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Abstract 

The aim of this study was to evaluate the in vitro antiproliferative capacity of the flavonols: fisetin, quercetin and kaempferol 
alone and incorporated in β-cyclodextrins, on A2780 (human ovarian carcinoma cells), MDA-MB-231 (human breast cancer 
cells) and SiHa (human cervix cancer cells). On the selected cell lines, among the tested compounds, fisetin was the most 
active in terms of antiproliferative activity. The most sensitive cell line to the tested flavonols was found to be the human 
ovarian carcinoma A2780 cell line. The inclusion complexes between the selected flavonols with ramified β-cyclodextrins 
determined different effects, depending on the cell line and on the tested compound. 
 
Rezumat 

Scopul acestui studiu este evaluarea efectului antiproliferativ in vitro pentru flavonolii: fisetină, quercetină și kaempferol pe 
trei linii canceroase si anume: A2780 (cancer ovarian), MDA-MB-231 (cancer mamar) și SiHa (cancer col uterin). Efectul a 
fost evaluat pentru substanțele pure, respectiv încorporate în beta-ciclodextrine. Rezultatele arată că, dintre cele trei structuri 
pure testate,fisetina prezintă activitatea antiproliferativă cea mai ridicată pe liniile celulare analizate. Cea mai sensibilă linie 
celulară pentru compușii testați a fost linia A2780 (cancer ovarian). Incorporarea  în beta ciclodextrine ramificate a 
determinat efecte diferite în funcție de linia celulară testată, respectiv compusul testat. 
 
Keywords: fisetin, quercetin, kaempferol, β-cyclodextrins, antiproliferative, A2780 cell line, MDA-MB-231 cell line, SiHa 
cell line 
 
Introduction 

The most recent publications in the field 
demonstrate that the research of the XXIst century 
exhibits an increased attention pointed towards 
complementary and alternative medicines (CAM) 
involved in the most debated and problematic 
disease of these times, cancer. Total extracts or 
pure active compounds from different parts of the 
plant including roots, bulbs, barks, stems, leaves, 
buds, flowers, seeds and others have shown 

promising anti-cancer activity both in vitro and in 
vivo on different cancer models [3, 11]. Limitations 
of this approach are given by technical barriers for 
screening natural compounds in high-throughput 
assays against molecular targets. However, the 
recent research in the field presents strategies that 
have reduced these barriers [22]. Pointing towards 
plant-derived anticancer drugs used in clinical 
practice, some of the most popular are the vinca 
alkaloids, vinblastine and vincristine isolated from 



FARMACIA, 2015, Vol. 63, 6 

 859 

Madagascar periwinkle, Catharanthus roseus (L.) 
G. Don, Apocynaceae family, together with the 
semisynthetic derivatives of the natural product epi-
podophyllotoxin, etoposide and teniposide [13, 24, 29]. 
Flavonols are a heterogen group of phenolic 
secondary metabolites belonging to the group of 
flavonoids [27]. In this group, fisetin, quercetin and 
kaempferol are among the most important 
representatives because of their biological properties 
[33]. Fisetin was reported as a potential agent used 
to prevent Alzheimer’s disease in animal models 
[14]. Additionally, it was found that it promotes 
extracellular signal-regulated kinases (ERK)-
dependent long-term potentiation and enhances 
memory [32]. It was proposed as a medicinal agent 
for prostate cancer management due to the dual 
inhibitory activity on PI3K/Akt/mTOR intracellular 
signalling pathway [2]. It was described to induce 
apoptosis in colon cancer cells and hepatocellular 
carcinoma [9, 44]. Fisetin was also pointed as an 
anti-inflammatory agent in human mast cells 
(HMC-1) [39]. Quercetin was described as an 
antioxidant and protective agent against coronary 
disease [38]. Due to its antioxidant properties, 
quercetin was reported to exhibit protective 
properties on lipid peroxidation in phospholipid 
bilayers [45]. Chan et al. showed that this flavonol 
induces vasorelaxant activity in isolated rat aorta 
[8]. Kaempferol was described as an anti-
inflammatory agent [21]. The flavonol was also 
depicted as an antioxidant and hypoglycaemic 
compound [16]. Recent epidemiological studies 
have found a direct correlation between the 
consumption of foods containing kaempferol and a 
diminished risk of developing several diseases such 
as cancer and cardiovascular disorders [7]. The 
research was also focused on the in vitro beneficial 
effects of this flavonol against osteoclastic bone 
resorption [48]. 
Although reported with a wide range of biological 
activities, the bioavailability of these three flavonols 
is limited by their low water solubility [27]. Cyclo-
dextrins (CD’s), a family of cyclic oligosaccharides 
with amphiphilic character due to the hydrophilic 
outer surface and lipophilic central cavity, have the 
ability to form host-guest inclusion complexes with 
a large number of active molecules. Due to these 
properties, CD’s have been often used in the 
pharmaceutical industry in order to increase the 
solubility, bioavailability, stability and safety of 
biological active molecules [15, 40, 42, 43]. 
The aim of this study was to evaluate the in vitro 
antiproliferative activity of these three flavonols, on 
A2780 (human ovarian carcinoma cells), MDA-
MB-231 (human breast cancer cells) and SiHa 
(human cervix cancer cells), as pure phyto-
compounds and in complexes with β - CD’s. 
 

