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Histone deacetylase inhibitory and antioxidant activities of some
ethanolic plant extracts: A novel therapeutic approach for cancer

Bazi etanolik bitki ekstrelerinin histon deasetilaz inhibitor ve antioksidan aktiviteleri:

Kanser i¢in yeni bir terapotik yaklasim
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Abstract

Purpose: The aim of this study was to evaluate histone
deacetylase inhibitory and antioxidant activities of some
ethanolic plant extracts.

Materials and Methods: In this study, the inhibitory
effects of ethyl alcohol extracts prepared from various
plants and some chemical compounds on histone
deacetylase activity were investigated. In addition, the
antioxidant activity of plant-derived active substances,
which have had an important value in alternative medicine
in recent years, has been determined to replace chemicals.
Results: All the plant extracts and chemical substances
used in the study showed histone deacetylase inhibitory
effect (with ICsp range of 0.000078-319.0 pg/ml) and
antioxidant activity. The results indicated that the

percentage of histone deacetylase inhibition and
antioxidant  activities  increased ~ with  increasing
concentrations of the plant extracts and chemical
compounds.

Conclusion: These plant extracts which are potential
sources of histone deacetylase inhibitors may be
appropriately used as an alternative support to drug
treatment rather than the use of toxic chemicals.
Keywords:. Antioxidant activity, cancer,
inhibition, histone deacetylase, plant extract.

enzyme

INTRODUCTION

Cancer development is also dependent on epigenetic

alterations due to covalent modification of
deoxyribonucleic acid (DNA) (such as DNA
methylation and post-translational histone

acetylations), that can alter DNA accessibilities, gene
expression and chromatin structures without

Oz

Amag: Bu calisgmanin  amaci, bazi  etanolik  bitki
ekstraktlarinin histon deasetilaz inhibit6rii ve antioksidan
aktivitelerini degetlendirmektir.

Gere¢ ve Yontem: Bu calismada, cesitli bitkilerden
hazirlanan etil alkolli ekstrelerin ve bazi kimyasal
bilesiklerin histon deasetilaz aktivitesi tizerindeki inhibit6r
ctkileri arastirildt. Ayrica son yillarda alternatif tipta Snemli
bir degere sahip olan bitki kaynakli aktif maddelerin,
kimyasallarin yerini almast i¢in antioksidan aktivitesi de
tayin edildi.

Bulgular: Calismada kullanilan tim bitki ekstreleri ve
kimyasal maddeler histon deasetilazi inhibe edici etki (ICso
0.000078-319.0 pg/mlL araliginda) ve antioksidan aktivite
gOstermigtir.  Sonuclar, histon deasetilaz  inhibisyon
yiizdesinin ve antioksidan aktivitelerinin, bitki ekstrelerinin
ve kimyasal bilesiklerin artan konsantrasyonu ile arttigini
gOstermistir.

Sonug: Histon deasetilaz inhibitérlerinin - potansiyel
kaynaklart olan bu bitki ekstrelerinin, toksik kimyasallarin
kullanimi yerine ilag tedavisine alternatif bir destek olarak
uygun sekilde kullanilabilecegi 6nerilebilir.

Anahtar kelimeler: Antioksidan aktivite, kanser, enzim
inhibisyonu, histon deasetilaz, bitki ektresi.

alterations in the DNA sequence!. The acetylation
and deacetylation of histones ate regulated by histone
acetyltransferases ~ (HATs) and  deacetylases
(HDACG:S), respectively?. Histone modification is vital
in the regulation of chromatin structure and gene
expression. Gene expression can be regulated by
these modifications which can cause many diseases?.
HATSs transfer acetyl groups to N-e-lysine in
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histones, which results in local expansion of
chromatin and increases the accessibility of
regulatory proteins to DNA and transcriptional
activation. Whereas, HDACs remove the acetyl
groups of lysine residues of histones as well as many
other non-histone proteins, leading to chromatin
condensation,  silencing of  genes
transcriptional repression®>.

and

Inhibition of HDAC plays an important role in
apoptosis, proliferation, differentiation, migration
and angiogenesis of many cancer cells’. Mammalian
HDACs can be subdivided into two families
according to the cofactor (zinc/Zn?** dependent for
Classes I, II and IV or nicotinamide adenine
dinucleotide/NAD* dependent for Class III)
required for activity. These are further classified into
18 isoforms depending on their primary homology to
Saccharomyces cerevisiaie HDACs (RPD3, HDAI1
and SIR2)78. Class I HDACs (HDAC1, HDAC2,
HDAC3, HDACS8 and HDAC11) are located mostly
within the nucleus and are expressed ubiquitously.
Class II HDAC enzymes (HDAC4, HDACS,
HDACG6, HDAC7, HDACY and HDAC10) generally
shuttle between the nucleus and the cytoplasm, with
the exception of HDACG6, which are located only in
the cytoplasm. Class III members are named sirtuins
(SIRTs) which consist of 7 isoforms in humans.
SIRTs 1, 2, 6, and 7 are found in the nucleus, whereas
SIRTSs 3, 4, and 5 are found in the mitochondria”%10,

