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Advancing applied pharmaceutical technology: A paradigm shift

toward sustainable innovation and interdisciplinary convergence

Dipankar Ghosh*

pplied pharmaceutical technology is an evolving field
A:zlvith an important intersection, where more responsibility
as been put on it than ever in the history of the enterprise,
and at the same time, there is the demand for sustainability
and efficiency. With us firmly embracing the mid-2020s, the
Journal of Applied Pharmaceutical Science (JAPS) has become
an irreplaceable source of information that brings the research
that transforms the basic scientific principles into practical
pharmaceutical options. The editorial provides a very insightful
analysis of the existing trends, future directions, and crucial policy
changes in this field, especially the fact that they incorporate
sustainable processes and technologies, modern biotechnologies,
and a variety of interdisciplinary collaborations which are at the
very core of what our research group at JIS University does.
Indeed, the enduring issues in drug discovery and
development, namely the rising costs, delays, and failure rates are
compelling a fundamental recheck of the conventional strategies.
Artificial intelligence (Al) and machine learning have become
revolutionary as well in this regard. These supercomputers are not
observed as side tools, but they are being extensively embedded
into all aspects of the pharmaceutical value chain, including
carly-stage drug target identification and lead optimization
as well as optimizing clinical trial design [1,2]. An example
would be Al-based drug repurposing which has the advantage
of being a quicker and less expensive route to potential new
treatments since it seeks to establish new uses of existing drugs
[1]. The combination of big data, omics technologies, and Al has
simultaneously arrived at an unprecedented level of knowledge
of complex biological systems and opens the next chapter in more
accurate, personalized medicine. The industry is moving more
toward data-driven innovation as our research group actively
pursues computational methods, such as bioinformatics analysis,
to supplement experimental endeavors.
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At the same time, nano is still a pillar in the
progress of targeted drug delivery. This was possible because
of the ability to engineer the materials at the nanoscale
enabling the creation of advanced delivery systems that
beat biological barriers to enhancing bioavailability as well
as lowering systemic toxicity of the delivery system. The
recent tendencies point to the increased interest in stimuli-
responsive nanoparticles and biocompatible nanocarriers
[3,4]. Drug-resistant bacteria are highly complicated and
require different therapeutic solutions. Our experience with
graphene oxide-para amino benzoic acid nanosheets and
alginic acid nanoparticles shows that these systems can
be useful in the development of accurately and efficiently
delivered therapeutic agents [5,6]. These are innovations that
are important in increasing the therapeutic index of drugs
and multiplying treatment opportunities for difficult-to-treat
diseases.

One of the key trends defining the future of applied
pharmaceutical technology is the massive tendency toward
the sustainable pharmaceutical manufacturing. With the
application of green chemistry principles and principles of the
circular economy within the industry, low solvent utilization,
the efficient use of energy, and balanced energy utilization are
employed to limit the environmental impact of the industry [7].
In addition to the optimization of the processes, valorization
of waste biomass to manufacture useful pharmaceutical
intermediates and excipients is making huge traction. The
necessity is directly met in our research at JIS University which
is devoted to the study of algal biotechnology and microbial
engineering as approaches to the valorization of waste biomass.
We investigate the possibilities of the application of oleaginous
microbes and algal biomass as replenishing feedstocks in the
production of value-added biomolecules, enzymes, and their
potential chemical derivatives during the manufacture of
pharmaceutical intermediates or pharmaceutical products that
are eco-friendly alternatives to the classical chemical syntheses
[8—10]. This is synonymous with the larger drive toward a bio-
based economy to pharmaceuticals.
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The exploding biopharmaceutical industry is another
big industry of growth and innovation. Therapeutic proteins,
monoclonal antibodies, and cell therapies, encompassing gene
therapies, are changing the therapeutic environment in the
treatment of many diseases [11]. The intricacies of creating,
producing, and licensing these complex therapies call to them the
need of having a multi-disciplinary team, one which combines
molecular biology, process engineering, and quality control to
the letter. Moreover, mines of natural products, especially those
of varied microbial and algal origin, portends to hold unending
transport of fresh bioactive compounds with therapeutic
possibilities. Our research in microbial engineering and algal
biotechnology, through application of the microbial factory to
the production of pharmaceuticals and food ingredients, goes
right to the heart of this new territory [8—10].

Importantly, the emerging policy trends are progressing
in parallel with the scientific and technological research in order
to ensure safety of patients, promote innovation, and cover
the global health disparities. Regulations, including bilateral
agencies such as the European Medicines Agency and the
World Health Organization (WHO), are periodically revising
regulations to adapt to new treatment processes and medical
devices integrated with Al [12]. The future EU Al Act (2025)
is a recent example of the move to open regulatory frameworks
around Al applications in healthcare, which would require more
transparency and accountability of the AI models [12]. More
so0, a rise in the importance of environmental sustainability in
the context of pharmaceutical regulations can be noted, as an
approach like the European Green Deal is affecting production,
packaging, and waste disposal processes [7,12]. Recent
guidelines on the topic of the WHO are especially important as
compared to those of the previous year (TRS 1044 - Annex 4,
2022), where they increasingly focus on a life-cycle approach
to facilitate the safe and efficient transfer of pharmaceutical
technologies, notably in low- and middle-income countries,
contributing to universal access to medicines [13].

