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AćĘęėĆĈę

Eutectic mixture (EM) is as a mixture of more than one substance that does
not interact individually to create a new entity but in a particular ratio that
exhibits a lower range of melting point than it had in individual. EM should
be formulated in such a way that it should have major advantages in phar-
maceutical industries. EM can be a mixture of Active Pharmaceutical Ingre-
dients (APIs), or different ratios of APIs and excipients, or various excipients.
Deep eutectic solvents containing APIs (API-DES) considered as an innova-
tive approach to form different APIs in the liquid state. This new approach
of liquid form is versatile and plays an important role in drug delivery. The
selection of ideal hydrogen bond-donor (HBD) and hydrogen bond-acceptor
(HBA) is an essential parameter. Ionic liquids (IL), derivatives of deep eutec-
tic solvents (DES) have gotmuch attention since it can replace harmful organic
solvent by their extraordinary properties. Therapeutic deep eutectic solvents
(THEDESs) are considered to be an exceptional option in the advancement of
biomedicine. This can be utilized for improvising drug solubility, bioavailabil-
ity as well as drug permeation through the skin. Natural deep eutectic solvent
(NADES) can be considered as an alternate option, replacing harsh solvents.
It has special characteristics of better biodegradability and biocompatibility.
These NADESmainly used to separate and puriϐication of natural compounds.
This review focuses on the eutectic mixture and its application in the area of
drug delivery systems, and pharmaceutical and pharmacological ϐields.
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INTRODUCTION

The eutectic formation is deϐined as “an isothermal,
reversible reaction between two (or more) solid
phases during the heating of a system, as a result

of which a single liquid phase is produced” (Zhang
et al., 2012). The word ‘eutectic’ is taken from the
Greek word called eutectos, which means low melt-
ing or easily fused. Eutectic mixture(EM) is deϐined
as a mixture of more than one substance that does
not interact individually to create a new entity but
in a particular ratio that exhibits a lower range of
melting point than it had in individual. Deep eutec-
tic solvents derivatives (DESDs) and Deep eutec-
tic solvents (DESs) have low toxicity characteris-
tics. As well as it increases drug solubility, bioavail-
ability and permeability. Thus, it plays a signif-
icant role in drug delivery (Mbous et al., 2017).
The new generation of (DESs) eutectic mixture cur-
rently gained attention as it is a less costly alter-
native to organic solvents and also overcomes the
limitation of ionic liquids (ILs). The reason behind
the less melting point of EM is delocalization of
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charge from the bond between the halide anion and
hydrogen bond donor (Mbous et al., 2017). DES
and ILs have important characteristics like very less
vapor pressure, negligible volatility in room temper-
ature and more thermal stability. Recently some
anions and cations associated with ILs exhibited
high toxicity and poor biodegradability which lim-
its the use of ILs. (Abbott et al., 2001). DESs are
widely used in the ϐield of purity extraction and sep-
aration. DESs have been used as an additive in the
extraction and separation process of polysaccharide
and other bioactive compounds from natural prod-
ucts. In other cases DESs have also been used to
modify some materials like silica for improving the
extraction and separation process. A therapeutic
deep eutectic solvent (THDES) enhances transder-
mal drug delivery. Ibuprofen-based THEDESs are
widely reported for the enhancement of drug pen-
etration through the skinmembrane. The use of ter-
penes mainly menthol is preferred as it is an effec-
tive permeation enhancer. To enhance the transder-
mal permeation of local anesthetic drugs like lido-
caine and prilocaine EM of these drugs have been
used widely. Trade name of these formulations
termed as EMLAs (Stott et al., 1998).

Ionic liquids (ILs)
ILs are ϐluid containing ions, and generally are in
a liquid state at a temperature below 100 ◦C. Pre-
viously studies were performed o distinguish clas-
sical molten salts and ILs. Now ILs are consid-
ered as a solvent that consists only ions (Dai et al.,
2013). In recent days researchers modiϐied the
design of ILs by merging an organic cation like
imidazolium-based cations with a wide range of
anions like Cl, BF4_, PF6_, and NTf2, which turned
into a novel class of solvents. Chloroaluminate
based ionic liquids was developed initially. But
it has limitations it will undergo rapid hydroly-
sis on moisture contact. This limitation was over-
come by more stable metal halides like ZnCl2 and
formed ideal eutectic based ionic liquids. This gen-
eration of ILs forms bulky ions like chloroalumi-
nate or chlorozincate which makes ILs liquid in less
temperature also. (Smith et al., 2014). The second
generation of ionic liquids are made up of discrete
ions, not like the ϐirst generations containing EM of
complex ion .Use of more hydrophobic anions like
triϐluoromethanesulfonate,tris- (triϐluoromethane-
sulphonyl)methide [(CF3SO2)C−] and bis- (triϐluo-
romethanesulphonyl) imide[(CF3SO2)2N−]. These
have some advantages like broad electrochemical
windows, allows. The ILs can be categorized into
two groups which are as follows. One in which ILs
are formed from EM of metal halides like AlCl3 and
some organic salts which are generally nitrogen-

