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Abstract

Curcuminoids, alkaloids and flavonoids (or bioflavonoids) constitute
the broadest and well-studied classes of natural polyphenols and they belong
to plant-derived secondary metabolites. Recently, polyphenols have attracted
significant interest in the scientific community due to their antioxidant potential
to confront and scavenge the free radicals generated during the various
pathological processes including neurodegenerative disorders, cancer, and
cardiovascular diseases. Dendrimers are three-dimensional hyperbranched
polymeric macromolecular structures consisting of symmetrically repetitive
branched moieties around a central core, thus adopting a globular structure.
Dendrimers, due to their multi-valency and modifiable surface functionality,
can be conjugated with several ligands, thus developing targeted effective
dendritic multifunctional drug delivery systems. Nanomedicine, a subcategory
of nanotechnology, is a multidisciplinary combination of science and
technology based on studies at the molecular and atomic level, and contributes
to the development of innovative pharmaceutical nano-formulations in the
field of medicine. Dendrimers constitute an advanced targeted drug delivery
system, which due to its diversified properties, is a challenging advancement in
nanomedicine and ensures the desired therapeutic efficacy. Herein, we present a
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concise overview of natural polyphenol-dendrimers nano-formulations along
with their novel therapeutic applications in the field of medicine.

Keywords: Dendrimers; Flavonoids; Nanocarriers; Therapeutic applications; Drug delivery; Natural polyphenols

1. Introduction

Plants are the main sources of biologically active substances that participate in their
defensive mechanisms against herbivores, insects, and microorganisms. Curcuminoids are
a class of linear diarylheptanoids, such as curcumin and its derivatives, bearing variable
chemical groups that enhance their aqueous solubility, bioavailability and suitability as
drug formulations. They are natural polyphenols with excellent antioxidant, antitumor,
anti-inflammatory, radioprotective, anti-acidogenic and neuroprotective properties [1,2].
Encapsulation of curcuminoids into nanoparticulate formulations has been proved to provide
stability against hydrolytic degradations, improved bioavailability and pharmacokinetics [3].
Alkaloids are aclass of natural polyphenolic compounds with numerous structural diversities and
exceptional pharmacological activities such as antimalarial, anticancer, vasolidatory, analgesic,
and antibacterial activities [4]. However, their poor aqueous solubility and bioavailability
limit their therapeutic potency [5]. Flavonoids constitute a large category of polyphenolic
compounds that derive from herbal and plant-based beverages and foods [6]. Flavonoids
exhibit various antioxidant, cell-signal modulating, anti-inflammatory, and cardioprotective
properties. Furthermore, they can inhibit neurodegeneration and the growth of several viruses
and microorganisms [7,8,9]. Despite their health benefits, their therapeutic efficacy depends
on the improvement of the pharmacokinetic profile after their oral administration. Flavonoids
possess limited water solubility, bioavailability, and permeability, and are considered unstable
and sensitive to exogenous factors such as light, pH, and temperature [10,11,12]. As a result,
encapsulation in nanocarriers for drug delivery applications can be a viable way to improve
bio-efficacy and bioavailability of flavonoids by increasing the solubilization potential, altering
the absorption pathways, and preventing the metabolic degradation.

Drug delivery constitutes a feasible way to improve patient compliance and therapeutic
index via the controlled and targeted administration of a drug [13]. An efficient drug delivery
nano-formulation is sufficiently protecting the drug from degradation processes and enables
secure crossing through the biological barriers ensuring its safe and targeted transfer to the
specific site of action [14]. Since the 1990s, apart from linear polymers, the polymer science
has included a novel class of structurally diversified compounds, the branched polymers, such
as cross-linked polymers, dendri-grafts, macromolecules, and most recently, dendrimers [15].

