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ABSTRACT

There is a growing trend to replace synthetic products or additives with natural alternatives. Historical experience and
developments in human health science demonstrate the adverse effects of xenobiotics on human health and metabo-
lism. The shift toward natural products is essential for enhancing vitality, social activity, and overall quality of life, while
preventing adverse events and diseases. Industries such as pharmaceutical, cosmetic, and food are increasingly turning
to natural and biologically active chemicals isolated from plants or microorganisms. However, the primary challenge lies
in developing effective and eco-friendly methods for their isolation. Deep eutectic solvents are a mixture of two or more
components with unique properties like low volatility, low melting points, ease of preparation, cost-effective starting
materials, and minimal toxicity to humans. They have gained popularity as environmentally friendly agents for extract-
ing biologically active substances from medicinal plants and as safe alternatives for various industries, including food
and pharmaceuticals. Traditional organic solvent extraction methods have several drawbacks, including long extraction
times, safety concerns, environmental damage, high cost, and the need for large solvent volumes. This review sum-
marizes research progress on the benefits of using deep eutectic solvents for extracting bioactive compounds, inclu-
ding phenolic acid, flavonoids, isoflavones, catechins, polysaccharides, curcuminoids, proanthocyanidin, phycocyanin,
gingerols, ginsenosides, anthocyanins, rutin, and chlorogenic acids. Additionally, it examines the biological activity
of these extracts, including antioxidant, antibacterial, and antitumor properties.
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"pMpOAHbIe I'JIYGOKME IBTeKTU4eckKue pacrBoputenu —
nepcneKTuBHbie areHTbl ANA 3IKCTPpaKLUU BelluecTB
U3 PaCTUTEJIbHOI0 CbipbAa

E.B. Angpycenko, P.. Mywakos, A. PegkuH

BoeHHo-MeauuymHCKaA akageMua uM. C.M. Kuposa, CaHkt-MeTepbypr, Poccus

AHHOTALMA

B nocnenHee BpeMs HeYKIIOHHO BO3pacTaeT TEHAEHUMS K COKPALLEHWI0 KOIMYECTBa CUHTETUYECKUX MPOAYKTOB MM 100aBOK
1 3aMeHe WX HaTypanbHbIMU. VICTOPMYECKMIA OMbIT M pasBUTME HAyKM O 3[0POBbE YeN0BEeKa pacnonaralT yoeauTenbHbIMHU
AaHHBIMM 0 HebnaronpuaTHbIX 3@ eKTax KCeHOOMOTUKOB Ha eCTeCTBEHHbIN MeTaboNN3M M 3[40POBbE YESIOBEKA B LIEJIOM.
MakcuManbHas HaTypanu3aums NULLEBbLIX 1 BbITOBLIX MPOAYKTOB LUMPOKOro NoTpebnieHns ABNSETCA 3HAYMMbIM B NOLAEPKA-
HWW afieKBaTHLIMW TpeboBaHUAM cpefibl 0OUTaHNA KU3HECNOCOOHOCTH, COLMANbHOM aKTUBHOCTH, AOCTOMHOIO KaYecTBa Ku3-
HW, NpodUNaKTUKe HeXenaTeNbHbIX ABNeHNUA 1 bonesHen. DapMaLieBTUYeCKas, KOCMETUYECKas U MULLEBas NPOMBILLIEHHOCTb
yaensioT 0coboe BHMMaHWe HaTypanbHbIM M BUONOMMYECKN aKTUBHBIM XMMUYECKMM BELLECTBAM, BblAeNeHHbIM U3 pacTeHuit
UM MUKpoopraHnamoB. OCHOBHaA 3afiaya B 3TOM HarpaBieHMM — pa3paboTKa 3PMEKTUBHBIX U 3KONOMMYECKUX METOLLOB
UX BblaeneHus. [NyboKkne 3BTEKTUYECKUE PacTBOPUTENM MpeACTaBNsAOT coboi cMeck ABYX WM Dbojiee KOMMOHEHTOB U OT-
HOCATCA K PacTBOPUTENSAM C YHUKANbHbIMU CBOCTBAMM, TaKUMU KaK HU3Kas NETy4ecTb, HU3KME TEMMepaTypbl NiaBeHus,
MpOCTOTa NPUroTOBNEHUSA, HEA0POrME UCXOAHbBIE BELLECTBA 1, CaMOE INTaBHOE, OHM MPAKTUYECKW HETOKCUYHBI 419 YesloBeKa.
[yboKMe 3BTEKTUYECKUE PacTBOPUTENM UCMONIb3YIOTCA B KAYeCTBE 3KONOMMYHOT0 MeToAa IKCTPaKLUMUM BUONIOrMYeCKM aKTUB-
HbIX BELLECTB M3 JIEKApCTBEHHbIX PacTeHMI, a TakKe B KadyecTBe 6e30MacHOM anbTepHaTMBbLI L1 MULLEBbIX, (hapMaLeBTH-
YECKMX M PasfIMYHbIX OTPacied NPOMBILLEHHOCTU. TpaauUMOHHbIE MeTOMbl SKCTPAKLMM OpraHUYecKUMU pacTBOPUTENSMU
MMEKT psL HeAO0CTaTKOB, TaKMUX KaK ANUTENbHbIA Nepuos SKCTpaKumM, 0e30MacHOCTb UX UCMONb30BaHMUS, YPOH ANS OKpY-
XaloLLei cpeabl, BbICOKas CTOMMOCTb M He06X0AMMOCTb UCMONb30BaHUs bonbLUMX 06beMoB pacTBopuTeneit. B aToM 063ope
MPeACTaBieHO KpaTKoe OnMcaHue Nporpecca UCCef0BaHWi, KacatoLMXCS NPeMMYLLECTB UCNOJIb30BaHUA FyB0KMX 3BTEKTH-
YECKUX pacTBOPUTENEN AJIS IKCTPAKLMM BMOAKTUBHBIX COELMHEHMI, TaKWX KaK (eHosbHas KucnoTa, GpnaBoHouakl, U3oda-
BOHbI, KaTeXWHbI, MOSMCcaxapuabl, KYpPKYMUHOWILI, MPOAHTOLMAHUANH, GUKOLMaHWH, TMHreposibl, TMHCEHO3UABI, aHTOLMaHBI,
PYTUH, XJIOPOTeHOBbIE KUCNOThI U Ap. PacCMOTpeHO M3y4eHne BMONOrNYeCcKO aKTUBHOCTU 3KCTPAKTOB — aHTUOKCUAAHTHOM,
aHTMOAKTepManbHOM U NPOTUBOONYXOJIEBO aKTUBHOCTM.

