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Determination of Antioxidant Activities of Viscum album L.:
First Report on Interaction of Phenolics with Survivin

Protein using in silico Analysis

Safiye Elif Korcan,” Nevin Cankaya,*™ Serap Yalcin Azarkan,™ ibrahim Bulduk,"
Emre Can Karaaslan,'” Mustafa Kargioglu, Muhsin Konuk," and Gencer Giivercin®

Mistletoe, Viscum album L., (VA) known as “Okse Otu” in Turkey,
is a hemiparasitic shrub that grows especially on the trunks and
crowns of broadleaf trees. This study is aimed to determination
of the VA’s antioxidant compounds and evaluate their in vitro
activities growing on twelve different host trees and determi-
nation of in silico approach of compounds against survivin
protein. At the same time, the active ingredients determined in
HPLC analysis, were performed with molecular docking and
molecular dynamics analysis on survivin protein, an apoptosis
inhibitor protein in cancer. Antioxidant activities of methanolic
extracts of organs of VA were determined. Phytochemical
properties of different organs of VA samples taken from
different hosts varied as well. Total phenolic content was

Introduction

Medicinal plants and their extracts have been used by all
cultures and civilizations for the treatment of various ailments
since ages. The World Health Organization (WHO) reported that
eighty percent of the total world population uses medicinal
plants as medicine.! It has been reported that plant-derived
bioactive compounds have many In Vitro Biological Potentials
such as antioxidant, anti-inflammatory, antibacterial, antifungal,
antitumor,”>™ pain modulators®™ and prevention and treatment
of psychiatric disorders®® Because of these remarkable
properties, herbal bioactive compounds are of great interest in
nutrition and pharmacology.”’ Flavonoids, a group of natural
bioactive compounds, have recently attracted attention with
their potential in the treatment of diabetes, hyperglycemia"”
and especially cance."” In recent years, potential mechanisms
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determined at the highest rate in fruits, followed by leaves and
branches, respectively. Total flavonoid content was determined
in the highest amounts in the leaves, followed by branches and
fruits, respectively. Antioxidant activity values were evaluated
with DPPH (using DPPH as a radical), ABTS (using ABTS as
radical cation) and FRP tests. The antioxidant activity of the
branches of the plant was determined at the highest rate,
followed by leaves and fruits, respectively. During in silico
analysis, Quercetin, Rosmarinic acid and Catechin were found
to bind to survivin protein effectively. These substances can
have the potential to become active pharmaceutical ingre-
dients by working with different proteins in the future.

of bioactive compounds in the treatment of diseases can be
evaluated by examining computer-aided modeling."*™ As it is
well known natural compounds including antioxidants have
advantages over synthetic ones, even if they have slight or
negligible side effects. Another advantage of is the plant
bioactive compounds are being obtained easily and econom-
ically. It is reported that antioxidants like flavonoids are
beneficial in the chemo prevention of various diseases,
especially cancer associated with oxidative stress caused by
free radicals in the body."*'” Fernandez et al (2021) reported
that Xanthohumol showed good antitumor activity, while
apigenin and luteolin showed low antitumor activity in their
study on human colorectal cancer (CRC) cell lines.””

Viscum album L. (VA) (Loranthaceae), known as mistletoe, is
an ever green semi-parasitic plant, growing on various trees.
Belghoul et al (2020) reported that the medium lethal dose
(LD50) value of V. tuberculatum was higher than 2000 mg/kg
bw."® Similarly, Manzoor Ullah et al (2022) reported that up to
2 g/kg of VA extract can be considered safe because of its LD50
value of more than 2 g/kg.'”” The results of toxicity studies
indicate that VA plant extract can be classified under category
5 of the Globally Harmonized System of Classification and
Labeling of Chemicals (UN 2011)."®

As a result of pharmacological studies, different types of
components were identified in VA such as viscotoxins, poly-
saccharides, lectins phenylpropanes, lignans,phenolic and
flavonoids."®*2" Studies have also shown that VA extracts are
much more antioxidant than other herbal extracts. It also has
antibacterial, antiepileptic, immunostimulatory and antiviral
effects.??)

© 2023 Wiley-VCH GmbH


http://crossmark.crossref.org/dialog/?doi=10.1002%2Fslct.202300130&domain=pdf&date_stamp=2023-03-21

Research Article

Chemistry
Europe

European Chemical

ChemistrySelect doi.org/10.1002/slct.202300130 Societies Publishing
Table 1. VA. samples collected areas.
Plant Material Collected Area at Altitude Date Herbarium
Afyonkarahisar Province Number

Pyrus communis L. Sultadagi. Yakasenek.village 980 m 28.9.2018 9947
Crateagus orientalis Pall. Ex M.Bieb. subsp.orientalis Kocatepe National Park 1450 m 30.9.2018 9948
Pyrus amygdaliformis Vill. var. amygdaliformis Dazkir village Cedit plateau 1075 m 5.10.2018 9942
Celtis planchoniana K.I. Chr North of Cay District 980 m 2.11.2018 9958
Pinus nigra J.F.Arnold. subsp. pallasiana (Lamb.) Dazkir District. idris village 1075 m 5.10.2018 9952
Holmboe var. Pallasiana

Robinia pseudoacacia L. North of Cay District 980 m 2.11.2018 9955
Prunus dulcis (Mill.) D.A. Webb Sultadagi. Yakasenekvillage. 980 m 28.9.2018 9946

Salix alba L. subsp. Alba Diizagag Town 1130 m 21.10.2018 9953
Pyrus elaeagnifolia Pall. subsp. elaeagnifolia Kocatepe National Park 1450 m 30.9.2018 9949
Morus nigra L. North of Cay District 980 m 20.11.2018 9956
Mespilus germanica L. Buiyukkalecik Town 1450 m 30.9.2018 9950
Prunus armeniaca L. North of Cay District 980 m 2.11.2018 9960

