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Abstract: This study aimed to compare in vitro cell
cytotoxicity and antiproliferative potency of three
standardized ethanolic extracts (5mg GAE/mL sample)
from quince flower petals, leaves and fruit pellet on
four cell lines (L-929, and HepG2, Caco-2 and BT-20
respectively). Comparative analytical qualitative studies
(HPTLC) indicated that if quince leaf extracts (Col40)
mainly contain quercetin and kaempferol derivates,
the flower petal extracts (Cof40) contain caffeoylquinic
acid derivates, while the fruit pellet extracts (Cop40) are
comprised of quercetin and caffeoylquinic acid derivates.
Pharmacological studies demonstrated the lack of toxicity
of test extracts; the most important antiproliferative
effects were observed on the hepatic cancer cell line
HepG2 (up to 75%, 53% and 70% inhibition in the case
of Col40, Cof40 and Cop40 test extracts), followed by the
colon cancer cell line Caco-2 (up to 69%, 77% and 40%
inhibition) and breast cancer cell line BT-20 (up to 54%,
61% and 19% inhibition). The docking simulations on
hyperoside, isoquercitrin, astragalin, and quercetin and
kaempferol compared to the synthetic co-crystallized LIO
A1000 ligand (a strong inhibitor of anti-apoptotic protein
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Bcl-2) indicated astragalin as the most feasible protein
inhibitor, but quercetin and kaempferol respected all the
parameters involved in the Lipinski rule, making them the
most promising antiproliferative candidates.

Keywords: Quince extracts; polyphenols profile;
antiproliferative effect; docking analysis on quercetin
and kaempferol derivates.

1 Introduction

Quince fruit (Cydonia oblonga Miller) is recognized since
ancient times for its high nutritional value owing to its
high content of carbohydrates, mucilage and pectin,
proteins and amino acids, lipids and numerous vitamins
(thiamine, riboflavin, niacin, ascorbic acid, carotene
and retinol), but also of minerals (Na, K, Ca, Mg, Fe, Cu,
Zn and Mn) and essential oils (a mixture of aromatic
aldehydes, fatty acids, oxygenated monoterpenes and
sesquiterpenes) [1, 2].

Medicinal properties of Cydonia oblonga derived
products are mainly based on polyphenols content,
namely tannins, flavonols (kaempferol and quercetin
derivates) and caffeoylquinic acid derivates, but also on
polyphenols cooperation with polysaccharides fractions.
Therefore, Cydonia oblonga plant parts (eg., fruit, pulp,
peel, seed and also leaf) represent an important source
of functional foods and natural medicines; based on the
essential oils contained, Cydonia oblonga plant parts are
also an important source for flavor products in the food
and cosmetic industries [3].

Regarding the potential phyto-medicinal and
functional food uses of products derived from Cydonia
oblonga plant parts, the tannins fraction obtained from
the fruit part (using hot/water extraction, or hydro-
alcoholic and hydro-acetone extraction) was shown
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to have antibacterial, anti-fungal and anti-influenza
properties; the best results were given by alcoholic
extracts from quince peel and quince seed products [4].
Polyphenol extracts from different Cydonia oblonga plant
parts were shown with augmented antioxidant properties;
proving these, after treatment with polyphenol extracts
from quince the leaf and quince fruit plant parts, certain
benefits were found in diabetic rats [5], as well as in
ischemia, cardiovascular and other endothelial diseases
[6] that develop with high oxidative stress respectively.
Polyphenol extracts from quince leaves were also effective
in managing cholesterol levels, suggesting further benefits
for liver [7], kidney [8] and reproductive apparatus [9].
Studies on the extracts enriched in caffeoylquinic acid
derivates, and quercetin and kaempferol glycosides
from both the quince fruit and the quince leaf have been
shown to have lipid lowering effects comparable with
statins products. It was concluded that their real potency
was found in its reduction of progressive atherosclerosis
diseases [10]. Anti-allergic [11, 12] and skin healing effects
[13] of quince products are attributed to the presence of
polyphenols and their antioxidant properties, but also
their cooperation with the mucilage fraction; for example,
the (hot) water extracts and the separate polysaccharides
fraction from different quince plant parts were both
shown to be effective in atopic dermatitis [14]. Similarly,
the beneficial effects in gastrointestinal injuries, such
as acute and chronic inflammatory bowel lesions and
chronic gastric ulcerations, were attributed to the
presence of polyphenols (mainly tannins presence) and
their interaction with polysaccharides fraction [15].

Antiproliferative potency of the polyphenolic extracts
from quince products have also been proved [16]; studies
of cancer cell lines A-498 and 796-P (renal), and Caco-2
(colon) indicated that while the leaf extracts presented a
concentration dependent growth inhibitory activity on the
colon cancer cells and no effect on the renal cancer cells,
the seed extracts (500 mg/Kg) inhibited the proliferation
of the renal cancer cells, some of the most resistant
cancer cells in current chemotherapeutic treatment.
Similarly, quince peel polyphenol fraction indicated anti-
proliferative properties on murine melanoma cells B16-F1
[17], also known for their chemotherapeutic resistance.

In relation to their antioxidant potency, the extracts
from quince peel, pulp, seeds and leaves were shown to
have anti-hemolythic activity. While the extracts from the
seeds were less effective (EC, =12.2 mg/mL), the extracts
from the leaf pulp and peels presented strong antioxidant
activities (2,2-diphenyl-1-picrylhydrazyl/DPPH method),
EC,=0.6 mg/mL and EC,=0.8 mg/mL respectively;
as expected, the intensity of anti-hemolythic activity
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matched that of the antioxidant activity (2,2’-Azobis-
2-amidinopropane-dihydrochloride/AAPH  test) [18].
Quince leaf extracts showed a much higher antioxidant
potency, EC, = 21.6 ug/mL (DPPH method), and much
more augmented anti-hemolythic activity (AAPH test). In
comparison, the green tea extract has been evaluated at
EC,,=12.7 png/mL [19]; it must be noted that the evidence for
a stabilizing effect upon the erythrocyte membranes, i.e.
an anti-hemolythic activity, suggests a stabilizing effect
on the lysosomal membranes, a hepatoprotective activity
respectively.

