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Introduction

The advancement of pharmaceutical sciences has been significantly propelled by
innovative drug delivery systems, particularly in the realm of herbal medicines.
These natural remedies, while possessing considerable therapeutic potential, of-
ten face challenges related to poor bioavailability, which limits their clinical effi-
cacy. Addressing these limitations has become a critical area of research, leading
to the development of sophisticated formulations designed to enhance the absorp-
tion and therapeutic outcomes of herbal compounds.

One of the primary strategies employed to overcome the inherent challenges of
herbal medicines is the utilization of nanotechnology. Nanocarriers, lipid-based
systems, and solid dispersions are among the key formulation approaches that
have shown promise in improving the bioavailability of these natural products. By
effectively encapsulating or dispersing active herbal ingredients, these systems
can significantly increase drug concentrations at the target site, leading to en-
hanced therapeutic effects and potentially a reduction in the required dosage.

The efficacy of solid dispersion technology in enhancing the bioavailability of
poorly water-soluble phytoconstituents has been a subject of considerable investi-
gation. The creation of amorphous solid dispersions is a well-established method
for improving the dissolution rate and subsequent absorption of such compounds.
This approach represents a promising avenue for the development of effective
herbal medicines with optimized pharmacokinetic profiles, ensuring better ther-
apeutic outcomes.

Liposomes have emerged as versatile drug delivery vehicles with a notable capac-
ity for improving the bioavailability of various natural compounds. Their unique
structure allows for the encapsulation of both hydrophilic and lipophilic drugs,
thereby enhancing solubility and cellular uptake. This versatility makes liposomes
particularly suitable for delivering challenging herbal compounds effectively, as
demonstrated by their application in delivering berberine.

Cyclodextrin inclusion complexes offer another valuable strategy for enhancing the
solubility and oral bioavailability of herbal constituents. By forming complexes with
molecules like quercetin, cyclodextrins can reduce hydrophobicity, leading to im-
proved dissolution and absorption. This method provides a stable and effective
means for delivering polyphenolic compounds, which are abundant in many medic-
inal plants and often suffer from poor bioavailability.

Nanoemulsion-based drug delivery systems have also shown significant potential
in improving the oral bioavailability of complex herbal compounds. These sys-
tems, characterized by a large surface area and thermodynamic stability, facilitate
improved absorption of active ingredients such as ginsenosides. The develop-
ment of such nanoemulsions represents a novel approach to overcoming delivery

barriers for these intricate saponins.

Polymeric nanoparticles have been explored as advanced carriers for enhancing
the oral bioavailability of potent natural products. These nanoparticles can protect
sensitive drug molecules from degradation within the gastrointestinal tract and fa-
cilitate their cellular uptake, thereby improving therapeutic efficacy. The applica-
tion of polymer-based nanocarriers is particularly relevant for delivering challeng-
ing natural products like paclitaxel.

Self-microemulsifying drug delivery systems (SMEDDS) represent a sophisticated
formulation strategy aimed at improving the oral absorption of poorly soluble com-
pounds. Upon contact with gastrointestinal fluids, SMEDDS readily form fine mi-
croemulsions, which enhance dissolution and permeability. The significant im-
provement in the bioavailability of resveratrol through SMEDDS formulations un-
derscores the effectiveness of this approach.

Specialized lipid-based formulations, such as phytosomes, have been developed
to address the bioavailability limitations of certain herbal constituents. Phyto-
somes enhance the absorption of lipophilic compounds by forming complexes with
phospholipids, which promotes better cellular uptake and ultimately improves ther-
apeutic efficacy. This approach has proven effective in enhancing the pharmacoki-
netic parameters of compounds like silymarin.

Mesoporous silica nanoparticles (MSNs) offer unique advantages as carriers for
lipophilic herbal compounds due to their large surface area and high porosity.
These characteristics facilitate efficient drug loading and controlled release, lead-
ing to significantly improved oral bioavailability and therapeutic activity. The ap-
plication of MSNs in delivering compounds like honokiol highlights their potential
in pharmaceutical development.

Description

The critical need to enhance the bioavailability of herbal medicines has spurred
the development of advanced formulation strategies, with nanotechnology play-
ing a pivotal role. Systems such as nanocarriers, lipid-based formulations, and
solid dispersions are instrumental in overcoming challenges like poor solubility and
degradation, thereby increasing the concentration of active compounds at their in-
tended sites of action. This ultimately leads to improved therapeutic efficacy and
potentially more convenient dosing regimens.

Solid dispersion technology has proven to be highly effective in elevating the
bioavailability of phytoconstituents that exhibit poor water solubility. The creation
of amorphous solid dispersions is a well-established technique that significantly
augments the dissolution rate and subsequent absorption of these compounds.
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Consequently, this method offers a robust pathway for formulating potent herbal
medicines with superior pharmacokinetic profiles.

