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Recent years have seen notable progress in the use of deep
eutectic solvents (DESs) in pharmaceutical applications. This
is ascribed to the high preparation flexibility of DES mixtures
and the ability to multi-tune their physicochemical properties
and biopharmaceutical characteristics. The aim of this article
is to provide perspective concerning the applications of DESs
in pharmaceutical systems and their potential based on the
current state of the field. 

Notably, there is some disagreement about whether some
mixtures are in fact DESs or ionic liquids (ILs) [1] . This
indicates the need for more robust standards and definitions
so as to avoid confusion within the scientific community.
Many studies consider DESs to either constitute a subclass
of ILs, analogs of ILs, or alternatives to ILs. In this regard, it
would be best for the IUPAC to standardize DES classification
and their similarity/dissimilarity with ILs. 

To apply DESs in the pharmaceutical industry, it is
imperative to elucidate their toxicology profiles [ 2 ,3 ]. This
is in line with the requirements of REACH (i.e., Registration,
Evaluation and Authorization of Chemicals) legislation.
However, while toxicology profiles of DESs toward many
prokaryotic and eukaryotic microorganisms have been
reported, they have not yet been fully screened and toxicity
data remain scarce. In addition, a claim of ‘greenness’ for a
DES based on its individual components is no longer valid
[ 2 ,4 ,5 ]. Therefore, evaluating the cytotoxicity and toxicity of
DESs remains a fundamental need that must be addressed
before applying DESs to health-related applications. In
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addition, the DESs being screened should also be registered
for further preclinical and clinical trials. 

Drug solubility, or lack thereof, is one of the main
challenges faced by the pharmaceutical industry; accordingly,
many solubilizing agents have come under study, including
DESs. Significant progress has been made in this direction,
with many research groups having investigated a variety
of DES combinations and poorly-soluble drugs. The term
therapeutic deep eutectic solvents (THEDESs) was recently
coined to represent drug-based (active pharmaceutical
ingredient, API) DESs. This class of DESs overcomes certain
shortcomings, such as poor solubility, low absorption rate,
and high toxicity. API-containing THEDES have dissolution
capacities positions it as a property of the mixture of
solvent and dissolved drug. Another promising application
of THEDESs is in enhancing transdermal drug delivery.
Three stages of experiments are needed to investigate
the feasibility of THEDESs in this regard: first, conducting
cytotoxicity assays; second, exploring absorption rates
using artificial membranes; and third, the same exploration
using mammalian skin membranes. The combined data
from these three stages of characterization would provide
a comprehensive overview on the DES mixtures and
the feasibility of their use as transdermal drug carriers.
Noteworthy, different research groups might produce
controversial results or conclusions. Following standard
protocols and taking into consideration the biological system,
preparation method, storage, moisture content, acidity, and
rsity.
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Fig. 1 – Potential therapeutic activities of DESs. 
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he stability of the DES under study have significant impact 
n the results obtained. Beyond transdermal delivery, the 
easibility of using DESs in drug delivery generally has 
een explored. In this context, a number of terms for DES 
lasses have been used interchangeably, including NADESs,
HEDESs, pharmaceutical DESs (PDESs), hydrophobic DESs 

HDESs), and polymerized drug based DESs. Regarding delivery 
ethods, recent studies, but limited, have focused on oral,

uccal mucosa, transdermal [ 6 ,7 ], intrajejunal injection,
ubcutaneous injection, and topical delivery [8] (Fig. S1).
ther routes still merit investigation, such as nasal, ocular,
ulmonary, sublingual, and vaginal/anal drug delivery. 

DESs have been used to improve the surface chemistry 
f drug nano-carriers. Recently, the Hayyan group employed 

ESs as functionalizing agents for drug delivery applications 
Table S1) [9] . It is vital to conduct robust characterization 

long with DESs formulations to avoid the misinterpretation 

f results. There remains a great deal to be done in this area,
uch as investigating various DES formulations as promising 
unctionalizing agents, screening other carbonaceous and 

on-carbonaceous materials as potential drug carriers. 
While DESs have been studied mainly as drug excipients,

any are also promising candidates in their own right as 
gents having anti-septic, anti-inflammatory, anti-cancer,
nti-bacterial, anti-fungal, anti-oxidant, and anti-viral 
ctivities ( Fig. 1 ). Research to date has yielded remarkable 
esults supporting the potential use of DESs as therapeutic 
gents; however, this area is still in its infancy and needs 
ore attention from the scientific community. 

onclusion and future directions 

uture studies should strive to better identify DES 
ormulations that can serve as drug vehicles. In addition,
t is anticipated that DESs will come to occupy a notable 
lace in pharmaceutical applications due to their ability 
o take on multiple roles, such as acting as therapeutic- 
ased mixtures, improving drug penetration, boosting drug 
issolution, carrying drugs for targeted delivery, extracting 
ioactive compounds, and enhancing toxicology profiles.
owever, most research studies, whether in vitro, in vivo or 

x vivo , have focused on the preclinical angle. Moving this 
esearch into clinical stages is highly recommended to foster 
he industrial scale of DESs in this domain and facilitate the 
ransition of these materials from research mode into tangible 
pplications. In addition, with drug-resistant diseases having 
ecome commonplace, it would be interesting to investigate 
he implications of DESs in relation to such diseases.
lso of interest is the application of DESs to therapeutic 
iagnosis, along with their use in vaccination. Due to the 
heoretically unlimited number of DES formulations and 

ther complex factors involved, in silico tools are important 
or benchmarking; they are also important in interpreting 
xperimental results. It is key for future studies to conduct 
ull characterization of DESs, elucidate the effects of altering 
omposition and molar ratio, determine toxicology profiles 
nd biodegradability, and study interactions with biosystems.
hese endeavors should be supported with micro research on 

oxicokinetics and pharmacokinetics to assess whether the 
ES under study is a potential toxicant or pharmaceutical.
otably, research outcomes relating to toxicology profiles 
ay contradict each other for a variety of methodological 

easons; accordingly, protocol standardization represents a 
ritical step in the process of exploring how benign a DES 
efore proceeding with pharmaceutical applications. The DES 
uzzle still features many missing parts, and its completion 

y researchers active in this domain is highly welcomed. 
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