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Review

lonic liquids (ILs) have emerged as multifunctional compounds
with low volatility, high thermal stability, and tunable solvation
capabilities, making them highly promising for biomedical
applications. First explored in the late 1990s and early 2000s for
enhancing the thermal stability of enzymes, antimicrobial
agents, and controlled release systems, ILs have since gained
significant attention in drug delivery, antimicrobial treatments,
medical imaging, and biosensing. This review examines the
diverse functions of ILs in contemporary therapeutics and
diagnostics, highlighting their transformative capabilities in
improving drug solubility, bioavailability, transdermal
permeability, and pathogen inactivation. In drug delivery, ILs
improve solubility of bioactive compounds, with several IL
formulations achieving substantial solubility enhancements for
poorly soluble drugs. Bio-ILs, in particular, show promise in
enhancing drug delivery systems, such as improving transdermal
permeability. ILs also exhibit significant antimicrobial and
antiviral activity, offering new avenues for combating resistant
pathogens. Despite their broad potential, challenges such as
cytotoxicity, long-term metabolic effects, and the stability of ILs
in physiological conditions persist. While much research has
focused on their physicochemical properties, biological activity
and in vivo studies are still underexplored. The future directions
for ILs in biomedical applications include the development of
bioengineered ILs and hybrid ILs, combining functional
components like nanoparticles and polymers to create
multifunctional materials. These ILs, derived from renewable
resources, show great promise in personalized medicine and
clinical applications. Further research is necessary to evaluate
their pharmacokinetics, biodistribution, and long-term safety to
fully realize their biomedical potential. This study emphasizes
the potential of ILs to transform therapeutic and diagnostic
technologies by highlighting present shortcomings and offering
pathways for clinical translation, while also debating the need for
continuous research to fully utilize their biomedical capabilities.

https://lwww.webofscience.com/wos/woscc/full-record/W0OS:001670986900001 2/12



2/25/26, 11:59 AM

Beyond the Solvent: Engineering lonic Liquids for Biomedical Applications-Advances, Challenges, and Future Directions-Web...

Keywords

Author
Information

Data availability
statement

Categories/
Classification

Author Keywords: ionic liquids; drug delivery; medical imaging;
biosensors; lab-on-a-chip; biomedical applications

Keywords Plus: WATER; CONDUCTIVITY; FORMULATION;
RESISTANCE; BIOMARKER; TOXICITY; DEVICES; DESIGN; GAS

Corresponding Elgharbawy, Amal A. (corresponding
Address: M. author)

Int Islamic Univ Malaysia, Int Inst Halal Res & Training, JIn
Gombak, Kuala Lumpur 53100, Malaysia
Corresponding Elgharbawy, Amal A. (corresponding
Address: M. author)

Univ Brawijaya, Fac Agr Technol, Dept Agroind Technol, JI
Vet, Malang 65145, Indonesia
Corresponding Noor, Najihah (corresponding
Address: Mohd author)

Int Islamic Univ Malaysia, Kulliyyah Engn, Kuala Lumpur
50728, Malaysia
E-mail Addresses :
amalgh@iium.edu.my; najihahmnoor@gmail.com
Addresses:

v

Gombak, Kuala Lumpur 53100, Malaysia

Vet, Malang 65145, Indonesia
3 Int Islamic Univ Malaysia, Kulliyyah Engn, Kuala Lumpur
50728, Malaysia

+ % Univ Putra Malaysia UPM Serdang, Halal Prod Res Inst,
Serdang 43400, Malaysia

E-mail Addresses :

amalgh@iium.edu.my; najihahmnoor@gmail.com;

azriniazmi@gmail.com; beauty_dewanti@ub.ac.id

No new data were created or analyzed in this study. Data sharing is not

applicable to this article.

Research Areas: Biochemistry & Molecular Biology; Chemistry

https://lwww.webofscience.com/wos/woscc/full-record/W0OS:001670986900001

1 Intislamic Univ Malaysia, Int Inst Halal Res & Training, JIn

2 Univ Brawijaya, Fac Agr Technol, Dept Agroind Technol, JI

312


https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22ionic%20liquids%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22drug%20delivery%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22medical%20imaging%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22biosensors%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22lab-on-a-chip%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22biomedical%20applications%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22KP%22,%22rowText%22:%22%5C%22WATER%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22KP%22,%22rowText%22:%22%5C%22CONDUCTIVITY%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22KP%22,%22rowText%22:%22%5C%22FORMULATION%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22KP%22,%22rowText%22:%22%5C%22RESISTANCE%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22KP%22,%22rowText%22:%22%5C%22BIOMARKER%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22KP%22,%22rowText%22:%22%5C%22TOXICITY%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22KP%22,%22rowText%22:%22%5C%22DEVICES%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22KP%22,%22rowText%22:%22%5C%22DESIGN%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22KP%22,%22rowText%22:%22%5C%22GAS%5C%22%22%7D%5D&eventMode=oneClickSearch
mailto:amalgh@iium.edu.my
mailto:najihahmnoor@gmail.com
mailto:amalgh@iium.edu.my
mailto:najihahmnoor@gmail.com
mailto:azriniazmi@gmail.com
mailto:beauty_dewanti@ub.ac.id

2/25/26, 11:59 AM Beyond the Solvent: Engineering lonic Liquids for Biomedical Applications-Advances, Challenges, and Future Directions-Web...

