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Abstract
Propolis is a natural product with a plethora of biological effects, utilized by traditional medicine since antiquity. However, its appli-
cation as a pharmaceutical is hindered by its variable composition and difficult standardization. CAPE has been shown to be a major 
component of propolis, with a large contribution to its pharmacological effects, among which the anti-inflammatory, antioxidant 
and antineoplastic have been attracting most attention. The current review article aims to present the cornerstone pharmacological 
studies of CAPE throughout the years, following its discovery, which confirmed its primary importance among propolis constituents 
and opened the path to its intensive research as a potential pharmaceutical. We present the diversity of drug delivery systems of 
CAPE, which have been developed to improve its efficacy in in vitro and in vivo disease models and discuss their primary promises 
and weaknesses. The increased interest in recent years over more practical approaches of CAPE research such as its pharmaceutical 
formulation comes to show that it has a potential to become commercialized as a pharmaceutical.
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Introduction

Propolis is well known for its traditional medical use sin-
ce antiquity, and its pharmacological activities have been 
extensively studied in the forms of different extracts and 
preparations. As for its primary biological function – an 
antiseptic in the beehives, there is evidence that the an-
timicrobial activity of the complex mixture of plant me-
tabolites has synergistic activity, which is higher than the 
activity of any single component (Bankova et al. 2018). 
However, the use of total propolis extracts has the disad-
vantage of complicated standardization. It has been pro-
posed that due to propolis’ varying chemical composition, 
influenced by geographical distribution, it is more appro-

priate to discriminate between propolis types, according 
to the predominant plant source in the area (Bankova et 
al. 2018). Another disadvantage of propolis’s variable com-
position is that it complicates furthermore the evaluation 
and prediction of the allergenic potential of propolis pro-
ducts (Budimir et al. 2012). Caffeic acid phenethyl ester 
(CAPE) is one of the main biologically active constituents 
of propolis. It can be easily synthesized, having a relatively 
simple structure, resolving the characterization and stan-
dardization issues. An overview on the potential of CAPE 
for therapeutic application, focusing on the pharmacody-
namic principles, underlying its various pharmacological 
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activities, as well as registered clinical trials has been pre-
sented in a related article (Yordanov 2019). The current 
review is focused on the discovery of CAPE and its phar-
macological potential as well as practical approaches for 
its pharmaceutical formulation.

Discovery and cornerstone in 
vitro and in vivo studies

In order to illustrate the popularity and dynamics of 
CAPE research over the years, we applied a search in 
Scopus database (Boyle and Sherman 2006) with key-
words “caffeic acid phenethyl ester” by means of a soft-
ware platform for bibliometric analysis (Harzing 2007). 
The results of the search (as of 1.7.2019) revealed that 
a considerable trend towards increasing scientific pro-
duction, related to CAPE, occurs from the onset of the 
second millennium, reaching a maximum of 101 pu-
blications in 2013 (Fig. 1) An intuitive approach allows 
us to propose two arbitrary stages in CAPE research. 
The first period includes the years from its discovery in 
1988 until 2000. It is characterized by a relatively small 
number of cornerstone publications, providing proof of 
the major pharmacological activities of CAPE, most of 
which had been already known to be exerted by propolis 
extracts (Ghisalberti 1979; Hladoń et al. 1980; Neychev 
et al. 1988; Okonenko et al. 1988).

This first period is followed by one of rapidly increasing 
number of publications, predominantly elucidating the 
mechanisms behind CAPE’s pharmacological activities 
and proposing new applications for diseases, known to 
be affected by these activities. This period after the year 
2000 and especially the research on the basic principles 
behind CAPE’s impressive diversity of biological effects 
are the subjects of a related article (Yordanov 2019). Table 
1 presents chronologically cornerstone publications on 
CAPE research, clearly demonstrating its plethora of 
pharmacological activities. Our literature search in the 
Scopus online database showed that the first scientific 
paper on the isolation, identification, synthesis and in 
vitro cytotoxic activity of CAPE was published in 1988 
by Grunberger et al. (1988) It describes CAPE as the 
major component of propolis, originating from Carmel 
Mountain in Israel. In vitro tests show its differential 
cytotoxicity towards series of transformed cell lines versus 
cultures of normal and non-transformed cells. This work 
was shortly followed by a report, describing CAPE as a 
strong sensitizer, causing propolis allergy (Hausen and 
Wollenweber 1988) and then, by a subsequent research, 
describing CAPE synthesis by esterification (Hashimoto 
et al. 1988). Two years later, in an effort to explain the 
preferential cytotoxicity of CAPE to the adenovirus-
transformed, compared to normal rat embryo fibroblast 
(CREF) cells, researchers from the institution where CAPE 
was first isolated (Su et al. 1991) revealed that it also inhibits 
chemical-viral carcinogenesis of CREF cells. The reports 
on the preferential activity of CAPE towards transformed 
cells were the foundation of a study of Guarini et al. (1992) 
who reported that melanoma cells are more sensitive to 
CAPE treatment than glioblastoma cells and interestingly, 
CAPE also appeared to be “an antigenic modulating agent 
and possibly a differentiation inducing agent.”. CAPE’s 
in vitro antioxidant effects were first shown on activated 
human neutrophils, and its 5-lipoxygenase (5-LOX) 
inhibitory action was reported by Sud’ina et al. (1993). A 
report on the in vitro human immunodeficiency virus-1 
(HIV-1) integrase inhibitor activity of CAPE revealed 
that it possesses antiviral activity. Then, Frenkel et al. 
(1993) carried out a study on SENCAR mice, confirming 
its chemopreventive and anti-inflammatory activities in 