To sum up, the sphere of applied pharmaceutical
technology is in the transformative era, due to breakthroughs in
the fields of Al, nanotechnology, and biotechnology, along with
sound adherence to the concept of sustainability. The level of
interdisciplinary work with a wide spectrum of interdisciplinary
knowledge (computational science, materials science,
microbiology, and chemical engineering) is fundamental in the
need to transform these scientific advancements into clinically
useful, globally available pharmaceutical products. The context
of this synergistic research is presented endlessly in JAPS. By
promoting publication of high-level high impact papers, JAPS
helps the development of healthcare on the global level. We
would like to invite researchers to keep sending their ground-
breaking work, especially the one that touches the intersection of
green ideas and high-tech with unmet medical demands. There
is optimism in the future of applied pharmaceutical technology
and it is through concerted efforts that we as a collective can
collectively propel a new dawn of safer, more effective, and
even more accessible medicines to all.

REFERENCES

1.

12.

Dembitsky VM, Gloriozova TA, Poroikov VV, Koola MM. QSAR
study of some natural and synthetic platelet aggregation inhibitors
and their pharmacological profile. J Appl Pharm Sci. 2022;12(5):39—
58. doi: https://doi.org/10.7324/JAPS.2022.120503

Nalamalapu L, Nagula R, Penke V, Bandaru N, Katari S,
Gangadasu V. Advancements in pharmaceutical formulations.
Asian J Pharm. 2023;17(3):40-7. doi: https://doi.org/10.5958/0974-
9446.2023.00007.X

Sarhan OM. Recent trends in drug delivery systems. Assay Drug
Dev Technol. 2025. doi: https://doi.org/10.1089/adt.2025.031

Singh TK. Advancements in pharmaceutical research: emerging
trends in drug discovery and development. Chitkara University Blog;
2024 [cited 2025 Jun 25]. Available from: https://www.chitkara.
edu.in/blogs/advancements-in-pharmaceutical-research-emerging-
trends-in-drug-discovery-and-development/

Ghosh D, Chandra S, Chakraborty A, Ghosh SK, Pramanik P. A
novel graphene oxide-para amino benzoic acid nanosheet as effective
drug delivery system to treat drug resistant bacteria. Int J Pharm Sci
Drug Res. 2010;2(89):127-33.

Ghosh D, Pramanik A, Sikdar N, Pramanik P. Synthesis of low
molecular weight alginic acid nanoparticles through persulfate
treatment as effective drug delivery system to manage drug resistant
bacteria. Biotechnol Bioprocess Eng. 2011;16:383-92.

Kumar A. Advancements and challenges in pharmaceutical
innovation: navigating regulation, technology, and global access. Int
J Pharm Sci. 2023;3(3):2144-58.

Ghosh D, editor. Algal biomass technology and research - sustainable
solutions in diverse industries (2-volume set). Palm Bay, FL: Apple
Academic Press; 2025.

Ghosh D, editor. Oleaginous microbes for waste biomass valorization.
Palm Bay, FL: Apple Academic Press; 2023.

Debnath S, Paul S, Ghosh D. Sustainable wastewater treatment
through microalgae and alternative biotic communities for bioenergy
production. In: Srivastav AL, Zinicovscaia I, Cepoi L, editors.
Biotechnologies for wastewater treatment and resource recovery.
Amsterdam, Netherlands: Elsevier; 2025. pp 65-76.

Balali-Mood M, Zarshenas MM. Herbal medicine and
biopharmaceuticals. In: Zarshenas MM, editor. Herbal medicine.
Cambridge, MA: Academic Press; 2024. pp 1-17. doi: https://doi.
org/10.1016/B978-0-12-823908-1.00001-3

World Health Organization. WHO guidelines on technology transfer
in pharmaceutical manufacturing. WHO Technical Report Series No.
1044, Annex 4. Geneva, Switzerland: World Health Organization;
2022.

Government of India, Ministry of Chemicals and Fertilizers.
National policy on research and development and innovation in
Pharma-MedTech sector in India. 2023 Sep 26 [cited 2025 Jun
25]. Available from: https://www.pib.gov.in/PressReleasePage.
aspx?PRID=1960812

How to cite this article:

Ghosh D. Advancing applied pharmaceutical technology:
A paradigm shift towards sustainable innovation and
interdisciplinary convergence. J Appl Pharm Sci.
2025;15(09):i-ii. DOI: 10.7324/JAPS.2025.268055ED.