The main polyphenol compounds found in quince
products are 3-O-, 4-O- and 5-O-caffeoylquinic acids,
3,5-O-dicaffeoylquinic acid along with quercetin-3-O-
galactoside, quercetin-3-O-rutinoside, and kaempferol-
3-0O-glucoside and kaempferol-3-O-rutinoside  [20].
Data indicate 5-O-caffeoylquinic acid to be the main
phenolic compound found in fruit (measuring from 29%
to 57%), pulp and peels. The total phenols content was
appraised at 0.4 g (seed), 6.3 g (peel) and 2.5 g (pulp) per
1 Kg dry material; the leaf had a content of total phenols
compounds from 4.9 to 16.5 g per 1 Kg dry material [21,
22]. Studies also reported high contents of procyanidins,
procyanidin B2 (1.4 mg), oligomeric procyanidin (46.6 mg)
and polymeric procyanidin (200 mg) respectively, and
3-caffeoylquinic acid (14.1 mg), 5-caffeoylquinic acid (12.3
mg) and 4-caffeoylquinic acid (1.5 mg) per 100 g quince
fruit [23]. Polysaccharides fraction, the mucilage fraction
isolated from seeds respectively, indicated the presence
of a partially O-acetylated(4-O-methyl-D-glucurono)-D-
xylan structure with a high percentage of glycuronic acid
residues; the molar ratio between D-xyl : 4-O-Me-D-GIcA
: D-GIcA : O-Ac unities was valued at 2: 0.8 : 0.2 : 1 [24].

Considering the huge therapeutic potential of the
polyphenolic extracts from quince products (fruit, peel,
pulp, seed and leaf), and the lack of correlation between
chemical qualitative data and pharmacological results, the
present study aimed to study polyphenols profile (HPTLC
method) and in vitro cytotoxic and antiproliferative
potency on three human cancer cell lines (breast cancer
cell line BT-20, hepatic cell line HepG2 and colon cancer
cell line Caco-2) of three standardized ethanolic extracts
with exactly 5 mg total phenols content (expressed as
gallic acid [GAE] equivalents per 1 mL sample) isolated
from quince flower petals, quince leaves and quince fruit
pellets (peel and seed residue); it must be noted that
studies on the quince flower petals are not well described
in scientific literature. A docking analysis of the anti-
apoptotic protein Bcl-2 was also carried out to predict the
binding modes, the binding affinities and the orientation
of five active flavonoids compounds (hyperoside,



DE GRUYTER

isoquercitrin/isoquercetin, astragalin and their aglycones
quercetin and kaempferol), available in quince derived
products.

2 Experimental Procedure

2.1 Materials
2.1.1 Plant material description

The Cydonia oblonga tree was authenticated by the
biologist team from the National Institute of Chemical-
Pharmaceutical R&D, ICCF, Bucharest, Romania. The
three plant parts studied (flower petals, leaves and fruits)
were collected from a single tree in 2016, within the South
Romania, Ilfov region respectively; the flower petals were
collected in April, the leaves were collected in August,
while the fruits were harvested at the end of October.
Voucher specimens (Cof-AP16, Col-AP16, Cop-AP-16) are
deposited in ICCF Plant Material Storing Room.

2.1.2 Vegetal extracts preparation

The flower petals and the leaves were washed (separately)
with distilled water, dried at 45-50°C, and milled into a
fine plant powder. The fruits were washed, boiled for
30 minutes, and the resulting mashed material passed
through a sieve (3 mm pore diameter); the residue (material
left on the sieve) consisting of peel and seeds (i.e. the fruit
pellet) was used in the extraction process.

Ten (10) grams of powdered quince leaves, 10 g
of powdered quince flower petals and 100 g of quince
fruit pellet were extracted (separately) with a 100 mL,
100 mL and 1000 mL 70% (v/v) ethanol solution, for
one hour, at boiling temperature. The three resulting
extracts were filtered (quince leaves and flower petals)
or centrifuged (fruit pellet, 5000 rpm), and the extracts
obtained were analyzed for total phenol content (Folin
Ciocalteau method). After that, the three ethanolic
extracts were concentrated (using the rotavapory device)
at a spiss residue. The three spiss residues were passed
into a 40% (v/v) ethanol solution so as to achieve the
final concentration of 5 mg of total phenols (expressed
as gallic acid equivalents [GAE]) per 1 mL sample. Three
standardized (5mg [GAE]/1 mL sample) 40% ethanolic
extracts were obtained: Cof40 - flower petals extract,
Col40 - leaf extract and Cop40 - fruit pellet extract, further
used for HPTLC analytical (polyphenols profile) and in
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vitro pharmacological (citotoxic and antiproliferative
potency) studies.

2.1.3 Chemicals, reagents and references

Chemicals, reagents, solvents and reference products
(polyphenols) were purchased from Fluka and Sigma-
Aldrich Co Bucharest, Romania (see bellow); reference
compounds were prepared as 10?M in (70%, v/v) ethanol
then mixed at precise ratio and used for HPTLC studies.

