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ABSTRACT

Chrysin is a naturally occurring flavonoid, mainly found in honey, propolis and in many plant species. Owing to its
multiple pharmacological properties such as antioxidant, anti-inflammatory, anti-allergic, anti-diabetic, anti-
estrogenic, antibacterial, neuroprotective activity and antitumor activities, chrysin has become the foremost
candidate among flavonoids in recent years. Chrysin derivatives had also seen potential applications in anticancer
drug delivery. Due to issues such as bioavailability and absorption associated with Chrysin, its therapeutic benefits
remained nascent unlike other flavonoids. To overcome these limitations and to obtain compounds with improved
efficacy and devel oping more active drugs efforts had been made by designing analogs and conjugates of Chrysin.
The target of the current review is to articulate the recent progress in research on synthesis and pharmacological
activities of Chrysin derivatives. Additional information on the basic chemical reactivity of Chrysin, its
bioavailability and toxicity isalso presented in this article.

Keywords: Chrysin derivatives, anticancer activity, antimigia activity, anticancer drug delivery, carboxgas
inhibitors, antihelminthic activityg-glucosidase inhibitors.

INTRODUCTION

Flavonoids having benzppyrone structure are large group of polyphenobenpounds found ubiquitously in
plants. Research reports showed that these aradsagometabolites with wide variety of pharmacotadjiactivities
[1, 2] and their activities depend on the structlieese are hydroxylated phenolic substances syimtfteby plants
in response to microbial infection. These are aaiegd according to their molecular structures ifivonols,
flavones, flavanones, isoflavone, Catechin, anthoiin and chalcones. Among them flavones is thigekt
subgroup of flavonoids. Flavone basic structuratdes includes two benzene rings, A and C rings Burthg (a
phenyl) attached to position 2 of the ring. Natdtatones such as Apigenin, luteolin and chrysimenv®und to
possess a broad spectrum of biological profile.4B;The in vivo fate of flavones shows that they goorly
conserved, with most of what is absorbed is dedtioerapid excretion.

Chrysin found in several plants, mushroom and hooew is extensively studied flavone. It is knowrh&ve broad
spectrum of biological activities including antican, anti-inflammatory, antioxidant, antibacterghti-diabetic and
anti-HIV [5]. But low solubility and relatively pacabsorption in the intestine are the main drawbahbft limit its
potential applications. To improve the bioavailabpiland efficacy of chrysin many efforts had beeada by
researchers on designing its analogs and conjugate®ral articles and reviews on biological attiaf synthetic
derivatives of chrysin have been reported earber7| 8]. In this article current trends and lategprovements of
chrysin use in the biomedical field are summarized.
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Figure 1. Structure of Chrysin

Occurrence and Chemistry

Chrysin (5,7-dihydroxyflavone or 5,7-dihydroxy-2etyl-4Hchromen-4-one)F{gure 1) belongs to the flavone
class of the ubiquitous 15-carbon skeleton natpo&phenolic compounds collectively called flavashai Sources
of chrysin includes passion flowePdssiflora caerulea), , propolis and honey [9].

Pharmacological acitivites of Chrysin derivatives
The derivatives of chrysin have been reported tawsimarked change on the function of chrysin.

The multiple biological activities of chrysifrigure 2) with latest improvements in the specified arest tiad been
extensively investigated are summarized in thislart

Anti-cancer

Antimicrobial

Antihelminthic Carboxylesterase Inhibitors

Chrysin derivatives

Anticancer drug delivery Hypoglycemic

Figure 2. Different biological activities of Chrysn

Anticancer activity of synthetic chrysin derivatives

The anticancer activity of chrysin has attracte@agrattention. Chrysin has been found to possesseca
chemopreventive activity through activating notchsiggnaling [10], altering the cell cycle progressifll],
inhibiting the histone deacetylase enzymatic atgtiMi2], inducing apoptosis in different maligndaamor cells [13],
and inhibiting complexes of cyclins [14]. Howevém, in vivo studies on humans and animals, thecanter
activity of chrysin has been disappointing mainliedo the low solubility, relative poor absorptionntestinal and
the rapid metabolism of glycosylation [15]. Many di@nal chemists have been dedicated to searclingdvel
chrysin derivatives with high efficacy, low toxigjtand minimum side effects. Anticancer activity syinthetic
chrysin derivatives were studied in detail by dwal-activity relationships, of which some exangpleere
reviewed earlier. Here in the recent progresseénditvelopment of new synthetic chrysin derivatiwith anticancer
activity were given.

