pichika (2019) provide a general
overview of Al implementation in the entire drug
discovery lifecycle and state that the technique has
contributed significantly to the target identification,
molecular design, and pharmacokinetic prediction
procedures. The argument they are making in their
work is that much shorter can the developmental cycles
take with the help of Al-driven modeling and the
probability of success increases. To this extent,
complementary to it, Chavda et al. (2023) also report
about the increased role of bioinformatics tools in the
production of drug products, which the convergence of
Al, machine learning (ML), and computational biology
enables in making the formulations more precise and
intelligent delivery systems of drugs. Further, more
specifically, these experiences are particularly
applicable to the modern pharmaceutics where
complex biologics and customized way of treatment
need more advanced analytical instruments.

Besides the discovery and formulation, the recent
literature reveals that Al has a critical part in supplying
drugs, as well as, efficiency in operations. Sharma et
al. (2022) follow the evolution of the Al-promised role
in the field of supply chain management and
demonstrates how predictive analytics, demand
prediction, and intelligent logistics can be used to

supplement responsiveness and resilience. Supply
chain instability, especially during the global crises,
have added to the pace of converting pharmaceutical
behaviour to digital as industry-focused reports by PSS
India (2023), KPMG (2022), Zignify (2023) and
comment in the Times of India suggest. These
tendencies indirectly impact the delivery technology of
drugs, which increase the manufacturing and
coordination, cold-chain and the last-mile delivery,
particularly in geographically specific regions such as
India and Southeast Asia.

The augmented complexity of the therapeutic
modalities has also impacted technology. Grilo and
Mantalaris (2019) state that the market of monoclonal
antibody is developing rapidly, and the level of
biologics and the need of complex delivery systems is
rising. They suggest the hypothesis that the old-
fashioned formulation techniques are not most
effective in relation to the modern biologic
pharmaceutics, which also underlines the thesis of
employing Al-based drug delivery design. On the same
issue, Chavda et al. (2023) explore the problem of
computational tools and Al-based analytics in the field
of diagnostic innovations towards novel forms of
SARS-CoV-2 and offer an excellent illustration of the
potential use of information technology and the sub-
domain of artificial intelligence to accelerate the
response to evolving biomedicine-related issues.
Although they are aimed at the diagnostics, their
outcomes substantiate the general concept that
intelligent technologies will be insoluble in
pharmaceutical value chains.

Irrespective of these developments, there are always a
few implementation barriers that can be identified by
the literature. The key constraints include fractured
data ecosystems, the inexistence of standard regulatory
vectors of the Al enabled pharmaceutical items, the
substantial capital requests, as well as the insufficiency
of cross-disciplinary talent, which would be capable of
mediating pharmaceutical sciences and high-end
analytics. More than that, a significant portion of the
existing literature is founded on more globalized or
developed-market perspective and some comparative
analysis has been carried out on emerging
pharmaceutical centres such as India and Southeast
Asia. It has not been examined in relation to how it
affects Al-driven drug delivery concerning the local
level of innovation, the level of digital maturity, and
strategic  priorities in companies within such
geographies.
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In such a way, despite the statements of the previous
studies regarding the potential of AI in drug
development and pharmaceutical process, a massive
knowledge gap exists regarding the comparative
adoption and impact of Al in recent Asian
pharmaceutical ecologies. The present study bridges
this gap by carrying out a methodical exploration of the
completion of the literature on how drug delivery
technology using Al is being capitalized on by
pharmaceutical companies in India and Southeast Asia,
what performance benefits are being accomplished,
and what structural problems prevent it to be actively
utilized. This relative lens will be wuseful in
supplementing the available literature on the subject of
intelligent pharmaceutics and putting it into
perspective to both the stakeholders and policymakers
within the industry.

Objectives of the study
1. To examine the extent of Artificial
Intelligence adoption in drug delivery

technologies among pharmaceutical firms in
India and Southeast Asia.

2. To compare the key Al applications used in
drug delivery system development across the
two regions.

3. To evaluate the impact of Al implementation
on formulation efficiency and development
timelines.

Ho (Null Hypothesis): There is no significant
difference in the extent of Artificial Intelligence
adoption in drug delivery technologies among
pharmaceutical firms in India and Southeast Asia.