KnioueBble cnoBa: 610/10rM4eCKM aKTUBHBIE COEIMHEHNS; IKCTPaKUuA; FJ'IY60KVIe IBTEKTU4ECKUe pacTBoOpUTESIN; aHTUOKCUAAHT-
HaA aKTUBHOCTb; NPOTUBOONYX0JieBasA aKTUBHOCTb; aHTVI68KTepVIaﬂbHaF| adKTUBHOCTb; dJJ'IaBOHOVIJJ,bI; aJIKanonapl; I'IOHMCI)EHOJ'IbI.
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INTRODUCTION

The World Health Organization reports that approxi-
mately 80% of the global population uses medicinal herbs
for the treatment of various diseases and conditions. The
biologically active substances contained in most plants,
including polyphenols, flavonoids, alkaloids, polysaccha-
rides, carotenoids, azadirachtin, aloin, and ginsenosides,
have a significant positive effect on human health. These
substances have a wide range of pharmacological ef-
fects, including antimicrobial, anti-inflammatory, an-
tioxidant, vasoactive, neuroprotective, and antithrom-
botic properties [1]. Natural bioactive compounds are
commonly extracted from the roots, leaves, and fruits
of plants, as well as algae and fungi. Various bioactive
components require different extraction methods, and
their activities also vary with the extraction methods and
conditions.

Extraction methods are classified into two primary
categories: traditional and alternative. Traditional meth-
ods include percolation, maceration, and Soxhlet extrac-
tion. Alternative methods involve microwave extraction,
ultrasonic extraction, and enzymatic extraction [2, 3]
(Fig. 1).

The extraction of bioactive compounds from plants is
typically performed using various aqueous organic sol-
vents, including hexane, methanol, benzene, chloroform,
petroleum ether, and acetone. Alternative methods are
more efficient than traditional methods, with the ex-
traction process taking less time, being less costly, and
giving higher purity of the extracted compounds. Both
types of extraction methods have a number of limita-
tions. These include the toxicity of traditional solvents,
which is a major concern in light of “residual solvents”;
thermal instability, which can affect the subsequent ex-
traction of bioactive compounds from solvents, and the
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potential impact on the chemical structure of bioactive
compounds.

