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INTRODUCTION 
 
Flavonoids are omnipresent naturally occurring polyphenolic 
compounds that are commonly found in fruits and vegetables,
exhibiting several therapeutic activities, and the most important 
activity is their potential role as anticancer agents.
flavonoids are the low-molecular weight compounds, including 
flavanones, anthocyanidins, flavonols, flavanols, isoflavones, 
dihydroflavonols, and flavones.[3-5] All the flavonoids compounds 

contain benzo-pyrone basic skeleton with poly hydroxyl groups.
Flavones are the subgroups of flavonoids and  considered as a 
secondary metabolite of plants. They are widely distributed in plant 
tissues.[8] In plants flavone combine with sugar via free hydroxyl 
groups and share common structural features: the C6
of the carbon skeleton.[9] Several flavones such as chrysin, lut
and apigenin, displayed a broad spectrum of biological activities and 
widely used in traditional Chinese medicine.[10] Among these, chrysin 
is one of the most important natural flavone that exhibited a variety of 
pharmaceutical properties. Chemically, chrysin is 5,7
dihydroxyflavone, commonly found in many plants extracts. It has 
been used as a potential chemotherapeutic and natural agent with 
various biological activities including anticancer,
inflammatory,[12] antioxidant,[13] antibacterial,[14]

anxiolytic,[16] and hepatoprotective[17] activities. Several groups 
investigated the potential clinical applications of chrysin derivatives. 
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ABSTRACT   

Chrysin is a potential natural flavonoid that exhibited a broad spectrum of biological activities 
including antioxidant, anticancer, antiviral, anti-hypertension, anti
properties. Due to its poor solubility in the common polar solvents like water, its application in drug 
discovery is limited. Recently, researchers have paid efforts towards the synthesis of chrysin
and conjugates with improved efficacy and selectivity, for developing more active chrysin
molecules for the clinical test. As a result, many semi-synthetic chyrsin derivatives have been 
developed that exhibited several therapeutic activities with better efficiency and solubility.  In this 
review, the recent developments towards the design and synthesis of
applications in the biological science as anticancer agents have been discussed. 
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Flavonoids are omnipresent naturally occurring polyphenolic 
commonly found in fruits and vegetables,[1] 

exhibiting several therapeutic activities, and the most important 
activity is their potential role as anticancer agents.[2] Chemically 

molecular weight compounds, including 
ocyanidins, flavonols, flavanols, isoflavones, 

All the flavonoids compounds 

pyrone basic skeleton with poly hydroxyl groups.[6,7] 

Flavones are the subgroups of flavonoids and  considered as a 
etabolite of plants. They are widely distributed in plant 

In plants flavone combine with sugar via free hydroxyl 
groups and share common structural features: the C6-C3-C6 sequence 

Several flavones such as chrysin, luteolin, 
and apigenin, displayed a broad spectrum of biological activities and 

Among these, chrysin 
is one of the most important natural flavone that exhibited a variety of 

y, chrysin is 5,7-
dihydroxyflavone, commonly found in many plants extracts. It has 
been used as a potential chemotherapeutic and natural agent with 
various biological activities including anticancer,[11] anti-

[14] anti-diabetic,[15] 
activities. Several groups 

investigated the potential clinical applications of chrysin derivatives.  

 

 

For example, Dhawan and co-workers described the applications of 
chrysin against physiological and biochemical effects of aging.
Kim and co-workers[19] first observed that chrysin could down 
regulate melanogenesis. They suggested that chrysin could be useful 
as skin hyperpigmentation therapeutic agent. In Chinese and other 
Asian countries, chrysin is used as herbal folk
silico investigation revealed that chrysin derivatives are also effective 
against SARS-CoV-2 virus proteins.
activities, the in-vitro investigation with chrysin derivatives for 
various health benefits has been increased nowadays. 
potential applications of chrysin have been reduced significantly due 
to its poor solubility, small intestinal absorption and the rapid 
metabolism of glycosylation. Researchers assume that modifications 
of chrysin nucleus with different functionalities may be improved the 
solubility and absorption, and hence, will enhanced the biological 
functions of chrysin derivatives. Bioavailability is also a vital issue in 
view of potential biological effects 
of chrysin revealed that most of the absorbed chrysin molecule was 
detected in the blood stream and vascular system as gl
and sulfate acid conjugates due to unprotected hydroxyl at 5 and 7 
positions of chrysin.[21] Of late, huge efforts had been made on 
designing and synthesis of its analogs and conjugates to obtain 
molecules with improved efficacy and selectivi
the recent advances towards the design, synthesis and ani
activities of chrysin derivatives have been discussed.  
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of chrysin nucleus with different functionalities may be improved the 
solubility and absorption, and hence, will enhanced the biological 