Histone deacetylase inhibitors (HDACi) have the
potential to arrest growth and differentiation, and can
induce apoptosis in a vatiety of cancer cell lines!!.
These molecules cause cell death through multiple
mechanisms  including upregulation of death
receptors, induction of oxidative injury, disruption of
DNA repair and also have immunomodulatory
activity!'>!13, HDAC inhibitors can be categorized into
varied groupings named according to the chemical
structures: hydroxamates (such as trichostatin A;
TSA, suberoylanilide hydroxamic acid; SAHA), cyclic
peptides (such as depsipeptide, apicidin), short-chain
fatty acids (such as butyrates, valproic acid) and
benzamides (such as M S-275)!1415. Many natural and
synthetic inhibitors have been identified to inhibit
HDAC:s by blocking their active site. Various HDACi
have been approved for hematological malignancies
by the Food and Drug Administration (FDA).
Valproic acid induces tumor differentiation and
apoptosis. It also suppresses tumor growth and
metastatic processes®. Vorinostat (SAHA) and
romidepsin are approved for the treatment of
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cutanecous T cell lymphoma. Belinostat and
panobinostat are approved for the clinical treatment
of cutaneous T-cell lymphoma, peripheral T-cell

lymphoma or multiple myeloma'®.

In this study, HDAC inhibition activity and free
radical scavenging activity (such as 2,2'-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging activity,
2,2"-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid
(ABTS) radical scavenging activity and ferric-
reducing antioxidant power) of some chemicals and
ethanol extracts of various plants zz witro were
investigated.

In our study, we argue that plant extracts may have
therapeutic potential against oxidative stress-related
diseases. Thus, this study will provide some
preliminary evidence that these plant extracts may be
effective therapeutic agents in controlling cancer and
their anticarcinogenic effects. These plant extracts
could perhaps provide an alternative in the future
when it comes to creating novel therapeutic targets
and alternative therapeutic approaches for the
treatment of cancer.

MATERIALS AND METHODS

Chemicals

All chemicals were of analytical grade and purchased
from Sigma, Merck and Fluka Chemical Co. Histone
Deacetylase Assay Kit, Fluorometric (CS1010) was
purchased from Sigma-Aldrich.

Plant materials

Plant materials and fruits were either purchased from
a market or spice store. Seeds of black sesame and
flaxseed, flower of broccoli, fruit of lemon,
pineapple, and pomegranate; the root of licorice, and
leaves of mistletoe, oleander, stinging nettle, tree of
heaven, wormwood, and white cabbage were used.

Preparation of the plant extracts

Fresh plant samples were washed with water after
collection. Air dried at room temperature for about
10 days. Fruits were cut into small pieces and dried in
an oven at +37°C for 48 h. All plant materials were
stored at +4°C until extraction. For the 70% ethanol
extracts prepatration, 20 grams of plant material were
extracted by Soxhlet apparatus with 200 mL 70%
ethanol for 8 h until fully colorless. Ethanol was
removed by rotary evaporation (Bibby, USA) under
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reduced pressure at 50°C!. Extracts were
concentrated, dried and kept in the dark at -20°C for
further experiments. This study was carried out at
Istanbul ~ University-Cerrahpasa,  Faculty  of
Engineering, Department of Chemistry. As study was
conducted on cell lines, there is no requirement for
ethics committee approval for this study.

In vitro HDAC inhibition activity screening

Inhibition of whole nuclear HDAC activity was
measured using the Histone Deacetylase Assay Kit,
Fluorometric  (Sigma-Aldrich, St. Louis, USA)
according to the manufacturer’s instructions. Briefly,
Hel a cell nuclear extracts (which contain a variety of
HDAC enzymes, supplied with kit) were incubated

HDAC inhibition activity (%)
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for 30 min at 30°C in an assay buffer with HDAC
fluorometric substrate and various concentrations of
inhibitor samples. The reaction was stopped by
addition of developer solution and incubation at
room temperature for 10 min. The assay was
performed in 96-well test plates. Fluorescence signal
of the wells was detected using a fluorometric plate
reader (BioTek FLx800) with excitation set at 350-
380 nm and emission detection set at 440-480 nm.
The % inhibition was calculated from the
fluorescence readings of inhibited wells relative to
those of control wells. The assay is automated and
performed by a Gen 5 Software work station. All
compounds were screened in triplicate. Trichostatin
A (TSA) and valproic acid were used as standards.

(

Determination of antioxidant capacity
DPPH radical scavenging activity

Radical scavenging activity of the plant extracts and
some chemicals against stable 2,2'-diphenyl-1-
picrylhydrazyl (DPPH) was determined by the
method of Brand-Williams et al.!8. DPPH radical
reacts with a compound which can donate hydrogen

fluorescence value as control — fluorescence value as sample) 100]
X
fluorescence value as control

(called as antioxidant) to reduce DPPH. The reaction
mixture was shaken and kept in the dark for 5 and 30
minutes at room temperature, the decrease in
absorbance was thereafter measured at 517 nm using
a UV visible light spectrophotometer (Shimadzu
UVmini-1240). The experiment was carried out three
times. BHA and BHT were used as standards. The
petcentage of DPPH radical scavenging activity was
calculated according to the following formula:

(Absorbance as control — Absorbance as sample )

X 100

DPPH radical scavenging activity (%) =

ABTS*radical scavenging activity

Radical scavenging activities against 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid (ABTS™) of the
plant extracts and chemicals were determined by the

Absorbance as control

method of Arnao et al.l% The absorbance was
measured at 734 nm. The experiment was catried out
three times. BHA and BHT were used as standards.
The percentage of ABTS-* radical scavenging activity
was calculated according to the following formula:

(Absorbance as control — Absorbance as sample)

X 100

ABTS *radical scavenging activity (%) =

890
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Ferric-reducing antioxidant power

Ferric ion reducing ability (FRAP assay) of the
extracts and chemicals was performed as described by
Oyaizu with some modifications?’. The absorbance
was measured at 700 nm using a UV visible light
spectrophotometer (Shimadzu UVmini-1240). The
experiment was carried out three times. The
increased absorbance indicates stronger reducing
power. BHA and BHT were used as standards.
Results were expressed as the mean * standard
deviation of three replicates.