Thus, the need for green solvents for use in various
industries is increasing annually. Green solvents should
have important characteristics such as nonflammability,
thermal stability, chemical safety, low volatility, and low
toxicity. Therefore, the use of deep eutectic solvents in
the extraction of bioactive compounds is an environmen-
tally friendly and progressive method. Deep eutectic sol-
vents (DESs) of natural origin are based on a combination
of essential metabolites, such as alcohols, sugars, amino
acids, and organic acids. Currently, there are numerous
studies investigating the selectivity of DESs in the extrac-
tion of bioactive compounds, such as flavonoids, poly-
phenols, phenolic acids, saponins, and anthraquinones
from various natural sources [4].

This review summarizes the role of the most im-
portant groups of biologically active plant compounds,
namely, phenols, flavonoids, terpenes, polysaccharides,
and others. The focus is on new discoveries in their bio-
logical activity, potential applications of extracted chemi-
cals, and environmentally safe and efficient extraction
methods using DESs.

DESS: A BRIEF REVIEW

Abbott et al. [5] were the first to synthesize a DES
based on choline chloride and urea. The synthesis of
DESs typically involves gently heating a mixture of two
solids while stirring to form clear liquid solution that is
stable at room temperature. One of the substances acts
as a hydrogen bond acceptor, while the other acts as a
hydrogen bond donor. Potential hydrogen bond accep-
tors include choline chloride, acetylcholine chloride, and
various amino acids [6]. Potential hydrogen bond donors
include amines (urea), organic acids (lactic acid, citric

Traditional extraction
methods
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ethanol
ethyl acetate
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Fig. 1. Methods for extracting biologically active substances from plants
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acid, and tartaric acid). DESs have several advantages,
including the ready availability and low cost of their in-
gredients, as well as a simple and rapid synthesis pro-
cess. However, some studies have indicated that various
DESs may be toxic and cytotoxic. For instance, the cy-
totoxicity of certain phosphonium based DESs is higher
than that of the individual components of their formu-
lations, and the overall toxicity of DESs varies with the
structures of the starting substances [7]. Therefore, it is
possible to alter the composition of DESs to achieve the
desired physicochemical properties, biological effects,
and toxicological profiles. Choi et al. [8] proposed the
concept of natural DESs (NDESs), which consist exclu-
sively of natural components, namely, primary metabo-
lites (e. g., sugars, amino acids, organic acids, polyols,
and tertiary amines) [8]. They posed the question of why
certain simple substances are consistently present in sig-
nificant quantities in all microorganisms, as well as in
the mammalian and plant kingdoms. These compounds
include sugars, some amino acids, choline, and organic
acids (malic, citric, lactic, and succinic acids). Except for
sugars, which serve as a source of energy, the com-
pounds occur in such large quantities that it is illogical to
consider them only as intermediates of metabolic path-
ways. By using nuclear magnetic resonance spectroscopy
to study metabolomics, scientists have discovered that
these substances occur in specific molar ratios and per-
form essential functions to maintain the vital activity of
a cell or organism as a whole. Therefore, it is feasible to
synthesize such NDESs in a laboratory setting. Recently,
these solvents have been proposed as potential excipi-
ents in pharmaceuticals and drug delivery systems due
to their solubilizing properties, diverse viscosities, and
intrinsic biological activity [9].

METHODS OF EXTRACTION OF
BIOLOGICALLY ACTIVE SUBSTANCES
FROM PLANTS

One of the traditional extraction methods is the
Soxhlet method, which is relatively time-consuming and
uses large volumes of solvent. Advanced methods, in
contrast, are characterized by shorter procedure times,
low volumes of hazardous organic solvents, ease of op-
eration, high extraction yields, and low energy consump-
tion.