However, the most important use of VA extracts is cancer
treatment. It has been reported that it can be used for
therapeutic purposes in many cancer types such as breast,
pancreatic, bladder, laryngeal cancer, lymphoblastic leukemia
and medulloblastoma cells.”?**3? The main molecules thought
to show antitumor properties in VA are lectins and viscotoxins.
In addition, it has been reported in recent studies that
secondary metabolites, especially phenolic compounds, triter-
penoids, and non-polar compounds can be used in cancer
treatment.®**" It has also been reported that whole VA extract
is more potent in inhibiting tumor cells than isolated com-
pounds, and this may be due to the synergistic effect of some
molecules.P? Its anticancer effect in a variety of ways, including
immune enhancement, tumor prevention, malignant tissue
inhibition, alleviation of chemotherapeutic side effects, and
DNA protection 22?632

Many of the polyphenols induce apoptosis, which has
proven to play a key role in the biological system in cancer
therapy. The induction of apoptosis can be intrinsic or extrinsic.
The extrinsic pathway is activated by internal cell signaling,
primarily in the mitochondria. The intrinsic pathway results in
the activation of caspase-8. As a result, the anticancer activity
of phenols arises from different mechanisms such as protecting
the cell from oxidative stress, inducing apoptosis in the cell,
inhibiting immunosuppression, stopping the cell cycle, inhibit-
ing cell migration and proliferation.”® However, the therapeutic
use of VA for cancer treatment and its anticancer mechanism
are still poorly explored.””

Survivin (BIRC5) is the smallest member of the Apoptosis
Inhibitor protein (IAP) family that plays a role in cell cycle
regulation. Survivin directly interact with caspase-3 and 7, and
also regulate cytokinin to inhibit apoptosis.*® Survivin is over
expressed in almost all human malignancies, but the expression
regulatory mechanisms of this protein are not yet fully
understood.?

The aims of this study are: (i) screening of antioxidant
compounds from leaves, fruit, and stems of VA growing on
different host trees in Afyonkarahisar province, (i) evaluation of
the antioxidant compounds from methanolic extracts by DPPH,
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ABTS, and FRP. iii) to analyze in silico the relationship of active
substances with proteins that inhibit apoptosis.

Material and Methods

VA samples of 12 different hosts (Pyrus communis, Pyrus
amygdaliformis, Pinus nigra, Robinia pseudoacacia, Prunus dulcis,
Salix alba, Pyrus elaeagnifolia, Morus nigra, Mespilus germanica,
Prunus armeniaca, Crataegus orientalis, Celtis planchoniana) in
Afyonkarahisar province at the Central Anatolian region
(Turkey) were collected in September, October and November
2018. Species identification of the plants hosting VA was made
using the work named Flora of Turkey and East Aegean
Island.“” Samples diagnosed have been kept at Afyon Kocatepe
University Molecular Biology and Genetics Department with
Herbarium their record numbers (Table 1and Figure 1).

Ultrasound-Assisted Extraction

500 mg of dried, ground plant material were individually
weighed with precision. 50 mL of 70% methanol solution in
ultra-pure water was added. It was extracted in an ultrasonic
bath for 15 minutes. After the extraction was completed, it was
filtered through white band filter paper.

Determination of Total Phenolic and Flavonoid Content

Total phenolic contents (TPC) of methanolic extracts were
performed using the Folin-Ciocalteu method."" After adding
500 pL of sample extract, 250 ul of Folin-Ciocalteu reagent (2 N,
Sigma Aldrich), 7250 pL of ultrapure water to a 10 ml test tube,
it was kept in the dark for 5 minutes. 2000 pL of 7.5% Na,CO,
solution was added and kept in the dark for 30 minutes. After
30 minutes of incubation, the absorbance value against ultra-
pure water was measured at 765 nm with a spectrophotometer
(Shimadzu UV-1800 spectrophotometer, Japan) instrument. TPC
was expressed as mg gallic acid equivalent (GAE) per 1.00g
dried plant material.

The total flavonoid content (TFC) of the samples was
determined using the aluminum chloride colorimetric

© 2023 Wiley-VCH GmbH
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Figure 1. VA samples of 12 different hosts. (a) Pyrus amygdaliformis Vill. var.
Amygdaliformis,. (b) Prunus armeniaca L., (c) Pyrus communis L., (d) Salix
alba L. subsp. Alba,.(e) Mespilus germanica L., (f) Crateagus orientalis Pall. Ex
M.Bieb. subsp.orientalis, (g) Pyrus elaeagnifolia Pall. subsp. Elaeagnifolia,
(h)Robinia pseudoacacia L.,. (1) Prunus dulcis (Mill.) D.A. Webb,. (j) Morus nigra
L.,.. (k) Celtis planchoniana K.I. Chr, (I) Pinus nigra J.F.Arnold. subsp. pallasiana
(Lamb.)

method.“? For this, 50 uL of sample extract, 950 uL of
methanol, 6400 pL of ultra-pure water, 300 uL of NaNO,
solution (5% in ultra-pure water), and 300 ul of AICI; solution
(10% in ultra-pure water) were added to a 10 mL test tube and
kept in a dark environment for 5 minutes. Then, 2000 pl of
NaOH solution (4% in ultra-pure water) was added and it was
kept in the dark for 15 minutes again. The absorbance of the
mixture against ultrapure water at a wavelength of 510 nm was
measured using a spectrophotometer (Shimadzu UV-1800
spectrophotometer, Japan). Total flavonoid content was ex-
pressed as mg quercetin equivalent (QE) per 1g dried plant
material.

Determination of Total Anthocyanin Content

Determination of the total antioxidant content of the extract
was carried out by following the method of Giusti etal.,
(1999).*F The absorbances (A) were recorded at 510 (As;gpio)
and Asigpras) and 700 nm (Azgoprig @and Azgopuss) at two
different pH values, pH 1.0 and pH 4.5. The total amount of
anthocyanin (TAC) was calculated according to the following
formula using the cyanide-3-glycoside equation.