Product name Puriss. Product name Puriss.
Sodium carbonate 99.999% Rutin min. 95%
Sodium acetate >99.0% Quercetin 95%
Aluminium 99.999% Isoquercitrin ~ 90%
chloride
Folin Ciocalteu’s  for the Hyperoside 97%
phenol reagent determination of

phenols
Natural Product >97.0% Apigenin 97%
(2-Aminoethyl
diphenylborinate)
PEG (Polyethylene 20% Kaempferol 95%
glycol 4000)
Ethanol analytical Cynarin analytical

standard standard
Ethyl acetate 99.8% Chlorogenic 95%

acid
Formic acid 98-100% Caffeic acid 99%
Glacial aceticacid >99.7% Gallic acid 95%
Ferulic acid 98%

2.2 Experimental Design
2.2.1 Qualitative (HP)TLC analysis

Qualitative HPTLC studies were performed according to
Plant Drug Analysis [25) and High-Performance Thin-Layer
Chromatography for the Analysis of Medicinal Plant [26],
as described in our previous work [27]. Studies intended
polyphenols profile’ assessment of the three standardized
40% (v/v) ethanolic extracts: Cof40 - flower petals extract,
Col40 - leaf extract, and Cop40 - fruit pellet extract.

2.2.2 Estimation of Total Phenolics Content
Studies were performed according to standard Folin

Ciocalteau method [28], also detailed in previous work
[27].
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2.2.3 Pharmacological studies in vitro

2.2.3.1 Cell cultures

The tumor cell lines used for the evaluation of the
antiproliferative effect were: human breast carcinoma BT-
20 line (ATCC® HTB19™), human colorectal cancer Caco-
2 line (ATCC® HTB-37™) and human liver cancer HepG2
line (ATCC®HB-8065™), The normal cells selected for
cytotoxicity studies were murine fibroblasts, L-929 cell line
(ATCC®CCL-1™) and it was used as a comparative control,
to check for selective specificity towards cancer. All four
types of cells were obtained from ATCC (LGC Standards,
Germany) and were cultured in EMEM (Eagle’s Minimum
Essential Medium) supplemented with 10% (BT20 and
HepG2 lines) or 20% (Caco-2 cells) of fetal bovine serum
(FBS), while L-929 line required10% of horse serum. All
cell culture types were kept in similar growth conditions
(at 379C in 5% CO, humid atmosphere).

2.2.3.2 MTS test

The viability test was performed according to the Technical
Bulletin of Promega Corporation, CellTiter 96 AQueous
One solution Cell Proliferation Assay [29]. General
principle. The MTS tetrazolium [3-(4,5-dimethylthiazol-
2-yl)-5-(3-carboxymethoxy-phenyl)-2-(4-sulfophenyl)-
2H-tetrazolium] is bioreduced by cells into a colored
formazan product that is soluble in a tissue culture
medium (this conversion is presumably accomplished by
NADPH or NADH produced by dehydrogenase enzymes
in metabolically active cells). Assay is performed by
adding a small amount of the CellTiter 96 AQueous One
Solution Reagent directly to culture wells, incubating
for 1-4 hours then recording the absorbance at 490 nm
with a 96-well plate reader. The quantity of the formazan
product, as measured by an absorbance of 490 nm, is
directly proportional to the number of living cells in
the culture. Each treatment (cell series treated with test
extract at different doses — dilution series) is carried out
in quadruplicate and the cell survival is calculated with
respect to the untreated controls. Materials. The Cell
Proliferation Kit, CellTiter 96 Aqueous One solution Cell
Proliferation Assay (MTS) was purchased from Promega
Corporation, while EMEM, Foetal Bovine Serum (FBS)
were purchased from ATCC (LGC, Germany).

2.2.3.3 Cytotoxicity and antiproliferative studies
Briefly, after reaching confluency, the effects of test-
extracts on both types of experiments (cytotoxicity and
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antiproliferative activity) were evaluated using MTS
[3-(4,5-dimethylthiazol-2-y1)-5-(3-carboxymethoxyphenyl)-
2-(4-sulfophenyl)-2H-tetrazolium] reduction, which is a
colorimetric test based on the selective ability of viable
cells to reduce the tetrazolium component of MTS into
purple colored formazan crystals, as described earlier.
Depending on how the test is conducted, it is possible to
evaluate the cytotoxic effect or cellular proliferation. In
the proliferation assay, the application of the modulating
factor (test extract) for proliferation is done on “sub-
confluent” cell cultures, and the determination of the cell
population is performed after at least one division cycle
(population doubling interval). Regarding the cytotoxicity
assay, the cells are exposed to “semiconfluent” cultures
(about 70%) and the activity is measured for a shorter time
period rather than a doubling time (usually 6-12 hours).
After reaching confluence, the cells were detached from
the flask with Trypsin-EDTA. The cell suspension was
centrifuged at 2000 rpm for 5 min and then resuspended
in the growth medium for further study. For all the
experiments, cells were seeded in 96-well plates at a
density of 4000 cells per well in 200 pl of the culture
medium. L-929 cells were allowed to attach and achieve
approximately 80% confluence prior to the start of the
experiments for determining the cytotoxicity of the three
samples, while the tumor cell lines, had the culture
medium from the wells - removed the next day (before
the cells started the duplication process) and replaced
with 100 pl new culture media containing test vegetal
extracts (namely Cof40, Col40 and Cop40) at dilution
series (5, 10, 25, 50 and 100 pg EAG/mL); each test vegetal
sample, dilution point respectively, was prepared as
triplicate and compared to a control sample with identical
concentration of test vegetal sample solvent, 40% (v/v)
ethanol solution respectively. After 22 hours (L-929 cells)
or 44 hours (the three tumoral cell lines) of exposure,
the culture medium was removed. After two hours of
incubation with MTS solution, viability of the adherent
cells was determined using the CellTiter 96 AQueous One
Solution Cell Proliferation Assay (Promega, USA).

The absorbance of the test/treated and control
samples were measured at 490 nm with a Microplate
Reader (Chameleon V Plate Reader, LKB Instruments) and
the recorded values used for cell viability estimation (see
formula).