Liposomes stand out as exceptionally versatile drug delivery vehicles, adept at en-
hancing the bioavailability of a wide spectrum of natural products. Their unique
lamellar structure allows for the efficient encapsulation of both hydrophilic and
lipophilic substances, which in turn boosts solubility and facilitates enhanced cel-
lular uptake. This inherent adaptability makes liposomes ideal for the effective
delivery of challenging herbal compounds, as evidenced by their successful appli-
cation in berberine delivery.

Cyclodextrin inclusion complexes represent another significant approach to aug-
menting the solubility and oral bioavailability of herbal compounds. Through the
formation of complexes with molecules like quercetin, cyclodextrins effectively mit-
igate hydrophobicity, resulting in improved dissolution and absorption rates. This
technique provides a stable and efficient method for the delivery of polyphenolic
compounds abundant in medicinal plants, which often present bioavailability hur-
dles.

Nanoemulsion-based drug delivery systems have demonstrated considerable
promise in boosting the oral bioavailability of complex herbal constituents. These
systems, characterized by their expansive surface area and inherent thermody-
namic stability, promote superior absorption of active ingredients like ginseno-
sides. The advancement of such nanoemulsion formulations signifies an innova-
tive strategy for surmounting delivery impediments associated with these intricate
saponins.

Polymeric nanopatrticles are being increasingly investigated as sophisticated car-
riers designed to improve the oral bioavailability of potent natural pharmaceuti-
cals. These nanopatrticles serve to shield labile drug molecules from gastrointesti-
nal degradation and promote their cellular internalization, thereby leading to aug-
mented therapeutic benefits. The deployment of polymer-based nanocarriers is
particularly consequential for the delivery of challenging natural products such as
paclitaxel.

Self-microemulsifying drug delivery systems (SMEDDS) constitute an advanced
formulation paradigm engineered to ameliorate the oral absorption of sparingly
soluble compounds. Upon interaction with gastrointestinal fluids, SMEDDS read-
ily generate fine oil-in-water microemulsions, which consequently enhance dis-
solution and permeability. The observed substantial enhancement in resveratrol
bioavailability via SMEDDS formulations underscores the efficacy of this innova-
tive strategy.

Specialized lipid-based delivery platforms, exemplified by phytosomes, have been
meticulously developed to address the bioavailability constraints of specific herbal
components. Phytosomes improve the absorption of lipophilic constituents by
forming complexes with phospholipids, a process that facilitates enhanced cellular
entry and consequently elevates therapeutic efficacy. This methodology has been
demonstrably effective in optimizing the pharmacokinetic profiles of compounds
like silymarin.

Mesoporous silica nanoparticles (MSNs) present distinctive advantages as car-
riers for lipophilic herbal agents, owing to their extensive surface area and high
degree of porosity. These attributes enable efficient drug loading and foster con-
trolled release mechanisms, culminating in markedly enhanced oral bioavailability
and therapeutic activity. The successful application of MSNs in delivering com-
pounds such as honokiol illustrates their considerable potential in pharmaceutical
innovation.

Solid lipid nanoparticles (SLNs) are being utilized to formulate and enhance the
oral bioavailability of herbal extracts with poor solubility. These nanoparticles act
as protective carriers for the bioactive constituents, leading to improved stabil-
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ity, higher encapsulation efficiency, and subsequent absorption. This research
demonstrates the utility of SLNs for delivering complex herbal matrices, ensuring
more effective therapeutic delivery.

Conclusion

This compilation of research highlights various advanced formulation strategies
aimed at significantly improving the oral bioavailability of herbal medicines. Tech-
niques discussed include nanotechnology-based approaches such as nanocar-
riers, liposomes, nanoemulsions, polymeric nanoparticles, mesoporous silica
nanoparticles, and solid lipid nanoparticles. Additionally, solid dispersion tech-
nology, cyclodextrin inclusion complexes, and self-microemulsifying drug delivery
systems (SMEDDS) are explored. These methods collectively address challenges
like poor solubility, degradation, and low absorption of active compounds from
natural sources, leading to enhanced therapeutic efficacy and improved pharma-
cokinetic profiles for a range of medicinal agents.

Acknowledgement

None.

Conflict of Interest

None.

References

1. Poonam Singh, Piyush Kumar, Sunil Kumar Singh. "Advancements in Nanotech-
nology for Enhanced Bioavailability and Therapeutic Efficacy of Herbal Drugs.” J
Nanomed Nanotechnol 10 (2020):10(4).

2. Monalisa Sahoo, Satyananda Sahu, Binod Bihari Mohapatra. "Enhancement of Oral
Bioavailability of Curcumin by Solid Dispersion Technique.” J Pharm Bioallied Sci
13 (2021):13(2).