TAC = [(Asiopri0) — Azoo(pH1.0) — (A510(pH4,5)]'A700(pH4A5))} ()

Results mg cyanide 3-glycoside/g (ug cg-3-glkt/g) dry
weight.
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Analysis of Flavonoid and Phenolic Substances by High
Performance Liquid Chromatography (HPLC) Method

Agilent 1260 HPLC Device equipped with UV detector, quad
gradient pump, automatic sampler and Chemstation software
was used to determine the organic acid contents in the
samples. An ACE-C18 (4.6 mmx150 mm, 5 um) column was
used for the analyses. Ultrapure water containing 0.1% acetic
acid (A) and acetonitrile (B) were used as mobile phases. The
mobile phase flow rate was 1.0 mLmin~, the column temper-
ature was 25°C, and the injection volume was 10 pL. Detection
wavelengths were chosen considering the wavelengths at
which the phenolic compounds to be analyzed have the
maximum absorption. According to this, caffeic acid and
chlorogenic acid were detected at 330 nm, p-coumaric acid at
305 nm, syringic acid, protocatechic acid and gallic acid at
280 nm, vanillic acid at 225nm. The following gradient
conditions were used:0.00 min-3.25 min, 8-10% B; 3.25 min-
8.00 min, 10-12% B; 8.00 min-15.00 min, 12-25% B;
15.00 min-15.80 min, 25-30% B; 15.80 min-25.00 min, 30-90%
B; 25.00 min-25.40 min, 90-100% B; 25.40 min-30.00 min,
100% B."*¥

Antioxidant activity
DPPH (2,2'-diphenyl-1-picrylhydrazyl radical) assay

Antioxidant activity was determined using the DPPH (2,2-
diphenyl-1-picrylhydrazil) radical method.*”' For this, 0.0024 g
of DPPH was precisely weighed and a stock solution of DPPH
reagent (6x107° M) was prepared by dissolving in 100 mL of
methanol. A working solution of DPPH with a concentration
(40 mgL™") was prepared from the stock reagent solution by
diluting it with methanol. 300 pL of sample extract and 5700 pL
of DPPH working solution were mixed in a 10 mL test tube. The
mixture was incubated for 60 minutes at room temperature in
a dark environment. The absorbance of the reaction mixture
against ultrapure water was measured at 517 nm using a
spectrophotometer (Shimadzu UV-1800 spectrophotometer,
Japan). On the other hand, a control solution without sample
extract was prepared and its absorbance against ultrapure
water was measured at 517 nm in a spectrophotometer device.
The antioxidant activity was calculated as:

A(%) = (AC(O)s1; — AA(t)s;7)/AC(O)s;; x 100 (2)

where AC(0O)s,,is the absorbance of the control at t=0 min and
AA(t)s5is the absorbance of the antioxidantatt=1 h.

ABTS (2,2’-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid)
Radical Test

For the determination of ABTS radical quenching activity of
plant extracts the method of Thaipong et al. (2006) was used.
In these experiments, ascorbic acid was used as a positive
control.”? Sample antioxidant activity was expressed as %
Inhibition of ABTS positive radical cation. Percent inhibition at
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absorbance 734 nm was calculated according to the following
formula.

% Inhibition = [A, — (A, — B)]/A, x 100] 3)

Where A, the absorbance of the initial control, At,
6 minutes absorbance of the sample, B, the absorbance of the
blank solution.

Ferric Reducing Pover (FRP)

In this procedure, the method of Oyaizu (1986) was
employed.”” For this, 2.5 mL of phosphate buffer (0,2 M, pH =
6.6) with 25 mL of 1% K;Fe(CN)y (100-200-300-400 pL) to
different amounts of samples are mixed and incubated for
20 minutes at 50°C, then 2.5 mL of 10% TCA was added and
centrifuged at 2500 rpm for 10 minutes. After centrifugation,
25 mL of supernatants were taken and the total volume
adjusted to 5mL with 0.5mL of 0.1% FeCl; solution, the
absorbance values were determined spectrophotometrically at
700 nm.

Statistical analysis

To determine if there is a difference total phenolic and total
flavonoid contents of VA growing in different hosts was done t
test. The relationship between Total Phenolic Activity, Total
Flavonoids, DPPH, ABTS and FRP was determined by Kendall’s
Tau-b Correlation test in SPSS 24 program.

Molecular docking and Molecular dynamic analyses

The 3D structures of the Survivin protein (ID:1xox) were
obtained from the RCSB PDB protein database (https://www.
rcsb.org/). The 3D structure of Quercetin, Rosmarinic acid and
Catechin was found in the PubChem database. (https://
pubchem.ncbi.nlm.nih.gov/). Molecular docking calculations
were performed using Autodock."®

Interactions between ligands and proteins were visualized
using Molegro Molecular Viewer program (http://molexus.io/

molegro-molecular-viewer/).We determined the performance of
MM/PB(GB)SA to determine the correct binding positions for
ligands, including those from the Schrédinger package and the
Amber package (http://cadd.zju.edu.cn/farppi).”*

A dynamic simulation of the ligand and protein complex
was performed using the WebGro application. A MD simulation
was performed for 50 ns to study the stability of the ligand and
protein complex.®=>%

Results and Discussion

Total Phenolic and Total Flavonoid Content Quantification
Analysis

The methanolic gallic acid solution was used as standard at
different concentrations for the phenolic (150, 300, 450, 600,
750 mgL™"). The absorbance value versus concentration was
plotted and the calibration curve was generated. The linearity
of the calibration curve (y=0.0004X-0.001) and the regression
coefficient (R?=0.999) was determined. The total phenolic
content of the extracts was expressed as gallic acid equivalent
(GAE). The results of total phenolic contents are presented in
Table 2.

For the flavonoid content of VA extract, quercetin’s
methanolic solution was used as standard at different concen-
trations (200, 400, 600, 800, 1000 mgL™"). The absorbance value
versus concentration was plotted and the calibration curve was
generated. The linearity of the calibration curve (y=0.0001X-
0.002) and the regression coefficient (R2=0.999) were deter-
mined. The total flavonoid content of the extract is expressed
as a quercetin equivalent (QE). The values were figured out by
using the formula given in the M&M section. Total flavonoid
contents in different parts of VA are given in Table 2 as mg QE
in 1 g sample.

A statistical difference was found between TFC and TPC
values in Pinus nigra, Pyrus elaeagrifolia Robinia pseudoacacia,
Prunus dulcis, Salix alba, Morus alba, Mespilus germanica
(Table 3).

The amount of TPC in VA methanol extracts ranged from
9.81 to 22.76 mg GAE/g. It was determined that the amount of

Table 2. Total phenolic and total flavonoid contents of VA growing in different hosts.