The results of HDAC inhibitory activity and
antioxidant activities (for DPPH and ABTS radical
scavenging activities) are given as half maximal
inhibitory concentrations (ICsp) calculated by
regression prepared from the concentrations of
samples. Lower 1Csg values indicate greater enzyme
inhibition effect, or antioxidant activities of samples.

Statistical analysis

The 1Csy was determined as the concentration of
plant extracts and chemical compounds required to
inhibit HDAC activity and DPPH and ABTS* radical
scavenging activity by 50%. The percentage enzyme
inhibition activities of the inhibitors were used to
calculate half maximum inhibitors (ICsp) for
individual enzymes via regression analysis data. Data
are presented as the mean of three replicates *
standard deviation.

RESULTS

In vitro HDAC inhibition activity screening

The inhibitory effects of some chemical compounds
and ethyl alcohol extracts prepared from various
plants on HDAC enzyme were examined. The %
inhibition and the half maximal inhibitory
concentration (ICsg) values ate shown in Table 1-2.

The HDAC inhibitory activities and the half maximal
inhibitory concentration (ICsp) values of some
chemical compounds and plant extracts were
investigated iz vitro in comparison with well-known
HDAC inhibitors, i.e. TSA and valproic acid. Table
1-2 show that % inhibition values of plant extracts
and chemical compounds on the HDAC are
increased with increasing concentration. Lower (ICsq)
values indicate greater HDAC inhibitory activity.

The results indicate that all the plant extracts
exhibited HDAC inhibitory effects. The lowest ICsg
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value for HDAC inhibitor activity among the plant
extracts and the chemicals was exhibited by the
pomegranate extract. This means that pomegranate
extract had the highest HDAC inhibitory activity.
The HDAC inhibitory activities of plant extracts
decreased in the order of: pomegranate>
wormwood> black sesame> pineapple> mistletoe>
white cabbage> flaxseed> tree of heaven> broccoli>
licorice root> oleander> stinging nettle> lemon. The
HDAC inhibitory activities of chemical compounds
decreased in the order of: TSA> boric acid> vitamin
B> valproic acid> vitamin U> tocopherol acetate.

The extracts showed moderate to strong inhibitions
against HDAC activity, ranging from 6.39 * 1.00 to
71.89 £ 4.38 % at a concentration of 0.1 pg/mL. The
extracts of pomegranate, wormwood, black sesame,
pineapple and mistletoe showed good inhibitions in
comparison with the reference standards TSA (ICs0=
0.0695 * 0.018 pg/ml) and valproic acid (ICs=
82.27 £ 20.70 ug/mL).

DPPH radical scavenging activity

Basically, a higher DPPH radical-scavenging activity
is associated with a lower ICsy wvalue. The plant
extracts exhibited higher DPPH radical scavenging
activity at the 30th minute than at the 5th minute as
seen in Tables 3-4.

All the extracts, tocopherol acetate, vitamin B,
vitamin U and standards (BHA and BHT) exhibited
a significant, time dependent and dose-dependent
radical scavenging activity. According to this study,
the DPPH radical scavenging activities of plant
extracts decreased in the order of: tree of heaven>
oleander> wormwood> licorice root> mistletoe>
black sesame> stinging nettle> broccoli> flaxseed>
pomegranate> white cabbage> lemon> pineapple.
The DPPH radical scavenging activities of chemicals
decreased in the order of: BHA> BHT> tocopherol
acetate> vitamin Bg> vitamin U. These results
indicate that all the plant extracts and chemical
compounds except boric acid function as DPPH
radical scavengers/activities.

The tree of heaven extracts showed radical
scavenging activity with ICso almost similar to BHA
(0.015 + 0.000 mg/mL for minute 5 and 0.008 £
0.001 mg/mlL at minute 30) which is a well known
antioxidant. The oleander extract (ICso= 0.052 *
0.0006 mg/mL) and wormwood extract (ICso= 0.056
+ 0.001 mg/ml) exhibited significantly higher
DPPH radical scavenging activity than BHT (ICso=
0.09 £ 0.06 mg/mL) at minute 5. Tree of heaven had
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the highest ability to scavenge DPPH radical,  plantextracts. Vitamin U presented the lowest DPPH
followed by oleander and wormwood among the  radical scavenging activity.

Table 1. Inhibitory effects of various plant extracts on HDAC enzyme and ICs values.

