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Thyroid diseases affect a considerable portion of the population, with hypothyroidism
being one of the most commonly reported thyroid diseases [1]. Levothyroxine (T4) is clini-
cally used to treat hypothyroidism; however, the narrow therapeutic index of this drug, the
need for frequent administration, and the influence of gastrointestinal diseases, foods and
other drugs on its absorption represent shortcomings related to the oral administration of
T4 [2–8]. There are several approaches to enhancing the drug solubility and bioavailability,
such as particle size reduction, nanosuspension, the use of surfactants, salt formation, and
solid dispersion, among others [3]. In this work, an attempt to improve T4 solubility is
made through the synthesis of T4 salts based on Ionic Liquids (ILs) and on T4’s dispersion
in biocompatible aerogel matrices. ILs based on pharmaceutical drugs (API-ILs) are a class
of salts with promising therapeutic properties [4–6]. Herein, T4 was used as an anion in
combination with choline and 1-ethanol-3-methylimidazolium [C2OHMIM] cations. All
compounds were characterized by 1H- and 13C-NMR, FTIR and elemental analysis in order
to confirm their structures and purity levels. Aerogels are a special class of nanoporous
materials with growing applications in the biomedical and pharmaceutical fields due to
their open pore structure and high surface area capable of active adsorption and releasing
desired compounds [7]. The use of polysaccharides for the synthesis of aerogel matrices
has additional benefits such as biodegradability and biocompatibility, which make them
promising drug encapsulation and delivery systems [7]. In this work, composite aerogels
based on locust bean gum and κ-carrageenan were used as T4 carriers, and delivery studies
were performed allowing for the determination of the drug solubility. The water and serum
solubilities of the prepared T4-ILs were compared with the original T4 drug, as was the
thermal analysis, which was carried out through differential scanning calorimetry (DSC)
studies. The poorly water-soluble pharmaceutical drug T4 was loaded into the aerogel
matrices and the composites were characterized by attenuated total reflectance-Fourier
transform infrared spectroscopy (ATR-FTIR) and by DSC; the results were compared with
the original T4 drug. Release experiments were performed at physiologic pH using a
phosphate buffer solution at pH 7.2.

Supplementary Materials: The following supplementary materials are available on the poster
https://www.mdpi.com/article/10.3390/eca2022-12737/s1. References [1–4,8] are cited in the Sup-
plementary Materials.

Author Contributions: Conceptualization, M.G.V. and L.C.B.; methodology, A.B. and A.B.P.; formal
analysis, M.G.V. and L.C.B.; investigation, M.G.V., L.C.B. and A.B.; resources, M.G.V., L.C.B. and

Med. Sci. Forum 2022, 12, 34. https://doi.org/10.3390/eca2022-12737 https://www.mdpi.com/journal/msf

https://doi.org/10.3390/eca2022-12737
https://doi.org/10.3390/eca2022-12737
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/msf
https://www.mdpi.com
https://orcid.org/0000-0002-5196-952X
https://orcid.org/0000-0001-5782-9854
https://orcid.org/0000-0003-2520-1151
https://eca2022.sciforum.net/
https://www.mdpi.com/article/10.3390/eca2022-12737/s1
https://doi.org/10.3390/eca2022-12737
https://www.mdpi.com/journal/msf
https://www.mdpi.com/article/10.3390/eca2022-12737?type=check_update&version=2


Med. Sci. Forum 2022, 12, 34 2 of 2

A.B.P.; data curation, M.G.V. and L.C.B.; writing—original draft preparation, A.B.; writing—review
and editing, M.G.V. and L.C.B.; visualization, A.B.; supervision, L.C.B., M.G.V., A.B.P.; project
administration, M.G.V. and L.C.B.; funding acquisition, L.C.B. All authors have read and agreed to
the published version of the manuscript.

Funding: We thank the Associate Laboratory for Green Chemistry LAQV (UIDB/50006/2020)
for their financial support. This work is also financed by the FCT/MCTES project PTDC/QUI-
QOR/32406/2017.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The author declares no conflict of interest

References
1. Chiovato, L.; Magri, F.; Carlé, A. Hypothyroidism in context: Where we’ve been and where we’re going. Adv. Ther. 2019, 36,

47–58. [CrossRef] [PubMed]
2. Wartofsky, L. Levothyroxine: Therapeutic use and regulatory issues related to bioequivalence. Expert Opin. Pharmacother. 2002, 3,

727–732. [CrossRef] [PubMed]
3. Patel, V.R.; Agrawal, Y.K. Nanosuspension: An approach to enhance solubility of drugs. Adv. Pharm. Technol. Res. 2011, 2, 81–87.
4. Marrucho, I.M.; Branco, L.C.; Rebelo, L.P.N. Ionic liquids in pharmaceutical applications. Annual. Reviews. Chem. Biomol. Eng.

2014, 527–546. [CrossRef] [PubMed]
5. Ferraz, R.; Silva, D.; Dias, A.R.; Dias, V.; Santos, M.M.; Pinheiro, L.; Prudêncio, C.; Noronha, J.P.; Petrovski, Z.; Branco, L.C.

Synthesis and antibacterial activity of ionic liquids and organic salts based on penicillin g and amoxicillin hydrolysate derivatives
against resistant bacteria. Pharmaceutics 2020, 12, 221. [CrossRef] [PubMed]

6. Santos, F.; Branco, L.C.; Duarte, A.R.C. Organic salts based on isoniazid drug: Synthesis, bioavailability and cytotoxicity studies.
Pharmaceutics 2020, 12, 952. [CrossRef] [PubMed]

7. Mitchell, G.; Hiremath, C.; Heggannavar, G.; Kariduraganavar, M. Biopolymers in Drug Delivery Applications. Green Polym.
Compos. Technol. 2015, 36, 513–526.

8. Ledet, i, I.; Romanescu, M.; Cîrcioban, D.; Ledet, i, A.; Vlase, G.; Vlase, T.; Suciu, O.; Murariu, M.; Olariu, S.; Matusz, P.; et al.
Stability and Compatibility Studies of Levothyroxine Sodium in Solid Binary Systems—Instrumental Screening. Pharmaceutics
2020, 12, 58. [CrossRef]

http://doi.org/10.1007/s12325-019-01080-8
http://www.ncbi.nlm.nih.gov/pubmed/31485975
http://doi.org/10.1517/14656566.3.6.727
http://www.ncbi.nlm.nih.gov/pubmed/12036412
http://doi.org/10.1146/annurev-chembioeng-060713-040024
http://www.ncbi.nlm.nih.gov/pubmed/24910920
http://doi.org/10.3390/pharmaceutics12030221
http://www.ncbi.nlm.nih.gov/pubmed/32131540
http://doi.org/10.3390/pharmaceutics12100952
http://www.ncbi.nlm.nih.gov/pubmed/33050373
http://doi.org/10.3390/pharmaceutics12010058

	References