2.2.3.4 Statistical analysis
Results were calculated as mean + SD, n=3.


http://www.promega.com/catalog/catalogproducts.aspx?categoryname=productleaf_404
http://www.promega.com/catalog/catalogproducts.aspx?categoryname=productleaf_404
http://www.promega.com/catalog/catalogproducts.aspx?categoryname=productleaf_404
http://www.promega.com/catalog/catalogproducts.aspx?categoryname=productleaf_404
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2.2.4 Procedure for molecular docking simulations

Molecular Docking studies carried out using CLC Drug
Discovery Workbench Software on a well known apoptosis
regulator, Bcl2 protein, downloaded from Protein Data
Bank (PDB ID:202F) [30], which also included the co-
crystalized ligand coded LIO, a benzamide derivative,
proved to be a potent inhibitor of Bcl2 protein. The
Molecular Docking procedure consisted of the following
steps: test vegetal ligands (hyperoside, isoquercitrin,
astragalin, quercetin and kaempferol) preparation, import
form Chemspider as *.mol, by structure optimization;
calculate structural properties according Lipinski’s rule
of five* [31]; explore protein-ligand interactions using
docking: setup the binding site (the existing active site of
the protein-receptor- the binding site of the co-crystallized
ligand) in a Molecule Project, dock ligands imported to a
Molecule Table, inspect the docking results; validate the
docking method: to ensure that the ligand orientations
and position obtained from the molecular docking
simulations are valid and reasonable potential binding
modes of ligands, the docking methods and parameters
used have been validated by redocking; analyze and
compare the final docking results (binding mode,
hydrogen bond interactions, docking score and RMSD).
*Note: According to Lipinski’s rule of five, when
evaluating drug-likeness, in order to find an efficient oral
drug candidate, the analyzed compounds should meet
the following criteria: i). maximum five hydrogen bond
donors (HBD), as total number of nitrogen-hydrogen and
oxygen-hydrogen bonds; ii). maximum 10 hydrogen bond
acceptors (HBA), as total number of nitrogen and oxygen
atoms; iii). maximum molecular (M) weight of 500 Da; iv).
the octanol-water partition coefficient (log P) value less
than 5. All value limitations of parameters that should be
observed according the rule are multiples of five (HBD <
5x1; HBA<5x2; M<5x10; logP<5x1).

Ethical approval: The conducted research is not
related to either human or animals use.

3 Results and Discussion

3.1 Analytical aspects of Cydonia oblonga
ethanolic extracts

Figure 1, chromatograms A and B, presents polyphenols
profile of the three standardized (5 mg GAE / 1 mlL)
Cydonia oblonga derived products: 40% (v/v) ethanolic
extracts (chromatograms Al and B1) and corresponding
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hydrolyzed samples (chromatograms A2 and B2) from
flower petals (T2 and T2H tracks), leaves (T3 and T3H
tracks) and fruit pellet (T4 and T4H tracks), comparatively
to several polyphenols compounds, reference products
respectively (T1, T5, T7, T8, T9, T10, T11, T12, T13, T14, T15,
T16, T17, T18 tracks.).

As shown HPTLC fingerprints, flower petal ethanolic
extract Cof40 (chromatograms Al and B1, T2 tracks)
indicated the occurrence of numerous caffeoylquinic
acid derivates (blue fl. spots s2/chlorogenic acid, s3/
neochlorogenic acid and several isochlorogenic acids,
s6, s7 and s9 spots respectively, plus cynarin) and less
augmented quantities of quercetin derivates (orange fl.
spots sl/rutin, s4/hyperoside, s5/isoquercitrin and s8/
quercitrin). Cof40 hydrolyzed sample (chromatograms
A2 and B2, T2H tracks) confirmed the abundance of
caffeic acid and its derivates, and the presence of cynarin
(chromatograms A2 and B2, blue fl. spot at Rf ~0.28).

Quince leaf ethanolic extract Col40 (chromatogram
B1, T3 track) pointed out a much higher increase in the
quantities of quercetin derivates and the presence of
kaempferol derivates (blue-green fl. spots in the areas
of s2 and s6), kaempferol-3-O-rutinoside/nicotiflorin
(kaempferol 1) and kaempferol-3-O-glucoside/astragalin
(kaempferol2) respectively. Col40 hydrolyzed sample
(chromatograms A2 and B2, T3H tracks) confirmed both,
high quantities of quercetin aglycone (chromatogram A2
and B2, orange fl. spot at Rf ~0.70) and the abundance of
kaempferol aglycone (chromatogram A2 and B2, intense
green fl. spot at Rf ~0.86/0.89); cynarin has not been
evidenced either.

Fruit pellet ethanolic extract Cop40 (chromatograms
Al, T4 tracks) showed fewer augmented quantities
of caffeoylquinic acid derivates, but more increased
quantities of quercetin derivates, plus quantities of
p-coumaric acid (dark blue fl. spot s10). Cop40 hydrolyzed
sample (chromatograms A2 and B2, T4H tracks) confirmed
the predominance of caffeic acid and its derivates and did
not reveal the presence of cynarin.

All three test extracts (Cof40, Col40 and Cop40) were
prepared with an identical total phenol content, 5 mg
[GAE] per 1 mL sample respectively.

Accordingly, Figure 2 depicts a polyphenol
distribution (quantitative and qualitative aspects)
between the three quince derived products, 40% ethanolic
extracts from petal flowers(a), leaves(b) and fruit pellet(c)
respectively.