3. Mehrzad Zarghi, Seyed Davood Taghizadeh, Mohammad Abdollahi. "Liposomal
Formulation of Berberine: Enhanced Bioavailability and Anti-diabetic Effect in
Streptozotocin-Induced Diabetic Rats.” J Liposome Res 32 (2022):32(1).

4. \Wenjuan He, Min Luo, Rui Xu. "Cyclodextrin Inclusion Complexes for Improving the
Solubility and Oral Bioavailability of Quercetin.” Carbohydr Polym 210 (2019):210.

5. Chuanzheng Li, Xiaojing Liu, Yan Li. "Nanoemulsion-Based Drug Delivery System
for Improving the Oral Bioavailability of Ginsenosides.” J Drug Deliv Sci Technol 75
(2023):75.

6. Ying Lu, Xin Xu, Wei Wang. "Polymeric Nanoparticles for Enhanced Oral Bioavail-
ability and Antitumor Activity of Paclitaxel.” Int J Nanomedicine 16 (2021):16.

7. Yan Zhang, Pengfei Li, Xiaofei Yang. "Enhancement of Oral Bioavailability of
Resveratrol by Self-Microemulsifying Drug Delivery Systems (SMEDDS).” Pharma-
ceutics 12 (2020):12(10).

8. Shubham Gupta, Deepak Kumar, Pankaj Kumar Singh. "Phytosome as a Novel Ap-
proach for Improving the Bioavailability of Silymarin.” J Drug Target 30 (2022):30(8).

9. Yingying Zhao, Jianping Wu, Wei Li. "Mesoporous Silica Nanoparticles for En-
hanced Oral Bioavailability and Anti-cancer Activity of Honokiol.” Colloids Surf B
Biointerfaces 201 (2021):201.


https://pubmed.ncbi.nlm.nih.gov/33204270/
https://pubmed.ncbi.nlm.nih.gov/33204270/
https://pubmed.ncbi.nlm.nih.gov/33204270/
https://pubmed.ncbi.nlm.nih.gov/33907440/
https://pubmed.ncbi.nlm.nih.gov/33907440/
https://pubmed.ncbi.nlm.nih.gov/33907440/
https://pubmed.ncbi.nlm.nih.gov/34232508/
https://pubmed.ncbi.nlm.nih.gov/34232508/
https://pubmed.ncbi.nlm.nih.gov/34232508/
https://pubmed.ncbi.nlm.nih.gov/30827678/
https://pubmed.ncbi.nlm.nih.gov/30827678/
https://pubmed.ncbi.nlm.nih.gov/36923091/
https://pubmed.ncbi.nlm.nih.gov/36923091/
https://pubmed.ncbi.nlm.nih.gov/36923091/
https://pubmed.ncbi.nlm.nih.gov/34149146/
https://pubmed.ncbi.nlm.nih.gov/34149146/
https://pubmed.ncbi.nlm.nih.gov/33066554/
https://pubmed.ncbi.nlm.nih.gov/33066554/
https://pubmed.ncbi.nlm.nih.gov/33066554/
https://pubmed.ncbi.nlm.nih.gov/35771787/
https://pubmed.ncbi.nlm.nih.gov/35771787/
https://pubmed.ncbi.nlm.nih.gov/33741627/
https://pubmed.ncbi.nlm.nih.gov/33741627/
https://pubmed.ncbi.nlm.nih.gov/33741627/

Collins E. J Formul Sci Bioavailab, Volume 9:3, 2025

10. Nurul Huda Abdullah, Wan Ahmad Kamil Ismail, Mohamed H. Mahmoud. "Solid
Lipid Nanoparticles for Enhanced Oral Bioavailability of Eurycoma longifolia Jack How to cite this article: Collins, Ethan. "Advanced Formulations for Enhanced
Extract.” Drug Dev Ind Pharm 45 (2019):45(12). Herbal Bioavailability.” J Formul Sci Bioavailab 09 (2025):231.

*Address for Correspondence: Ethan, Collins, Department of Drug Delivery Systems, North Valley University, Chicago, USA, E-mail: e.collins@northvalley.edu

Copyright: © 2025 Collins E. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
distribution and reproduction in any medium, provided the original author and source are credited.

Received: 01-May-2025, Manuscript No. fsh-26-189945; Editor assigned: 05-May-2025, PreQC No. P-189945; Reviewed: 19-May-2025, QC No. Q-189945; Revised:
22-May-2025, Manuscript No. R-189945; Published: 29-May-2025, DOI: 10.37421/2577-0543.2025.9.231

Page 3 of 3


https://pubmed.ncbi.nlm.nih.gov/31393070/
https://pubmed.ncbi.nlm.nih.gov/31393070/
https://pubmed.ncbi.nlm.nih.gov/31393070/
mailto:e.collins@northvalley.edu
https://www.hilarispublisher.com/formulation-science-bioavailability.html