Plant Name Part Concentration Inhibition ICs
(Botanical Name) Used (ng/mL) (Yo)* (ng/mL)*
Black sceam 1 80.73 + 8.42
ac /;mt. ¢ Seed 0.1 71.24 + 10.71 0.0105 + 0.0007
(Nigella sativa) 0.01 47.01 + 3.97
Broceoli 1 61.16 + 6.73
B°“9 p » Flower 0.1 4017 + 7.68 0.485 + 0.370
(Brassica oleracea italica) 0.01 38.56 + 12.53
Flaxsced 0.15 57.69 + 2.38
hy i Seed 0.1 4411 + 11.94 0.13 + 0.06
(Ldnam usitatissinm) 0.001 19.69 + 7.56
Lemon 20 15.68 + 4.71
Ce‘; © p Fruit 10 11.01 + 2.85 102.05 + 42.91
(Catrus limon) 0.1 6.39 + 1.00
Licor . 1 60.11 + 2.62
g;’“cz roo ) Root 0.5 39.06 + 0.97 0.64 + 0.07
(Ghoyrmbize glabra) 0.1 35.03 + 0.66
Mistlet 0.1 61.96 + 14.95
(VZ[C OZ b L) Leaves 0.01 42.64 + 6.39 0.065 + 0.037
oA . 0.001 22.61 + 6.85
Oleander 25 63.65 + 0.30
(Nerin oleander) Teaves 10 58.63 + 4.47 8.55 + 0.65
0.1 45.69 + 14.38
- | 0.1 54.95 + 0.34
;eapp ¢ Fruit 0.05 5051 + 5.83 0.0497 + 0.0057
(Ananas comasus) 0.01 33.98 + 9.89
- 0.01 71.89 + 4.38
(15) ;g ar "‘; ) Fruit 0.001 68.14 +3.85 | 0.000078 £ 0.000011
wnica granan, 0.0001 64.3 £9.09
Stineine netl 20 45.84 + 3.87
(Un? %’ ctie Teaves 10 34.56 + 4.42 21.62 + 1.71
ica divica) 0.1 12.81 + 3.06
Tree of b 0.2 66.67 + 2.65
/ff/e Oﬂ) ea;e“. Leaves 0.1 40.25 + 8.94 0.15 + 0.03
(Ailanthus altissima) 0.01 24.55 + 18.16
. 1 78.15 + 9.34
“gh“e. Cab/b"‘ge e Conite Leaves 0.1 68.65 + 4.67 0.072 + 0.005
(Brassica oleracea var. Capitata) 0.05 3448 + 2.67
W q 1 60.94 + 10.86
(Aj;m‘.”?; sinthi Leaves 0.1 58.19 + 7.78 0.00088 + 0.00013
enisia Absinthin) 0.001 56.75 + 8.20

*Data are presented as the mean of three replicates * standard deviation.
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Table 2. Inhibitory effects of some chemical compounds on HDAC enzyme and ICs values.

. Concentration Inhibition ICs
Chemical Name (ug/mL) (/o) (ug/mL)*
1 66.71 £ 8.80
Boric acid 0.75 49.34 £ 0.20 0.76 £ 0.099
0.005 31.42 £ 15.59
100 22.23 £ 8.36
Tocopherol acetate 10 15.66 £ 0.12 319.29 £ 2.59
1 12.16 £ 492
7.5 93.54 £ 2.14
Trichostatin A (TSA)** 0.75 81.42 £ 0.47 0.0695 £0.018
0.075 55.47 £13.84
50 34.74 £ 6.04
Valproic acid** 20 13.82 = 1.40 82.27 £ 20.70
5 10.32 + 2.02
20 36.32 £ 0.47
Vitamin Be 10 26.21 £1.38 27.53 £3.76
1 13.78 £ 0.58
100 30.83 £ 13.08
Vitamin U 10 23.59 = 13.08 178.22 + 75.61
1 21.31+1.43
*Data are presented as the mean of three replicates  standard deviation.
** It means standard.
Table 3. DPPH radical scavenging activity of plant extracts.
Plant DPPH radical DP.PH
Name Concentration scavenging ICso * radlca'l 1Cso *
(Botanical | TartUsed | o/mL) activity (% )+ | (8/mL) scavenging | (mg/mL)
Name) (min. 5) (min.5) activity (%) (min.30)
(min. 30)
Black 0.5 68.11 £ 1.89 84.38 + 0.12
sesame 0.25 40.80 £ 0.45 54.35 £ 3.45
(Nigella Seed 0.1 20.77 + 0.67 03520004 | 55964 g7p | 023010015
sativa) 0.05 12.41 £ 0.27 14.40 £ 0.37
1 78.10 £ 0.91 90.30 £ 0.18
Broccoli 0.75 65.79 £ 0.20 83.18 + 1.97
(Brassica Flower 05 4823+ 0.93 0550006 | (161 4054 | 0430006
oleracea italica) 0.25 30.57 £ 0.22 36.12 £ 0.10
Flaseed 05 | wmeon 6101 078
i];zzzmﬂm) Seed 01 1756 + 1.08 0.675 £ 0.006 2956 + 0.29 0.410 £ 0.005
0.01 5.63 £0.29 3.87 £ 0.006
3 62.19£0.75 78.39 £0.16
Lemon . 2 47.54 £ 0.38 63.25£0.26
(Citrus limon) Fruit 1 30.58 £ 1.71 2245002 39.72 £ 0.61 1.64 £ 0.01
0.1 542 +223 7.44 £ 0.30
I e
égfg)rr/ﬂge Root 01 26.85 + 0.22 0.24 £ 0.01 9.5 + 0.00 0.24 £ 0.01
0.01 2.65 £ 0.45 2.66 £ 0.26
i (R e e
%;J‘Z};l‘) Leaves 01 24.83 + 1.05 0.305 £ 0.0005 3461 + 0.57 0.19 £ 0.0069
- 0.05 13.95 + 0.65 22.00 £ 1.03
Oleander 0.1 90.32 £ 0.42 92.74 £0.00
(Nerinm Leaves 0.05 49.04 £ 0.82 0.052 £ 0.0006 | 65.86 £0.84 | 0.042 £ 0.001
oleander) 0.025 32.60 £ 0.28 42.42 + 1.50
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0.01 9.23 + 0.42 1256 * 0.02
Pincapple 10 90.03 + 0.12 94.09 + 0.02
. 5 69.78 + 0.46 86.78 + 0.04
+ +
(A”“r”‘;“ Frult 25 41352085 | TV 1 553 ygsp | 24000
comash. 1 18.07 + 0.76 2597 + 2.54
Pomegranate 25 75.94 + 1.12 88.78 + 0.55
. 1 44.48 +0.18 50.75 + 0.49
; + +
(fz;m;:m) Fruit 05 a1 1 036 L45£0.017 | D000 (g | 0:98+0.0096
grana 0.1 7.70 + 0.35 7.58 £ 0.37
Stinging 1 86.00 + 0.36 89.93 + 0.44
0.5 49.08 + 1.23 61.62 + 0.56
+ +
1;5;2% i Leaves 01 13.29 + 0.16 0.54 £ 0.005 15.99 + 0.00 0.47 £ 0.005
“ 0.05 8.86 + 0.69 10.30 + 0.32
Tree of 0.04 94.19 + 0.001 9434 * 0.16
heaven 0.02 68.46 + 0.46 73.05 + 0.57
+ +
(Adlanthns Leaves 0.01 3801 £099 | POITEOOOL g1 +ggr | OO16E0:0005
altissima) 0.005 20.60 + 0.26 21.87 + 0.44
ngzge 2.5 7531 + 0.33 88.32 + 0.31
: 1 34.84 + 0.68 45.94 + 133
+ +
(I/Smwm Leaves 05 18.63 + 0.36 1.60 £ 0.006 25.58 + 0.52 1.28 + 0.01
oleracea vat. 0.1 419+ 0.19 5.67 + 0.32
Capitata)
Wormwood 0.1 82.78 + 0.20 9272 ¥ 0.32
we 0.05 49.72 4 0.50 56.69 + 0.48
+ +
/(iﬁ{;;f;m Leaves 0.005 505 £ 011 0056 £0.001 | 37207 50 | 0.047£0.0006
sinthinm) 0.01 12.43 + 0.96 15.38 + 0.59