Host Plant (hp) Total Phenolic Content (TPC) Total Flavonoid Content (TFC)

mg GAE/g (£ SD) mg QE/g (£SD)

Branches Leaves Fruits Branches Leaves Fruits
Pyrus communis 11.17(0.45) 12.45(0.26) 22.76(0.38) 10.02(0.68) 13.32(0.67) 3.42(0.33)
Crataegus orientalis 10.02(0.33) 13.38(0.51) 17.61(0.47) 8.82(0.71) 28.02(0.51) 3.42(0.46)
Pyrus amygdaliformis 11.66(0.21) 13.4(0.72) 13.52(0.25) 9.72(0.33) 15.12(0.40) 2.52(0.27)
Celtis planchoniana 9.81(0.62) 13.84(0.36) 20.32(0.84) 8.52(0.48) 15.72(0.61) 2.22(0.53)
Pinus nigra 12.26(0.47) 15.92(0.81) 11.2(0.68) 24.42(0.56) 53.82(0.73) 38.52(0.44)
Robinia pseudoacacia 10.87(0.60) 10.4(0.73) 16.66(0.53) 74.22(0.62) 23.52(0.33) 10.92(0.38)
Prunus dulcis 10.3(0.11) 12.34(0.44) 20.75(0.61) 34.92(0.44) 28.02(0.39) 22.62(0.36)
Salix alba 12.83(0.51) 14.62(0.53) 19.27(0.35) 23.22(0.57) 32.52(0.59) 21.72(0.66)
Pyrus elaeagrifolia 12.76(0.32) 14.41(0.63) 19.27(0.59) 28.32(0.27) 60.72(0.48) 24.42(0.65)
Morus alba 10.59(0..9) 10.18(0.58) - 23.82(0.39) 20.52(0.51) -
Mespilus germanica 12.42(0.53) 16.59(0.49) 22.19(0.69) 23.52(0.26) 97.92(0.51) 38.22(0.54)
Prunus armeniaca 11.33(0.09) 12.34(0.28) 17.03(0.38) 74.52(0.44) 20.82(0.37) 25.62(0.46)
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Table 3. Difference total phenolic and total flavonoid contents of VA growing in different hosts (t test).

Host Plant (hp) Total Phenolic Content (TPC) Total Flavonoid Content (TFC)

mg GAE/g (5SD) mg QE/g (£ SD)

X SS X SS t P
Pyrus communis 15.46 6.35 8.92 5.04 1.01 416
Crataegus orientalis 13.62 3.80+ 13.42 12.92 .030 979
Pyrus amygdaliformis 12.86 1.04 9.12 6.32 .987 427
Celtis planchoniana 14.65 5.30 8.82 6.75 941 446
Pinus nigra 13.12 247 38.92 14.70 345 .027%
Robinia pseudoacacia 12.64 3.48 36.22 33.50 -1.14 .013%
Prunus dulcis 14.46 5.53 28.52 6.15 —-2.12 .016%
Salix alba 15.52 3.32 25.82 5.85 —2.29 0749
Pyrus elaeagrifolia 15.48 338 37.82 19.92 —-1.80 .021%
Morus alba 10.38 289 2217 233 -8.15 0179
Mespilus germanica 17.06 4.90 53.22 39.40 —.1.59 .0219
Prunus armeniaca 13.56 3.04 40.32 29.71 —1.46 .281
[a] P<.05.

phenolic in the fruit extracts was higher than the branch and
leaf extracts.Similarly, Skrypnik et al (2022) reported that TPC in
mistletoe fruits was 3.0-3.2 times higher than in leaves and
stems.®?

The highest TPC was found in samples collected from Pyrus
communis (22.76 mg GAE/g sample) at VA fruit methanol
extracts. This was followed by Mespilus germanica (22.19 mg
GAE/gfruit sample). The lowest TPC was detected in branch
extracts samples collected from Celtis planchoniana (9.81 mg
GAE/g sample). No fruit was found in the samples taken from
Morus alba, therefore we were unable to study it.

Flavonoids contain hydroxyl attached to their ring structure.
They are known to have a scavenging effect due to free
radicals.”® In this study the amount of TFC in VA methanol
extracts ranged from 97.92 to 2.22 mg QE/g It was determined
that the amount of flavonoid in the leaves and br-anched
extracts were higher than the fruits extracts.

The lowest TFC was found in the flowers of Celtis
planchoniana (2.22 mg QE/g). This was followed by Pyrus
amygdaliformis flower extract with 2.52 mg QE/g and Pyrus
communis and Crataegus orientalis flower extracts with 3.42 mg
QE/g. The highest TFC was found in VA leaves samples
collected from Mespilus germanica is 97.92 mg QE/g. It was
followed by Robinia pseudoacacia (74.22 mg QE/g. VA branches
extract) and Pyrus elaeagrifolia (60.72 mg QE/g. VA leaves
extract) respectively (Table 2).

Flavonoids, including anthocyanins in plants, have effects
such as improving signal biotic and abiotic stresses for micro-
organisms, protecting against pathogens, affecting oxides
transport and plant fertility, and making flowers visible to
insects. Anthocyanins, which are flavonoid derivatives, are
glucosides of anthocyanidins produced by the phenylpropa-
noid pathway.® Since anthocyanin molecules will change color
depending on the pH of the environment they are in, they can
act as pH indicators.”™ They show antioxidant properties by
signaling free radical scavenging pathway, cyclooxygenase
pathway, mitogen-activated protein kinase pathway and
inflammatory cytokines.®™™ Anthocyanins generally accumulate
in flowers but are found in some genera in leaves and braces
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and baskets. Therefore, in our study VA branch leaf, fruit
extracts were evaluated for anthocyanin (equation 1).. In our
study, anthocyanin could not be determined in the samples.

