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Cancer is one of the most challenging diseases to treat due to its complex
pathophysiology, multidrug resistance, and side effects associated with conventional
chemotherapies. Herbal medicines have gained growing attention as alternative or
complementary therapies in cancer management because of their multi-targeted
mechanisms, biocompatibility, and lower toxicity. However, their therapeutic potential
is limited by poor solubility, low stability, rapid metabolism, and inadequate
bioavailability. Advancements in pharmaceutical sciences have introduced Novel Drug
Delivery Systems (NDDS) that can overcome these limitations by improving
pharmacokinetic profiles, controlling release, and achieving targeted delivery. Systems
such as liposomes, nanoparticles, nanoemulsions, phytosomes, solid lipid nanoparticles,
and transdermal carriers have successfully enhanced the therapeutic efficacy of herbal
anti-cancer compounds. This review focuses on the current state of herbal drug delivery
systems (HDDS) in cancer therapy, discussing key phytochemicals, formulation
strategies, mechanisms of anticancer action, challenges, and future perspectives in
integrating traditional herbal medicine with modern drug delivery technology.

INTRODUCTION

Conventional treatments—surgery, radiation, and
chemotherapy—are often associated with severe

Cancer remains one of the leading causes of
mortality worldwide. According to the World
Health Organization (WHO), there were over 19
million new cases and approximately 10 million
deaths globally in 2022. The burden of cancer
continues to rise, demanding novel treatment
approaches that are both effective and less toxic.

side effects,
distribution, and

systemic toxicity, non-specific
resistance. This has led
researchers to explore phytochemicals from
medicinal plants, which offer multi-targeted
mechanisms with better safety profiles. Examples
include:
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e Curcumin (Curcuma longa) — inhibits tumor
proliferation and induces apoptosis.

e Vincristine and Vinblastine (Catharanthus
roseus) — disrupt mitotic spindle formation.

e Paclitaxel (7Taxus brevifolia) — stabilizes
microtubules and prevents mitosis.

e Camptothecin (Camptotheca acuminata) —
inhibits topoisomerase I.

e Resveratrol (Vitis vinifera) — exhibits anti-
proliferative and antioxidant effects.

Despite these promising molecules,
phytochemicals have poor aqueous solubility, low
absorption, and rapid metabolism, leading to

inadequate systemic exposure and therapeutic

many

failure.

To address these issues, Novel Herbal Drug
Delivery Systems (HDDS) are being developed to
enhance drug solubility, protect from degradation,
and provide sustained and targeted delivery to
tumor sites.

2. Rationale for Herbal Drug Delivery Systems
in Cancer

2.1 Limitations of Conventional Herbal Dosage
Forms

Traditional formulations such as tablets, syrups,
and decoctions often suffer from:

e Poor solubility and low permeability of active
phytochemicals.

e Uncontrolled release and poor stability.

e Lack of standardization
bioavailability.

in dose and

e Poor patient compliance due to high dose
frequency.

2.2 Advantages of NDDS for Herbal

Compounds

e Enhanced solubility and bioavailability:
Encapsulation of poorly soluble actives in
nanoparticles or  liposomes
absorption.

improves

e Controlled and sustained release: Maintains

therapeutic plasma concentration over
extended periods.

e Targeted delivery: Ligand-modified systems
enable accumulation at tumor sites.

e Reduced side effects: Minimizes systemic
exposure and protects healthy tissues.

e Improved patient compliance: Less

frequent dosing and better stability.

Thus, NDDS bridges traditional herbal therapy
with modern pharmaceutical technology.

3. Types of Herbal Drug Delivery Systems in
Anti-Cancer Therapy

Sr. No. Types

Structure

Examples

1. Liposomes
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Curcumin-loaded liposomes
have shown improved Anti-
cancer activity in breast &
colony cancer models by
enhancing cellular uptake &
stability.

Cholesterol
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2. Phytosomes el Silymarin phytosome exhibits
improved liver protection &
= TallLipophlic) Anti-cancer potential due to
Phospholipid enhance bioavailability.
3. Polymeric Curcumin-loaded PLGA
Nanoparticles nanoparticles showed enhanced
apoptosis induction &
bioavailability compared to free
curcumin.
Polymeric matrix ---* ¢
—— ,—»":‘A" Polymeric Inner =7 8
membrane core
Nanocapsule Nanosphere
4. Solid Lipid 00 O Berberine-loaded SLNs
Nanoparticles of ..*— Surfactant Layer demonstrated higher
(SLNs) .. 0, % cytotoxicity against MCF-7
00 0 — breast cancer cells with
: e % + - sustained release.