In summary, analytical studies have shown that if
quince leaves abound in flavonoids compounds (quercetin
and kaempferol glycosides) and less augmented quantities
caffeoylquinic acid derivates, flower petals mainly contain
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Figure 1: Polyphenols profile of Cydonia oblonga 40% ethanolic extracts and corresponding hydrolyzed samples from quince flower

petals (T2 and T2H tracks), quince leaves (T3 and T3H tracks) and quince fruit pellet (T4 and T4H track) face to the references (ref.). Where:
Chromatogram A1: T1 track — rutin, chlorogenic acid, caffeic acid (ref.); T2 tracks — Cof40 ethanolic extract (duplicate sample); T4 tracks —
Cop40 ethanolic extract (duplicate sample); T5 track - Hyperoside (ref.); T6 - Cynarin (ref.); T7 track — Ferulic acid (ref.). Chromatogram A2:
T9 track — Chlorogenic acid (ref.); T10 track - Caffeic acid (ref.); T4H track — Cop40 hydrolyzed sample; T2H track — Cof40 hydrolyzed sample;
T3H track — Col40 hydrolyzed sample; T11 track - Kaempferol (ref.); T12 track - Ferulic acid (ref.); T13 track - Cynarin (ref.); Chromatogram

B1: T1 track - rutin, chlorogenic acid, caffeic acid (ref.); T2 tracks — Cof40 ethanolic extract (duplicate sample); T3 tracks — Col40 ethanolic
extract (duplicate sample); T5 track - Hyperoside (ref.); T6 - Isoquercitrin (ref.); T7 track — Cynarin (ref.). Chromatogram B2: T14 track —
Apigenin (ref.); T15 track - Caffeic acid (ref.); T4H track — Cop40 hydrolyzed sample; T2H track — Cof40 hydrolyzed sample; T3H track — Col40
hydrolyzed sample; T16 track - Kaempferol (ref.); T17 track - Gallic acid (ref.); T18 track - Quercetin (ref.).
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Figure 2: Polyphenols distribution (qualitative and quantitative
aspects) between Cydonia oblonga 40% (v/v) ethanolic extracts;
a) Cof40 - flower petals extract, b) Col40 - leaves extract, c¢) Cop40 -
fruit pellet extract.

caffeoylquinic acid derivates and only small amounts
of quercetin derivates; the fruit pellet (peel and seeds
residue) plant material also is characterized by small
amounts of quercetin derivates and (neo)chlorogenic
and isochlorogenic caffeoylquinic acid derivates, plus
p-coumaric acid.

3.2 In vitro pharmacological results

3.2.1 Cytotoxicity results on Cydonia oblonga ethanolic
extracts

The first part of the pharmacological study aimed to
evaluate potential toxic effects of the three tested vegetal
extracts (Col40, Cop40 and Cof40) on L-929 cells.

The protocol presented (see Section 2.2.3) essentials
consisting in a colorimetric test based on the selective
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ability of the viable cells to reduce the tetrazolium
component of MTS into a purple colored formazan crystal.
The quantity of the formazan product, as measured by
absorbance at 490nm, is directly proportional to the
number of living cells in the culture, so that the effect of
the sample on the proliferation of L-929 fibroblasts can be
calculated as a cell viability percentage (%).

Figure 3 summarizes the results on the three tested
vegetal extracts (Col40, Cop40 and Cof40) versus control
cells.

The results indicate that the L-929 fibroblasts were
viable in all studied concentrations for all quince extracts;
the most important stimulatory effects, compared to the
negative control cells, were done by Col40 (SD<0.78%),
followed by Cof40 (SD<1.01%) and Cop40 (SD<0.71%). It
was also determined that the smallest concentration (5
ug GAE / mL sample) did not affect the cell’s viability, but
with an increasing extract concentration (the interval 10 -
100 pg GAE / mL), the cell’s viability percentage increased
in a concentration dependent manner; Table 1S presents
the general view of the effects of Cydonia oblonga extracts
on the L-929 cell line, the percentage of cell proliferation
face to control sample, relative ratio + SD(%), and the
deviation from the linearity (R?) respectively. Therefore,
the viability test indicated the safety of usual doses (10 -
100 pg GAE / mL) of the quince derived products, leaves,
fruit pellets and flower petals 40% ethanolic extracts; the
highest doses of 100 pg GAE/mL were not practical as
they are impossible to achieve in vivo.

3.2.2 Antiproliferative potency of Cydonia oblonga
ethanolic extracts

Tests were done on several human cancer cell lines
demonstrated to be sensitive of quercetin and kaempferol
derivates [32 - 37]. The three cell lines were as follows:
a. breast cancer cell line BT-220, b. hepatocellular
carcinoma (hepatic cancer) line HepG2 and c. colorectal
adenocarcinoma (colon cancer) cell line Caco-2.

Figure 4 shows antiproliferative efficacy, cell
viability inhibition (%) compared to positive control cells
respectively, of the three tested vegetal extracts (Col40,
Cop40, Cof40) on the three human cancer cell lines in the
interval 5 -100 pg GAE/mL sample.

The viability test of the three cancer cell lines indicated
a general linear tendency ((see Table 1S, the general view
of the effects of Cydonia oblonga extracts on the three
cancer cell lines, percent of cell proliferation face to control
sample, relative ratio + SD(%), and the deviation from the
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Figure 3: Cell viability stimulation (%) of L-929 fibroblasts exposed
to different concentrations of the three test vegetal extracts (Col40,
Cop40 and Cof40) compared to control negative cells; n=3, +SD(%)

Cell viability stimulation (%)

linearity (R?) respectively)) in the interval 10 - 100 pg GAE
/ mL sample, the antiproliferative efficacy increased with
polyphenol content in extracts respectively.

