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1. Introduction
The remarkable progress achieved in pharmaceutical sciences over the past several

decades has transformed our understanding of disease biology and significantly expanded
the therapeutic options available for numerous human disorders. However, despite these
advances, the translation of promising laboratory discoveries into clinically effective
medicines remains an exceptionally challenging process [1–3]. The high attrition rate
of drug candidates, increasing complexity of multifactorial diseases, emergence of antimi-
crobial resistance, and growing demand for personalized therapies all underscore the need
for innovative and interdisciplinary approaches to drug discovery and development.

Historically, synthetic chemistry and natural product research have often been viewed
as distinct avenues of therapeutic discovery. Today, however, these disciplines are increas-
ingly recognized as complementary components of a unified drug development paradigm.
Natural products continue to provide unparalleled structural diversity [4,5] and biological
inspiration, while synthetic chemistry enables precise molecular optimization, scalable
manufacturing, and rational target engagement. Equally importantly, advances in phar-
maceutical engineering, biomaterials science, computational biology, and translational
medicine are redefining how therapeutic molecules are discovered, optimized, delivered,
and ultimately translated into clinical practice.

The Special Issue “Synthetic and Natural Drugs: Pharmacological Activity, Biochemi-
cal Properties, and Applications” was conceived with this multidisciplinary vision in mind.
Although the seven contributions included in this collection span diverse therapeutic ar-
eas and experimental approaches, they collectively illustrate four scientific frontiers that
are shaping the future of pharmaceutical research: (i) Discovery of bioactive molecules,
(ii) Advancing pharmaceutical formulation, (iii) Biomaterials and localized therapeutics,
and (iv) Future perspectives.

2. Discovery of Bioactive Molecules
The continued search for biologically active molecules remains the foundation of phar-

maceutical innovation [5]. While advances in synthetic chemistry have accelerated rational
drug design, nature continues to provide an extraordinary source of structurally diverse
compounds that have evolved to interact with biological systems in highly specific ways.
Consequently, modern drug discovery increasingly combines natural product exploration
with mechanistic pharmacology to identify novel therapeutic opportunities.
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Several contributions in this Special Issue exemplify this direction. The investigation
comparing puerarin with the clinically established local anesthetic lidocaine demonstrates
how naturally occurring compounds may provide alternative strategies for modulating
neuronal excitability associated with orofacial pain [Contribution 1]. Rather than merely
identifying biological activity, this work advances a mechanistic understanding of pain
signaling pathways, an essential step toward developing safer non-opioid analgesics.

Similarly, the study investigating aqueous extracts from the cyanobacterium Chroococ-
cus sp. R-10 highlights the enormous potential of microbial biodiversity as a reservoir of
bioactive molecules [Contribution 2] with antioxidant, antiproliferative, and proapoptotic
properties. Such investigations continue to expand the repertoire of natural compounds
available for future anticancer drug development while emphasizing the importance of
identifying their active constituents and molecular targets.

Complementing these original investigations, the review article on lesser-known
sodium-glucose cotransporter (SGLT) isoform inhibitors illustrates another important di-
mension of therapeutic discovery: identifying new biological targets rather than simply
discovering new molecules. The remarkable success of SGLT2 inhibitors has transformed
the treatment of diabetes and cardiovascular disease, yet growing evidence suggests that ad-
ditional transporter isoforms may represent promising therapeutic targets [Contribution 3]
across oncology, inflammation, neurodegeneration, and metabolic disorders. Together,
these studies demonstrate that innovation in drug discovery is driven equally by discover-
ing new compounds and by expanding our understanding of disease biology.

3. Advancing Pharmaceutical Formulation
The identification of a biologically active compound represents only the first step in

drug development. Numerous promising molecules ultimately fail because of inadequate
pharmaceutical properties, including poor solubility, instability, limited absorption, or
unfavorable pharmacokinetics. Consequently, pharmaceutical formulation has evolved
from a supporting discipline into a central driver of therapeutic innovation [6].

The application of hot-melt extrusion technology to improve the pharmaceutical per-
formance of lycopene illustrates this transformation. Lycopene has long attracted scientific
interest because of its antioxidant and anti-inflammatory properties, yet its poor aqueous
solubility has limited broader therapeutic application. By enhancing its pharmaceutical
characteristics through formulation engineering, this work demonstrates how existing nat-
ural compounds may acquire renewed clinical potential [Contribution 4] without altering
their chemical identity.

