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Abstract
The present study investigates the antioxidant, anticancer, anticholinesterase, anti-genotoxic
activities and phenolic contents of flower, fruit and seed methanol extracts of Hypericum
retusum AUCHER. The amounts of protocatechuic acid, catechin, caffeic acid and syringic
acid in methanol extracts were determined by HPLC. Total phenolic content of H. retusum
seed extract was found more than fruit and flower extracts. The DPPH free radical scavenging
activity of flower and seed methanol extracts showed close activity versus BHT as control.
Among three extracts of H. retusum only flower methanol extract was exhibited considerable
cytotoxic activities against to HeLa and NRK-52E cell lines. Moreover, seed methanol extract
showed both acetyl and butyrl-cholinesterase inhibitory activity. The highest anti-genotoxic
effects were seen 25 and 50 μg/mL concentrations. In this study, the extracts showed a strong
antioxidant and anti-genotoxic effect. The seed extract was more efficient- than extracts of
fruit and flowers. Our results suggest that the antioxidant and anti-genotoxic effects of extracts
depend on their phenolic contents. Further studies should evaluate the in-vitro and in-vivo the
benefits of H. retusum seed methanol extracts.
Keywords: Hypericum retusum AUCHER; Antioxidant; Cytotoxic; Anticholinesterase;
Antigenotoxic.

Introduction
Free radicals can chemically relate with
cell elements (DNA, lipid or protein) and steal
their electrons so as to become resolute. Some
of them return to reactive oxidants in biological
system. Reactive oxygen species (ROS) have
the potential to cause serious damage to the cell.
They play a major role in the development of
* Corresponding author:
E-mail: ckeskinoo@gmail.com

many chronic and neurodegenerative disorders,
such as Parkinson’s and Alzheimer’s disease,
heart and blood vessel disorders, muscle
degeneration, gen mutation and cancer (1, 2).
Hydrogen peroxide (H2O2) is one of the main
ROS members that is known to provoke DNA
damage in different cell types (3). Furthermore,
caspase-3 is known as the most important
stimulant of apoptosis and necrosis which are
activated by H2O2 (4).
Cancer is a general term for a category of
diseases. Cancer cells grow abnormally and
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antidepressant (especially H. perforatum),
antioxidant, antimicrobial, anti-proliferative,
anticholinesterase and cytotoxic activity (16-20).
Investigations of in-vitro antioxidant,
cytotoxic, anticholinesterase, anti-genotoxic
effects, and individual phenolic compounds of
fruit, flower and seed methanol extractions of H.
retusum plant were aimed at this study.

they frequently invade healthy cells in the body
(5). Many external and internal reasons such as
mutations, tobacco, anthropogenic activities,
immune conditions, chemical substances,
radiation can trigger the cancer process (6).
Antioxidants defence systems may protect
against these diseases. Many clinical trials
proved that the daily consumption of nutritional
supplements, food additives, phytochemicals
and modified diets could prevent many cancer
types (7). The phytochemicals are chemical
compounds that are formed naturally by
plants. Inflammatory processes and oncogenic
transformation were found as biological targets
of phytochemicals in mammalian cells (8). It was
highlighted in recent epidemiological studies that
routine consumption of specific phytochemicals
in diet contributed to cancers (9).
Natural products especially those originated
from nature have been used for medical care of
many types of illnesses for thousands of years.
Medicinal plants have been used as medicines
in China, Mesopotamia, India and Egypt from
ancient times and a significant amount of
modern effective drugs have been improved
from medicinal plants (10). Natural products
derivate from medicinal plants still serve as a
rich source for the development of modern drugs
for the treatment of cancer and other disease (11,
12).
The genus Hypericum L. (St. John’s Wort,
Hypericaceae), which contains 469 species,
is involved in relatively dry temperate zones
through the world, only excluding Antarctica.
There are 96 Hypericum species in Turkey
flora of which 46 are endemic (13, 14). Some
Hypericum species are used as wound healing,
sedatives, stomach diseases (gastritis, ulcer),
icterus, haemorrhoids, cuts, burns and antipyretic
in febrile illness (15).
Many of bioactive secondary metabolites
have been identified from different extracts
of Hypericum species, including hypericin,
pseudohypericin, quercetin, rutin, isoquercitrin,
hyperoside,
amentoflavone,
hyperforin,
adhyperforin, mangiferin and kielcorin (13).
These compounds were isolated from different
parts of Hypericum species by using several
solvents. These
compounds
potentially
display many biochemical activities such as