Dendrimers are hyper branched polymeric three-dimensional macromolecular
structures (Figure. 1) with significantly beneficial, over ordinary linear polymers, utilities
such as controlled and globular structure and various functionalities [16]. Dendrimers attracted

researchers’ scientific attention due to their unique structural characteristics and potential
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utilization in drug delivery applications. Since the 1980s, various dendritic formulations have
been synthesized with specific architectures according to the divergent or convergent synthetic
strategy [ 17,18], starting from amultifunctional coreand subsequently addingrepeated branching
cycles classified as generations of the dendrimer [19]. Several multifunctional dendritic
nano-formulations have been utilized as optimal drug delivery molecules in vaccination and
immunology, photodynamic therapy, and cancer treatment for the successful administration
of proteins, genes, DNA, solubilizing and diagnostic agents [20], and as nano-particulate
multifunctional frameworks for targeted treatments, diagnostics, and imaging applications
[21]. Poly(propylene imine) (PPI) and Poly(amidoamine) (PAMAM) dendrimers are the most
explored types of dendritic drug delivery vehicles as anticancer agents and nanocarriers for
RNAI therapeutics [22,23].
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Figure 1: Indicative illustration of a dendritic structure with internal cavities and surface groups.
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2. PAMAM dendrimers

PAMAM dendrimers (Scheme 1) are well-defined, nano-sized, hyper-branched
macromolecules with an ethylene diamine central core and various reactive functional surface
groups. PAMAM dendrimers are well-known for their effective enhancement of aqueous
solubility and bioavailability of several hydrophobic compounds through encapsulation into
their hydrophobic interior [24,25,26]. Furthermore, PAMAM dendrimers possess both active
and passive targeting utilities due to their nano-size dimensions and the ability of the reactive
peripheral amine groups to conjugate with bio-recognition molecules. However, one major
drawback of PAMAM dendrimers is the reported cytotoxic profile of high-generation units.
Dendrimers are used in order to enhance the aqueous solubility of water-insoluble drugs
[27,28,29]. Interestingly, many researchers have demonstrated that the conjugation process of
a drug to PAMAM dendrimers significantly reduces the dendrimer toxicity [30,31]. Folic acid
(FA) constitutes the most commonly utilized targeting ligand, especially for its high affinity
towards the folate receptors found on the outer membranes of several tumor cells such as colon,
ovarian, breast, cervical, and lung cancers [32,33,34]. This specific binding of FA to the folate
receptors can sufficiently increase the cellular uptake via clathrin-dependent endocytosis. It
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has been proved that FA-conjugated PAMAM dendrimers (FA-PAMAM) present enhanced
cellular uptake by targeted cancer cells, improved drug accumulation, and minimum toxicity
to normal healthy cells [35,36].
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Schemel: Indicative illustration of a PAMAM-dendrimer generation 2.

3. PPI dendrimers

In general, the main structural components of a dendritic molecule are classified into
three distinct parts: a core, an interior, and an exterior. PPI dendrimers (Scheme 2) possess a
core which is composed of diaminobutane moieties, an exterior that contains the outermost
propylene imine chain, and an interior which is characterized as the intermediate component
part between the exterior and the core [14]. PPI dendrimers constitute the most substantially
explored category of dendrimers, adequate for drug delivery applications. The generations
of PPI dendrimers are directly proportional to the surface cationic groups [37,38]. The
augmentation of dendritic generations and their surface groups increasingly affects the toxicity
of PPI dendrimers, as it has been well documented for PPI-G4 dendrimers which are less toxic
compared to PPI-G5 dendrimers [39]. Several parameters such as hemolytic toxicity, drug
loading and release behavior can affect the number and generation of PPI dendrimers [40,41],
whereas the suitability of each generation depends on the purpose of the corresponding drug
delivery procedure [40,42].
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PPI-dendrimer generation 2 (DAB-Am-8)

Scheme 2: Indicative illustration of a PPI-dendrimer generation 2 (DAB-Am-8).
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4. Natural Polyphenol-Dendrimers Nano-Formulations

4.1. 3,4-Difluorobenzylidene Diferuloylmethane (DFC)

3,4-difluorobenzylidene diferuloylmethane (DFC), (1E,6E)-4-(3,4-Difluorobenzy-lidene)-
1,7-bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione (Scheme 3) is a synthetic
derivative of diferuloylmethane (curcumin), and an efficient anticancer polyphenol which has
exhibited a 16-fold enhanced half-life combined with increased anticancer efficiency compared
to its natural precursor, during tests on pancreatic tumors [43,44,45]. These observations are
attributed to the improved bioavailability and stability of DFC compared to diferuloylmethane.
Guided by these findings, researchers developed DFC-loaded dendritic nano-formulations
conjugated to FA for the specific delivery of the drug to cervical cancer cells capable of over-
expressing the folate receptors, thus increasing the anticancer activity of the compound. The
engineered dendritic delivery nano-system possesses high DFC entrapment efficiency and
loading capacity with outstanding bioavailability and aqueous solubility. The positive charge
due to the conjugated FA ensures shielding and biological safety, improved anticancer potency
in vitro and enhanced internalization compared to non-specifically targeted nano-formulations
in SKOV3 and HeLa cells. Additionally, the dendritic nano-carriers augmented the apoptotic
onset of the tumor cells, down-regulated NF«xB and up-regulated the expression of PTEN, thus
contributing in the debilitation of tumor recurrence rate and drug resistance after the initial
drug treatment [46].