*Data are presented as the mean of three replicates * standard deviation.

Table 4. DPPH radical scavenging activity of some chemical compounds and standard antioxidants.

. . DPPH radical 1Cs DPPH radical 1Cs
Chemical Concentration . . . . .
Name (mg/mL) scavenging activity (mg/mL)* scavenging activity (mg/mL)*
g (%)* (min. 5) (min.5) (%)* (min. 30) (min.30)
0.025 77.58 £ 0.93 91.70 £ 0.02
0.01 39.42 +1.33 70.32 £ 0.23
ok + +
BHA 0.005 26.53 = 0.90 0.015 £ 0.000 49.71 £ 0.57 0.008 £ 0.001
0.001 5.99 + 0.33 14.69 * 0.68
0.1 54.18 + 0.73 93.44 + 0.75
0.05 35.30 £ 1.53 83.36 £ 0.34
ok 0 + +
BHT 0.025 25.05+1.83 0.09 £ 0.06 63.11 £ 0.53 0.015 £ 0.001
0.01 11.86 £ 1.05 33.75 £ 0.77
200
Boric acid 110 N.D. N.D. N.D. N.D.
0.005
10 72.31 + 0.08 75.42 + 0.48
"Tocophetol 7.5 57.91 £ 0.27 58.77 £ 0.19
+ +
acetate 2 16.25 + 0.36 667 £ 002 17.36 + 0.24 644 £ 002
1 9.31 £ 0.52 9.71 £ 0.39
10 12.78 £ 0.144 29.66 £ 0.21
_— 5 5.58 = 0.23 14.33 £ 0.19
+ +
Vitamin Bg 1 3034016 4476 £ 1.05 6.23 + 0.90 17.44 £ 0.05
0.1 2.06 + 0.68 1.91 £0.17
200 32.68 £ 1.11 56.41 £ 0.56
. . 100 22.75 = 0.65 40.66 £ 1.01
+ +
Vitamin U 50 8.5 + 033 302.91 £ 5.63 1537 + 0.39 162.58 = 0.26
10 3.86 + 1.02 10.69 = 1.15

*Data are presented as the mean of three replicates * standard deviation. ; ** It means standard. N.D. means not detected.
p P H
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Table 5. ABTS-* radical scavenging activity of plant extracts.