In this context, the quince leaf ethanolic extract
(Col40) indicated the best ability to inhibit cancer cell
viability. The best results were obtained on hepatic cancer
cell line HepG2 (up to 75% of inhibition compared to the
positive control sample, SD<1.70%) followed by colon
cancer cell line Caco-2 (up to 69% inhibition, SD<1.00%)
and breast cancer cell line BT-20 (up to 54% inhibition,
SD<2.37%). Quince flower petals ethanolic extract (Cof40)
indicated high activity on colon cancer cell line Caco-2
(up to 77% inhibition, SD<1.44%), followed by breast
BT20 (up to 61%, SD<1.39%) and hepatic HepG2 (up to
53% inhibition, SD<1.11%) cancer cell lines respectively.
The fruit pellet ethanolic extract (Cop40) indicated the
best results for the hepatic cancer cell line HepG2 (up to
70% inhibition, SD<1.67%), followed by colon Caco-2 (up
to 40% inhibition, SD<1.13%) and breast BT-20 (up to 19%
inhibition, SD<1.35%) cancer cell lines respectively.

Table 1 shows the IC,  values of the studied vegetal
extracts on the three human cancer cell lines, BT-20,
HepG2 and Caco-2 respectively.

The results clearly confirmed the high antiproliferative
potency of quince leaf ethanolic extracts (Col40), mainly
on human hepatic cancer cell line HepG2 (IC, =26 ug GAE
/ mL test sample), but also on human colon cancer cell
line Caco-2 (IC, =62 ug GAE / mL test sample); flower
petals ethanolic extract also indicated good results on
human colon cancer cell line Caco-2 (IC50=65 pg GAE / mL
test sample) and potential benefits as natural anti-tumor
agent.
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Table 1: The antiproliferative activity expressed as IC, + SD (ug GAE / mL test sample); n=3, £SD(%).

IC,, (pg GAE / mL test sample)

Test sample BT-20 cell line HepG2 cell line Caco2 cell line L-929 cell line
(ATCC® HTB19™) (ATCC®HB-8065™) (ATCC®HTB-37™) (ATCC®CCL-1™)
breast carcinoma hepatic cancer colon cancer fibroblasts

Cof40 92 +10.11 96 +11.57 65+ 05.44 93 +06.43

Col40 90 + 09.38 26 +02.41 62 +05.15 93+11.33

Cop40 257 £28.23 64 +05.23 121+12.76 166 +15.87
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Figure 4: Antiproliferative potency of Cydonia oblonga ethanolic extracts (Col40, Cop40, Cof40) on a) human breast cancer cell line (BT-20),

b) human hepatic cancer cell line (HepG2) and ¢) human colon cancer cell line (Caco-2); n=3, +SD(%)

3.3 Docking results

The starting point of the docking analysis was the in vitro
pharmacological results, antiproliferative potency of the
quince leaf extracts (Col40) respectively. It was also noted
that the quince leaf ethanolic extracts indicated several
very active flavonoid compounds (namely quercetin-
3-0-galactoside/hyperoside, quercetin-3-0-glucoside/
isoquercitrin/isoquercetin and kaempferol-3-O-glucoside/
astragalin). These were either absent or found in small
quantities in the quince fruit pellet or quince flower
petal extracts. In accordance, five active flavonoid
compounds with high biodisponibility [38, 39] in humans
(namely hyperoside, isoquercitrin and astragalin plus
their aglycones, quercetin and kaempferol), available in

Cydonia oblonga derived products, mainly in leaf extracts,
were assumed to have anti-tumor properties and were
subjected to the docking analysis (CLC Drug Discovery
Workbench Software).

The analysis predicted the binding modes, the binding
affinities and the orientation of the selected ligands on the
anti-apoptotic protein Bcl-2 [40].

The results were compared with that of the
co-crystallized LIO, a -sulfonamide based ligand
4-(4-Benzyl-4-Methoxypiperidin-1-Y1)-N-[(4-{[1,1-Dimethyl-
2-(Phenylthio)ethyllamino}-3-Nitrophenyl)sulfonyl]
benzamide [30], which was shown to have inhibitory
activity on the anti-apoptotic proteins Bcl-2 and Bcl-xL
[41]; the Bcl-2 family of regulator proteins was involved in
both, cell death and cell growth and replication and, due
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to the pro/anti-apoptotic effects, Bcl-2 protein also acted
as a tumor promoter and allows cancer progressing [42].
Therefore, the docking simulations were conducted
to analyze and measure the interactions of the selected
vegetal ligands with the surrounding amino acid
interaction group of BCL-2 (PDB ID:202F) protein chain A,
to compare the docking score and the root mean square
deviation (RMSD) parameters which could suggest the
ligands contribution and potency as natural anti-tumor
agents; the docking scores were given by the contributions
of the hydrogen bond score, metal score interaction,
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steric interaction score and ligand conformation penalty
contributions.

Figure 5 illustrates: the active binding site of 202F
Bcl-2 protein (a); interaction between the co-crystallized
LIO and TRP141 residue (b); hydrogen bonds between
hyperoside and ASP108, ARG143:A residues (c);
interacting group of hyperoside and hydrogen bonds with
amino acids residues from chain A protein (d); hydrogen
bonds between isoquercitrin and ASP108 and ARG143:A
residues (e); interacting group of isoquercitrin and
hydrogen bonds with amino acids residues from chain

a. Active binding site of 202F
protein fragment

c. Hydrogen bonds between
Hyperoside and ASP108, ARG143: A
residues

ARw 143

e. Hydrogen bonds between
Isoquercitrin and ASP108 and
ARG143: A residues

b. Co-crystallized LI0 A 1000 and
hydrogen bond with TRP141: A (3.181 A)

d. Interacting group of Hyperoside and
Hydrogen bonds with aminoacids residues
from chain A protein

f. Interacting group of Isoquercitrin and
Hydrogen bonds with aminoacids residues
from chain A protein

Figure 5: Docking simulations results for the five vegetal flavonoids ligands (hyperoside, isoquercitrin, quercetin, astragalin and kaempferol)
and the synthetic compound (L10 A 1000) on the amino acid groups of BCL-2 (PDB ID:202F) protein chain A.
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g. Hydrogen bonds between
aglycone, Quercetin, and ASP108: A
residue

PHE 10}

i. Hydrogen bonds between
Astragalin and ARG143, TYR105 and
ASP108: A

r
* ASP 103

k. Hydrogen bonds between
aglycone, Kaempferol, and ASP108: A
residues

Continued

h. Interacting group of Quercetin and
Hydrogen bond with aminoacids residues
from chain A protein

ALaam CLOTE
= ~

j- Interacting group of Astragalin and
Hydrogen bonds with aminoacids residues
from chain A protein

I. Interacting group of Kaempferol and
Hydrogen bond with residues from chain A
protein

Figure 5: Docking simulations results for the five vegetal flavonoids ligands (hyperoside, isoquercitrin, quercetin, astragalin and

kaempferol) and the synthetic compound (L10 A 1000) on the amino acid groups of BCL-2 (PDB I1D:202F) protein chain A.