based and contain halide anions. And another
one which contains anions like PF6 or bis- (tri-
ϐluoromethanesulphonyl) imide (Beyersdorff et al.,
2008).

Deep Eutectic Solvent (DES)
Past few years, ILs has been in a limelight but
because of its some limitations like poor biodegrad-
ability, biocompatibility, and sustainability, the
“green” identity of ILs is in a questionable state. To
overcome those limitations deep eutectic solvents
(DESs), as an equivalent of ILs, havebeen introduced
in the year 2003. DESs are in a liquid state at room
temperature and have wide freezing point depres-
sion. So, DES is considered as an ideal potential sub-
stitute for common ILs. (Juneidi et al., 2015). Deep
eutectic solvents vary from Ionic liquids in two spe-
ciϐic ways, i.e., the process of chemical their chem-
ical formation and starting material sources. Com-
plexation between a hydrogen bond donor (HBD)
and hydrogen bond acceptor (HBA) or halide salt,
because of these bonds a supramolecular structure
has been shown by the deep eutectic (Mbous et al.,
2017).

Figure 1: Commonmethods of preparation of
eutectic mixture

Figure 2: Binary phase diagram of Simple
eutectic mixture

Types of DES (deep eutectic solvents)
In below the Table 1 categories of DES were dis-
cussed by a formula Cat+X–zY; in which Cat+ indi-
cates the cations of various salts like phosphonium,
sulfonium, ammonium X– represents the halide
anion of the salt, z be the number of molecules of
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Table 1: Categories and general formula of DES
Category General Formula Term

I( choline based) Cat+X–zMClx M: Sn, Zn, Al, Fe,Al, In,Ga,
II(betaine based) Cat+X–zMClx• yH2O M: Co, Cr, Cu, Fe, Ni
III(quaternary ammonium
based)

Cat+X–zRZ Z: COOH,CONH2, OH

IV(metal salt based) MClx + RZ = MClx-1
+• RZ + MClx+1

M: Al, Zn
Z: OH, CONH2

Table 2: solubility study report of various drugs with different composition
S.no DES derivatives Drug Solubility (mg/ml)

1 ChCl:glycolic acid Itraconazole 6.70
2 ChCl:glycolic acid Piroxicam 3.10
3 ChCl:glycolic acid Lidocaine 295.40
4 ChCl:glycolic acid Posaconazole 88.40
5 ChCl:maleic acid Curcumin 0.0667
6 ChCl:maleic acid Griseofulvin0.002 0.002
7 ChCl:maleic acid Benzoic acid 18.0
8 ChCl:maleic acid Itraconazole 1.20
9 ChCl:1,2-propanediol naproxen 45.29
10 ChCl:1,2-propanediol Acetaminophen 324.00
11 ChCl:1,2-propanediol aspirin 202.00
12 ChCl:levulinic acid Ketoprofen 329.10
13 Glucose:sucrose Curumin 0.05211

acid. And Y indicates Lewis or Brönsted acid (Hou
et al., 2013). Choline chloride (ChCl) is broadly used
for the development of DESs since it is biodegrad-
able, cheap and non-toxic. This can form DESs
very rapidly by combining with safe hydrogen bond
donors like renewable polyols ( such as carbohy-
drates, glycerol), urea, renewable carboxylic acid(
such as citric acid, oxalic acid, amino acids, succinic
acids). DESs can be made from both ionic and non-
ionic species (Abbott et al., 2004).

Natural deep eutectic solvents (NADES)

Various plant constituents have been recognized
as functionally active and can be considered as a
source. New green solvent made by green chem-
istry plays a key role in this ϐield. However ILs
and DESs capable enough to replace the harmful
organic solvents and is used in numerous chem-
ical process like synthesis and extraction of var-
ious compounds. In some recent studies, it has
been found that abundant primarymetabolites from
plant sources change their state from solid to liquid
on mixing in the appropriate ratio (Dai et al., 2013).
The idea of NADES has been proposed because of
diversity in natural metabolites which can be used
as a source and result in the formation of the nat-

ural eutectic mixture. The most important func-
tional groups of NADES are hydroxyl groups, car-
boxylic acid groups and carbonyl groups. These
groups inside the NADES matrix forms hydrogen
bonding and adjust the physicochemical environ-
ment (Dai et al., 2013). Phenolic acids, Chalcones,
anthocyanins are the major natural product groups.
Lactic acid, choline chloride, and 1, 2- propanediol
are the most frequently used in NADES. These sol-
vents aremore viscous than organic solvents in suit-
able temperature (Duan et al., 2016).