Figure 1. Number of published papers, containing keywords 
“caffeic acid phenethyl ester”, available at Scopus database.

Table 1. Chronology of milestone research publications on the biological activities of CAPE.

Model system Major effects Comment Ref.
Cell lines (C3H 10T1/2; Ltk-; normal rat 6 cells; CV1; 
Vero; CREF; wt3A; MCF-7; SK-MEL-28; SK-MEL-170; 
HT-29; normal 1434 fibroblasts and melanocytes)

In vitro differential cytotoxicity towards 
transformed cells, compared to normal cells

2.5 to 50 µg/ml (Grunberger et al. 1988)

Adenovirus-transformed, compared to normal rat cloned 
rat embryo fibroblast (CREF) cells

In vitro inhibits chemical-viral 
carcinogenesis

0.1–5
µg/mL

(Su et al. 1991)

5-LOX, isolated from barley; activated human neutrophils In vitro antioxidant; 5-LOX inhibitor 10 µM (Sud’ina et al. 1993)
Escherichia coli – produced HIV-1 integrase protein In vitro antiviral; HIV-1 integrase inhibitor Integration IC50 = 19 µM (Fesen et al. 1993)
SENCAR mice In vivo inhibits chemical carcinogenesis, 

anti-inflammatory
– (Frenkel et al. 1993)

Adenovirus-transformed rat embryo fibroblast cells In vitro proapoptotic to transformed cells 1 µg/mL (Chiao et al. 1995)
U937 cell line In vitro blocks activation of NF-κB by tumor 

necrosis factor (TNF)
prevents the translocation of the 

p65 subunit of NF-κB to the nucleus
(Natarajan et al. 1996)

Rabbits In vivo protective against spinal cord 
ischemia/reperfusion injury

10 μmol/kg pretreatment (Ilhan et al. 1999)
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vivo. Two years later it was shown that its cytotoxic effects 
are related to induction of apoptosis (Chiao et al. 1995). 
CAPE’s ability to inhibit the activation of nuclear factor 
kappa-light-chain-enhancer of activated B cells (NF-κB) 
was shown by Natarajan et al. (1996). The presence of strong 
antioxidant activity in vivo was demonstrated in a rabbit 
model of spinal cord ischemia/reperfusion injury (Ilhan et 
al. 1999). From this point on, as is visible from the time 
chart, the quantity of research on CAPE’s pharmacological 
activity rapidly increased as it became obvious that it is a 
major contributor to the biological activities of propolis. As 
a molecule with a simple structure, the task of revealing its 
pharmacodynamics interactions became more attainable.