Xiudao et al.,[5] synthesized two series of amiea alerivatives of chrysin via modifying 7(C) OHagp with
alanine, leucine, isoleucine and phenylalanine bgtyd and butyryl groups. The anti-tumor activitie the
synthetic amino acid derivatives of chrysin 6a-fdl 8a-9d $cheme ] were examined against human gastric
carcinoma MGC-803 cells. The results revealed ¢hagsin coupled with different amino acids displdyeoderate

to good anti-proliferative activity. Particularlize compound 7c showed the most potent inhibitotiviac with an
ICs value of 3.78 Imol/L and was comparable with tbhCisplatin (IG= 4.40 Imol/L). The results can be used
further for development of more chrysin based sele@nd active anti-cancer activity drug candidate
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Scheme 1: Synthesis route of chrysin derivatives earding to Xiudao et al

In search of potential antitumor agents Zhen-Yuaal.g [16] synthesized a series of 5,7-disubstiduthrysin, 7-
monosubstituted chrysin, 5-monosubstituted chrgsinivatives and evaluated their antitumor actiaityH22 cells
(Scheme 2. Among the tested compounds, compound 3 (5,7etiiachrysin ) displayed the most potent antitumor
activity with 1G5 value of 141 mM. The results showed that modifticabf 5- and 7- positions of chrysin would
change the activity and the activity depends orsthigstituents. It was concluded that the small gfzgydrophobic
substitution at both 5- and 7- positions is a gaag of derivatization to increase the chrysin bibéty.

Recently Bhupendra et al., [17] synthesized a seriechrysin-benzothiazole conjugates using 7-(@aBybutoxy)-
5-hydroxy-2-phenyl-4H-chromen-4-one, obtained frahrysin with 1,4-dibromobutane, combining with adevi
range of 6-substituted 2-aminobenzthiazoles, whiek been prepared from the corresponding anilings w
potassium thiocyanateS¢heme 3. The anticancer activity of the newer analoguesewtested against cervical
cancer cell line (HeLa and CaSki) and ovarian caneé# line (SK-OV-3). The authors found that peutarly the
presence of halogens (6g, 6, 6j-6l) was favouralille IC50 values comparable to the control ascodicl. It was
observed that length of the aliphatic side sequelimdang two different pharmacophores as chrysind an
benzothiazole was essential in providing reliableldgical profiles. From the structure—activity ppective,
characteristics and position of the electron widlwdng and electron donating functional groups oe th
benzothiazole core may promote the expected amticaaction. One more important observation foundthsy
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authors in this study was, the activity profilesrséor 6a—r against SK-OV-3 was appreciable as epatpto parent
chrysin. Chrysin has no activity against ovariancea cell line SK-OV-3 as noticed in a previousaesh attempts
[18]. This study shows the positive influence of benzmbie substitution on the activity profiles of céirycore.

OR, O

1 Compound 2-9

1. Chrysin; 2.R;= -COCHg, R,=H; 3. R;=R,= -COCHs;
4. R1=Ry= -CH,COOCH,CH3; 5. R;=Ry= -CH,COOH,;
6. R]_: Bz, R2: H; 7. R]_:RZ: Bz; 8. R1: BZ,R2: -CH2COOCH2CH3,

9. R1=H, Ry= -CH,COOH.
Scheme 2: Synthesis route of chrysin derivatives earding to Zhen-Yuan et al
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Scheme 3: Synthesis route of chrysin derivatives emrding to Bhupendra et al
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Rahul V. et. al [19] produced a new class of chrydérivatives recently by linking to a variety afbstituted
piperazines, morpholine and piperidine via a bahdin and was analyzed for anticancer activityiron (Scheme

4). The authors found that butyl chain and types pgferazine rings were optimal to furnish constant
pharmacological actions as anticancer agents. Enenstructure-activity point of view, nature andspion of the
electron withdrawing and electron donating functiogroups on the piperazine core may contributartiicancer
action.