Therapeutic deep Eutectic solvent (THEDES)

Recently these EM solvents are formed as drug-
based or API based DESs, which shows pharmaco-
logical effectiveness. THEDES has been deϐined as a
mixture of dual components among one it should be
an API. These components will be in a liquid state
at room temperature at a particular molar com-
position. (Duarte et al., 2017). THEDES develop-
ment has gained interest from researches in cur-
rent days because of their boosting characteristics
like an increase in drug solubility and bioavailabil-
ity as well as increases skin permeation in the trans-
dermal drug delivery system. (Duarte et al., 2017;
Aroso et al., 2016, 2015). Methods of preparation
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of eutectic mixture was given in Figure 1 (Liu et al.,
2018) and the basic phase diagramwas given in Fig-
ure 2 (Smith et al., 2014).

TA – Melting point temperature of solid A; TB –
Melting point temperature of solid B ;TE − eutectic
melting point temperature

Application of eutectic system

For topical formulations DES has been broadly
reported as the best alternative option for solu-
bilization of APIs as well as poorly water-soluble
drugs. Among all the studies ChCl-based mixtures
have been found the most suitable ones to solu-
bilize APIs. ChCl is preferred as it’s a strong and
safe HBA species with less cost. Solvents like gly-
colic acid and oxalic acid are not useful as solvent
media since it creates patent problems in the exe-
cution of the mixtures for preparation of pharma-
ceutical formulations. (Pedro et al., 2019). Among
all the derivatives of ChCl some are well accepted
as carriers for enhancement of drug permeation,
solubility, and bioavailability. Some of these
derivatives are ChCl:malonic acid (1:1), ChCl:urea
(1:3),ChCl:glycolic (Morrison et al., 2009). In the fol-
lowing Table 2 (Zainal-Abidin et al., 2019) solubility
of different DES, derivatives have discussed

In recent studies role of DES as a promising sol-
vent has been reported which can improve the
stability when used for solubilization of APIs as
many solvents are not stable in many solutions spe-
cially in aqueous solutions.ChCl:1,2-propanediol has
increased the solubility and stability in one hydrol-
ysis study of aspirin in acetic acid and salicylic
acid (Lu et al., 2016). Few more study examples
include few antibiotics such as imipenem and clavu-
lanic acid uses betaine: urea mixture7 folds and
2.5-fold, respectively which enhances the solubil-
ity and stability. Menthol and capric acid mixture
increase the solubility of mometasone furoate and
ϐluconazole and considered to be a productive mix-
ture. Hydrogen bond has been formed between the
drugs by menthol and capric acid. (Al-Akayleh et al.,
2019). THEDES system is themost simple and effec-
tive way to improve the bioavailability of APIs by
altering the state from solid to liquid. (Duarte et al.,
2017).

Permeation Applications

The main barrier for transdermal drug delivery is
the permeation through the skin. The long-term
strategy to overcome this limitation is the use of
penetration enhancers which will interact with skin
constituents (Kasting et al., 1987). Terpenes are
considered as the best enhancer as it shows high
percutaneous penetration as well as a reversible

effect on the lipids of stratum corneum and less
irritation rate. Menthol and camphor are generally
used terpenes as enhancer. Menthol is one of the
most promising non-irritant and non-lethal trans-
dermal enhancers as it increases the smoothness of
the lipid bilayer. (Kang et al., 2000). In some studies
it has been shown the permeation of lidocaine has
increased as menthol has suppressed the melting
point range of lidocaine and formed a eutectic melt
system (Akhter and Barry, 1985). Numerous stud-
ies reported that camphor and menthol can form
eutectic ϐluids in a wide range of ratios which can
enhance the permeation of topical formulations In
the literature the eutectic mixtures between ibupro-
fen and seven terpene permeation enhancers has
been reported. Studies have been performed to see
the impact of lowering the melting point on trans-
dermal drug delivery (Gordon et al., 1984).