Materials and Methods 

Reagents 
Fisetin, kaempferol, and quercetin were acquired 
from Sigma Aldrich (purity ≥ 98%). Beta-cyclo-
dextrin (BCD), hydroxylpropyl-beta-cyclodextrin 
(HPBCD) and randomly-metylated-beta-cyclodextrin 
(RAMEB) were obtained from Cyclolab Hungary. 
All used substances were of analytical grade purity. 
Flavonol - CD complexes preparation 
Different methods were applied for the preparation 
of the inclusion complexes: 
•   simple powder mixing, using a mortar and a 
pestle; 
•   kneading with a 50% (w/w) water:ethanol 
solution until the bulk of solvent evaporated and a 
paste-type product was formed; the mixture was 
then dried at room temperature for 24 hours and put 
in the oven, at 105ºC, for several hours until 
reaching constant weight. The final product was 
pulverized and sieved. 
All the binary products were prepared using the 
active substance and CD’s in a 1:2 molar ratio 
(Fisetin Mw = 286.23 g/mol, Kaempferol Mw = 
286.23 g/mol, Quercetin Mw = 302.236 g/mol, 
BCD Mw = 1134.98 g/mol, HPBCD Mw = 1396 
g/mol, Rameb Mw = 1303 g/mol). The molar ratio 
of 1:2 was chosen in order to achieve a better water 
solubility for the active phytocompounds. 
MTT proliferation assay 
The growth-inhibitory effects of the tested 
compounds were determined on A2780, MDA-MB-
231 and SiHa cells isolated from ovarian, breast 
and cervical cancer, respectively. The cell lines 
were purchased from ECACC (European Collection 
of Cell Cultures, Salisbury, UK). The cells were 
cultivated in minimal essential medium (Sigma-
Aldrich, Budapest, Hungary) supplemented with 
10% foetal bovine serum, 1% non-essential amino 
acids and an antibiotic-antimycotic mixture. Near-
confluent cells were plated into a 96-well plate at 
the density of 5000 cells/well and were seeded and 
left overnight, and finally, the medium containing 
the tested substances was added at a final 
concentration of 30 µg/mL. Following a 72 h 
incubation period in a humidified atmosphere of 
5% CO2 at 37°C, the living cells were assayed by 
the addition of 20 µL of 5 mg/mL MTT [3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide] solution. MTT was converted by intact 
mitochondrial reductase and precipitated as blue 
crystals during a 4 h contact period. The medium 
was then removed, the formazan crystals were 
solubilized in 100 µL DMSO during a 60 min 
period of shaking at 25°C, and the absorbance was 
read at 545 nm with a microplate reader. The wells 
containing untreated cells were used as controls. 
All in vitro experiments were carried out with five 
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parallel wells. Stock solutions of the tested 
substances (10 mM) were prepared with DMSO. 
The DMSO concentration (0.3%) of the medium 
did not have any significant effect on cell 
proliferation. 
Statistics 
The Prism software package (Graph Pad Prism 4.03 
for Windows) was used for data presentation. The 
experiment was assayed in triplicate and the results 
are presented as mean ± SD. One-way ANOVA 
was applied to evaluate statistical significance. 
 
Results and Discussion 

In the case of A2780 human ovarian carcinoma cell 
line (Figure 1) fisetin was found to be the most 
active antiproliferative compound, leading to an 
inhibitory activity of 79.25%. Inclusion in ramified 
β-CD’s did not improve the biological activity, on 
the contrary, it was decreased. Quercetin inhibited 
the growth of these cells in a percentage of 35.91%. 
Inclusion in ramified β-CD’s leaded to a similar 
activity for BCD and HPBCD complexes. RAMEB 
complex exhibited an improved effect, namely a 

percentage of 48.50% inhibited cells. Kaempferol 
was the least active compound on this cell line with a 
percentage of 25.35% inhibited cells. Modulations 
upon its solubility by inclusion in β-cyclodextrins 
decreased the biological activity. Also, for human 
breast cancer MDA-MB-231 cell line, fisetin 
exhibited the highest percentage of inhibition, 
namely 40.84% (Figure 2). Inclusion in CD’s 
decreased its activity. For quercetin, the inhibitory 
activity was only 12.14%. The BCD complex had a 
slightly increased activity of 17.30%, while the 
other two complexes decreased the antiproliferative 
effect. Kaempferol and its complexes had a 
contrary proliferative effect. Also on the third 
analysed cell line, human cervix SiHa cell line, 
fisetin was the most active, leading to an inhibitory 
activity of 42.63% (Figure 3). Inclusion in ramified 
β-cyclodextrins, slightly decreased the biological 
activity. Quercetin produced an inhibition of 19.13%. 
HPBCD and RAMEB complexes produced a similar 
activity while the BCD complex led to an inhibitory 
activity of 29.44%. BCD, HPBCD and RAMEB 
had no effect on any of the tested cell lines. 