Ultrasonic extraction is a technique used to extract
bioactive compounds and obtain total extracts from vari-
ous plant materials [10]. This method uses low-frequency
(>20 kHz) and high-power (80-200 W) energy, coupled
with an ultrasonic bath or probe. The underlying principle
of extraction is cavitation, which involves the formation
of bubbles that disrupt cell walls, thereby facilitating the
release of target compounds and the diffusion of sol-
vent into the feedstock. The use of DESs in conjunction
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with ultrasound is a more environmentally sustainable
approach for the extraction of biologically active com-
pounds than the use of traditional organic solvents [11].
For instance, the ultrasonic extraction method was used
to extract biologically active compounds from Cosmos
sulphureus. Among the various DESs, ratio of choline
chloride to lactic acid of 1:2 was the most effective for
the extraction of polyphenols, with the optimal extrac-
tion conditions being a temperature of 47.5°C, a water
content of 32.6%, and an ultrasound power of 4.0 W/
mL. The polyphenol content of this method was 21%
higher than that of ethanol. The replacement of ethanol
with DESs increased the extraction of some individual
polyphenols, including chlorogenic acid, kaftaric acid,
rutin, and kaempferol, by a range of 10.7%-43.5% [12].
This extraction method has also been applied for the
extraction of biologically active substances from mush-
rooms and fruits [13, 14].

Another method for the extraction of bioactive com-
pounds from plant substrates is microwave-assisted ex-
traction (MAE) [15]. MAE is based on the interaction of
electromagnetic radiation waves (usually 2.45 GHz) with
the sample through heating and continuous rotation. This
process degrades plant cell tissues and the release of
active compounds from the intracellular and cell mem-
brane. The effectiveness of this method depends on the
nature of the sample and solvent. This extraction method
is also cost-effective and requires a minimal amount of
solvent, making it a more economically viable option
than conventional methods. Additionally, its simplic-
ity of operation makes it an ideal candidate for large-
scale industrial applications. In [16], seven main active
flavonoids were extracted from currant leaves: trifolin,
isoquercetin, rutin, astragalin, quercetine, hyperoside,
and kaempferol. Under optimal conditions (temperature
54°C, time 10 min, choline chloride DES as lactic acid
in the ratio of 1:2, water content 25%), the extraction
process was more efficient than that using traditional
solvents. The MAE method using DESs can be employed
for the determination of heavy metals in medicinal plant
samples [17].

Another promising approach is enzymatic extraction,
which typically uses aqueous media, thereby reducing en-
vironmental impact [18]. This method relies on the effect
of enzymes on the integrity of the plant cell wall, which
increases the permeability of the cell membrane, facili-
tating the efficient extraction of bioactive compounds.
In [19], a combined enzyme-ultrasound extraction method
was used to extract biologically active substances from
tea tree leaves using various NDESs. The efficacy of
NDESs was evaluated based on the total content of tan-
nins, flavonoids, and terpenoids. The NDES system with
a molar ratio of acetic acid to glycerol of 2:1 exhibited
the highest values of tannins and flavonoids, whereas a
ratio of acetic acid to glucose of 2:1 yielded the highest
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values of terpenoids. Notably, the degree of extrac-
tion achieved by enzymatic-ultrasonic extraction using
NDESs was significantly higher than that observed in or-
ganic solvent extraction and simple ultrasonic extraction
with NDESs.

DESs FOR EXTRACTION OF BIOACTIVE
COMPOUNDS

Among the most interesting and widely studied plant
biologically active substances, the following groups can
be distinguished: phenolic compounds, flavonoids, and
alkaloids. Each group contains many compounds with
unique properties, which makes them promising precur-
sors for pharmaceutical, cosmetic, and food industries
(Fig. 2).

This section presents the properties and efficacy of
the hioactive compounds most frequently mentioned in
the current literature.

Alkaloids

Alkaloids represent approximately 20% of the known
secondary metabolites occurring in plants, with about
12,000 compounds having been isolated to date [20].
Therapeutically, alkaloids are well known for their anes-
thetic, cardioprotective, and anti-inflammatory proper-
ties. Additionally, these substances may exhibit antitu-
mor activity [21]. The alkaloids most commonly used in
clinical settings include morphine, strychnine, quinine,
ephedrine, and nicotine [22]. In [23], three types of bioac-
tive alkaloids were obtained owing to DES extraction of
alkaloids from Berberidis root. Choline chloride-levulinic
acid and betaine-levulinic acid mixtures had a higher ex-
traction capacity than the traditional solvents [24]. In [25],
alkaloids obtained by DES lactic acid-glucose-water from
Larrea cuneifolia exhibited significant antimicrobial acti-
vity against Candida albicans.