NH.
X H /\/O\/\O/
—R T N HO o
= cl na  © HN - N7
KI (3 mol%), Heat N |
Low ) 150 C, 16-48 h R

Br/\/\/Br K,COg, reflux ,24 h Br/\/\/o

/TN — CH3CN, reflux, 10-38 h
+ NN \/
R
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R
7 ’ A N/—\N/W o
— N/

7c-w
Scheme 4: Synthesis route of chrysin derivatives emrding to Rahul et al

Hong-zhuan et. al .,[20] synthesized novel chrigamotin (Chry-Sn) compound with enhanced anticaactvities
by the reaction of chrysin and triphenyltin chl@idThe results suggested that Chry-Sn possessezhezth
anticancer effects compared to chrysin on the fgraliion of MCF-7, A549 and HelLa human cancer losdis.

Inés L. et.al.,[21] synthesized selenium-containgigysin (SeChry) by microwave-based methodologyheW/
tested in a panel of cancer cell lines seleniunivedves revealed consistently to be more cytotmihh mean 1G,
values 18- and 3- fold lower than those observedtioysin and cisplatin respectively.

Chrysin derivatives with antimicrobial activity

Although several classes of antibacterial agerdgspagsently available, resistance in pathogenitebat to these
drugs has led to the constant need for new typestitiacterial agents and thus had become a veygriant task.
Therefore, in recent years the research has berrsdd toward development of new antibacterial ageviiny
flavonoids were reported as effective antimicrabj@2, 23]. Even though the mechanism of actiostilsunclear,
chrysin derivatives had proven to be effectivexhikiting antimicrobial activity [24, 25].

Ramesh et. al, [26] synthesized a series of n2aghino 3-cyano 4-aryl pyrano[2,3H]chrysin derivag (3a—m)
by one-pot three-component reaction of aromatielajdes, malononitrile and chrysiSaheme %. All the newly
synthesized compounds were evaluated for theiitio &ntimicrobial activity (antibacterial and antagal). Among
the tested compounds, the authors found that congso8a, 3g, 3h, 3j and 3k showed potent antibattactivity
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compared to ciprofloxacin and the compounds 3a3Bg3i and 3k showed excellent antifungal acticiompared
to itrazole.

The results indicated that the compounds 3a, 3gn8h3k containing phenyl, 4-methyl, 3-flouro 4-mgtand 4,4-
dimethylamino phenyl group, respectively, at teptbsition displayed potent antimicrobial activityhmh are
further supported by their docking studies. The poomd 3j containing 4-methoxy phenyl group at temisition
also showed potent antibacterial activity. The coom@ 3i containing 4-hydroxy phenyl group at tepdisition also
showed potent antibacterial activity.

Piperidine/Ethanol

+ _———
CHACN)2 ™ Reflux, 6-10 h
Chrysin
3a: R=H 3h: R=4-CHg
3b: R=2-Cl 3i: R=4-OH
3c: R=4-Cl 3j: R=4-OCHs
3d: R=4-Br 3k: R=4-N(CHa),
3e: R=3-NO, 3l: R=3-0OH, 4-OCH3
3f: R=4-NO, 3m: R= 3-OC,Hs, 4-OH

39: R=3-F, 4-CHj3
Scheme 5: Synthesis route of chrysin derivatives earding to Ramesh et al