In this study, the results of HPLC analysis show that the
content of phenolic and flavonoids varies depending on the
host tree and mistletoe organ. For example, gentisic acid was
not detected in methanol extracts of VA's leaves growing on
Pinus nigra, Salix alba and fruit extract of Prunus armeniaca,
Celtis planchonianas. The highest value of gentisic acid was
found in the methanol extract of leaf VA growing on Pyrus
amygdaliformis (1970.50 mg/100 g). This was followed by the
VA leaf growing on Mespilus germanica (1882.05 mg/100 g).
Quercetin and Rosmarinic acid (Except the fruit of the VA
sample from Pinus nigra) were detected in all methanol extracts
of VA. The highest amount of Quercetin was found in the leaf
of VA growing on Pyrus elaeagnifolia (1522.62 mg/100 g) and
followed by Mespilus germanica (1396.50 mg/100 g) and Prunus
dulcis (1380.84 mg/100 g), respectively. The highest Rosmarinic
acid value was determined in the leaf of VA growing on Pyrus
amygdaliformis (489.06 mgL™"). This sample was followed taken
from Salix alba (319.68 mg/100 g). The highest value of p-
coumaricacid was determined as 268.53 mg/100 g at VA branch
on Salix alba. Vanicic acid and protocatechuic acid were not
determined in any of the extracts of VA. The highest Sinapinic
acid value was determined in the leaf of VA growing on
Pyruselaeagnifolia (115.47 mg/100 g) (Table 4).HPLC chromato-
gram of phenolic standards is given in Figure 2.

Quercetin and Rosmarinic acid (Except the fruit of the VA
sample from Pinus nigra) were detected in all methanol extracts
of VA The highest amount of Quercetin was found in the leaf of
VA growing on Pyrus elaeagnifolia (1522.62 mg/100g) and
followed by Mespilus germanica (1396.50 mg/100 g) and Prunus
dulcis (1380.84 mg/100 g), respectively. It has been reported in
recent studies that quercetin inhibits cancer through its
apoptosis, suppresses signal transduction and reduces the
proliferation, invasion and metastasis potential of tumor cells,
protecting cellular DNA from cancer-causing mutations.?>*¢8
Although rosmarinic acid is known to be a potential therapeu-
tic agent against cancer types, its mechanism has not been
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Table 4. HPLC Analysis of VA Plant Material.
Host Plant Material HPLC Analysis ( mg/100 g Dry Weight)
Gallic Gentisic Vanylic Protocolate Syringic Caffeic Coumaric Sinapinic Catechin Quercetin Rosmarinic
Acid Acid Acid Acid Acid Acid Acid Acid Acid
Pyrus communis L
Branch 22.68 702.95 - - - 14.01 93.45 13.44 2949.00 378.00 53.88
Leaf 1.72 - - - 8.46 7.08 - 21.19 - 92.95 21.30
Fruit - 59.30 - - - - - 420.00 98.13 12.24
Crataegus orientalis
Branch - 770.40 - - 6.21 34.50 85.74 16.98 - 520.17 81.48
Leaf - 1290.93 - - 17.49 34.86 193.56 41.46 - 901.08 131.40
Fruit - 335.02 - - - 4.29 153.42 5.52 - 306.81 15.48
Pyrus amygdaliformis
Branch - 1347.49 - - - 56.16 197.22 68.91 - 327.54 318.12
Leaf - 1970.50 - - 25.74 54.84 196.41 35.46 - 784.74 486.06
Fruit - 149.29 - - - 342 158.97 - - 350.13 53.28
Celtis planchoniana
Branch 26.85 618.25 - - - 9.09 169.11 42.69 - 306.12 101.64
Leaf 45.30 1637.56 - - - 28.56 114.45 66.57 - 135.54 168.48
Fruit - - - - - - - - - 126.90 14.52
Pinus nigra
Branch - - - - - 43.50. 156.93 47.64 - 12.51 13.02
Leaf - 559.63 - - 106.44 14.01 133.83 39.54 - 53.49 9.18
Fruit 25.47 - - - 14.52 - - - 171.54 75.30 -
Robiniapseudoacacia
Branch 20.64 626.73 - - - - 98.67 32.70 - 262.59 62.10
Leaf 24.36 634.09 - - 35.94 - - 42.06 - 413.49 150.24
Fruit - 565.36 - - - - - - - 182.58 26.10
Prunus dulcis
Branch 17.43 623.16 - - - - 70.92 30.30 - 849.15 180.72
Leaf 52.92 1249.54 - - 21.81 - 134.19 108.51 - 1380.84 170.10
Fruit 49.20 35.73 - - - - 54.84 - - 283.59 31.92
Salix alba
Branch - 1062.85 - - 36.45 - 268.53 68.13 - 468.75 183.42
Leaf - 1231.43 - - 51.99 - 123.81 68.97 - 466.95 319.68
Fruit - - - - - - 161.01 - - 285.99 11.16
Pyruselaeagnifolia
Branch - 711.99 - - - 40.48 128.07 30.51 - 399.75 168.00
Leaf - 1429.80 - - 33.93 - - 115.47 - 1522.62 376.68
Fruit - 266.36 - - - - - - - 42.87 25.56
Morusnigra
Branch 42.15 560.28 - - - 20.58 71.22 71.25 - 97.44 49.92
Leaf 153.51 493.56 - - 13.95 - - 69.78 - 211.62 106.68
Fruit [a] [a] [a] [a] [a] [a] [a] [a] [a] [a] [a]
Mespilusgermanica
Branch - 1319.37 - - - 38.04 121.98 42.69 - 500.40 136.50
Leaf - 1882.05 - - - 15.15 114.39 61.44 - 1396.50 253.86
Fruit - 235.35 - - - - - - - 21.84 10.62
Prunusarmeniaca
Branch - 860.22 - - 55.86 - 89.73 26.46 - 768.72 169.44
Leaf 11.40 - - - - - 146.64 68.34 - 852.87 137.40
Fruit - - - - - - - - - 417.63 89.04
[a] ND (not determinate)

fully elucidated. However, there are studies on it inhibiting cell
proliferation and selectively inducing cancer cell apoptosis.”
This sample was followed taken from Salix alba (319.68 mg/
100 g). Catechin was detected only in branches (2949.00) and
fruit (420.00) of VA collected from Pyrus communis L, and in
fruits (171.54) of VA collected from Pinus nigra. Catechins show
antioxidant properties by chelating metal ions, scavenging
reactive oxygen derivatives and increasing the levels of
antioxidant enzymes.®? In another study, it was shown that
catechin induces apoptosis by inducing DNA fragmentation in
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prostate cancer cells.® It was also reported to induce apoptosis
in HT29 colon cancer cells by increasing caspase3, caspase?,
caspase8, and caspase9.”®