Web of Science Biochemistry & Molecular Biology; Chemistry, Multidisciplinary
Categories
MeSH Terms From MEDLINE® v
Chemical From MEDLINE® v
Funding

v View funding text

Funding agency Grant number
University of Brawijaya FTP-1A
International Islamic University Malaysia (11UM) RMGS24-014-0045

+ See more data fields

Journal information

MOLECULES O 72
& View Journal Impact Journal

Citation

elSSN 1420-3049 indicator ™
(2024)

Current MDPI, MDPI AG, Grosspeteranlage 5, CH-4052

Publisher BASEL, SWITZERLAND

Table of Current Contents Connect

Contents

Research Biochemistry & Molecular Biology; Chemistry

Areas

Web of Biochemistry & Molecular Biology; Chemistry,

Science Multidisciplinary

https://lwww.webofscience.com/wos/woscc/full-record/W0OS:001670986900001 4/12


https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22WC%22,%22rowText%22:%22Biochemistry%20%26%20Molecular%20Biology%22%7D%5D
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22WC%22,%22rowText%22:%22Chemistry,%20Multidisciplinary%22%7D%5D
https://www.webofscience.com/wos/ccc/browse/table-of-contents/MOLECULES?issue=2026,Vol.31,Iss.2
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22SO%22,%22rowText%22:%22MOLECULES%22%7D%5D
javascript:void(0)

2/25/26, 11:59 AM

Beyond the Solvent: Engineering lonic Liquids for Biomedical Applications-Advances, Challenges, and Future Directions-Web...

Categories

Citation Network

In Web of Science Core Collection

0 Citations

<Q Create citation alert>

149

Cited References

- View Related Records

How does this document's citation
performance compare to peers?

< Open comparison metrics
panel

Data is from InCites Benchmarking &

Analytics

149 Cited References

Showing 30 of 149

https://lwww.webofscience.com/wos/woscc/full-record/W0OS:001670986900001

Use in Web of Science

1 1

Last 180 Days Since 2013

Learn more 2

This record is from:
Web of Science Core Collection

e Science Citation Index
Expanded (SCI-EXPANDED)

Suggest a correction

If you would like to improve the
quality of the data in this record,
please Suggest a correction

View as set
of results

(from Web of Science Core Collection)

5M12


javascript:void(0)
https://www.webofscience.com/wos/woscc/summary/b2fc3118-0f76-4b83-be87-b26b1841b9dd-01a04b1099/author-ascending/1

2/25/26, 11:59 AM Beyond the Solvent: Engineering lonic Liquids for Biomedical Applications-Advances, Challenges, and Future Directions-Web...

https://lwww.webofscience.com/wos/woscc/full-record/W0OS:001670986900001 6/12



2/25/26, 11:59 AM Beyond the Solvent: Engineering lonic Liquids for Biomedical Applications-Advances, Challenges, and Future Directions-Web...

https://lwww.webofscience.com/wos/woscc/full-record/W0OS:001670986900001 712



2/25/26, 11:59 AM Beyond the Solvent: Engineering lonic Liquids for Biomedical Applications-Advances, Challenges, and Future Directions-Web...

https://lwww.webofscience.com/wos/woscc/full-record/W0OS:001670986900001 8/12



2/25/26, 11:59 AM Beyond the Solvent: Engineering lonic Liquids for Biomedical Applications-Advances, Challenges, and Future Directions-Web...

https://lwww.webofscience.com/wos/woscc/full-record/W0OS:001670986900001 9/12



2/25/26, 11:59 AM Beyond the Solvent: Engineering lonic Liquids for Biomedical Applications-Advances, Challenges, and Future Directions-Web...

https://lwww.webofscience.com/wos/woscc/full-record/W0OS:001670986900001 10/12



2/25/26, 11:59 AM Beyond the Solvent: Engineering lonic Liquids for Biomedical Applications-Advances, Challenges, and Future Directions-Web...

https://lwww.webofscience.com/wos/woscc/full-record/W0OS:001670986900001 11/12



2/25/26, 11:59 AM Beyond the Solvent: Engineering lonic Liquids for Biomedical Applications-Advances, Challenges, and Future Directions-Web...

Legal Training
Center Portal
I3 Clarivate Privacy  Product

© 2025 Clarivate. All rights reserved.
Statement Support

Copyright Newsletter

Notice

Cookie
Policy
Cookie
Settings
Data

Correction

Accessibility
Help

Terms of

Use

Follow Us

00

https://lwww.webofscience.com/wos/woscc/full-record/W0OS:001670986900001

1212


https://clarivate.com/legal-center/
https://clarivate.com/privacy-center/notices-policies/privacy-policy/
https://clarivate.com/legal-center/notices-policies/
https://webofscience.zendesk.com/hc/en-us/categories/23290193729041-Training
https://support.clarivate.com/ScientificandAcademicResearch/s/?language=en_US
https://discover.clarivate.com/preferencecenter_en
https://clarivate.com/privacy-center/notices-policies/cookie-notice/
javascript:void(0);
javascript:void(0)
https://support.proquest.com/s/article/Web-of-Science-Accessibility-Statement?language=en_US
https://webofscience.zendesk.com/hc/en-us
https://clarivate.com/legal-center/terms-of-business/
https://x.com/ClarivateAG
https://www.facebook.com/clarivateag