Chrysin was recently shown to potently inhibit eatérus71 (EV71) by suppressing viral 3C protea3€,)
activity. In a study carried out by Jae-Hyoung.abt. [27] Scheme § with an intuition to find weather chrysin can
also shows antiviral activity against coxsackiesi8 (CVB3), which belongs to the same genus (Brtars) as
EV71 found that chrysin showed antiviral activityainst CVB3 at 10 mM, but exhibited mild cellutaxicity at
50 mM. This prompted the authors to synsthesizevares of chrysin to increase the antiviral aityivand reduce
its cytotoxicity. Among four 4-substituted benzgrivatives derived from C(5) benzyl-protected datives 7, 9-11
had significant antiviral activity and showed thesnpotent activity against CVB3 with low cytotoiticin vero
cells. The authors also found that among 4-sulbstitbenzyl derivatives, 9 exhibited the highesivagtagainst
CVB3in vivo.

RO

Chrysin derivatives Chrysin derivatives

2:R1=Bn, R%=H

. p3—
3: Rl=Bn, R2=Bn RN
4: R'= Me , R?=Me 8 RS— OMe ,
5: Rl= Me , R%=H % R=F
6: R1= H , R2%=Me 10:R7=Cl
11: R3= Br

Scheme 6: Chrysin derivatives studied by Jae-Hyounet al
Chrysin derivatives with antihelminthic activity

Recently Alejandro et. al.,[28] synthesized newiwdgives of chrysin containing 2- mercaptopyridif2a-2e) or 5-
(trifluormethyl)-2-mercaptopyridine (3a-3e) moietias shown in§cheme J. The bromo-derivatives of Chrysin
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(1a-1e) were prepared as previously described (29,Bhe reaction between the bromoderivatives and 2
mercaptopyridine or 5-(trifluormethyl)-2-mercaptojojne lead to the formation of final compounds.

Due to previous studies of flavonoids having bskown to effect development of the nematode Céeialitis
elegans , for example , apigenin derivatives iiifidioval growth of this species of nematode areséhobservations
have providing meaningful structural insights ie tearch for new anthelminthic drugs [31,32] théhens tested
the newly synthesized derivatives on growth assdythis worm. The results show that the new denvest of
chrysin (2a-2e and 3a-3e) did not effect on thelmemof eggs that hatched during the assay. Sigmifiobservation
found by the authors was that the worms that wepesed to 2e, 3b and 3c developed slowly and shaletd/ed
larval development compared to other compounds.

Nematodes possess a plethora of GABA receptoresged in neurons and muscle cells (32) that awvied in
neural transmission and flavonoids were known fectfthe neural transmission mediated by ionotrdpABA

receptors. Authors described these receptors méyebaolecular target of their compounds. Considgrihe larval
growth inhibition in C. elegans compounds 2e, 3th anmay be applied as new anthelminthic drugs.

@ la, n=2
1b, n=3

"o % Br 0 o @ 1c, n=4
| dibromoalkane, M @ C | id, n:g
e, n=

acetone, reflux,£8 h

OH O OH O
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2-mercaptopyridine, K2CO3, 5-(trifluoromethyl)-2-ercaptopyridine
actone, reflux, 48 h K2CO3, actone, reflux, 48 h

NS _O 0 @
NS _O 0 @ ;Mc

OH O
OH O
2a, n=2 3a, n=2
2b, n=3 3b, n=3
2c, n=4 3¢, n=4
2d, n=5 3d, n=5
2e, n=6 3e, n=6

Scheme 7: Synthesis route of chrysin derivatives egrding to Alejandro et al

Chrysin derivatives as carboxylesterase inhibitors

Discovery of new selective and efficient carboxtdease inhibitors may significantly revolutionizeud discovery.
Earlier work showed the inhibitory activity of flamoids towards three serine esterases. Abzianitza,, [33]
recently carried out a structure-activity studytbe chrysin derivatives aiming to establish tber@ation between
the increase of hydrophobicity of the substituetithe phosphate group and the activity as wededectivity of the
final compounds. Chrysin was selected as the staflavonoid due to high inhibitory activity andiegtivity of its
diethyl phosphorylated derivative [34].