Antioxidant Activity Tests

The literature survey indicated that VA has many biological
activities like anticancer, antiviral, antioxidant, apoptosis-induc-
tion and immunomodulatory properties.?**’"? It has been used
in cancer treatment for about 80 years. Therefore, the research
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85U801 SUOWILLIOD 8A11E81D) 8|qeot|dde auy) Aq peuenob ke Sap1e YO ‘8sn JO s3I Ioj ARIqiT8UIIUO AB|1/W UO (SUOTIIPUOD-PUB-SWB 00" A3 | 1M AJe.q)1|BU [UO//:SANY) SUORIPUOD PUe SWie | 8U188S *[520zZ/70/T2] Uo ARiqiTauliuo A|IM ‘SeISIeAIN UeIAT 1YY AQ 0STO0EZ0Z 105/200T 0T/I0p/w00 A8 | Ake.q i jpuljuo adoine-Ansiweyd//sdny woij pepeojumod ‘ZT ‘40z ‘6vS959€Z



Chemistry
Europe

European Chemical
Societies Publishing

Research Article

ChemistrySelect doi.org/10.1002/slct.202300130

500 4

400

Vanilic acid

300

200 4

Gallic acid

100

> Gentisic acid

=
> Chlorogenic acid

Caffeic acid

Syringic acid

i acid

Rosmarinic acid

Ferrulic acid
Anisic acid

Sinapic acid
p-Coumaric acid

Salicylic acid

o]
=
[}

Figure 2. HPLC chromatogram of phenolic standards.

studies were intensified on the antioxidant activity of VA in the
last decades due to its phenolics, especially phenolic, flavonoid
and carotenoid contents.”*”*

Determination of Antioxidant Activity (DPPH Test)

The DPPH Inhibition% values of VA branch, leaf and fruit
samples are given in Table 5 (equation 2). The highest %
inhibition values were found in VA branch samples and %
inhibition values ranged from 91.74-84.68. Ascorbic acid
solution (500 pgmL™") was used as the control solution in the
antioxidant test. The capacity of ascorbic acid solution to
inhibit DPPH radical was determined as 95 %. It was determined
that the lowest DPPH % Inhibition was in the flower extracts. In
order from lowest to highest Prunus armeniaca (67.30) < Robinia
pseudoacacia (68.59) < Prunus dulcis (75.9) < Celtis planchoniana
(77.62).The highest value was determined from pine VA branch
samples, respectively, 91.14% pear, 91.05% hawthorn, 90.79 %

20 25 min. 30

followed by branch samples over the rice. As in the branch
samples, leaf (89.59%) and fruit (87.52%) samples also had the
highest % inhibition value on VA pine samples. The lowest
values of VA grown on apricot were found in the branch
(84.68%), leaf (79.00%) and fruit (67.30%) samples. DPPH%
inhibition values of fruit and leaf samples of VA were also found
to be quite high. Ucar et al reported that VA has free radical
scavenging activity and protective effect against hydroperoxide
formation.”” They found that the antioxidant capacity of the
extract may vary depending on the harvest time of the VA and
the nature of the host tree.

While there was a negative and significant correlation (r=
—1.00 p<.01) between VA Phenolic Content value and DPPH
value of Prunus dulcis. It is seen that there is a positive and
significant correlation (r=1.00 p<.01) between the Flavonoid
Content value and the DPPH value. There is a negative and
significant correlation (r=—1.00 p<.01) between VA Phenolic

Table 5. DPPH and ABTS (%) activity of VA growing in different hosts.

Host Plant DPPH™ % Inhibition ABTS™ (%)

Branches Leaves Fruits Branches Leaves Fruits
Pyrus communis 91.14 87.52 84.94 97.45 97.18 80.00
Crataegus orientalis 91.05 86.49 84.94 97.27 96.81 96.72
Pyrus amygdaliformis 89.00. 88.64 80.98 98.36 98.45 78.45
Celtis planchoniana 90.79 88.12 77.62 99.90 96.36 78.81
Pinus nigra 91.74 89.59 87.52 97.09 97.00 67.45
Robinia pseudoacacia 89.76 82.79 68.59 96.63 95.00 87.54
Prunus dulcis 87.69 81.93 759 97.27 97.36 94.54
Salix alba 89.07 87.01 82.79 98.54 95.45 95.54
Pyrus elaeagnifolia 88.21 86.75 85.89 98.90 98.18 94.63
Morus nigra 85.54 81.50 - 98.54 95.00 ND
Mespilus germanica 86.32 83.05 84.6 97.09 98.54 97.81
Prunus armeniaca 84.68 79.00 67.30 96.54 96.81 90.54
[a] DPPH: 1,1-Diphenyl-2-picrylhydrazyl free radical scavenging,
[b] ABTS: (2,2"-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid) radical scavengingcapacity.
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Content value and DPPH value in Prunus armeniaca and Salix
alba. (Table 7)

ABTS (2,2'-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid)
Radical Test

Interesting results were noted for the VA against ABTS radicals
(Table 5) (equation 3). It was observed that of VA methanol
extract showed a markedly high ability to scavenge ABTS
radicals (99.90% to 67.54%). All of VA branche and leaf extracts
have ABTS radicals scavenge effect of 95% <. It was deter-
mined that the ABTS radical scavenging effect of fruit extracts
was less than that of branch and leaf extracts. It was
determined that the least effect was in the flower extract
collected from Pinus nigra (67.45 %) (Table 5).

