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with therapeutic potential. However, translation of botanicals

into mainstream pharmaceutical products is hindered by
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- _ dispersions, mucoadhesive matrices), analytical advances
How to cite this Article: Kasu Lavanya*,

Konatham Nikhita, Sapna Pathak, Kasa Aswini, H H inti

Tataboina  Komali  Palaparthi  Cherishma (metabolomics, mass spectrometry fingerprinting), and
2025). INNOVATING DRUG . .

(FOR,\}ULAT,ON FROM  BIOACTIVE methods to quantify and preserve multi-component synergy.
BOTANICALS. World Journal of ) A

Pharmaceutical Research, 14(23), 815-824. Methodological ~ approaches  that combine  network
This work is licensed under Creative Commons ] ] o ]
Attribution 4.0 International license. pharmacology, systems biology, and adaptive clinical trial

design are presented as pragmatic routes to regulatory
acceptance. Results from representative formulation studies illustrate how formulation can
convert poorly soluble botanical actives into oral, transdermal, and inhalation products with

improved pharmacokinetics and tolerability.**?

A humanisation lens emphasises
palatability, dosing convenience, cultural acceptability, and equitable access. We propose an
integrated translational framework—Ilinking ethnobotanical knowledge, green extraction,
rigorous standardisation, modular manufacturing, and community engagement—to accelerate
safe, effective and culturally resonant botanical therapeutics. Finally, we outline regulatory

and ethical considerations necessary to balance innovation, biodiversity stewardship, and
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patient safety. This review is intended for formulation scientists, pharmacognosists,
regulators, and clinicians interested in bridging botanical tradition with contemporary
pharmaceutical practice. [See Table 1 and Figure 1 for synthesis of formulation strategies and
adoption drivers.]

KEYWORDS: Botanical medicines, formulation, humanisation,  nanocarriers,

standardization, sustainability, translational framework.

INTRODUCTION

Botanicals have been used for millennia in traditional healing systems and are resurging in
interest as sources of new therapeutics. Modern drug development has historically centred on
single-entity small molecules; botanicals challenge this paradigm with complex mixtures and
emergent, multi-target pharmacology.>* A humanised approach to botanical formulation
places patient needs, cultural context, and equitable access at the centre of design while
employing contemporary pharmaceutics to ensure safety, reproducibility, and predictable

pharmacokinetics.

This review surveys current formulation technologies and translational methodologies that
can convert bioactive botanicals into patient-friendly pharmaceutical products. We emphasise
the integration of green chemistry for extraction, orthogonal analytics for standardisation, and
delivery technologies that address solubility, stability, and targeted delivery. Representative
case studies illustrate how these tools can be assembled into a pathway for clinical

translation.

METHODOLOGY

This is a narrative, integrative review synthesising published formulation strategies,
translational frameworks, and case reports. We structured the review to: (1) identify major
biopharmaceutical challenges for botanicals, (2) map formulation technologies that address
each challenge, (3) summarise analytical and clinical strategies for translation, and (4) present

a humanisation framework that integrates sustainability and patient perspectives.

Search strategy and scope: (conceptual) we surveyed literature across pharmaceutics,
pharmacognosy, analytical chemistry, and regulatory guidance. Key topics included:
nanotechnology-based botanical delivery, lipidic carriers, solid dispersions for botanical

actives, microencapsulation, green extraction methods, metabolomics and fingerprinting for
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standardisation, adaptive trial designs, and real-world evidence use in botanical products.®2%
Evidence synthesis emphasised translational relevance (bioavailability improvements,

formulation stability, patient acceptability).

Limitations: As a review meant to propose an integrative roadmap, we prioritised high-

impact examples and translationally oriented studies over exhaustive systematic coverage.

RESULT AND DISCUSSION

1. Formulation technologies that solve classical botanical problems

Solubility & bioavailability: Solid dispersions, self-emulsifying drug delivery systems
(SEDDS), and lipid nanoparticles markedly increase dissolution and systemic exposure for
hydrophobic botanical actives.**? Example: formulation of a lipophilic flavonoid into a

SEDDS increased AUC and Cmax in preclinical models.™

Representative

Challenge

botanical example

Formulation/strategy

Expected benefit

Poor aqueous | Lipophilic flavanoids, | SEDDS, solid dispersions, 1dissolution,
solubility terpenoids’®®! lipid nanoparticles!®*? 1AUC
Chemical Polyphenols Micro encapsulation, .
instability (oxidation)!*®! antioxidant matrices fshelf life
Variable Whole plant Metabolomic fingure printing, Batch consistenc
composition | extracts!*®?! market-based standardization y
L.OW A Glucosides, high — Mucoadhesive buccal films, !3ypass first pass,
bioavailability [14] improved
. Mwpolypuenols transdermal patches

via oral route adherence

Green extraction, Bio diversity

Sustainability

Wild harvested routes

cultivation+fair-trade
traceability

protection, supply
security

Stability & oxidation: Microencapsulation and antioxidant matrixing improve shelf life and

protect labile polyphenols from degradation.