Pharmacokinetics

In order to choose a pharmaceutical approach, that will 
allow for the effective utilization of the biological effects 
of CAPE, an in-depth understanding of its pharmaco-
kinetic behavior is essential. Pharmacokinetic studies 
show a favorable profile of CAPE with the exception of 
its poor water solubility, the resolution of which is a task, 
achievable by applying tailored technological approaches 
for pharmaceutical formulation. CAPE has been shown 
to be hydrolyzed to caffeic acid in rat plasma, but not in 
human plasma, which is explained by Wang et al. (2009) 
with to the lack of carboxylesterase in human plasma (Li 
et al. 2005; Celli et al. 2007). Human carboxylesterases, 
capable of hydrolyzing CAPE are highly expressed in 
most metabolic organs, but not in plasma, which could 
be advantageous for its therapeutic application (Wang 
et al. 2018). Experiments on the pharmacokinetics of 
CAPE show that it is cleared rapidly from rats’ plasma af-
ter venous administration with half-lives between 21.2 to 
26.7 min, shown not to be dependent on the dose (Wang 
et al. 2009). Probably due to species differences, discus-
sed above, the half-life of a CAPE formulation in solvent 
(CC100), administered orally to humans is significant-
ly longer, reaching on average 18.5 h with Tmax of 2.7 h 
(NCT02050334; https://www.ClinicalTrials.gov). Alt-
hough information on the solvent system, used for the 
CAPE formulation of CC100 is not available, the half-li-
fe value seems to fit in the optimal range for once-daily 
oral dosing (Smith et al. 2018). In light of CAPE’s mul-
tiple biological activities, which are achieved at different 
CAPE concentrations, its controlled and targeted deli-
very could be further improved by developing specific 
pharmaceutical formulations.

Pharmaceutical formulation 
approaches

In vivo experiments show that CAPE’s oral bioavailability 
is limited due to its poor water solubility (0.021 mg/ml) 
which could be improved by means of pharmaceutical ap-
proaches (Ketkar et al. 2016). Not surprisingly, aqueous 

solubility is an important factor, determining the succes-
sful development of chemical entities, researched by the 
pharmaceutical industry (Savjani et al. 2012). The depen-
dence of oral bioavailability of drugs on their solubility can 
be explained with Fick’s law, which states that absorption 
is proportional to the concentration gradient across the 
membrane (Csáky 1984). Aqueous solubility should also 
be taken in consideration for intravenous (IV) formula-
tions of drug-candidate molecules. Insoluble molecules 
could necessitate the use of high quantities of organic sol-
vents or otherwise precipitate, in any of the cases risking 
toxicity or subtherapeutic plasma concentrations (Di and 
Kerns 2015). Needless to say, state-of-the-art pharmaceu-
tical formulation strategies allow a great deal of alternative 
approaches, which could not only resolve solubility pro-
blems, but also modify the fate of the drug molecule in the 
organism (Kalepu and Nekkanti 2015). Such formulation 
approaches, which have been proposed for CAPE delivery 
are listed in Table 2.

Cocrystal formation. The development of cocrystals 
of a drug is a long-known strategy, which however has 
been undergoing rapid development throughout the last 
decade (Sun 2013; Duggirala et al. 2016). It is an effective 
strategy to overcome solubility and stability issues and has 
the advantage of preserving the chemical structure of the 
active ingredient, allowing storage in a stable crystal form. 
Cocrystals could improve physicochemical properties of 
importance for the formulation of dosage forms, such as 
tablets (Kumar et al. 2018). Ketkar et al. (2016) reported 
the successful formation of cocrystals of CAPE with co-
formers caffeine, isonicotinamide or nicotinamide by me-
ans of microwave-assisted cocrystallization. Among the 
cocrystals, those with nicotinamide were shown to best 
improve CAPE solubility (17.7 times) and oral bioavaila-
bility (2.76 times) in rats. X-ray crystallography revealed 
an uncommon stabilization of the crystal structure by 
1,2-benzenediol-amide heterosynthon.

Synthesis of prodrugs. The two hydroxyl groups of 
CAPE’s catechol moiety make it amenable to conjugation 
with a variety of molecules, forming prodrugs with po-
tentially improved solubility. In the last decade more than 
10% of all FDA-approved small-molecule new chemical 
entities are prodrugs. Prodrugs have little or no pharma-
cological activity, but undergo enzymatic and chemical 
changes in the organism, which lead to their conversi-
on to the active parent drugs (Rautio et al. 2018). Li et 
al. (2019) report the enzymatic glycosylation of CAPE, 
mediated by dexYG P473S/P856S. As a result, they iso-
lated a glucoside and a glucosyl-glucoside of CAPE with 
respectively 35 and 90 times increased aqueous solubili-
ty, compared to CAPE. The catechol moiety is known to 
be important for the pharmacological activity of CAPE, 
so glycosylation can be expected to render it less active 
(Kim et al. 2013). Although both glucosides exerted an-
ti-inflammatory effects in vitro, they were more pron-
ounced in macrophages, treated with the monoglucoside. 
Both glucosides exerted lower cytotoxicity than CAPE 
to tumor cell lines probably due to the time, needed for 

https://www.ClinicalTrials.gov
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Table 2. Strategies for pharmaceutical formulation of CAPE and their effectiveness on biological model systems. Biologically-rel-
evant effects marked with bullets●. Arrows represent comparisons towards CAPE water dispersion: ↑more pronounced effect; ↓de-
crease of activity/biomarker; → comparable effectiveness; no arrow after bullet – comparison not applicable due to experimental 
design specifics. In vitro studies in normal script, in vivo studies represented in bold script, and major experimental design charac-
teristics represented in italic script.