Compoundd -4 were synthesized via reaction of chrysin with chjpgrosphates in anhydrous pyridine. Derivatives
5 and 6 were prepared via the known method [35] using phibsp as the phosphorylating agerstieme 8.The
authors tested all the prepared compounds 1-6tia for the inhibitory activity towards carboxylesase isolated
from pig liver and against human acetylcholinester&xperimental results shows that increased pydtuicity of
the substituents at the phosphate group causedcasase in selectivity of the final chrysin derivas towards
carboxylesterase.
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(RO)P(O)CI

OH O
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CCl4, EtzN

R=Me (1), Et (2), iPr (3), Ph (4), Bu (5), 2,2,2-CF3CHj, (6)
Scheme 8: Synthesis route of chrysin derivatives earding to Abzianidze et al

a-glucosidase Inhibitors

Type Il diabetes mellitus is more prevalent in deped countries is characterized by reduced insdimsitivity and
impaired insulin secretion. Type Il diabetes medlitan be effectively treated by a-glucosidasebitdrs, which
have the ability to delay and reduce postprandiabd glucose spike. [36, 37, 38}Glucosidase is involved in
carbohydrate metabolism and has a crucial funcitiodiabetes, viral infection, and cancerGlucosidase has
diverse bioactivities and is considered an attvactirug target. At present, a nhumberoeflucosidase inhibitors
have been discovered and studied. Anti-diabetimtagéhat are used in clinical practice, such ashase |,
voglibose, and miglitol, competitively inhibit -glucosidase in the brush border of the smallsiime, which
consequently delay the hydrolysis of carbohydraed alleviate postprandial hypergly-cemia. Howewbe
continuous administration of these agents may caeseeral adverse effects, such as diarrhea, abdbmin
discomfort, flatulence, and hepatotoxicity. Therefodeveloping noveb -glucosidase inhibitors lacking these
liabilities is necessary given the therapeutic lelmgle of type Il diabetes mellitus [39.40]. Flawals, such as
baicalein, luteolin, kaempferol, apigenin, and siimyhave the ability to inhibit -glucosidase activity [33,34].

Recently Ning et. al., [41] synthesized a seriesl&flated flavonoids such as chrysin, diosmetjpiganin and
luteolin and studied their-glucosidase inhibitory activityScheme 9. The flavonoid derivatives were synthesized
from the corresponding naturally occurring flavaimiand their yeasti-glucosidase inhibitory activity were
evaluated.

The a -glucosidase inhibitory activity of these composinvdas evaluated. The glucosidase inhibitory agtioftall
derivatives was higher compared with that of théerence drug, acarbose and 1- deoxynojirimycin €hes
compounds showed a higher inhibitory ability congglwvith their precursors except the luteolin deiiags. In
general, the inhibitory activity of the synthetiertvatives was enhanced with long alkyl chains @gions 3', 4’
and 7 of the flavonoid.
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Scheme 9: Synthesis route of chrysin derivatives earding to Ning et al

Based on earlier studies of Hakamata et al.[4@ahg that catechin derivatives showed potent aidamnt activity
anda -glucosidase inhibitory activity with alkyl sidéwains of various lengths, and Shin et al. [43] shgwhat a
series of alkyl or acetyl derivatives of chrysirv@ahypoglycemic effects. Qi-Qin, et. al.,[44] atfgied to obtain
novel AGls by optimizing the hydrophilicity of aggin and chrysin via addition of alkyl chains ofigas lengths
(Scheme 19 In this study NO donors (organic nitrates) weoepled to the active hydroxyl groups of apigemd a
chrysin using a series of ether or ester chainsanying lengths to produce compounds capable oplyiny
adequate amounts of NO and inhibitexglucosidase activity. Five series of apigenin ahdysin nitric oxide (NO)
donating derivatives were synthesized and evalu@mietheir AG inhibitory activity and NO releasirgapacity in
vitro. Among the tested compounds expect 9a-9clveveompounds showed remarkable inhibit activitgiagta-
glucosidase with potency better than of acarbosk ladeoxynojirimycin. Sturcture activity relatidip studies

indicated that 5-OH, hydrophobic coupling and casbh@roups of the coupling chain could enhanceitihgbitory
activity.
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Scheme 10: Synthesis route of chrysin derivativegeording to Qi-Qin et al