Targeted delivery & reduced dosing frequency: Surface-modified nanoparticles and
mucoadhesive systems allow mucosal targeting and sustained release, increasing adherence
and lowering dose frequency.***®!

2. Analytical and standardisation strategies

High-resolution mass spectrometry, metabolomics, and chemometrics permit comprehensive

chemical fingerprinting and batch-to-batch comparability for complex extracts. These

Vol 14, Issue 23,2025. |  1SO 9001: 2015 Certified Journal |

www.wipr.net | 817



Lavanya et al. World Journal of Pharmaceutical Research

methods facilitate potency markers selection and help link chemical profile to biological
[19-26]

activity via network pharmacology.
3. Humanisation: patient-centred formulation principles

Humanisation covers: palatability (taste-masked oral dispersions), ease of use (fixed-dose
combinations, unit doses), culturally appropriate presentation (formulations congruent with
traditional administration routes), and transparency in labeling and provenance.?’*%

4. Sustainable sourcing and manufacturing

Green extraction (supercritical CO,, subcritical water) and low-energy processing preserve
active profiles while reducing environmental footprint. Traceability and benefit-sharing

frameworks protect biodiversity and community rights.?*®

CHALLENGES AND FUTURE DIRECTIONS

The first paragraph focuses on scientific and regulatory hurdles: Botanical complexity
challenges conventional PK/PD modelling and regulatory pathways designed for single
molecules. Multi-constituent extracts can produce synergistic effects but complicate dose
standardisation, toxicity attribution, and biomarker selection. To address these, hybrid
methods combining network pharmacology, in vitro deconvolution, and adaptive clinical
designs (including Bayesian adaptive trials and platform studies) can capture multi-target

effects while controlling safety.*°!

The second paragraph addresses social, manufacturing, and ethical directions: Scalability and
equitable access require modular, decentralised manufacturing (e.g., continuous flow
extraction, local GMP hubs) that can produce standardised extracts close to source
communities. Ethical frameworks must ensure benefit-sharing, protect indigenous
knowledge, and include community partners throughout development. Finally, digital tools
(Al for formulation optimisation, blockchain for supply chain traceability) offer concrete

paths to scale sustainable botanical therapeutics while maintaining transparency and trust.™’~

55]
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Breakdown of innovations discussed (approximate emphasis across reviewed literature)

Innovative Focus Areas in Humanised Botanical Drug Formulation

Clinical & regulatory pathways (adaptive desic
0%

uman-centred design (palatability, convenience)

Sustainable extraction & sourcing
Advanced delivery platforms

Analytical standardisation & metabolomics

INTEGRATED TRANSLATIONAL FRAMEWORK
FOR HUMANIZED BOTANICAL DRUG FORMULATION

GREEN . ANALYTICAL FORMULATION
EXTRACTION FINGERPRINTING STRATEGY
'SELECTION
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CONCLUSION

This review synthesizes advances in the humanisation and innovation of drug formulation
derived from bioactive botanicals. Bringing botanical therapeutics into contemporary
pharmaceutical practice requires marrying ethnobotanical wisdom with modern formulation
science, quality-by-design principles, and patient-centred considerations. Technological

innovations — including nanocarriers, lipid-based systems, solid dispersions,
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microencapsulation, and mucoadhesive platforms — can resolve longstanding challenges of
solubility, stability, and bioavailability commonly encountered with plant-derived actives.
Equally important are advances in analytical chemistry — metabolomics, orthogonal
chromatography, and high-resolution mass spectrometry — which enable fingerprinting,
batch-to-batch standardisation, and mechanistic deconvolution of multi-component extracts.
Methodological frameworks that integrate systems pharmacology, network pharmacology,
and in vitro—in vivo extrapolation improve preclinical predictivity and inform rational

formulation choices.

Humanisation means designing formulations that respect patient preferences, cultural
contexts, and real-world use: palatable oral forms, fixed-dose combinations that reduce pill
burden, transdermal patches for sustained delivery, and dosing strategies tailored to age,
comorbidities, and polypharmacy. Regulatory pathways should evolve to accommodate
complex botanical products through transparent quality criteria, adaptive clinical trials, and
harmonised monographs. Sustainability—ethical sourcing, low-energy extraction, and
circular manufacturing—must be embedded across supply chains to protect biodiversity and

community livelihoods.

The future lies In convergent technologies: Al-driven formulation optimisation, personalised
pharmacokinetics, green chemistry, and decentralized manufacturing that together can make
botanical-based medicines safer, effective, affordable, and culturally resonant. Achieving this
will require multidisciplinary collaboration, strong regulatory-scientific partnerships, and
active engagement with the communities who steward botanical knowledge. With consistent
funding, open data, and community-led stewardship, botanical drug innovation can equitably

improve global health outcomes within decades. And nurture trust.
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