Pharmaceutical 
formulation strategy

CAPE preparation Physico
Chemical outcome

Biological outcome (experimental system) Ref.

COCRYSTAL 
FORMATION

cocrystals with nicotinamide ↑ solubility (17.7×) ●↑oral bioavailability (2.76×) (rats, 100 mg/kg p.o.) (Ketkar et al. 2016)

PRODRUGS 4-O-β-D-glucopyranoside ↑ solubility (35×) ●↓ TNF-α; IL-6; NO (LPS-induced RAW 264.7 
macrophages, 5 µM)

(Li et al. 2019)

●↓ cytotoxicity (A375; SMMC-7721; SGC-7901 A549 
cell lines, 100 µM)

4-O-α-D-glucopyranoside ↑ solubility (770×) ●↓NO equally to CAPE (Moon et al. 2017)
↑ stability to oxidation and 

hydrolysis
●↑Nrf-2 activation

●Intracellular conversion to CAPE (LPS-induced RAW 
264.7 macrophages, 15 µM)

4-Acylated or 3,4-diacylated ↑lipid solubility ●↑protection against oxidative stress induced cell 
injury

(Renzong et al. 2013)

●↑blood-brain barrier permeability (PC12 cell line)
INCLUSION 
COMPLEXES

hydroxypropyl-β-cyclodextrin ↑ solubility catechol in CD cavity – (Garrido et al. 2018)

MICROEMULSIONS eugenol/water ↑ stability droplets 80–250 nm ●↑cytotoxicity (HCT-116 cell line, 2 µg/ml) (Wang et al. 2017b)
SPIONs/eugenol/water ↑ stability droplets 100–900 nm ●↑cytotoxicity (Wang et al. 2017a)

●↑cytotoxicity upon external magnetic field (HCT-116 
cell line, 2 µg/ml)

peppermint oil/water ↑ stability droplets size - <20 nm ●↑cytotoxicity (Chen et al. 2019)
●↑cellular uptake

●↓cyclin D expression
●↑p53 expression (HCT-116, MCF-7 cells, 10 µg/ml)

LIPOSOMES EPC-35, cholesterol and 
PEG2000-DSPE liposomes

↑ stability Size – 100 nm; 
incorporation in bilayer

– (Coimbra et al. 2011)

MICELLES non-ionic surfactant micelles ↑ stability ●↓plasma histamine, released due to Cremophor 
RH40 (50 µg/kg CAPE; 10 mg/kg solubilizer)

(Scheller et al. 2000)

●↑histamine release, compared to solubilizer alone 
(isolated peritoneal mast cells; 100 µM CAPE, 20 to 

2000 µg/ml solubilizer)
sucrose fatty acid ester 

micelles
↑ stability particle size<100 nm ●→antioxidant (DPPH; ABTS scavanger) (Guan et al. 2019)

●↑cytotoxicity (HCT-116; MCF-7 cells, 2 µg/ml)
triblock copolymer micelles 

(PEO-b-PCL-b-PEO)
↑ stability size: 39 nm; narrow 

size distribution; slightly positive 
zeta-potential

●↑ protection against oxidative stress induced cell 
injury (Hep G2, SH-SY5Y cells, 0.1 µg/ml)

(Yoncheva et al. 2019)

COPOLYMER 
NANOPARTICLES

poly(d,l-lactic-co-glycolic 
acid) NPs

↑ stability Size: 206 nm; highly 
negative zeta potential

●↑antigenotoxic<ethanol CAPE (Ames test; 14 µg/ml) (Arasoglu et al. 
2016, Abamor 

2017, Arasoğlu and 
Derman 2018

●↑moderate antimicrobial (S. aureus, 31 µg/ml and 
MRSA, 61 µg/ml)

●↑antileischmanial on both forms of parasites 
(Leishmania infantum promastigotes, IC50=32 µg/ml 

and amastigotes, IC50=8 µg/ml)
methoxy poly(ethylene 

glycol)-b-poly(ε-
caprolactone) NPs

↑ stability lyophilized and 
reconstituted at 20 mg/ml; 

size<300 nm; delayed release

●↑antimetastatic (CT-26 Pulmonary Metastasis 
Model on BALb/C mice, 5 mg/kg i.v.)