Antioxidant
activity

Antifungal
activity @ @
@ 8

Increased phagocytosis

Increasing vascular
elasticity

Fig. 2. Some biological properties of plant extracts
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Phenolic compounds

Phenolic compounds derived from plants are well
known for their properties and are widely used in vari-
ous applications, including medicine, food, and cosmet-
ics. Many of these compounds are edible and are found,
in plants, such as tomatoes, olives, and grapes, or are
part of the chemical composition of medicinal herbs, such
as mint, lavender, echinacea, and others. The antimicro-
bial activity and potential applications of phenolic com-
pounds as food preservatives or biocides are extensively
discussed in the literature [26]. Phenols, such as chloro-
genic, gallic, caffeic, and rosmarinic acids, are secondary
metabolites in plants [27]. Due to their antioxidant and
anti-inflammatory properties, they can be used as ac-
tive ingredients in the cosmetic, food, and pharmaceutical
industries. Recently, many studies have focused on their
medical applications as antitumor agents [28]. Notably,
phenols have shown activity in the treatment of neuro-
degenerative diseases.

In most studies, DESs have been used as an alterna-
tive to traditional alcohol-based solvents for the extrac-
tion of phenolic compounds [29]. For instance, the extrac-
tion of phenolic compounds from Carthamus tinctorius
uses proline-malic acid and 25% water, and the extrac-
tion of phenolic compounds, such as hydroxysaflor yellow
A and carthormine compounds was highly efficient [30].
In [31], a variety of DES combinations were used for the
extraction of phenolic compounds from olive oil. The syn-
thesis of DESs was based on the use of choline chloride
in various ratios with sugars, alcohols, organic acids,
and urea. The results of extractions using DESs were
compared with those obtained from extractions with an
80% methanol/water mixture. The yields of the two most
common secoiridoid derivatives in olive oil, oleacein,
and oleocanthal (with pronounced anti-inflammatory
and antioxidant properties), increased by 20%-33% and
67.9%—-68.3%, respectively, when choline chloride-xylitol

Immunomodulation

f::°

Prevention of respiratory ",

infections

Antiviral
activity

Antidiabetic
potential

Antitumor
activity
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and choline chloride-1,2-propanediol mixtures were used
for extraction.

Flavonoids

Flavonoids are also phenolic compounds, but be-
cause of their chemical structure is based on 2-phenyl-
chromene 4-one (flavone), they are considered separate-
ly. Like phenols, flavonoids are found in plants all over
the world, especially edible plants. The richest source
is the fruit of Prunus species (e. g., cherries and plums)
and Vaccinium species (e. g., cranberries and blueber-
ries). Many attempts have been made to use by-products
from the forestry and food industries to obtain flavonoids.
For example, the use of Larix decidua (European larch)
bark, a by-product of forest processing [32, 33]. Flavo-
noids have the potential to serve as precursors of anti-
cancer and anti-inflammatory pharmaceuticals, as well
as geroprotective agents in cosmetics.

Recently, DESs have been used as an alternative sol-
vent for flavonoid extraction. This method yields flavo-
noids at high levels, while also reducing costs and time
[34-36]. Additionally, DESs are effective solvents for ru-
tin extraction [36].

Other biologically active compounds

Another class of compounds of great importance
are terpenes and their derivatives, known as terpe-
noids. These compounds occur in many plants and some
marine organisms, and many of them have pharmaco-
logical activity, including antitumor, antimicrobial, and
anti-inflammatory properties [33]. Due to their diversity
and interesting properties, they have become important
components of food, cosmetics, and pharmaceuticals.
The synthesis of such compounds is currently inefficient,
which underscores the importance of efficient extraction
from natural sources. This is a crucial area of further
research and industrial development. Extraction of ter-
penes and terpenoids from plant substrates can also be
performed using DESs [37].

Plant polysaccharides exhibit anticancer, antiviral,
and antioxidant activities [38]. In [39], the polysaccharide
extract of Camellia oleifera abel was obtained using 17
different DESs. The optimal system, which yielded the
highest concentration, was a mixture of choline chloride
and ethylene glycol with 30% water. This system was
more effective than aqueous extraction.