hrysin derivatives. Bioavailability is also a vital issue in 
view of potential biological effects in vivo. The bioavailability studies 
of chrysin revealed that most of the absorbed chrysin molecule was 
detected in the blood stream and vascular system as glucuronic acid 
and sulfate acid conjugates due to unprotected hydroxyl at 5 and 7 
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designing and synthesis of its analogs and conjugates to obtain 
molecules with improved efficacy and selectivity.[22] In this article, 
the recent advances towards the design, synthesis and ani-cancer 
activities of chrysin derivatives have been discussed.   
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Anticancer activity of chrysin derivatives: In 2004, Woo and co-
workers[23] investigated the effect of chrysin on the apoptotic pathway 
in U937 human promonocytic cells. They observed that chrysin have 
potential to induce apoptosis of cultured cancer cells without 
destroying normal cells through caspase activation and Akt 
inactivation in U937 leukemia cells. Overexpression of a 
constitutively active myr-Akt in U937 cells inhibited the induction of 
apoptosis, activation of caspase 3, and PLC-gamma1 cleavage by 
chrysin. In 2007, Fu et al. investigated the mechanism through which 
chrysin inhibits the growth of cancer cells.[24] The authors observed 
that the anticancer activity of chrysin was mediated by inhibiting 
hypoxia-inducible factor-lalpha and vascular endothelial growth 
factor in human prostate cancer DU145 cells. Later on, Sun et al.[25] 
and Sawicka et al.[26] independently investigated the anticancer 
activities of chrysin. Sun et al observed that chrysin exhibited 
anticancer activity by inhibition of histone deacetylase enzymatic 
activity; whereas Sawicka et al. reported that the antiproliferative 
effects of chrysin in cancer cells are the result of the suppression of 
complexes of cyclins, as well as cell cycle arrest. These results 
indicated that natural chrysin could be an effective chemoprevention 
and cancer therapeutics agent.  
 
Anticancer activity of semi-synthetic chrysin derivatives: Due to 
the poor bioavailability of chrysin, many researchers have paid 
attention for the development of novel chrysin derivatives with high 
efficacy, low toxicity, and minimum side effects. In this regard, 
Zheng and co-workers[27] prepared a few halogen derivatives of 
chrysin to evaluate the anticancer activities against human gastric 
adenocarcinoma cell line SGC-7901 and colorectal adenocarcinoma 
cell line HT-29. The authors observed that 8-bromo-5-hydroxy-7-
methoxy chrysin showed the most potent activity against HT-29 with 
a IC50 value 2.2 lg/mL, while 5,7-dimethoxy-8-iodochrysin showed 
the strongest activity against SGC-7901 (IC50 = 1.9 lg/mL) (Figure 
1). These results indicated that halo-substituted chrysin derivatives 
showed the better anti-tumar activities than natural chrysin molecule. 
Later on, scientists have synthesized several chrysin derivatives 
having strong electronegative group at either C3 or C8 positions 
which promote lipophilicity, and the anticancer activity of chrysin.  
 
In this regard, Zheng et al.[28] synthesized thirteen chrysin derivatives 
with an aim to investigate the role of halogen functional groups and to 
discover more potential chrysin-based molecules having anticancer 
activity.The authors carried out the in vitro evaluation of anticancer 
activities of the synthesized compounds against SGC-7901, HT-29, 
and human promyelocyticleukemia cell line HL-60. Zheng et al. 
observed that 5,7-dimethoxy-3/–trifluoromethyl chrysin having a 
strong electron-withdrawing group (CF3) at 3/-position of B ring of 
chrysin nucleus showed higher anticancer activity than 5-fluorouracil. 
From this observation, the authors assumed that halo-groups such as 
CF3 may be considered as a key pharmacophore for enhanced anti-
tumor activity. The authors also assumed that introduction of strongly 
electronegative group at either C-8 or C-3-position may elevate the 
lipophilicity as well as the anticancer activity of chrysin. Zhu and co-
workers[29] synthesized a series of 5,7-disubstituted chrysin, 7-mono-
substituted chrysin, 5-monosubstituted chrysin derivatives by 
alkylation, acetylation, benzoylation, carboxymethylation, and 
evaluated the antitumor activity against H22 cells. In 2009, Li and co-
workers[29] found that bromochrysins derivatives are active against 
HL-60 and HT-29 tumor cells. Wei et al. observed that iodo-chrysin 
derivatives are active against SW-579 tumor cells.[30] To improve the 
potency and physiochemical properties of chrysin, in 2017 Wang et 
al.have synthesized a series of fluorine-substituted chrysin derivative 
and evaluated their proliferation activity against HepG2 cells.[31] 