(Lee et al. 2015)

●→weak cytotoxicity (RAW264.7 cells, 50 µg/ml)
●↑growth inhibition (0.5 µg/ml)

●↓migration (1 µg/ml)
●→proapoptotic (10 µg/ml)(CT26 cells, )

PROTEIN 
NANOPARTICLES

Albumin NPs ↑ stability 250–300 nm; negative 
zeta potential

●↓p65 and HIF-1α (mouse model of DDS-induced 
colitis, 20 mg/kg i.p.)

(Tambuwala et al. 
2019)

INCORPORATION 
IN POLYMER FILMS

CAPE NPs, incorporated in 
methyl cellulose films

NP size: 50−625 nm; film 
thickness: 45 to 55 µm

●↓bacterial growth (S. aureus, MIC = 350 µg/mL and 
E. faecalis MIC = 700 µg/mL)
●→antioxidant (DPPH, FRAP)

(Saelo et al. 2016)

electrospun poly(3-
hydroxybutyrate), coated with 

polyvinylpyrrolidone

↑solubility (~1.5×) tunable 
release profile

●Bactericidal (S. aureus, 200 µg/mL) (Ignatova et al. 2018)

↑surface area ●Bacteriostatic (E. coli, 850 µg/mL)
MATRIX DRUG 
DELIVERY 
SYSTEMS

poly(dimethyl siloxane) 
matrix

sustained release over 4 weeks concept of intraocular lenses as devices for CAPE-
delivery

(Dittrich et al. 2012)

activation. Moon et al. (2017) also reported on the syn-
thesis of a glucoside of CAPE by an enzymatic method, 
employing amylosucrase from Deinococcus geothermalis, 
which resulted in a glucoside 770 times more soluble than 

CAPE. The much higher solubility of their caffeic acid 
phenethyl ester-4-O-α-D-glucopyranoside, compared to 
the one, synthesized by Li et al. (2019), who present it as 
a caffeic acid phenethyl ester-4-O-β-D-glucopyranoside is 
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probably due to both molecules being anomers. Moon et 
al. (2017) further show that their glucoside is converted to 
CAPE in RAW 264.7 macrophages. It also stimulates nu-
clear factor erythroid 2-related factor 2 (Nrf2)-dependent 
gene expression in lipopolysaccharide (LPS)-stimulated 
RAW 264.7 macrophages to a greater extent than CAPE, 
and decreases nitrite production to the same extent. Not 
all attempts to create prodrugs are aimed at improving 
its aqueous solubility. Renzong et al. (2013) synthesized 
4-Acylated and 3,4-diacylated derivatives of CAPE. This 
modification lead to improved blood-brain permeability 
and better protective activity towards oxidative stress-da-
maged PC12 cell in respect to CAPE.

Inclusion complexes are formed when a host com-
pound with a hydrophilic exterior and lipophilic cavity, 
surrounds molecules or parts of molecules of proper size, 
held in place in the cavity only by van der Waals forces 
(Challa et al. 2005). Cyclodextrins are cyclic glucopyrano-
se oligosaccharides, which have been successfully utilized 
for the dissolution of lipophilic drug molecules since the 
first FDA approval of such a product - oral and IV solu-
tion of itraconazole in hydroxy propyl-β-cyclodextrin 
(HP-β-cyclodextrin), 20 years ago (Kalepu and Nekkanti 
2015). Despite α- and β-cyclodextrin cause renal toxici-
ty, γ-cyclodextrin, HP-β-cyclodextrin and sulfobuty-
lether-β-cyclodextrin (SBE-β-cyclodextrin) seem to be 
safer (Jambhekar and Breen 2016). A study of (Garrido et 
al. 2018) demonstrates the formation of a stable inclusion 
complex between CAPE and HP-β-cyclodextrin with the 
catechol moiety of CAPE fitting in the hydrophobic cavi-
ty. Up to date, no biological studies of CAPE in inclusion 
complexes could be found in the Scopus database. Given 
the potential advantages of this formulation strategy, toxi-
cological studies could yield data of primary importance.