BIOLOGICAL APPLICATION OF PLANT
EXTRACTS OBTAINED USING DESS

Antioxidant activity

Several previous studies have used many antioxi-
dant activity assays, including the free radical binding
method with DPPH (2,2-diphenyl 1-picrylhydrazyl) and
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ABTS (2,2'-azinobis 3-ethylbenzothiazoline 6-sulfonate),
iron reducing antioxidant power, and hydroxyl radical
scavenging activity (%0H). Some studies have reported
a correlation between antioxidant activity and the concen-
tration of polyphenols and flavonoids in medicinal plant
extracts [40-42]. The efficacy of these compounds is also
significantly influenced by the nature of the extraction
solvent. Barbieri et al. [43] reported that extracts pre-
pared with DESs based on organic acids exhibited greater
antioxidant activity than extracts obtained by a water-al-
cohol mixture. Ruta leaf extracts prepared with a eutectic
mixture of choline chloride and citric acid in a molar ratio
of 2:1 contain the highest amount of phenols and also
exhibit high free radical binding activity with DPPH [44].
In another study, Bakirtzi et al. [45] demonstrated that
sage extract obtained using lactic acid-choline chloride
in a molar ratio of 3:1 exhibit a significantly higher an-
tioxidant capacity than traditional alcoholic extraction
methods. This suggests that the use of green solvents
can facilitate the extraction of bioactive compounds with
high antioxidant properties. Additionally, the high poly-
phenol content of plants can also result in high antiradi-
cal activity. Furthermore, due to the molecular interac-
tion between plant bioactive substances and DESs, such
extraction leads to lower oxidative degradation of active
substances than that achieved when using conventional
methods.

Antibacterial activity

Bacterial growth inhibition is a widely used method
in the study of bioactive compounds. Thus, the effect
of DES-extracted plant extracts on bacterial growth is
extensively studied. For instance, in [46], the bioactive
compound phycocyanin was extracted from Arthrospira
platensis (spirulina algae) using a 1:1 xylose to glycerol
system. Phycocyanin is a protein pigment with anti-
inflammatory properties, which enhance the functions
of the body’s immune system. Additionally, it exerts a
protective effect against radiation, and has demonstrated
high activity against Escherichia coli and Enterobacter
aerogenes.

Other studies investigated the effect of the total content
of polyphenols extracted using a mixture of malic acid,
glucose, and glycerol (1:1:1) from Punica granatum L.
The antimicrobial activity of the extract was determined
against Gram-negative bacteria. A positive result was
observed for Staphylococcus aureus, with 90% inhibition
observed at a concentration of 0.7 mg/mL~". These find-
ings confirm the interaction of polyphenols with the cell
membrane of microorganisms, leading to microbial cell
death or enzyme inhibition [47]. The study also compared
the antibacterial activity of extracts obtained by the DES
system and the traditional alcohol method. The results
demonstrated that the DES system exhibited a higher de-
gree of antibacterial activity.
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Antitumor activity

Although the history of antitumor drugs began with
nitrogen mustard derivatives and folic acid antimetabo-
lites, plant alkaloids demonstrating antitumor properties
are currently being used for the treatment of neoplasms
of various localizations. Yew tree alkaloids (taxanes)
and periwinkle pink alkaloids (vinca alkaloids) occupy
a unique position among cytostatics. However, the most
recently registered cytostatics, trabectedin and eribulin,
are alkaloids isolated from hydrobionts: the Caribbean in-
vertebrate Ecteinascidia turbinate and the marine sponge
Halichondria okadai, respectively.

Some studies detected the cytotoxic activity of me-
dicinal plants extracted by HER in vitro by evaluating cell
proliferation. In [48], polyphenolic bioactive compounds
were extracted from grape pomace using choline chloride
and citric acid (2:1). Cytotoxicity was examined on Hela
(cervical cancer) and MCF 7 (breast cancer) cell lines,
with an in vitro antiproliferative and cytotoxic activity of
37.61% in the aforementioned cell lines for 72 h. The in
vitro antiproliferative and cytotoxic activity of the com-
pound extracted from olive pomace using the same DES
system was 12.9% for 72 h. Ginsenoside, belonging to the
class of triterpene saponins, is a natural product derived
from the roots of the Panax ginseng plant. Extraction of
ginsenosides from ginseng using a triple DES of glycerol,
l-proline, and sucrose (9:4:1) exhibited antitumor acti-
vity against human colorectal cancer cell lines at a dose
of 58 pg/mL. The DES itself had no cytotoxic effect, as
indicated by the MTT test [49].
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