0 2ol API
0 : (Active Pharmaceutical

% ’ Ingredients)
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Solid Lipid Nanoparticle (SLN)

5. Nanoemulsions Curcumin nanoemulsions have
enhanced oral absorption &

Emulsifier . .
potent anticancer activity
", Hydrophilchead compared to crude curcumin

Dmolv«d drg extract.
. . . molecules
0 0.. ..‘\/_\’_, 0il

/ \\ Hydrophobic tail
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Microspheres &

polymer

Camptothecin-loaded

nolymer (shell)
Microcapsules b microspheres provide controlled
release & reduce toxicity in
cancer model
; i active substance
wctive substance core materia
(core material) ! e
Microspheres Microcapsules
(Mautrix system) (Reservolr system)
7. Transdermal & Transdermal delivery for cancer

Navel(Umbilical)
Delivery System

treatment primarily focuses on
localized skin tumors or for
managing cancer-related pain,
using various methods to
enhance drug penetration
through the skin barrier.

4. Mechanisms of Anticancer Action of Herbal

Compounds

Mechanism

Example Compound

Action

Induction of apoptosis

Curcumin, Resveratrol

Activates caspase cascade, p53 upregulation

Cell cycle arrest

Vincristine, Taxol

Inhibits tubulin polymerization

Anti-angiogenesis

Catechins, Genistein

Suppresses VEGF expression

Antioxidant effect

Quercetin, Resveratrol

Scavenges free radicals

Signal transduction modulation

Curcumin, Berberine

Inhibits NF-kB, PI3K/AKT, MAPK pathways

Immune modulation

Withania somnifera

extract

Enhances natural killer cell activity

S. Examples of Herbal Drugs in Advanced

Delivery Systems

Herbal Drug Plant Source Delivery System Type of Outcome
Cancer
Curcumin Curcuma longa Liposomes, PLGA Breast, colon | Enhanced bioavailability
nanoparticles and apoptosis
Berberine Berberis vulgaris | Solid lipid nanoparticles | Lung, breast Improved cytotoxicity
Resveratrol Vitis vinifera Nanoemulsion, micelles Colon Increased cellular uptake
Camptothecin Camptotheca Microspheres Liver Controlled release,
acuminata reduced toxicity
Epigallocatechin Green tea Polymeric nanoparticles Skin Increased stability and
gallate (EGCG) efficacy
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6. Challenges in Herbal Drug Delivery

Cha((a.nges in
"W, Herbal Drug
Y De(iuery

Despite the progress, several challenges remain:

Poor Clinical
Data
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Concerns

7. Recent Advances and Emerging Trends

e Targeted Nanocarriers: Conjugating ligands
(antibodies, folic acid) on nanoparticles to
target tumor-specific receptors.

e Green Nanotechnology: Using herbal
extracts themselves to synthesize metallic
nanoparticles (e.g., gold/silver NPs) with

anticancer potential.

e Hybrid Systems: Combining synthetic and
natural drugs in one carrier for synergistic
effects.

e 3D Printing and Microfluidics: Used for
precise fabrication of herbal delivery devices.

e Artificial Intelligence (AI): Assisting in
molecular docking, prediction of drug—target
interactions, and optimization of herbal
formulations.

8. Toxicological and Regulatory Considerations

Although herbal drugs are considered safer, dose-
dependent toxicity can occur. Standardization of

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

herbal extracts and toxicity profiling are necessary
before clinical trials. Regulatory authorities such
as US-FDA, EMA, and AYUSH (India) encourage
the wuse of scientifically validated herbal
formulations with proven safety.

9. Future Prospects

e Integration of Traditional and Modern
Medicine: Utilizing ancient Ayurvedic
knowledge with advanced pharmaceutical
tools.

e Personalized Herbal Medicine: Using
genetic profiling to customize herbal therapy.

e Clinical Validation: Conducting randomized
controlled trials to confirm efficacy and
safety.

e Regulatory Framework: Developing global
guidelines for herbal nanomedicines.

e Sustainable Formulation Development:
Using biodegradable and eco-friendly
materials for carrier design.
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CONCLUSION

Herbal Drug Delivery Systems offer a promising
frontier in anticancer therapy by combining the
therapeutic wisdom of traditional medicine with
the precision of modern nanotechnology.
Encapsulation of herbal bioactives into advanced
delivery systems such as liposomes, nanoparticles,
and phytosomes their solubility,
stability, bioavailability, and targeting efficiency.
This approach minimizes toxicity and improves
patient outcomes.

enhances

However, challenges remain in the form of
standardization,  scalability, = and  clinical
validation. Future research should focus on
mechanistic studies, translational research, and
regulatory harmonization to realize the full
potential of herbal-based nanomedicine in cancer

therapy.
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