Microemulsions are thermodynamically stable sys-
tems with droplet sizes of about 10 to 100 nm. They can be 
water-in-oil, oil-in-water or bi-continuous systems, made 
of water, oil, surfactant and a co-surfactant. Microemul-
sions are monophasic, transparent and optically isotropic 
systems. They differ from emulsions by having much lower 
surface tension values and improved thermodynamic sta-
bility (Ita 2017). It has been shown that a commercialized 
self-microemulsifying drug delivery system of cyclospori-
ne (Neoral) increases its oral bioavailability 6.5-fold com-
pared to the lipid formulation (Sandimmune). Further-
more, in this case the microemulsion allowed for faster 
intestinal absorption and less variable pharmacokinetic 
profile (van Mourik et al. 1999). Except for oral formula-
tions, microemulsions hold great potential as transdermal 
and dermal drug delivery systems (Nastiti et al. 2017). A 
drawback when considering microemulsion design is the 
toxicity and irritation of the gastrointestinal tract (GIT) by 
surfactants, which are in high concentrations. That’s why 
toxicological considerations when choosing surfactants 
for a microemulsion are of great importance (Rahman et 
al. 2013). Chen et al. (2019) formulated CAPE in pepper-
mint oil in water microemulsions, emulsified by Tween 20 
and lecithin. Droplets were stable for 180 days and were of 

sizes, smaller than 20 nm. The described CAPE formulati-
on exerted stronger cytotoxic and pro-apoptotic effects on 
HCT-116 colorectal and MCF-7 breast cancer cells than 
CAPE. Wang et al. (2017b) reported on the formulation 
of CAPE in eugenol/water emulsions, by application of 
an “emulsifying protocol based on guest-host reaction 
between eugenol and modified without high mechanical 
energy or surfactant-assistance”. It was based on the use 
of modified rice proteins during emulsification. Formed 
droplets were of sizes of 80–250 nm and the emulsion 
was stable over four weeks. Thus formulated, CAPE exer-
ted stronger cytotoxic effects on HTC-116 cells, compa-
red to CAPE, introduced in DMSO (Wang et al. 2017b). 
An advantage of this approach is that it avoids the use of 
surfactants, known to be toxic. However, a toxicological 
evaluation of this formulation is still necessary before it 
can be applied to humans. In another study of the same 
group, superparamagnetic iron oxide nanoparticles (SPI-
ONs) were included in the eugenol phase, which resulted 
in larger droplet sizes and further increased cytotoxicity 
to HTC-116 cells upon external magnetic field (Wang et 
al. 2017a). Such an approach could be applied for targeted 
release of CAPE by localized magnetic field only in the 
pathological site.

Liposomes are considered the most-successful drug 
delivery system with many FDA-approved drug products 
(Bozzuto and Molinari 2015). They are phospholipid bi-
layer unilamellar or multilamellar structures, which enclo-
se one or more interior water compartments. Liposomes 
have been shown to be non-toxic and can enclose a great 
diversity of drugs, modifying their pharmacokinetic pro-
files. If not surface modified as is in the case of PEG-ylated 
Doxil (Barenholz 2012), liposomes are phagocytosed after 
intravenous (IV) application, which can be employed as 
a ‘Trojan horse-like’ strategy in the treatment of parasitic 
diseases which pathogens are normally localized in cells 
of the mononuclear phagocytic system. A disadvantage of 
liposomes is the high cost of commercial scale manufactu-
ring and the short plasma half-life of unmodified liposo-
mes (Daraee et al. 2016). Coimbra et al. (2011) showed 
that CAPE can be incorporated into the phospholipid bi-
layer of egg phosphatidylcholine-35 (EPC-35), cholesterol 
and 1,2-distearoyl-sn-glycero-3-phosphoethanolami-
ne-N-[amino(polyethyleneglycol)-2000] (PEG2000-DS-
PE) liposomes, which resulted in liposome sizes of about 
100 nm and stable dispersions. A search in Scopus data-
base revealed no publications, concerning research on the 
biological effects of liposomal CAPE.