3,4-difluorobenzylidene diferuloylmethane (DFC)

Scheme 3: Formula of 3,4-difluorobenzylidene diferuloylmethane (DFC).

4.2. Puerarin

Puerarin,7-Hydroxy-3-(4-hydroxyphenyl)-8-[(3R,4R,5S,6R)-3,4,5-trithydroxy-6-
hydroxyl methyl)oxan-2-ylJchromen-4-one (Scheme 4) constitutes a well-known isoflavone
with excellent potential against cardiovascular disorders and anxiogenicity [47,48]. Studies on
the effect of PAMAM dendrimers (G3, G4, G5, G3.5, G4.5) on the trans-epithelial transport
and immortalized human corneal epithelium (HCE) cellular uptake of puerarin proved that
PAMAM dendrimers (G3,G4,G5) with a cationic charge could significantly enhance the
transport and uptake of the corresponding isoflavone. Confocal laser scanning microscopy
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(CLSM) and flow-cytometry (FCM) examinations revealed a significantly strong internalization
of PAMAM-G4 in the HCE cellular milieu, presumably due to the charge interactions and the
easily manipulated design, size, surface functionality and charge of PAMAM dendrimers in
their utilization as ocular drug nano-carriers [49,50]. It is suggested that both the type and
generation of PAMAM dendrimers can affect the corneal permeation of puerarin mainly
due to the provoked enhancement in its solubility induced by the encapsulation procedure
and the ability of PAMAM dendrimers to successfully integrate with the lipid bilayer in the
plasma membrane of corneal epithelial cells and loosen the corneal epithelial cell junctions
[51,52]. Additional experimental and comparative results on the effects of dendrimer-puerarin
complexes and eye drops containing free puerarin showed: a) the ability of these dendritic
nanostructures to present long residence times inside the eyes, b) the slow in vitro puerarin
release rates in biological buffers (PBS), and c) the absence of significantly different drug
corneal permeation levels between the dendrimer-puerarin complexes and the free isoflavone
[53]. Moreover, in vivo studies on the behavior of amine terminated (full generation) or
carboxylate terminated (half generation) PAMAM dendrimers as solubility and bioavailability
enhancers of puerarin indicated the ability of full generation PAMAM dendrimers to act as
better solubilizing agents mainly due to the electrostatic intermolecular interactions between
the phenolic hydroxyl groups of the isoflavone and the surface amine groups of the dendritic
molecules. Furthermore, no hemolysis was observed after the administration of puerarin-

dendrimer complexes to erythrocytes [54].

Puerarin

Scheme 4: Formula of Puerarin.

4.3. Curcumin

Curcumin,(1£,6F)-1,7-Bis(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione
(Scheme 5) constitutes one of the three curcuminoid components present in turmeric, with
bis-desmethoxycurcumin and desmethoxycurcumin being the other two. It is a natural phenol
mainly used as a yellow food additive and colorant and a tautomeric compound present as
keto and a more stable enolic form [55,56]. Curcumin has been the subject of much research
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due to its various medicinal properties. Research studies have demonstrated its potent anti-
inflammatory activity and anticancer role. Moreover, curcumin reduces the proliferation and
transformation of tumors by regulating transcription and growth factors, protein kinases,
inflammatory cytokines or other enzymes. In animal experimental studies, curcumin has been
shown to possess a protective role against blood, mouth, pancreas, lung, skin, and intestinal
tract cancer cells [57,58]. Research results on the antiproliferative activity of PAMAM
encapsulated and free curcumin on T47D breast cancer cells via TRAP assay and a 24 h study
of telomerase activity, indicated that the curcumin-loaded dendritic nano-carriers presented
increased inhibitory effect, negligible cytotoxicity and enhanced antiproliferative potency
[59]. Further in vivo studies on the treatment of various cancer cell lines with curcumin
conjugated oligo(ethylene glycol) chains (curc-OEQG) displayed high inhibition levels due to
intense apoptotic activity. Furthermore, the intravenous injection of curc-OEG at high doses
in SKOV-3 and MDA-MB-468 tumors provoked the decrease of tumor numbers and weights,
with no observed subchronic and acute toxicities in the peripheral mouse visceral organs of the
mice. Curc-OEG nano-formulations can also constitute effective carriers of camptothecin and

doxorubicin anticancer drugs for the successful enhancement of cytotoxicity in drug-resistant
cancer cells [60,61].