A protein (f); hydrogen bonds between quercetin and
ASP108:A residue (g); interacting group of quercetin and
hydrogen bonds with amino acids residues from chain
A protein (h); hydrogen bonds between astragalin and
ARG143, TYR105 and ASP108:A residues (i); interacting
group of astragalin and hydrogen bonds with amino
acids residues from chain A protein (j); hydrogen bonds
between kaempferol and ASP108:A residues (k) and

interacting group of kaempferol and hydrogen bonds with
amino acids residues from chain A protein (1).

The docking score, RMSD, interaction group amino-
acids and established hydrogen bonds type and the size of
the bond length (&) results from docking simulations on the
six studied ligands (five natural flavonoids and one synthetic
compound) and A protein chain of apoptosis regulator BCL-2
(PDB ID:202F) were also computed (Table 2).
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Table 2: The list of intermolecular interactions between the ligands docked with 202F using CLC Drug Discovery Workbench Software.

Compound Score/ Interacting group: A Hydrogen bond Bond
RMSD Length (&)
Co-crystallized -82.97/2.02 GLU133, MET112, ASP108, PHE109, TYR105, ARG104, 0 sp?- N sp?TRP141 3.281
(LIOA 1000) PHE101, ASP100, GLN96, TYR199, PHE195, ALA97, GLY98,
TRP141, VAL145, GLU149, GLY142, PHE150, ALA146,
ARG143, ASN140, VAL131, LEU134
Hyperoside -46.94 / 0.48 PHE101, TYR105, PHE109, ASP108, MET112, ALA146, O sp?- N sp? ARG143 3.231
GLY142, ARG143, LEU134 O sp?>- N sp? ARG143 2.931
0 sp>- N sp? ARG143 2.753
0 sp>- N sp?ARG143 3.169
0 sp?>- 0 sp?ASP108 2.713
0 sp>- 0 sp?ASP108 2.888
0 sp?>- 0 sp2ASP108 2.970
Isoquercitrin -46.75/0.54 MET112, ASP108, PHE109, ALA110, TYR105, PHE101, O sp>- N sp? ARG143 2.769
GLY142, ARG143, LEU134, ALA146 O sp>- N sp? ARG143 3.084
0 sp?— N sp2 ARG143 2.783
0 sp?>- 0 sp2ASP108 3.075
0 sp>— 0 sp?ASP108 2.979
Quercetin -44.20 /0.02 TRP141, GLY142, ARG143, ALA146, PHE147, LEU134, 0 sp?>- 0 sp?ASP108 2.917
VAL130, PHE150, MET112, PHE109, ASP108, TYR105,
PHE101
Astragalin -55.37 /0.06  GLY142, ARG143, LEU134, GLU133, VAL130, ALA146, 0 sp>- 0 sp>TYR105 3.025
VAL145, PHE147, MET112, ASP108, GLU111, ALA110, 0 sp>- N sp?ARG143 2.654
PHE109, TYR105, PHE150, PHE101 0 sp?>- 0 sp?ASP108 2.926
0 sp?>- 0 sp2ASP108 2.986
Kaempferol -44.96 [ 0.02 TRP141, GLY142, ARG143, PHE147, LEU134, ALA146, 0 sp>- 0 sp?ASP108 2.893

PHE150, MET112, ASP108, PHE109, PHE101, TYR105

Therefore, compared to the synthetic co-crystallized
LIO A 1000 ligand (Docking score = -82.97/ RMSD = 2.02),
the best docking score of the investigated five natural
vegetal ligands (flavonoids) was obtained for astragalin
(-55.37/0.06), which established four hydrogen bonds with
ASP108, TYR105 and ARG143 amino acids residues.

As expected, due to the identical aglycone in their
structure, hyperoside and isoquercitrin formed hydrogen
bonds with the same amino acid residues (ASP108 and
ARG143), they were surrounded by the same interacting
amino acids group, resulting in a similar docking score
(-46.94 [ 0.48 vs. -46.75 | 0.54).

Quercetin and kaempferol, both established a single
hydrogen bond with ASP108 (-44.20 / 0.02 vs. -44.96 |
0.02); this fact could explain a similar, lower docking
score respectively.

Table 3 shows the comparative results regarding
several molecular properties such as the number of atoms,
molecular weight, number of flexible bonds, number of
hydrogen donors (the total number of nitrogen-hydrogen
and oxygen-hydrogen bonds) and number of hydrogen

acceptors (the total number of nitrogen and oxygen
atoms), as well as corresponding Lipinski violation number
and LopP values of the studied ligands (hyperoside,
isoquercitrin, quercetin, astragalin and kaempferol face
to the synthetic compound L10), computed with CLC Drug
Discovery Workbench Software. One must be reminded
of the Lipinski’s rule of five meanings: i). maximum five
hydrogen bond donors (HBD), as total number of nitrogen-
hydrogen and oxygen-hydrogen bonds; ii). maximum
10 hydrogen bond acceptors (HBA), as the total number
of nitrogen and oxygen atoms; iii). maximum molecular
(M) weight of 500 Da; iv). the octanol-water partition
coefficient (log P) value less than 5. All value limitations
of parameters that should be observed according the rule,
are multiples of five (HBD <5 x 1; HBA <5 x 2; M < 5 x 10;
logP<5x1).