Micelles are dynamic colloidal particles with sizes usu-
ally in the range of 5–100 nm in which, unlike liposomes, 
amphiphilic molecules form monolayers. They consist 
of core-shell structured aggregates that form when the 
amphiphilic molecules reach their inherent critical micel-
le concentration (CMC). The lower the CMC, the more 
easily micelles are formed. The first study of a CAPE mi-
celle formulation was on non-ionic surfactant dispersions 
at concentrations close to their CMCs (CMCs in the range 
of 0.1 mM to 1 mM or 0.01% to 0.05% w/v) and higher, 
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which aimed at studying their histamine-releasing poten-
tial (Scheller et al. 2000). CAPE was formulated in Tween 
80, Solutol HS15, Cremophor RH40 or Cremophor EL. In 
vivo, among the tested solubilizers, only Cremophor EL 
increased histamine concentrations in rat plasma, which 
however was countered by CAPE, when solubilized in 
Cremophor EL. The other three tested solubilizers did not 
cause increases of histamine levels, compared to control. 
However, when CAPE was formulated in them, the his-
tamine levels were further lowered even in comparison to 
controls. This could be the result of the anti-inflammato-
ry and antioxidant activities of CAPE. However, the same 
was not observed in vitro in isolated peritoneal mast cells, 
in which CAPE solubilized in either of the four solubili-
zers caused increases in histamine release. Sucrose fatty 
acid esters (SFAE) are another group of amphiphilic mi-
celle-forming molecules, that have the advantage of being 
safe for ingestion, which has been confirmed by a chro-
nic/carcinogenicity rat study (Takeda and Flood 2002). 
Furthermore, in 2004 EFSA established “a group ADI of 
40 mg/kg bw/day for sucrose esters of fatty acids” (EFSA 
Panel on Food Additives and Nutrient Sources added to 
Food (ANS) 2010), which is a high dose, considering the 
concentrations needed for micelle drug delivery (CMCs 
in the range 3.26 to 0.012 µM) (Becerra et al. 2008). Guan 
et al. (2019) formulated CAPE in SFAE, stabilized with 
propylene glycol, and thymol which improved the loading 
capacity. The resulting particles were smaller than 100 nm 
and stable for 30 days at 21 °C. The SFAE micelle dispersion 
of CAPE, contained 0.15% w/w CAPE in 1.0% w/w SFAE, 
which can be considered a non-toxic SFAE concentration, 
based on the ADI. The antioxidant activity of the so-for-
mulated CAPE, evaluated by the DPPH and ABTS radical 
scavenging assays, remains identical to non-loaded CAPE. 
The cytotoxic effects of the thymol-stabilized, CAPE-loa-
ded SFAE micelles is somewhat improved in HCT-116 
and MCF-7 cells. The formation of micelles by synthetic 
block copolymers is another approach which allows for 
very low CMCs (10−6 to 10−7 M), combined with virtual-
ly infinite opportunities for structure modifications. Such 
drug formulations have proved to be a successful strategy 
with many copolymer micelle-formulated drugs in clini-
cal trials and several available on the market (Cabral et al. 
2018). A search in Scopus database showed that up to date 
there has been one report on CAPE-loading in copolymer 
micelles and the physico-chemical and pharmacological 
evaluation of the formulated drug delivery system (Yon-
cheva et al. 2019). CAPE was loaded in a poly(ethylene 
oxide)-b-poly(ε-caprolactone)-b-poly(ethylene oxide) 
(PEO-b-PCL-b-PEO) triblock copolymer, which resulted 
in a stable micellar dispersion with particle size of 39 nm, 
with slightly positive zeta-potential and narrow size dis-
tribution. The chosen monomers are known for their 
biocompatibility, and have been approved for application 
in pharmaceutical formulations by the FDA (Ulery et al. 
2011). CAPE, loaded in the micelles was shown to exert 
protective effects at very low concentrations on models of 
oxidative damage of Hep G2 and SH-SY5Y cells.

Copolymer nanoparticles have important advantages, 
including tunable physicochemical parameters, structural 
stability, capability to form complex structures by addition 
of a diverse set of functionalities, slow drug release and po-
tentially - biodegradability (Blanco et al. 2015). They are a 
promising and versatile strategy for the delivery of drugs 
with diverse physicochemical properties with many suc-
cessfully commercialized drugs, showing reduced toxicity, 
improved efficacy and targeting (Bobo et al. 2016). There 
have been a series of publications on the formulation and 
pharmacological evaluation of CAPE, loaded in poly (d,l-
lactic-co-glycolic acid) (PLGA) nanoparticles (NPs) by the 
group of Arasoglu (2016), Abamor (2017) and Derman 
(2018). The formulated by them CAPE-loaded PLGA NPs 
had sizes of about 206 nm and a negative zeta potential, 
which is an indicator of their good stability and favora-
ble pharmacokinetic profile (Clogston and Patri 2011). 
CAPE-loaded particles exerted antimutagenic activity, in 
a comparable extent to CAPE in ethanolic solution. It was 
measured by means of the Ames bacterial reverse muta-
tion assay (Arasoğlu and Derman 2018). Furthermore, 
CAPE-loaded PLGA NPs were shown to have antiparasitic 
effects towards both forms of L. infantum with better effi-
cacy against amastigotes (Abamor 2017). The same copo-
lymer-CAPE formulation exerted moderate antimicrobial 
activity towards S. aureus and methicillin-resistant Staphy-
lococcus aureus (MRSA) (Arasoglu et al. 2016). Lee et al. 
(2015) reported on another formulation of CAPE in me-
thoxy poly(ethyleneglycol)-b-poly(ε-caprolactone) NPs 
with sizes of less than 300 nm, which were stable after lio-
phylisation and reconstitution at concentrations as high as 
20 mg/ml. CAPE, loaded in the resulting drug delivery sys-
tem was effective in vitro by causing a commensurate pro-
papoptotic effects with non-loaded CAPE and a better ef-
fectiveness in reducing the migration of CT-26 cells. These 
findings were confirmed in vivo with CAPE in NPs being a 
more effective antimetastatic agent than non-loaded CAPE 
in a CT-26 Pulmonary Metastasis Model on BALb/C mice.