It was determined that there was a positive and significant
correlation (r1.00 p<.01) between the VA Phenolic Content
value of Morus alba and the DPPH value, and a positive and
significant correlation (r=1.00 p<.01) between the Phenolic
Content value and the ABTS value. A negative and significant
correlation (r=-1.00p<.01) was found between Phenolic
Content value of VA collected from Pyrus elaeagrifolia, Celtis
planchoniana, Pyrus amygdaliformis, Crataegus orientalis, Pyrus
communis and DPPH and ABTS values. A positive significant
correlation (r=1.00 p<.01) was found between the Flavonoid
Content value of the VAs collected from Robinia pseudoacacia
and Morus alba, and the DPPH and ABTS values. There is a
negative and significant correlation (r=—1.00 p <.01) between
VA Flavonoid Content value and DPPH value of Mespilus
germanica. There is a positive and significant correlation (r=
1.00 p<.01) between the VA Flavonoid Content value of
Mespilus germanica and the ABTS value. It was determined that
there was a negative and significant correlation (r=—1.00 p<
.01) between the VA Flavonoid Content value of Pyrus
amygdaliformis and the ABTS value (Table 7). A strong positive
correlation was found between the accumulation of polyphenol
compounds and the antioxidant activity of the extracts.”
Based upon the conducted research, it has been found that all
mistletoe extracts (aqueous or ethanol, leaf or stem) have the
ability of scavenging cation-radicals ABTS +.1'*7"7) |n this study
the ABTC and DPHH values are higher than the values some
studies reported in the literature It was concluded that the tree
on which the plant lives, the region, the method of obtaining
the plant extract and the solvent difference may have an effect
on this situation.”® In general, ABTS values were found to be
higher than DPPH. It is known that DPPH is hypophilic reagent,
whereas ABTS is more hydrophilic reagent because it is cation.
In this case, it can be said that the antioxidants in the VA
extract are more hydrophilic.

Ferric Reducing Power (FRP)

The presence of reductants such as antioxidant substances in
the antioxidant samples causes the reduction of the Fe**'/
ferricyanide complex to the ferrous form. Kazazic et al. (2006)
investigated the ligation of Fe™ and Cu* ions with flavonoids
in the gas phase. They determined that metal ions bind

ChemistrySelect 2023, 8, €202300130 (8 of 13)

sequentially with or without simultaneous loss of parts of
neutral flavonoid molecules such as H, CO, H,. They reported
that the part of flavonoids that is mainly responsible for
antioxidant activity is the C ring.” It was reported that the
compounds with structures containing two or more of the
following functional groups: OH, SH, COOH, PO;H,, C,O, NR,, S
and O in a favorable structure-function configuration can show
metal chelation activity. The reducing capacity of a compound
may serve as a significant indicator of its potential antioxidant
activity.”” Increased absorbance of the reaction mixture
indicates an increase in FRP.[*%"

In this study, it was determined that there was an increase
in FRP due to the increase in concentration in all tested fruit,
branch and leaf extracts of VA (Table 6).According to data
obtained from the present study, the distribution of phenolic
and flavonoids content on VA leaves, branches and fruit varied
depending on the growing trees. DPPH% inhibition values of
fruit and leaf samples of VA were found to be quite high.

Table 6. FRP results of VA organs based at 700 nm spectrophotometric
measurements.
Host Plant Organs of Extracts (500 mg dried,
VA ground plant material with
50 mL of 70% methanol)
100 pl 200 wl
Pinus nigra Leaf 0.407 0.719
Fruit 0.195 0.278
Branch 0.307 0.526
Pyrus communis Leaf 0316 0.586
Fruit 0.225 0.320
Branch 0.370 0.710
Crataegus orientalis Leaf 0.372 0.760
Fruit 0.287 0.496
Branch 0.349 0.584
Celtis planchoniana Leaf 0.427 0.690
Fruit 0.283 0.493
Branch 0.252 0.401
Pyrus amygdaliformis Leaf 0.344 0.778
Fruit 0.213 0.352
Branch 0.342 0.604
Robinia pseudoacacia Leaf 0.230 0.434
Fruit 0.243 0.466
Branch 0.297 0.541
Prunus dulcis Leaf 0.311 0.582
Fruit 0.265 0.436
Branch 0.283 0.454
Salix alba Leaf 0.368 0.760
Fruit 0.254 0.346
Branch 0.334 0.595
Pyrus elaeagnifolia Leaf 0.453 0.747
Fruit 0.265 0.500
Branch 0.323 0.570
Morus nigra Leaf 0.233 0.433
Fruit [a] [a]
Branch 0.241 0.473
Mespilus germanica Leaf 0.401 0.778
Fruit 0.272 0414
Branch 0.344 0.506
Prunus armeniaca Leaf 0313 0.520
Fruit 0.327 0.399
Branch 0.235 0.430
[a] ND: (not determinate).
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Table 7. The relationship between Total Phenolic Activity, Total Flavonoids, DPPH, ABTS and Fe®* values was determinate by Kendall’s Tau-b Correlation test.
Host Plant TPC TFC DPPH ABTS Fe*+200 )
Pyrus communis TPC 1 —0.33 —1.00° —1.00% 033

TFC —0.33 1 0.33 0.33 —1.00
Crataegus orientalis TPC 1 —0.33 —1.00° —1.00® —0.33
TFC —0.33 1 0.33 0.33 —0.33
Pyrus amygdaliformis TPC 1 —0.33 —1.00° —1.00® —0.33
TFC —0.33 1 0.33 —1.00® —0.33
Celtis planchoniana TPC 1 —0.33 —1.00° —1.00® —1.00%
TFC —0.33 1 0.33 0.33 0.33
Pinus nigra TPC 1 0.33 0.33 0.33 —-0.33
TFC 0.33 1 —-0.33 —0.33 —1.00@
Robinia pseudoacacia TPC 1 —0.33 -0.33 —0.33 0.33
TFC —-0.33 1 1.00° 1.00 —1.00?
Prunus dulcis TPC 1 —1.00% —1.00° —0.33 —0.33
TFC —1.00*% 1 1.00® 0.33 0.33
Salix alba TPC 1 —-0.33 —1.007 —0.33 —0.33
TFC —0.33 1 0.33 —0.33 —0.33
Pyrus elaeagrifolia TPC 1 —0.33 —1.00° —1.00® —0.33
TFC —0.33 1 0.33 0.33 —0.33
Morus alba TPC 1 1.00° 1.00° 1.00 -
TFC 1.00® 1 1.00® 1.00 —
Mespilus germanica TPC 1 0.33 —0.33 0.33 -0.33
TFC 0.33 1 —1.00? 1.00° —1.00?
Prunus armeniaca TPC 1 —-0.33 —1.00? —0.33 —033
TFC —-0.33 1 0.33 —-0.33 1.00?
[a] Correlation is significant at the 0.01 level (2-tailed).