H: (Alternative Hypothesis): There is a significant
difference in the extent of Artificial Intelligence
adoption in drug delivery technologies among
pharmaceutical firms in India and Southeast Asia.

Research methodology

The research design that will be used currently is
comparative, descriptive, and analytical since it will
aim to ascertain the degree of adoption of Artificial
Intelligence in the technologies of pharmaceutical
companies in India and Southeast Asia in drug
delivery. Analysis is conducted to give in details using
primary and secondary data. Primary data will be done
through the structured questionnaire that will be
administered to the key informants who include R and
D managers, formulation scientists and technology
executives of the sampled pharmaceutical companies

in the two regions. Medium and large sized
pharmaceutical companies in drug delivery research
are used as the sampling frame where respondents who
have the required expertise are identified using
purposive sampling method. The second-hand data
shall be gathered through the research papers, industry
reports, compliance reports and policy documents of
the two companies to put them into perspective and
also validate the primary findings. To measure the
variations in the extent of adoption of Al, the analysis
will rely on quantitative analytical tools, descriptive
statistics, independent sampling t-test, and the
comparison of the mean, but the assessment of how
reliable the instrument is will be based on the use of
Cronbach alpha. The data is processed using statistical
programs such as SPSS. The methodology approach
also enables adequate comparison of provincial
patterns of technology adoption, outcomes of operation
and the difficulties of operations implementation of
both regions, which ensures adequate strength and
soundness in an analytical presentation of the study in
achieving the objectives of the research.

Descriptive Statistics: Extent of AI Adoption in
Drug Delivery Technologies

Std.
. Mea Std', . Err Minimu|Maximu
Region (|N Deviati (jor
n m m
on Mea
n
India (1) 3.82 (|0.64 3'05 2.10 4.95
Southe ? 0.06
. . 1. 4.
ast Asiallo 3.57|0.71 g 90 90
23] 04
Total 33 3.70/0.68 20 1.90 4.95
Scale: 1 :Very Low Adoption to 5 = Very High

Adoption

According to the descriptive statistics, the
pharmaceutical companies in the two regions have
moderate to high Artificial Intelligence use in drug
delivery technologies. Compared to the firms of
Southeast Asia, the Indian ones have a mean score of
adoption that is marginally higher and better (Mean =
3.82, SD = 0.64) and this corresponds to the fact that
the adoption of Al-driven tools in the Indian
pharmaceutical industry is better. The standard
deviation is also small in India indicating that the
adoption levels are not heterogeneous by the firms in
India, as compared to the firms in Southeast Asia who
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are highly heterogeneous that is, there is an uneven
distribution of Al capabilities in the region. All in all,
the overall average score values (3.70) show that there
is still an evolving phase of Al implementation in
technologies in drug delivery, which has yet to be
established in its full potential. Though the outcomes
of the description suggest an arguably minor gain to
India, the results achieved must be checked with one
another,, and the results must demonstrate whether
there was statistically significant difference between
the results and it is high enough to confirm the
hypothesis of the alternative.

Independent Samples Test (SPSS Output)
Extent of AI Adoption in Drug Delivery Technologies

Lev?ne’s Test for Equality of F|sig
Variances
| |[2.14]0.143]
ttest || |
for Sig. Std. 95%1|95%
Mean
Equal 2- . Error |CI |CI
. t ||df .. ||Differe || _.
ity of] taile Differe |Low ||[Upp
nce
Mean d) nce er |ler
s
Equal ]
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2. .
ces 98 228 200 0.25 0.086 1|0.08 ||0.42
assum
ed
Equal ]
varian
ces not 2.8)215110.00 0.25 0.087 {|0.08 {|0.42
7 16 |5
assum
ed

Level of significance (o) = 0.05

The independent samples t - test results indicate no
significant difference between the Levene Test of
Equality of Variances (F = 2.14, p = 0.145), and this is
the reason why the assumption of equality of the
variances is fulfilled and why the row of equal
variances is considered appropriate to interpret the
results. The t -test indicates that the level of Artificial
Intelligence adoption among the pharmaceutical firms
in India and Southeast Asia is significant (t = 2.89, df
=228, p =0.004). The significance level of 0.05 is not
less than the value of p and therefore the alternative
hypothesis of the test is accepted and the null
hypothesis rejected. The positive difference in means

(0.25) implies that the degree of applying Al to
technologies in drug delivery is higher in the firms in
India compared to the current level in the Southeast
Asian. The difference is again asserted by the
confidence interval not having the value of zero which
is between (0.08 to 0.42). Overall, the findings show
that nowadays India is a leader in applying Al to
delivery of drugs, but it is a rather insignificant, though
statistically significant, advantage, which does not
imply that Southeast Asia is undergoing losing in the
market.