Plant Name Part Concentration ABTS radical scavenging ICs
(Botanical Name) Used (mg/mL) activity (Yo)* (mg/mL)*
2 72.00 £ 1.34
Black sesame 1 49.62 = 1.50
+
(Nigella sativa) Seed 05 29.76 + 1.31 121+ 001
0.25 17.70 + 0.68
10 99.45 £ 0.07
Broccoli 2.5 76.43 £ 0.62
+
(Brassica oleracea italica) Flower 1 36.74 + 1.11 1.63 £ 0.015
0.75 29.42 + 1.02
5 98.76 = 0.18
Flaxseed 2.5 75.36 = 1.39
+
(Linum usitatissimum) Seed 1 41.89 £ 0.39 189 £ 0.01
0.5 23.43 + 031
10 86.60 * 1.02
Lemon . 7.5 74.34 = 0.08
+
(Citrus limon) Fruit 5 49.57 + 3.12 520 £ 0.09
3 3538 +0.17
2 96.67 * 0.31
Licorice root 1 81.76 = 0.39
+
(Glyeyrrbize glabra) Root 0.5 58.25 + 0.33 0423 £ 0.005
0.1 13.89 + 0.83
5 100.00 % 0.00
Mistletoe 1 60.18 = 1.33
+
(Viscum album 1..) Leaves 0.5 35.20 + 0.48 085+ 0017
0.25 18.68 + 0.46
1 63.79 £ 0.48
Oleander 0.5 39.57 £ 0.27
+
(Nerium oleander) Leaves 0.1 10.97 + 0.43 0-74 £ 0.006
0.05 539 +0.59
15 79.03 + 1.12
Pineapple . 10 63.35 + 0.80 N
(Ananas comasns) Fruit 5 36.35 % 0.16 841 £003
2.5 20.40 + 0.38
20 95.93 + 1.49
Pomegranate . 10 53.13 = 0.45
+
(Punica granatum) Fruit 5 31.21 £ 1.39 980 £ 009
2.5 11.78 + 1.29
4 96.63 + 0.42
Stinging nettle 2 63.09 = 0.78 i
(Urtica divica) Leaves 1 37.42 % 0.18 L77£0.01
0.5 18.21 + 0.69
05 99.89 + 0.00
Tree of heaven 0.25 78.10 £ 0.54
+
(Ailanthus altissima) Leaves 0.1 40.77 £ 0.75 0.19 £ 0.005
0.02 7.64 +0.59
+
White cabbage 10 97.80 * 0.52
B L 5 66.57 +2.07 149 4 0,04
(Crﬂ.;ﬂ;'ﬂ oleracea var. caves 25 2962 i 066 . T U
apitata) ! 1427 £ 1.37
25 100.00 % 0.00
Wormwood 0.5 58.02 = 0.73
+
(Artemisia Absinthinm) Leaves 0.1 13.13 + 0.99 045+ 0.026
0.05 7.98 + 0.56

*Data are presented as the mean of three replicates * standard deviation.
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Table 6. ABTS* radical scavenging activity of some chemicals and standard antioxidants.

. Concentration ABTS radical scavenging ICs
Chemical Name (mg/mL) activity (Yo)* (mg/mL)*
01 89.33 + 0.77
0.05 57.66 + 1.04
ok +
BHA 0.025 26.53 + 0.28 0.043 £0.001
0.01 11.41 + 1.89
1 99.92 + 0.07
05 89.93 + 0.13
ok +
BHT o 81926 £ 0,86 0.04856 + 0.00006
0.05 51.43 + 0.03
250 17.30 * 0.33
o 40 7.67 +0.42
+
Boric acid 1 5.46 + 0.91 722.71 £ 60.95
0.01 4.96 + 0.36
0.1 74.06 £ 0.70
o 0.05 41.67 + 035
+
Vitamin By 001 5095 + 4,09 0.060 + 0.002
0.001 321+ 0.93
600 16.46 + 0.28
o 400 10.77 + 0.08
+
Vitamin U 00 5604 094 1822.21 + 317.09
100 0.75 + 0.42
20 20.53 * 1.49
Toconherol acetat 10 10.02 + 0.38 50.87 + 3.60
ocopherol acetate 75 7.49 + 0.94
2 2.77 + 0.81

*Data are presented as the mean of three replicates + standard deviation. ** It means standard.

ABTS-* radical scavenging activity

The ability of the plant extracts, chemicals and
standards to scavenge ABTS cation is expressed in
Tables 5-6. All the plant extracts, vitamin Bs and
tocopherol acetate exhibited dose-dependent ABTS*
radical scavenging activities. The best ABTS * radical
scavenging activities were exhibited by ethanolic
extracts obtained from the tree of heaven and licorice
root.The result showed that all plant extracts are
likely to have excellent ABTS free radicals scavenging
effects.

All tested plant extracts had a strong capacity to
scavenge ABTS -+ The extract tree of heaven had the
highest activity (ICso= 0.19 + 0.005 mg/ ml) among
the plant extracts. The antioxidant capacities are in
the following manner; tree of heaven> licorice root>
wormwood> oleander> mistletoe> black sesame>
broccoli> stinging nettle> flaxseed> white cabbage>
lemon> pineapple> pomegranate. The ABTS radical
scavenging activities of chemicals decreased in the
order of: BHA> BHT> vitamin B> tocopherol
acetate> boric acid> vitamin U.
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Ferric-reducing antioxidant power

The reducing power of plant extracts and some
chemicals are represented in Tables 7-8. The reducing
power of the plant extracts was arranged in the
following manner; tree of heaven> oleander >
wormwood > mistletoe > licorice root > black seed>
stinging nettle > flaxseed > broccoli > lemon > white
cabbage> pineapple > pomegranate. The reducing
power of the chemicals decreased in the order of:
BHA> BHT> tocopherol acetate> vitamin Bs>
boric acid> vitamin U.