According to the data presented in Table 3, three of the
studied flavonoid compounds (hyperoside, isoquercitrin
and astragalin) failed to respect two parameters (number
of hydrogen bond donors greater than 5 and number of
hydrogen bond acceptors greater than 10) of the Lipinsky
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Table 3: Ligands properties, computed with CLC Drug Discovery Workbench Software.
Compound Atoms Weight Flexible Lipinski Hydrogen Hydrogen LogP
[Daltons] bonds violations donors acceptors
Co-crystallized (LI0) 88 688.86 13 2 2 10 7.46
Hyperoside 53 464.38 4 2 8 12 0.66
Isoquercitrin 53 464.38 4 2 8 12 1.22
Quercetin 32 302.24 0 5 7 3.02
Astragalin 52 448.38 4 2 7 11 1.57
Kaempferol 31 286.24 0 4 6 3.38

rule (Lipinski violation are 2); a lower number of Lipinski
violations indicate a most feasible drug candidate.

Therefore, only two ligands, quercetin and kaempferol
aglycons respectively, presented a zero violation of all the
parameters involved in Lipinski’s rule of five, these being
the most feasible antitumor candidates in the author’s
study.

4 Conclusions

Studies in recent years pointed out that parts of the
quince plant such as fruits and fruit peels, seeds, and
leaves represented a valuable source of functional
foods and herbal medicines mainly due to polyphenols
content. The present study revealed that quince fruit
pellets, quince leaves and quince flower petals 40% (v/v)
ethanolic extracts were very different in their polyphenol
profile, qualitative and quantitative aspects respectively;
it was revealed that if the quince leaf ethanolic extracts
(Col40) abound in quercetin and kaempferol glycosides,
quince flower petals ethanolic extracts (Cof40) mainly
contained caffeoylquinic acid derivates, while the quince
fruit pellet ethanolic extracts (Cop40) were abound in
(neo)chlorogenic and isochlorogenic caffeoylquinic acid
derivates, and p-coumaric acid.

The differences between chemical qualitative content,
in the context of an identical chemical quantitative
content (5mg GAE/1 mL quince extract) resulted in
differences related to the pharmacological properties.
Proving this, the MTS test made on BT-20, HepG2 and
Caco-2 human cancer cell lines revealed that the treatment
with the three quince extracts significantly reduced cell
proliferation, especially of HepG2 and Caco-2 cells, and in
a dose-dependent manner, quince leaf ethanolic extracts
(Col40) being the most active vegetal product; also,
the MTS test made on L-929 normal cells proved a low

toxicity of the three tested quince extracts (Col40, Cop40
and Cof40). A possible explanation may be a difference
in human breast and human colon cancer cells, human
hepatic cells having a special enzymatic equipment to
use and transform flavonoids derivates, the most feasible
antitumor compounds as the literature data have proven
[43, 44]. For example, it is well known that the capacity
of flavonoids compounds to modulate the activity of
cytocrome P450 isoenzymes, which in turn controls the
activation/ detoxication balance in hepatic cells, and
hence plays a key role in the prevention and progression
of hepatic cancer [45]; similarly, the inhibition of fatty
acid synthase activity has been statistically related to the
inhibition of breast cancer cells growth [46]. In this way, the
differences in antiproliferative efficacy of vegetal extracts
may be explained by the capacity of specific flavonoids
compounds to modulate both the key metabolic pathways
of the cells and different tumor targets, mediators of tumor
initiation and progression processes respectively.
Furthermore, the docking simulations on five flavonoid
compounds with high biodisponibility in humans [38, 39]
(ie., quercetin-3-O-galactoside/hyperoside, quercetin-3-
0-glucoside/isoquercitrin, kaempferol-3-O-glucoside/
astragalin, and corresponding aglycones, quercetin and
kaempferol) indicated good antiproliferative potency
of the three flavonoid monoglycosides, mainly of the
astragalin compound (see the docking score), on the
anti-apoptotic protein Bcl-2. Studies regarding the most
important molecular properties, including the Lipinski
violation number and LopP values, indicated that only
quercetin and kaempferol aglycones presented zero
violation of all the parameters involved in Lipinski’s
rule, so that in a molecular docking approach of the five
flavonoids studied, these two flavonoid aglycones were the
most feasible antiproliferative drug candidates; the results
could be compared with those found by Narumol P. et al,
2010 [47] who studied 28 active polyphenol compounds
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on seven antitumor target molecules, including Bcl-2
protein fragment. Therefore, the docking results
suggested specific quercetin and kaempferol derivates
ability to inhibit the anti-apoptotic protein Bcl-2, a well
known tumor promoter and cancer progressing mediator.
Regarding the most probable tumor targets of the most
active flavonoid compounds studied, some recent studies
have revealed kaempferol aglycone capacity to induce
authophagic cell death of hepatocellular carcinoma
cells via activating AMP-activated protein kinase/AMPK
signaling (studies were done on HepG2, Huh-7, BEL7402,
and SMMC cell lines) [48], and quercetin aglycone
capacity to prevent tumor initiation by preventing
oxidative stress at the level of hepatic cells (studies were
made on rats with hepatocellular carcinoma induced by
N-Nitrosodiethylamine/NDEA, a strong tumor inducer
and cancer promoter at the level of hepatic tissue) [49],
confirming the high antitumor potency of these two
flavonoid compounds.

In summary, pharmacological and docking studies,
both suggest that quince derived products, mainly the
leaf plant part, should be considered a feasible source of
natural bioactive compounds against cancer.
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