Recent studies on fluorinated chrysin derivatives revealed that the 
chrysin compounds containing fluorine atom were active against 
A549, HepG2, HCMV and SGC-7901 cells.[33] This indicated that the 
fluorine substitution improve the anti-cancer activity of chrysin due to 
strong electronegative properties. In another work, Bianand co-
workers[32] modified the chrysin nucleus by introducing a piperazine 
group and found an increased inhibitory activity against A549 and 
HepG2 cells.  Scientists have been found that epidermal growth factor 
receptor (EGFR) kinase closely correlated with cancer. 

Overexpression of EGFR was found in many tumor cells. Lv and co-
workers [34] synthesized twenty chrysin derivatives having long-chain  

 
 

Figure 1. Important halo derivatives of chrysin active  
against cancer cells 

 
alkyl groups and investigated the inhibitory activities against EGFR, 
and antiproliferative activities against HT-29 cell. By analyzing the 
structure activity relationships (SAR) of the synthetic compounds, the 
authors also found that the inhibitory activities of these chrysin 
derivatives were increasing with increase in the number of long-chain 
carbon atoms up to 16 carbons. But the activity was not increasing 
further when the number of carbon atoms was more than 16. The 
authors observed that the chrysin derivatives exhibited highest 
inhibitory activities against antiproliferative (IC50 = 0.87 and 4.2 
lg/mL, respectively) and EGFR kinase (IC50 = 0.048 and 0.035 
lg/mL, respectively). These two molecules may be considered as 
potential anticancer agents. Kalibaba co-workers also observed that 
EGFR signaling pathway is a prominent target for anticancer 
therapy.[35] Very recently, Debnath and co-workers synthesized a few 
C-7 hydroxyyproton-substituted chrysin-based EGFR inhibitors and 
suggested the two chrysin based compounds as EGFR inhibitors for 
breast cancer (Figure 2).[36]  

 

 
 

Figure 2. Some important long-chain alkyl groups containing 
chrysin derivatives 

 

Recently, Hu et al. analysed the structure activity relationships (SAR) 
of chrysin derivatives and found that long chain carbon atom can 
increase the anti-cancer activities of chrysins.[37] The authors prepared 
a series of novel chrysin derivatives, in which C-7-OH group of 
chrysin has been linked with different hydrophilic amines separated 
by two carbon spaces. The authors found that 7-(2-(piperazin-1-
yl)ethoxy)-5-hydroxy-2-phenyl-4H-chromen-4-one (Figure 3) showed 
the strongest activity against human colon cancer cell line HCT-116, 
human cervical carcinoma cell line Hela, human prostate cell line 
DU-145, human leukemia cell line K562, and SGC-7901. The authors 
assumed that piperazin-1-yl ethoxy group of compound may be an 
important motif responsible for the highest potency against cancer 
cells. Low toxicity and favorable water solubility of this molecule, 
makes it a very promising antitumor drug candidate. These 
preliminary results clarified that introduction of nitrogen-containing 
polar groups into chrysin molecule indeed enhanced its anticancer 
activity. Later on, in 2018, Gourav et al.,[38] observed that long carbon 
chain on chrysin have maximum incorporation and drug loading 
capacity due to its enhanced hydrophobocity. They carry out a 
comparative study with chrysin derivatives having different carbon 
chain against anticancer activity of human neuroblastoma cell lines 
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with nanostructure lipid carriers. Recently, Suresh et al. performed 
the molecular docking study of some natural flavonoid chrysin 
derivatives for the anticancer activity using Molegro Virtual Docker 
(MVD) software.[39] Sergio et al have synthesized a few fluorinated 
Se-chrysin that exhibited better anti-A549 cell activity. The author 
observed that semi-synthetic compound, 6,8-bis(o-tolylselanyl)-
chrysin showed the most potent antioxidant activity (Figure 3).[40] 

 

 
 

Figure 3. Chrysin derivatives containing piperazin and selenium 
atom 

 

CONCLUSION 
 
In this review, the recent progresses towards the synthesis of chrysin 
derivatives and their potential biological applications as anti-cancer 
agents have been discussed. There is no doubt that chrysin is a 
biological active molecule, like many other secondary metabolites. It 
has been considered as a hot spot for the development of potential 
chemopreventive agent. This review summarises the considerable 
synthetic effort made toward ‘‘better chrysin derivatives” with greater 
solubility”. Bioactivity of the synthesized chrysin derivatives seems to 
indicate ample space for designing new drugs for clinic. 
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