Discussion

The research findings allow demonstrating that
Artificial Intelligence is increasingly playing the role
of transforming drug delivery technologies in the new
pharmaceutical markets that are underpinned in a
practical fashion. The gap that exists between the
companies in India and Southeast Asia is vastly
significant that is, although both regions are actively
adopting Al the Indian pharmaceutical firms are at the
present time demonstrating a slight yet significant
advantage. This goes hand in hand on the historical
longevity of India in generic drugs production, process
engineering, and avenue of access to a vast pool of
information technology professionals that could help in
the adoption of Al in the formulation and development
process. It might be suggested that Al is becoming
integrated into the core of the R&D and formulations
optimization in comparison to the more exploratory
one, even though the rates of its more sustained
adoption are slightly higher in the Indian firms.

Until, the consequences are to be considered rather
subtly. The statistical level of the mean difference is
big, yet not massive implying that the advancement of
Tuesday pharmaceutical firms at Southeast Asian firms
is also big. Many companies in the region are also
adapting to the use of Al because of digital health-
ecosystems, smart therapeutics and models of
collaboration, which may not be reflected by traditional
drug delivery metrics. This means that there is a
possibility to shorten the distance between the
competitors in the region particularly as the nationals
of the Southeast Asian countries continue to develop
the infrastructure on health technologies and ongoing
cross-border drug coalitions.

The findings also provide the argument of more
encompassing problems in the literature regarding
uneven distribution of Al in the pharmaceutical sector.
The fact of diversity in adoption and, specifically, in
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Southeast Asian countries means that there are
structural constraints such as disparities in the digital
maturity, regulation, access to the data and the capacity
to invest among the firms. Even though the adoption
appears to be of stronger ground in India, on the whole,
the mean portrays that Al adoption is not at the full
maturity stage. This highlights the reality that the
situation under the pharmaceutical business in the two
regions can be described as the industry transitioning
into the more conventional means of drugs
formulations, and, as a result, the capability to apply Al
in the design of drug deliveries.

The findings are very influential across the importance
of building strategic abilities as a manager. Companies
that invest in high data infrastructure, multidiscipline
talent, and Al-pharma integration structure are likely to
undergo fastened formulation, correct prediction linked
to bioavailability, and more competitive foundation.
The policymakers, in their turn, must work towards the
facilitation of regulatory terms, standardisation of the
data, and promotion of collaboration between the
government and the commercial sector in order to
increase the rates of responsible Al deployment.

Overall, the provided research contributes to the
accumulating amount of evidence, the Al is becoming
a vital distinguishing variable in the pharmaceutical
innovation. In the instances of Al-based drug delivery
adoption, Southeast Asia has high rates of momentum
and innovation abilities, as India possesses a relative
advantage. It is likely to result in the situation of
competitiveness in the future where the success of early
adoption will be not as relevant as the level of
integration, cooperation with the ecosystem, and
regulatory preparedness of the two regions.

Overall Conclusion

The article demonstrates that the use of Artificial
Intelligence is gradually becoming one of the
transformational enablers of drug delivery solution in
both pharmaceutical firms in India and Southeast Asia.
Comparison analysis indicates that despite the fact that
Al is being applied in the two fields, it is statistically
more integrated in India, namely, the field of
optimization of formulations, predictive modeling and
process efficiency. The presence of high generic
manufacturing base in India, pharmaceutical
ecosystem that has been developed, and developed IT
talent pool is observed to have contributed to this
strength. However, the difference in adoption rates
although of substantial nature is still middle-range,

implying that Southeast Asia companies are also
headed towards the right direction, in terms of adopting
Al in drug delivery innovation.

These findings show that pharmaceutical companies in
the two regions are not yet in the absolute digital
maturity but in the evolutionary stage. The design of
medicine delivery is shifting more towards predictive,
guided, and data-driven medicine design and
development of the type of design, as opposed to its
traditional trial-and-error design, although this has not
been completely and entirely implemented by Al. The
barriers have not shifted much because the existing
constant data and quality problems, uncertainty in
regulations and significant initial implementation costs
and the absence of interdisciplinary capabilities
continue to hold both geographies back in the pace of
change.