(0] OH
X SR o ‘
HO ‘ OH
OCH, OCH;
Curcumin

Scheme 5: Formula of Curcumin.

4.4. Silibinin

Silibinin,(2R,3R)-3,5,7-trihydroxy-2-[(2R,3R)-3-(4-hydroxy-3-methoxyphenyl)-
2-(hydroxyl-methyl)-2,3-dihydrobenzo[b][1,4]dioxin-6-yl]chroman-4-one(Scheme6)
constitutes a flavonolignan with low bioavailability and water solubility, and nontoxic
behavior even at concentrations of up to 13 g/day [62]. The anticancer potential of silibinin is
currently under investigation [63]. However, it possesses anti-inflammatory, chemo-protective,
anti-photocarcinogenic, anti-hepatitis, anti-cirrhosis and DNA repair properties [64,65,66].
Comparative studies between the amine-terminated PAMAM-G2 and G3 dendrimers and ester-
terminated PAMAM-G1.5 and G2.5 dendrimers on their solubility enhancing properties as
nano-carriers of silibinin indicated the improved solubilizing activity of the amine-terminated
dendritic molecules mainly due to electrostatic interactions provoked by the formation of
a complex between the corresponding dendritic nano-molecules and the phenolic hydroxyl

moieties of the flavonolignan [67]. This complexation further leads to improved in vitro drug
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release rates and in vivo bioavailability profiles of the encapsulated compound. Synthetic efforts
on the development of surface-modified magnetic Fe,O, nanotubes (Fe,O,NT) grafted with
PAMAM-G3 dendrimers as nano-carriers of hydrophobic silibinin revealed the potential effect
of PAMAM incorporation in the enhancement of silibinin loading capacity and sustainability
of drug release rate, yet maintaining the magnetic properties of the nano-formulation compared
to the unmodified Fe,O, nanotubes and other similar nano-systems. As a result, the Fe,O NT-
PAMAM system could be utilized as a promising nano-carrier for drug-delivery applications
[68].

Silibinin 0O OH

Scheme 6: Formula of Silibinin.

4.5. Berberine

Berberine,5,6-Dihydro-9,10-dimethoxybenzo[g]-1,3-benzodioxolo[5,6-a]quino-
lizintum (Scheme 7) constitutes a naturally produced nitrogenous cyclic benzylisoquinoline
alkaloid with proved anticancer, apoptotic and antiproliferative activity [69]. However, the
low bioavailability and poor pharmacokinetics have limited its utilization as an anticancer
compound [70]. Recent studies on the synthesis of berberine-conjugated or encapsulated
PAMAM-G4 dendrimers indicated the development of significantly nano-sized formulations
(100-200 nm) with similar z-potential to that of an empty or unmodified PAMAM-G4
dendrimer. Furthermore, the conjugation percentage of berberine exceeded the encapsulation
percentage of the corresponding compound, whereas both types of nano-formulations presented
a sustained release rate of berberine in biological buffers and aqueous media. Ex-vivo and in
vivo hemolytic studies on toxicity showed that both dendritic nanostructures are considered
significantly biocompatible and relatively nontoxic. Moreover, the MTT results proved that the
berberine-conjugated dendritic molecules showed excellent anticancer activity against MDA -
MB-468 and MCF-7 breast cancer cells. Additionally, the in vivo pharmacokinetic parameters
such as AUC (area under the curve) and half-life (t,,
the conjugated or encapsulated berberine were significantly improved. The overall conclusions

) of the novel dendritic formulations and

imply that the conjugation of natural compounds to PAMAM dendrimers leads to improved
delivery of these molecules and the development of more efficiently therapeutic dendritic

nano-formulations [71].
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Scheme 7: Formula of Berberine.