The ethanol extracts of the tree of heaven, oleander,
wormwood and mistletoe showed a marked ferric-
reducing power. The extracts of licorice root, black
seed, stinging nettle, flaxseed, broccoli, lemon, white
cabbage, pineapple and pomegranate were also found
to exhibit a more effective ferric-reducing power in
comparison to the reference standards (BHA and
BHT). In this assay, tree of heaven extract (1.407 £
0.028) had the highest reducing activity among plant
extracts followed by oleander extract (0.466 £ 0.012),
wormwood extract (0.229 £ 0.020), and mistletoe
(0.192 £ 0.008) for 0.5 mg/ml concentration,
respectively.
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Table 7. Ferric-reducing power of plant extracts.

Histone deacetylase inhibitors and antioxidant activities

Plant Name Part Used Concentration Reducing Power

(Botanical Name) (mg/mL) (Absorbance, 700 nm)*

5 1.432 £ 0.016

Black sesame Seed 2.5 0.774 £ 0.017

(Nigella sativa) 1 0.358 £ 0.015

0.5 0.186 £ 0.005

5 1.213 £ 0.083

Broccoli Flower 2.5 0.539 £ 0.003

(Brassica oleracea italica) 1 0.267 £ 0.008

0.5 0.143 £ 0.005

10 1.602 £ 0.046

Flaxseed Seed 7.5 1.384 £ 0.073

(Linum usitatissimum) 5 1.107 £ 0.026

2.5 0.620 £ 0.007

10 1.513 £ 0.077

Lemon Fruit 7.5 1.247 £ 0.036

(Citrus limon) 5 0.905 + 0.030

2.5 0.492 £ 0.017

5 1.412 £ 0.020

Licorice root Root 2.5 0.784 + 0.050

(Glyeyrrhize glabra) 1 0.344 £ 0.010

0.5 0.189 £ 0.004

5 1.760 £ 0.020

Mistletoe Leaves 2.5 0.929 + 0.020

(Viiscum album 1..) ’ 1 0.358 £ 0.001

0.5 0.192 £ 0.008

2.5 1.662 £ 0.025

Oleander Leaves 1 0.782 £ 0.023

(Nerinm oleander) 0.5 0.466 £ 0.012

0.25 0.205 £ 0.003

10 0.875 £ 0.020

Pineapple Fruit 7.5 0.652 £ 0.030

(Ananas comasus) 5 0.441 £ 0.002

2.5 0.251 £ 0.006

10 0.866 £ 0.018

Pomegranate Fruit 7.5 0.641 £ 0.004

(Punica granatum) 5 0.445 £ 0.006

2.5 0.234 + 0.001

2.5 0.650 £ 0.018

Stinging nettle Leaves 1 0.360 £ 0.006

(Uttica divica) 0.5 0.183 £ 0.008

0.1 0.049 £ 0.004

0.5 1.407 £ 0.028

Tree of heaven Leaves 0.25 0.810 £ 0.042

(Ailanthus altissima) 0.1 0.301 £ 0.024

0.05 0.172 + 0.021

. 10 1.233 £ 0.042

gf;;;a;;z%; var. Leaves 75 1017+ 0.036

Capitata) 5 0.674 £ 0.014

2.5 0.356 + 0.004

1 0.359 +0.020

Wormwood Leaves 0.5 0.229 £+ 0.020

(Artemisia Absinthium) 0.1 0.054 £ 0.001

0.05 0.039 + 0.002

*Data are presented as the mean of three replicates  standard deviation.
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Table 8: Ferric-reducing power of some chemical compounds.

Chemical Name Concentration Reducing Power
(mg/mL) (Absorbance, 700 nm)*
0.1 0.814 + 0.017
0.05 0.455 + 0.007
BHAT 0.01 0.101 + 0.001
0.005 0.040 + 0.002
0.25 1.249 + 0.006
0.1 0.703 + 0.009
BHT 0.05 0.407 + 0.001
0.01 0.186 * 0.004
100 0.035 + 0.008
Boric acid 40 0.025 + 0.002
10 0.020 £ 0.002
5 0.010 % 0.002
10 0.119 + 0.060
Tocopherol acetate 7.5 0.066 £ 0.002
5 0.052 + 0.002
2.5 0.031 + 0.010
10 0.056 + 0.002
Vitamin Bg 7.5 0.048 + 0.001
5 0.041 £ 0.001
2.5 0.038 + 0.002
400 0.097 + 0.007
Vitamin U 200 0.018 #+ 0.001
100 0.016 + 0.006
10 0.013 + 0.001

*Data are presented as the mean of three replicates * standard deviation.

** It means standard.

The significant ferric-reducing power of these
extracts can be attributed to their antioxidant
potential as reducing agents. Vitamin U and boric
acid showed a weak ferric-reducing power.
Tocopherol acetate exhibited a ferric-reducing power
of 0.052 £ 0.002 at 5 mg/mL, while vitamin Bg,
pineapple extract, pomegranate extract, white
cabbage extract, lemon extract, flaxseed extract,
broccoli extract, licorice root extract, black sesame
extract and mistletoe extract showed 0.041 *+ 0.001,
0.441 £ 0.002, 0.445 + 0.006, 0.674 £ 0.014, 0.905 *
0.030, 1.107 £ 0.026, 1.213 * 0.083, 1.412 * 0.020,
1.432 + 0.016 and 1.760 % 0.020, respectively, at the
same concentration.