Separation of natural compounds

Normally because of the ability of high dissolv-
ing power DES and ILs mainly used in puriϐication
and extraction of few compounds. The ILs have
more extraction efϐicacy of natural products and
the metabolites. ILs dissolves the biomass fully
and facilitates the metabolites in the skin. This
nature signiϐicantly increases the extraction yield
and the extraction efϐiciency of awide range of natu-
ral metabolites ILs is appropriate solvents for natu-
ral products as it has high extraction efϐiciency on a
broad spectrum of metabolites as well as the selec-
tion of certain compounds. They can dissolve the
biomass and inϐluence the release of metabolites
inside the cell. (Bica et al., 2011). These solvents
have very little vapor pressure which helps in the
direct distillation process and separations of volatile
oils.DESs, are the novel eco-friendly solvent, widely
used in chromatography for separations of com-
pounds from nature as the source (Roehrer et al.,
1434).

Drug delivery Application

The formulations contain lessmelting pointmixture
alongwith permeation enhancer drug can easily dis-
rupt the skin structure and improves the penetra-
tion of the drug through skin layers. Selection of
right permeation enhancers along with drug syn-
ergize the enhancing property. A huge number of
studies are going on to encourage the transport of
drugs through skin barrier which was brought by
EMLA® Moreover dual capacity DES like API- DES
containing enhancers focuses on topical and trans-
dermal drug delivery (Pedro et al., 2019). With this
concept various marketed formulations have been
prepared which for example a cream made up of
a eutectic mixture of local anesthetics, containing

3020 © International Journal of Research in Pharmaceutical Sciences



Jawahar N et al., Int. J. Res. Pharm. Sci., 2020, 11(3), 3017-3023

2.5%prilocaine and 2.5% lidocaine (Friedman et al.,
2001). Delivery of the drug glabridin by the trans-
dermal way can be achieved by the nanoemulsion
formulation containing EM of camphor and men-
thol. (Liu et al., 2017). Numerousmonoterpenes like
menthol, cineole, menthone, pulegone, carvone and
terpineolwere involved in anexvivo studyon rodent
skin to see their impact in permeation enhancement
of zidovudine drug across the skin. Some studies
were performed to see the activity of the system
such as saturation solubility determination of the
drug, partition coefϐicient determination between
stratum corneum and vehicle. As well as the initi-
ation energy required to diffuse through the skin in
both the presence and absence of terpenes. Results
showed was in this order cineole > menthol > men-
thonecpulegonecaterpineol > carvone > vehiclewa-
ter. EM of sulfathiazole and urea is directed by
mouth. The blood level of sulfathiazole arrives at
the greatest sooner and the measure of absorbed
and excreted increases. There is little uncertainty
that diversity must be attributed to the way that
microcrystalline suspension of sulfathiazole is all
the more effectively formed in the intestine and rate
of solution increases after administration of eutec-
tic structure. (Sekiguchi et al., 1964). Menthol can
create EM with cholesteryl oleate, ceramides and
testosterone. The delivery of peptide and protein
to the systemic circulation through the transdermal
route is nearly impossible becauseof lowpermeabil-
ity. The bioavailability of the protein like ovalbumin,
bovine serum albumin and insulin can be done by
deep eutectic solvent choline and geranate(CAGE).
Few DES has pharmaceutical activities like antibac-
terial, anti-viral, and anti-cancer activities. Further
examination and information are expected to come
soon (Mbous et al., 2017).

CONCLUSIONS

DES and EM are considered as the most efϐicient
and competitive stage to enhance the therapeutic
efϐicacy of drugs and helps in the delivery of var-
ious APIs. These can act as an ideal alternative
to harsh solvents and it can also incorporate many
APIs. These approaches will improve the stabil-
ity, solubility and bioavailability of the drugs. The
eutectic strategy hasmany beneϐicial applications in
pharmaceutical ϐields, as it is potential enough to
enhance drug dissolution proϐile as well as acts as
a synthesis medium for drug carries in topical deliv-
ery and microemulsion. ILs have been developed to
avoid the polymorphism of drugs by altering them
to liquid form. DES does not need the reaction steps
of synthesis which are needed by ILs. The limita-
tion of this strategy is the mechanism of the drugs

incorporated in the eutectic system still not clearly
explained. The eutectic point forms a new identity
and the behaviors and physicochemical properties
will differ from the original one. There is still less
information available regarding comparative stud-
ies by avoiding any conϐlict of interest and uncer-
tain results from various research groups. Though
these hold a promising ϐield in the pharmaceutical
industry and commercialized novel APIs and can be
served as an alternative solvent. But thorough stud-
ies are still required and the evaluation studies are
still in demand.
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