4.6. Tetramethylscutellarein

Tetramethylscutellarein, [5,6,7-trimethoxy-2-(4-methoxyphenyl)-4H-chromen-4-one]
(Scheme 8) is a flavonoid with well-established anti-inflammatory potential [72], moderate
cytotoxic activity against MCF-7 breast cancer cells and anti-tuberculosis properties [73].
Experimental studies on the synthesis of tetramethylscutellarein-loaded PAMAM-G4
dendrimers with amines as terminal moieties confirmed the solubility enhancement provoked
by a complex formation between the surface functional amine moieties of the dendrimer and
the flavonoid mainly due to electrostatic interactions and hydrogen bonding. Furthermore, the
results at hand indicated the influence of pH on the solubility of the dendritic formulations and
the in vitro release rates of the encapsulated flavonoid [72].

Tetramethylscutellarein

Scheme 8: Formula of Tetramethylscutellarein.
4.7. Baicalin

Baicalin, (25,35,4S,5R,65)-6-(5,6-dihydroxy-4-oxo-2-phenyl-chromen-7-yl) oxy-3.,4,5-
trihydroxy-tetrahydropyran-2-carboxylic acid (Scheme 9), the glucunoride derivative of
baicalein, constitutes a flavonoid with excellent potential for the prevention and treatment of
allergy, hypertension, cardiovascular disorders, inflammation, and bacterial infections [74,75].
Moreover, baicalin presents cytostatic and cytotoxic potency in vitro, antitumor growth effect
in vivo [76], and sufficient anticancer activity on lung, bladder, prostate, breast, liver, ovarian,
and colorectal cancer cells [77]. However, the limited bioavailability and water solubility
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in combination with the non-specific targeting of tumors limits the clinical application of
the corresponding flavonoid [78]. Recent studies on the development of baicalin-loaded
FA-conjugated PAMAM dendrimers indicated the beneficial effect of dendrimers and the
corresponding generation of the PAMAM formulations on the aqueous dispersion, biological
and physicochemical profile of baicalin [79]. More specifically, FA-modified PAMAM-G3 and
PAMAM-G6 dendrimers demonstrated excellent entrapment efficiency and sustained release
rates of baicalin in acidic PBS (pH 5.4). Furthermore, the corresponding nano-formulations
provided targeted delivery of the encapsulated flavonoid and enhanced toxicity and flavonoid
uptake in the folate receptor (FR) of HeLa cells as proved by MTT assays. All the experimental
results were significantly related to the generation of the utilized PAMAM dendrimers. Further
cell apoptosis and cell cycle analyses indicated the tumor-specific efficacy of the novel dendritic
nano-formulations for the targeted delivery of baicalin to tumor cells [80].

Baicalin

Scheme 9: Formula of Baicalin.

4.8. Quercetin

Quercetin, 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-4H-chromen-4-one (Scheme 10)
constitutes a well-known flavonol with excellent antioxidant [81], cardio-protective [82],
anti-ulcer [83], gene regulatory [84], anti-inflammatory [85], anticancer, and neuroprotective
properties [86]. However, the poor solubility and bioavailability of quercetin limit its wide
therapeutic applicability. Recent research works have established PAMAM dendrimers as
effective quercetin delivery systems. More specifically, spherical nano-sized formulations (34.4-
100.3 nm) of PAMAM dendrimers GO0—G3 were proved to enhance the aqueous solubility of
quercetin. Moreover, the novel dendritic quercetin-loaded nanostructures showed sustained in
vitro release rates and prolonged stability at 442 °C. Furthermore, the results at hand indicated
that orally administrated quercetin-loaded dendritic nano-formulations showed improved anti-
inflammatory activity in rats compared to free quercetin suggesting that the incorporation
of the corresponding flavonoid in PAMAM dendrimers can result in the development of an

effective tool for the oral quercetin targeted delivery [87].
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Quercetin

Scheme 10: Formula of Quercetin.

4.9. Apigenin

Apigenin, 5,7-Dihydroxy-2-(4-hydroxyphenyl)-4H-1-benzopyran-4-one (Scheme 11)
belongs to the flavone family. It induces autophagy in leukemia cells supporting a chemo-
preventive role [88], whereas it possesses a specific function in the prevention of renal damage
[89]. Additionally, it exerts sedative and anxiolytic effects [90]. However, in vitro studies
have shown that apigenin presents toxicity in red blood cells [91]. In recent studies, flavonoid
apigenin was utilized as the fluorophore core of benzylic dendrimers. In general, fluorescent
dendrimers are used as analytical tools and organic light emitting devices (OLEDs). Apigenin
possesses three phenol moieties and weak blue light emission. These properties render apigenin
an ideal precursor for the synthesis of Freshet-type dendrimeric structures [92]. Simulations of
molecular dynamics were used for the estimation of branching and side effects. The overall data
suggested that the 3" and 4™ dendrimer generations possess larger asphericities. Additionally,
the fluorescence spectra implied the existence of aggregation phenomena for non-spheric

OH
HO o) ©/

dendritic structures [93].