DISCUSSION

Growing  evidence  suggests  that  dietary
phytochemicals possessing HDAC inhibitory activity
can be used to repair mechanisms in cancer cells?!.
An imbalance between acetylation and deacetylation
changes the structure and the activity of histone
proteins, influencing tumor cell functions such as
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gene expression, cell growth and/or sutvival, and cell
death pathways??.

Prostate cancer cells can interact with HDAC
inhibitors. This interaction varies between cell lines
and is inhibitor specific. There are a number of
reports indicating the use of various HDAC
inhibitors for the treatment of prostate cancer since
HDACT levels are up-regulated in prostate cancet.
HDAC plays a role in the inactivation of various
critical genes by  DNA-methylation-induced
chromatin-remodeling?. Pomegranate has been
proven to possess 2 vitro and in vivo beneficial effects
for the prevention and/or treatment of prostate and
cervical cancer?»?. It was reported that fermented
pomegranate juice polyphenols and pericarp
polyphenols induce cell death in prostate cancer cell
lines by inhibiting proliferation, and inducing
apoptosis in prostate cancer cell lines?®. In a study by
Malik et al., the antiproliferative and pro-apoptotic
properties of pomegranate extract on human prostate
cancer cells were demonstrated. Pomegranate extract
treatment of aggressive human prostate cancer cells
resulted in a dose-dependent inhibition of cell growth
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or cell viability, and induction of apoptosis?’. In the
present study, pomegranate had the highest HDAC
inhibitory among the tested extracts.

In a study by Wei et al., wormwood ethanol extract
and its subfractions including petroleum ether and
ethyl acetate extracts were investigated for antitumor
effects on hepatocellular carcinoma both 7 vitro and
in vivo. They inhibited the growth of hepatoma cells
both én vitro and in vive without any cytotoxic effects.
These extracts could arrest the cell cycle at the G2/M
phase and induce apoptosis through endoplasmic
reticulum (ER) stress and the mitochondrial-
dependent pathway in human hepatoma BEL-7404
cells and mouse hepatoma H22 cells?®. Similatly,
wormwood methanol extract induced the apoptosis
of human breast cancer cells through the modulation
of BCL-2 family proteins?®. Therefore, the
wormwood ethanol extract may be used as a safe and
effective agent for the regulation of the acetylation
and deacetylation of histones by HATs and HDACs
as observed in the previous and present studies.
Moreover, it presented high antioxidant effects
against the DPPH and ABTS radicals and a strong
ferric reducing power compared to the synthetic
antioxidants analyzed in the present study.

Natural products are important sources for the
isolation of HDAC inhibitors since they atre a rich
source of novel chemotypes and pharmacophores.
Animals, plants, and marine organisms are sources of
effective inhibitors of HDAC. TSA is a powerful
HDAC inhibitor that inhibits cell invasion and
metastasis, while also decreasing tumor angiogenesis
in vitro and 7n vivo. TSA on the other hand, has been
found to be toxic and induce some biological defects.
This has limited its clinical use and development®.
Therefore, discovering novel HDAC inhibitors is an
important issue.

In the present study, the extracts of pomegranate,
wormwood, black sesame, pineapple, mistletoe and
white cabbage presented high HDAC inhibitory
activities compared to synthetic inhibitors like TSA
and valproic acid. Thus, suggesting that these extracts
may have therapeutic potential against diseases
associated with cancet.

Because synthetic antioxidants have some toxic
effects, researchers have focused their studies on
plant-derived natural antioxidants®'. It has been
reported that wormwood contains flavonoids®>34,
thymol, carvacrol and other phenolic compounds?®.
These pharmacophores have rich antioxidant and
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free-radical scavenging activity®. To investigate the
antioxidant activity of chemicals and plant extracts,
the ability to scavenge stable free radical DPPH and
the cation ABTS, as well as ferric reducing
antioxidant power of the samples were investigated.

DPPH radical scavenging activity is one of the most
commonly used methods to test the ability of
compounds to act as free radical scavengers,
hydrogen donots and/or antioxidants?”. The extracts
of tree of heaven, oleander, wormwood, licorice root
and mistletoe exhibited high antioxidant effects
against the DPPH and ABTS radicals, and a strong
ferric reducing power compared to the synthetic
antioxidants analyzed. These outcomes suggest that
the extracts may have therapeutic potential against
diseases associated with oxidative stress. The
limitation of the study is that the inhibition and
antioxidant effects of the ethanolic plant extract on
the HDAC enzyme ate considered i vitro, and cancer
disease models are required for the 7 vivo effect.

In conclusion, the present results showed that the
tested plant extracts possessed potent antioxidant
activities. Likewise, the extracts inhibited the HDAC
enzyme. Thus, indicating that they may be effective
therapeutic agents for controlling cancer and bringing
about some preliminary proof for their
anticarcinogenic effects. The extracts in general
exhibited significant zz witro  HDAC inhibitory
activities as well as antioxidant activities. In the
future, we think that these plant extracts may be an
alternative for developing different therapeutic
approaches and new therapeutic targets against
cancet.
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