Similarly, VA methanol extract showed a remarkably high ABTS
radical scavenging activity. There was an increase in FRP due to
the increase in the amount of extract (from 100 ul to 200 ul) in
all tested fruit, branch and leaf extracts of VA. Increasing the
amount of extract caused the FRP to nearly double. This can be
explained by the increase in the amount of phenolic and
flovonaid obtained as a result of HPLC analysis, depending on
the increase in the amount of extract to 200 l.

It is seen that there is a negative and significant correlation
(r=—1.00 p<.01) between VA Flavonoid Content value and
FRP of Robinia pseudoacacia, Pinus nigra, Mespilus germanica
and Pyrus communis. There is a negative and significant
correlation (r=-1.00 p<.01) between VA Phenolic Content
value of Celtis planchoniana and FRP (r=-1.00p<.01), a
positive and significant correlation between VA Flavonoid
Content value of Prunus armeniaca and FRP (r=1.00.p <.01)
was found (Table 7).

Molecular Docking and Dynamic Analyses

Since ancient times, plant active ingredients have been
important in the development of drugs for the treatment of
various diseases. Despite the existence of many chemo-
therapeutic drugs for cancer treatments today, experimental,
and clinical studies continue due to the side effects of these
drugs. The obtained data confirm that survivin is a preferable
target in cancer treatment and an important prognostic
marker. Flavonoids contain hydroxyl attached to their ring
structure. They are known to have a scavenging effect due to
free radicals. However, recent studies suggest that it can
block the cell cycle and inhibit the proliferation of cancer
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cells by inducing apoptosis. Flavonoids contain hydroxyl
attached to their ring structure. They are known to have a
scavenging effect due to free radicals.®® In this way, it
prevents healthy cells from turning into malignant cancer
cells. There are types of promising strategies based on
targeting reduction of survivin expression level to inhibit the
growth of tumor cells and drive them into apoptosis. Several
common proteins (Hsp90, HBXIP, XIAP, clAP1, Smac) interact
with survivin and modulate survivin stability and/or function.
Investigating the transcriptional and post-transcriptional
control mechanisms of survivin in cancer cells will reveal
clues for the development of new approaches for cancer-
specific therapy.®*® Molecular docking results from this
study showed strong interactions between survivin and
quarcetin, rosmarinic acid and catechin (Table 8).

Table 8. Results of molecular docking of ligands with Survivin protein.

Ligands Binding Energy (kcal/mol)
Gallic Acid —4.5

Gentisic Acid —6.2

Syringic Acid -5.0

Caffeic Acid —6.2

Choumatic Acid —43

Sinapinic Acid —5.2

Catechin —8.6 (H bound number:

Phe 93, Glu 94, GIn 92)

Quercetin —8.3(H bound number:

Glu 40, Lys 91, Phe 13)
—9.4 (H bound number:
Asp 16, Arg 18(x2), GIn 92)

Rosmarinic Acid
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Our results indicated that quercetin, catechin, and rosmar-
inic acid can interact with Survivin molecule the best minimum
binding energies belong to —8.3 kcal/mol, —8.6 kcal/mol, and
—9.4 kcal/mol, respectively.

The lowest binding energy refers to the most stable bond
between the survivin quercetin and, catechin, and rosamic acid.
All docked structures were visualized in Molegro Molecular
Viewer (Figure 3-5).

Molecular docking scoring does not provide an accept-
able estimate of ligand binding affinities. Therefore, MM/
PB(GB)SA analyzes were used to estimate binding affinities.
The graph of the ligands MM/PB(GB)SA is shown in the
Figure 3-5.

A MD simulation was performed using the WebGro to
check the stability of ligand-protein docked complexes of

survivin and ligands. 3 docked complexes (Survivin-Querce-
tin, survivin-Rosaminic acid, Survivin-Catechin) were chosen
to run with the molecular dynamic simulations. The con-
formational stability of the protein backbone and ligand-
protein complexes were determined using the RMSD techni-
que (Figure 6).

Conclusion

The data obtained from this study revealed that VA extracts
are quite rich in terms of phenolics and flavonoids. Accord-
ing to statistical analyzes (by Kendall’'s Tau-b Correlation
test), a correlation (P < 5) was found between the increase in
DPPH% and ABTS% and the phenolic flavonids contents in
the extract. The results obtained show the effect of VA

Figure 3. (A) Interaction between Survivin protein and Quercetin ligand and (B) H bond location (Glu 40, Lys 91, Phe 13).

Figure 4. (A) Interaction between Survivin protein and Rosamarinic acid ligand and (B) H bond location (Asp 16, Arg 18(x2), GIn 92).

ChemistrySelect 2023, 8, 202300130 (10 of 13)
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Figure 5. (A) Interaction between Survivin protein and Catechin ligand and (B) H bond location (Phe 93, Glu 94, GIn 92).
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Figure 6. Molecular dynamic results and binding free energy graph (a) Quercetin (b) Rosmarinic Acid (c) Catechin.

extracts on cancer cells by showing antioxidant properties. In
addition, as a result of docking analysis, quercetin, rosmar-

ChemistrySelect 2023, 8, 202300130 (11 of 13)

inic acid, and catechin in the

extract were found to interact
with survivin proteins, which are thought to be effective in
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cancer formation and apoptosis. In conclusion, VA extracts
act on cancer cells by multiple mechanism. It is concluded
that among the compounds investigated, quercetin, rosmar-
inic acid, and catechins may act as the most suitable
potential inhibitors of survivin. The possible clinical signifi-
cance of our findings is that cancer cells can be promoted to
apoptosis by abolishing the inhibition of the apoptotic
pathway with quercetin, rosmarinic acid, and catechins.
Therefore, they have been proposed as potential anticancer
agents that require further investigation. However, its
relationship with more antiapoptotic proteins should be
investigated at in silico, in vitro, and in vivo levels.
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