A similar philosophy underlies the development of the chitosan hydrochloride–
biosurfactant–grape seed oil nanoemulsion designed to combat dental biofilms. Rather
than relying upon a single active ingredient, this multifunctional formulation integrates
naturally derived biomaterials into a nanoscale delivery platform capable of simultane-
ously improving antimicrobial activity, disrupting biofilms, and maintaining acceptable
biocompatibility. Such studies illustrate the increasing importance of formulation sci-
ence as an enabling technology capable of enhancing efficacy while minimizing toxicity
[Contribution 5].

Collectively, these investigations reinforce an important paradigm in contemporary
pharmaceutical research: therapeutic success increasingly depends not only on discovering
better molecules but also on developing better medicines.

4. Biomaterials and Localized Therapeutics
An equally significant trend emerging from modern pharmaceutical research is the

convergence of drug delivery with biomaterials engineering. Advances in additive man-
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ufacturing, biodegradable polymers, and implantable medical devices have enabled the
development of therapeutic systems capable of providing localized drug release while
simultaneously restoring tissue function [7].

This frontier is represented by the two complementary investigations utilizing melt-
electrowritten polycaprolactone meshes for pelvic organ prolapse repair. One study demon-
strates that incorporation of azithromycin coatings can provide localized antimicrobial
protection while preserving favorable mechanical performance [Contribution 6]. The sec-
ond illustrates how antistatic modification of biodegradable meshes improves fabrication
quality and device performance [Contribution 7]. Although differing in their engineering
objectives, both studies reflect the broader movement toward multifunctional therapeutic
devices in which structural support, infection control, and tissue regeneration are integrated
within a single platform.

These contributions emphasize that future pharmaceutical innovation will increas-
ingly occur at the interface of chemistry, materials science, engineering, and regenerative
medicine, where drugs and medical devices become components of unified therapeutic
systems rather than independent technologies.

5. Future Perspectives
Collectively, the studies presented in this Special Issue illustrate the remarkable evolu-

tion of pharmaceutical sciences from molecule-centered research toward systems-oriented
therapeutic development. Future advances will likely depend upon the integration of
several emerging technologies.

Artificial intelligence and machine learning are already accelerating target identifi-
cation, lead optimization, and the prediction of pharmacokinetic and toxicological prop-
erties [8,9]. Multi-omics technologies, including genomics, transcriptomics, proteomics,
metabolomics, and spatial biology, are providing unprecedented insight into disease mech-
anisms and patient heterogeneity. Precision medicine approaches promise increasingly
individualized therapies tailored to molecular biomarkers rather than disease classification
alone [10].

Equally important will be continued advances in nanomedicine, controlled-release
systems, biodegradable biomaterials, and stimuli-responsive drug delivery technologies
capable of maximizing therapeutic efficacy while minimizing systemic toxicity. Sustainable
pharmaceutical manufacturing and environmentally responsible utilization of natural
resources will also become increasingly important as the global demand for medicines
continues to grow.

Perhaps the most important lesson emerging from this Special Issue is that the future
of drug discovery will not be defined by choosing between synthetic and natural products.
Instead, meaningful therapeutic innovation will arise from their convergence. Natural com-
pounds provide unique molecular scaffolds and biological inspiration; synthetic chemistry
enables optimization and scalability; pharmaceutical engineering improves clinical per-
formance; biomaterials facilitate targeted delivery; and computational sciences accelerate
every stage of development [5,8]. The integration of these disciplines represents the future
of pharmaceutical science.

The articles collected in this Special Issue collectively demonstrate that innovation
is no longer measured solely by the discovery of new molecules, but by our ability to
transform biological insight into clinically meaningful therapeutic solutions. We hope
that this collection encourages continued interdisciplinary collaboration, stimulates new
scientific questions, and inspires future investigations that bridge the traditional boundaries
separating chemistry, biology, engineering, and medicine.
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As Guest Editors, we extend our sincere gratitude to all authors for sharing their
excellent work, to the reviewers for their thoughtful and constructive evaluations, and
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