 

 
 

 
Figure 1. 

Antiproliferative activity of selected compounds on human ovarian carcinoma A2780 cell line 
 

	 	 	

Figure 2. 
Antiproliferative activity of selected compounds on human breast cancer MDA-MB-231 cell line 
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Figure 3. 

Antiproliferative activity of selected compounds on human cervix SiHa cell line 
 
Recent studies have shown that fisetin is an in vitro 
active agent against human prostate cancer cells, 
human colon cancer cells, human squamous 
carcinoma cells protected by ascorbic acid, human 
promyeloleukemic cells, hepatic stellate cells [10, 
25, 28, 30, 54]. In the case of HeLa, human cervical 
cancer cell line, fisetin was described to induce 
apoptosis through ERK1/2-mediated activation of 
caspase-8-/caspase-3-dependent pathway [52].  
Another recent study has shown that fisetin 
activates p53 protein in human breast cancer, and it 
is more effective as an antiproliferative agent on 
MCF-7 cells compared to MDA-MB-231 cells [51]. 
Fisetin was reported to have a synergist action with 
cyclophosphamide on Lewis lung carcinoma cells 
[46]. Regarding the chemopreventive mechanism of 
fisetin, previous studies have shown that it induces 
a forced exit from mitosis by targeting the mitotic 
spindle checkpoint [41]. The flavonol was also 
studied for direct implications in angioprevention 
and negative regulation of the pro-inflammatory 
nuclear factor-κB [5, 20]. Kaempferol glycosides 
were depicted as cytotoxic agents against human 
leukaemic cell lines in vitro [17]. The flavonol was 
found to have an in vitro protective effect on human 
colonocyte DNA against the oxidative attack [19].  
It was reported as an active in vitro antiangiogenic 
compound by inhibition of vascular endothelial 
growth factor (VEGF) expression through a novel 
ERK-NFκB-cMyc-p21 pathway [31]. It is an 
antiproliferative compound for murine hepatoma 
cells by inducing the anticarcinogenic marker 
enzyme, quinone reductase [47]. Kaempferol was 
reported with antiproliferative and pro-apoptotic 
activity on A549 lung cancer cells by activating the 
MEK-MAPK (mitogen activated proteinkinase) 
pathways [36]. As a tribute to the importance of the 
influence of dietary nutrients, Ackland et al., have 
shown the synergistic antiproliferative action of the 
flavonols quercetin and kaempferol against human 
gut (HuTu-80 and Caco-2) and breast cancer cells 
(PMC42) [1].  The flavonol was also reported as a 
pro-apoptotic agent in breast cancer cells by 

sustained ERK activation [26]. Kaempferol and 
quercetin were found to stimulate one of the 
weapons of the immune system, the granulocyte-
macrophage colony-stimulating factor, in the case 
of human prostate cancer cells [4]. The mechanism 
of quercetin’s multitarget prevention involves the 
modulation of several signal transduction pathways 
among which the MEK/ERK and Nrf2/keap1 
pathways can be mentioned [35]. The in vitro 
anticancer mechanism also involves inhibition of 
angiogenesis [23]. Quercetin was found to be an 
active in vitro agent by inducing the arrest of 
proliferation and /or apoptosis on human gastric 
cancer cells, human colon cancer cells, human lung 
cancer cells, human breast cancer cells [14, 36, 53]. 
The anticancer effect in case of LNCaP prostate 
cancer cells was found to be directly related to the 
inhibition of the expression and function of the 
androgen receptor [49]. 
Inclusion in ramified beta or gamma cyclodextrins 
was prooved to be a good choice for increasing the 
biological activity for other active agents. For 
example, Yadav et al. have shown that in the case 
of curcumin, inclusion in hydroxypropyl-γ-
cyclodextrin leads to a complex with increased anti-
inflammatory and antiproliferative activity 
compared to the pure compound. The mechanism 
implies higher cellular uptake [50]. The discussion 
goes in the same line also for pyrazolo[3,4-d]-
pyrimidines, inhibitors of tyrosine kinase phosphor-
ylation, when incorporated in 2-hydroxypropyl-β-
cyclodextrin. The complexes were tested on leukemic 
(K-652, KU-812 and HL-60) and osteosarcoma 
(SaOS-2) cell lines and showed increased activity 
compared to the pure compound [18]. On the other 
hand, another study shows that the activity of 
hydroxyferrocifen compounds, a new class of drug 
candidates against breast cancer, have similar 
activity against MDA-MB23 breast cancer cell 
whether or not incorporated in beta-cyclodextrins [6]. 
Increased solubility but similar biological activity 
was reported also by Meinguet et al. when tri-
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substituted harmine derivatives were included in 2-
hydroxypropyl-β-cyclodextrin [34]. 
 
Conclusions 

On the selected cell lines, among the tested 
compounds, fisetin was the most active in terms of 
antiproliferative activity. The most sensitive cell 
line to the tested flavonols proved to be the human 
ovarian carcinoma A2780 cell line. Incorporation in 
ramified β cyclodextrins caused different effects, 
depending on the cell line and on the tested 
compound. 
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