Chrysin derivatives in anticancer drug delivery

In the past decades, drug delivery using nanapestiself-assembled from polymeric amphiphilesasiers have
become one of the most exciting technique in dreljvery research. While high drug loading contemisvone of
the important factor to achieve efficient anticandeug delivery, many strategies such as variadibhydrophobic
architectures, crosslinking;r stacking and conjugation have been tried to erthdneg loading content [45,46].

Chrysin which is composed of threer conjugated rings, will provide strong interactimnmost anti-tumor drugs
with 7-n conjugated structures such as Doxorubicin via Hotdrophobic andt-n interaction. mPEG-Chrysin
conjugate was synthesized by Hui et al., and wéfsassembled into nanoparticles [47$dheme 1) These
nanoparticles when loaded with Doxorubicin werenfbtio induce the apoptosis in HepG2 cells. It wamé that
mPEG-1000 chrysin nanoparticles were more efficiwshen compared to mPEG-2000 chrysin nanoparticies i
inducing apoptosis. This new strategy in fabriaatolymeric nanoparticle lead to development oiceft vectors

in the field of drug delivery.
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Scheme 11: Synthesis route of chrysin derivativegeording to Hui et al
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Scheme 12: Synthetic chrysin derivatives according Yan et al
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Chrsin modified (mPEG-PCL) micelles were prepargd/an et al., by immobilizing chrysin on the termirgroup

of methoxy poly(ethylene glycol)-pokxcaprolactone) (MPEG-PCL) micelleScheme 12 and these micelles
were used for drug (Doxorubicin) delivery [48]. Timentioned results suggested that when comparbdottiers-
conjugated moieties of cinnamic acid, 7-carboxyrogy coumarin on the terminal group of PCL blochkrysin
modified micelles exhibited the higher values imgiloading content and encapsulation efficiencyhe Buthors
explained these due to greaier stacking interaction between chrysin and thegd®X. Under both in vitro and
in vivo conditions the I values of drug loaded modified micelles were mimler compared to drug loaded
unmodified (MPEG-PCL) micelles. The results sugggshPEG-PCL-CHR micelle would be a promising carrie
for efficient anticancer drug delivery both in aitand in vivo.

Effect of chain length on drug delivery of chrysiodified mPEG-PCL micelles was studied by Yan ef48].
Four PEG-PCL diblocks copolymers of chrysin (MPEG2RL2k—CHS, mPEG2k—PCL5k—CHS,mPEG5k—
PCL2k-CHS and mPEG5k-PCL5k—CHS)cheme 13 were synthesized and tested for in vitro antiearactivity

of drug loaded micelles were evaluated using ddxicin. Based on the results of cellular uptake Bwd values
the mPEG2k-PCL5k-CHS micelles were found to be sapén exhibiting in vitro anticancer activity cqrared
with other three micellar systems.

%owtojw%g

Scheme 13: PEG-PCL diblock copolymer of chrysin
CONCLUSION

In short, the latest improvements in the field wfithetic chrysin derivatives which are of biomedlitaportance
have been summarized. Studies suggested thatéhaf warious chrysin derivatives have left a landma the field

of search for new antimicrobial, alpha glucosidasgbitors, drug delivery vehicles and anticancegemts. Its
potential has been supported by the reports destriib this article. Structure function relationstof chrysin

derivatives is epitome of major biological actigiti Based on the results and reports, it is sugdelstt the future
trends must aim at developing efficient drug deljverehicles using synthetic chrysin derivatives.rtker

achievements will provide newer insights and wéktainly lead to a new era of chrysin based phaeuwécal

agents.
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