Protein nanoparticles. Protein nanoparticles allow for 
the formulation of drug delivery systems with improved 
biocompatibility, biodegradability, surface modification 
and cellular uptake. There are several successful protein 
NP products on the market with undoubtedly the most 
successful and often pointed out as an example for nan-
opharmaceutical – Abraxane, which is an albumin-bound 
paclitaxel (Spicer et al. 2018). Tambuwala et al (2019) loa-
ded CAPE in albumin NPs, characterized by particle sizes 
of 250–300 nm and negative zeta potential. This CAPE 
formulation exerted an improved anti-inflammatory effect 
in a mouse model of dextran sulfate sodium (DDS)-indu-
ced colitis, accompanied by a small reduction of p65 and 
hypoxia-inducible factor 1-alpha (HIF-1α) levels.

Incorporation in polymer films has been researched 
due to CAPE’s antibacterial and antioxidant activities. 
Such formulations can be applied in food packaging in 
order to increase the shell life of products at risk of oxida-
tion or bacterial growth or in wound dressings for its an-
tiseptic and anticicatrizing properties. Saelo et al. (2016) 
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created cellulose films with incorporated nanosized CAPE 
particles, which retained CAPE’s antioxidant properties 
at higher concentrations and inhibited the growth of S. 
aureus and E. faecalis. Ignatova et al. (2018) formulated 
CAPE in films, made of electrospun poly(3-hydroxybu-
tyrate), coated with polyvinylpyrrolidone, which were 
shown to be bactericidal towards S. aureus and bacterio-
static to E. coli.

Matrix drug delivery systems are employed in a vari-
ety of pharmaceutical formulations, such as tablets, gra-
nules, capsules, films, implants, patches, pellets etc. The 
matrix is a vehicle, in which the active substance is dis-
tributed homogenously or dispersed. These systems have 
the advantages of being relatively simple and inexpensive 
for production and allow control of the release profile of 
the loaded drug (Vasvári et al. 2018). Dittrich et al. (2012) 
loaded CAPE in a poly(dimethyl siloxane) (PDMS) ma-
trix, which allowed for its sustained release over 4 weeks. 
It was hypothesized that inclusion of CAPE in PDMS len-
ses would prevent post-operative capsular opacification 
by reducing the growth and migration of epithelial cells 
over the capsular bag.

The listed diversity of drug carriers have been shown to 
possess the capacity to resolve CAPE’s solubility issue whi-
le allowing its release in the organism, which are prere-
quisites for its successful pharmaceutical application. The 

biocompatibility of CAPE delivery systems for specific 
routes of administration ought to be tested in a case speci-
fic manner before they are applied clinically, with special 
attention on the toxicological approach for the complex 
nanosized drug delivery systems (Yordanov et al. 2018).

Conclusion

Research on CAPE in the decade after its discovery 
was focused mainly on finding proof that it is a major 
constituent of propolis, being a contributor to its diverse 
pharmacological effects. As such knowledge amassed 
the cornerstone research period was followed by a 
period of intensified research on its pharmacodynamic 
principles, which is the subject of a related article on 
CAPE’s therapeutic potential. In the recent years there 
has been a growing interest in approaches to overcome 
a major obstacle towards CAPE’s realization as a drug 
– its poor aqueous solubility. Formulation approaches 
of CAPE include diverse strategies to not only make it 
soluble, but also optimize its pharmacokinetic profile 
and efficacy in different pathological conditions. The 
described trends in research publication on different 
aspects of CAPE is an indication that it has a bright 
future as a pharmaceutical.
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