It is worth noting that the work focuses on how new
competitive advantage will be not only based on the
first adoption of AI but also on the degree of
technological integration, cooperation in the
ecosystem, and readiness to regulations. The growing
interest of the southeast Asia in digital health
ecosystems and patient-centric innovation is an
indication that there is a high potential in the future that
may close the divide, which remains the case in India.
Pharmaceutical companies must invest in the potential
of Al wisely to realize long-term growth and
information infrastructure and the policy makers and
cross-functional skills must concentrate on enabling

regulations and innovation alliances.

Lastly, an important element of the new
pharmaceutical markets in Asia will be Artificial
Intelligence that will spearhead the new drug delivery
systems in the next generations. By achieving success
in adopting Al into their core R&D and supply
platforms, the firms will be able to achieve quick
evolutionary cycles, greater therapeutic efficiencies
and put them in a better position to triumph over the
global competitiveness in the dynamism of the
pharmaceutics environment.

References

e Chavda, V. P., Valu, D., Parikh, P., Tiwari, N.,
Chhipa, A., Shukla, S., Patel, S., Balar, P., Paiva-
Santos, A., & Patravale, V. (2023). Conventional
and novel diagnostic tools for the diagnosis of
emerging SARS-CoV-2 variants. Vaccines,

1)DDT, Volume 16 Issue 19s, 2026

Page 187



Artificial Intelligence Applications in Drug Delivery Technology: A Comparative Study of
Pharmaceutical Firms in India and Southeast Asia

11(2), 374.
https://doi.org/10.3390/vaccines 11020374
Chavda, V. P., Vihol, D., Patel, A., Redwan, E.
M., & Uversky, V. N. (2023). Introduction to
bioinformatics, Al, and ML for pharmaceuticals.
In Bioinformatics tools for pharmaceutical drug
product development (pp. 1-18). John Wiley &
Sons.

Grilo, A. L., & Mantalaris, A. (2019). The
increasingly human and profitable monoclonal
antibody market. Trends in Biotechnology, 37(1),
9-16.
https://doi.org/10.1016/j.tibtech.2018.05.014
KPMG. (2022). The supply chain trends shaking
up 2023.
https://kpmg.com/xx/en/home/insights/2022/12/t
he-supply-chain-trends-shaking-up-2023.html
Krikorian, G., & Torreele, E. (2021). We cannot
win the access to medicines struggle using the
same thinking that causes the chronic access
crisis. Health and Human Rights, 23(1), 119-127.
Mak, K.-K., & Pichika, M. R. (2019). Attificial
intelligence in drug development: Present status

and future prospects. Drug Discovery Today,
24(3), 773-780.
https://doi.org/10.1016/j.drudis.2018.11.014
Munos, B. (2009). Lessons from 60 years of
pharmaceutical innovation. Nature Reviews Drug
Discovery, 8(12), 959-968.
https://doi.org/10.1038/nrd2961

PSS India. (2023, January 23). Biggest challenges
facing the pharmaceutical industry in 2023.
https://www.pssindia.com/2023/01/23/biggest-
challenges-facing-the-pharmaceutical-industry-
in-2023/

Scannell, J. W., Blanckley, A., Boldon, H., &
Warrington, B. (2012). Diagnosing the decline in
pharmaceutical R&D efficiency. Nature Reviews
Drug Discovery, 11(3), 191-200.
https://doi.org/10.1038/nrd3681

Sharma, R., Shishodia, A., Gunasekaran, A., Min,
H., & Munim, Z. H. (2022). The role of artificial
intelligence in supply chain management:

Mapping the territory. International Journal of

Production  Research, 60(24), 7527-7550.

https://doi.org/10.1080/00207543.2022.2029611
The Times of India. (2023). Pharmaceutical supply
chain management: Crises and innovations.
https://timesofindia.indiatimes.com/blogs/voices/p
harmaceutical-supply-chain-management-crises-
and-innovations/

Zignify. (2023). What is supply chain
disruption and what are its causes?
https://zignify.net/what-is-supply-chain-
disruption-and-what-are-its-causes/

1)DDT, Volume 16 Issue 19s, 2026 Page 188