OH o

Apigenin

Scheme 11: Formula of Apigenin.
4.10. Daidzein

Daidzein, 7-Hydroxy-3-(4-hydroxyphenyl)chromen-4-one (Scheme 12) is a natural compound
which belongs in the class of isoflavones. Recent research results have proved the viability of
daidzein treatment as an effective remedy for osteoporosis, blood cholesterol, menopausal
relief, heart disease, and hormone-related cancers [94,95]. However, the low bioavailability
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and aqueous solubility of isoflavones, and their rapid metabolizing rates prevent their efficient
oral or intravenous administration. As a result scientists have focused their efforts on the
development of effective nano-carriers of isoflavones aiming at the improvement of their
solubility and further clinical applicability [96,97,98]. More specifically, studies on daidzein
liquid formulations encapsulated in PAMAM and PPI dendritic nano-carriers showed the
remarkable improvement of the aqueous solubility of the corresponding isoflavone. PPI
dendritic molecules showed a more efficient daidzein loading capacity compared to that of
PAMAM dendrimers, mainly due to the presence of the large number of hydrophobic internal
cavities inside the PPI dendritic structure. Moreover, the release rates of daidzein were slower
from the daidzein-loaded PPI dendrimers compared to that from the daidzein-loaded PAMAM
dendritic molecules. However, PPI nano-formulations were far more toxic and less stable
compared to PAMAM dendrimerson A549 and MCF-7 cells. Furthermore, the daidzein-
loaded PAMAM-G3 nano-formulations presented a contiguous protective activity against
H,O_-induced cytotoxicity on A549 and MCF-7 cells similar to that of free daidzein. As a
result, daidzein-loaded PAMAM dendrimers have been proved an effective and safe choice
in the design of daidzein delivery systems with improved bioavailability, prolonged daidzein
delivery and release rates, and sustained bioactivity [99].

HO

Daidzein

Scheme 12: Formula of Daidzein.

4.11. Morin

Morin, 2-(2,4-Dihydroxyphenyl)-3,5,7-trihydroxychromen-4-one (Scheme 13) constitutes
a well-known polyhydroxy flavonol with various pharmaceutical and biological activities
[100,101]. Morin possesses structural, physicochemical and therapeutic properties such as
hydrophobicity, planarity, electrostatic, antioxidant and anti-amyloid aggregation activities
[102], that depend on the changes of the surrounding environment. As a result, scientists have
focused their efforts on the complete investigation of the interactions of morin with various
biological molecules, such as PAMAM dendrimers, in order to fully understand the drug-
dendrimer interactions and develop an effective dendritic drug delivery nano-formulation.
Recent modeling docking and spectroscopic reports on the interactions of morin-loaded
modified PAMAM dendrimers with a 25% surface attachment of N-(2-hydroxydodecyl) groups
(PAMAM-C12 25%) confirmed the morin-(PAMAM-C12 25%) complex formation in the
aqueous phase through hydrophobic, electrostatic, hydrogen bonds, and van der Waals forces.

Morin presented three different types of binding sites with PAMAM-C12 25%, reinforcing the
12
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view that morin encapsulation into PAMAM dendrimers can lead to the functionalization of
efficient nano-formulations adequate for polyphenol delivery applications [103].

HO OH
HO O
OH
OH O
Morin

Scheme 13: Formula of Morin.

5. Summary

This chapter is a concise collection of data of natural polyphenol-dendrimer nano-
formulations with potential therapeutic activities. Dendrimers can be produced with highly
controllable properties such as shape, size, functionality, and architecture. Their diversified
surface groups determine their targeting function and toxicity behavior. Moreover, dendrimers,
as nano-carrier vehicles of globular structure, can improve the bioavailability and therapeutic
efficacy of the encapsulated natural compounds, thus formulating an adequate natural
polyphenol delivery system for the development of effective medicinal treatment against

various diseases.
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