Experimental
Instrumentation
Spectrophotometric measurements were
performed by using Shimadzu RF–1501 UVVIS (ultraviolet-visible spectrophotometer).
Anticancer (cytotoxic) activities of samples
were
spectrophotometrically
measured
by well known MTT assay (Microplate
spectrophotometer system (BioTek® Epoch
Microplate Spectrophotometer, Winooski-USA).
Fluorescent Inverted Microscope (Olympus),
Olympus CKX41 microscope, refrigerated
centrifuge (Hettich Universal 30 RF), CO2
incubator (5% CO2, 95% humidity and 37 ºC)
(Labotect) were used for Alkaline Comet Assay
method.
Collection of plant material
Plants were sampled from Mardin-Ömerli
road 4 Km (Zınnar valley) on flowering, fruiting
and seedings stage from April to July. Plants
materials were maintained at the Mardin Artuklu
University Herbarium (2014-3-4-5-MAU).
Plants were identified and authenticated by Dr.
Cumali Keskin.
Preparation of plant methanol extracts
The 100 g plant materials were dehydrated
in the shade (25 ± 2 °C) for 10 days. A total of
20 g of each material was grounded in a grinder
with a 2 mm diameter mesh and incubated with
200 mL (99%) methanol at room temperature
for 3 days. The obtained extracts were filtered
with Whatman No.1 filter paper and methanol
phase was removed on rotary evaporator under
vacuum. Nearly, 2 g of the crude methanol
extracts were obtained from each part of the
plant material. The extracts were kept in dark
and airtight glass bottles at -20 ºC until used for
experimental studies.
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Determination of total phenolic content
Folin-Ciocalteu method applied to methanol
extracts to determine their total phenolic
contents (21). Absorbance of tested solutions
was measured at 765 nm. Results were expressed
as gallic acid equivalents (GAE) µg GAE/g
extract of dry plant material) using the following
equation obtained from a linear curve that gallic
acid used a standard (y = 0.008X+0.004, R2 =
0.9980).

Butyrylcholinesterase inhibitory activity
The method described by Ellman, (23) was
applied for cholinesterase inhibitory activities.
H. retusum fruit flower and seed crude extracts
were dissolved in ethanol to give concentrations
of 4000 μg/mL. Aliquots of 150 mL of 100
mM sodium phosphate buffer (pH 8.0), 10 μL
of sample solution and 20 μL AChE (or BChE)
solution were mixed and incubated for 15 min at
25 ºC. Finally, 10 μL of DTNB (5,5-dithio-bis
(2-nitrobenzoic acid) and 10 μL acetylthiocholine
iodide (or butyryl thiocholine iodide) were
added. The last concentrations of the mixture
were 200 μg/mL. Inhibition percentages were
calculated by using the following equation while
galanthamine as a standard drug:

Chromatographic analyses
The methanol extracts of different parts of
H. retusum were analysed for their phenolic
compounds by HPLC (Agilent 1260 Infinity
HPLC-DAD with Chem Station revision B.04.01
software). Phenolic compounds were separated
with the Agillent ZORBAX reverse phase C18
column (250 x 4,6- 5 μM) thermostated at 35 °C.
Methanol and acetic acid–water (2:98 v/v) were
used for gradient elution. Flowers, fruits, and
seeds crude extracts (10 mg) were dissolved in
methanol (10 mL) before injection to HPLC (20
μL). The phenolic compounds were monitored
at 280 nm wavelength.

Inhibition,% =

DPPH Radical Scavenging Activity
The free radical scavenging activity was
quantitatively tested using 1,1-diphenyl-2picryl-hydrazil (DPPH) based on the well-known
procedure described in literature (20). The
absorbance was measured at 517 nm wavelength.
Following equation was applied to determine the
percentages of inhibitions (Dorman, 2004).
517

517

of

x100

MTT cytotoxicity assay
Among the enzyme-based assays, the MTT
assay is the best known method to determine
the mitochondrial dehydrogenase activities in
the living cells. Cytotoxicity assays together
with cell viability studies are used for drug
screening of chemicals. The method described
by Alley et al. (24) was applied for cytotoxic
activity of plant methanol extracts. In all applied
tests the absorbance was measured at 590 nm
wavelength. LC50 values were calculated by
using the following equation as the percentages
of solvent controls;

 A ofof control − A of
of sample 
 x100
Inhibition (% ) = 

A of control



Determination

Acontrol

Cell lines, culture treatments
ATCC CCL-2 HeLa (human cervix cancer)
and ATCC CRL-1571 NRK-52E lines (rat kidney
epithelium cell) cultured by recommended
protocols of manufacturers were applied to
plants methanol extracts to determine their
sensitivities by the MTT colorimetric assay. The
cells were seeded at 104 cells/100 µL into each
well of 96-well plates and incubated for 24 h at
37 °C and in 5% CO2. Next, the culture medium
was abolished and the extracts were added to the
wells in different concentrations.
The exposure concentrations were expressed
as µg/mL for the plant methanol extracts. Both
of cell lines were exposed to plant extracts
mentioned above.

Antioxidant Activity Assays (Reducing power
activity)
FRAP (ferric reducing antioxidant power)
assay (22) was used to determine the antioxidant
activities of plant methanol extract (10-500 mg
in 1 mL of ethanol). The absorbance of prepared
solutions was measured at 700 nm wavelength.
The BHT (butylatedhydroxytoluen) and the
BHA (butylatedhydroxyanisole) were used as
standard antioxidants.

517

Acontrol − Asample

Acetyl/
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 corrected mean Asample
Inhibition,% = 100 − 
 corrected mean Asolvent control


The human mononuclear leukocyte cells
were used without extract and H2O2 as negative
control. 0.7 mM H2O2 treated group without
extract administration was used as positive
control. The cells were incubated with different
concentrations of (10-100 μg/mL) H. retusum
methanol extracts.



 x100



Statistical method
All of the samples were subjected to methods
in triplicate (n = 3). The results were presented as
average ± SD, where SD was standard deviation.
Student’s t-test was applied to compare results.
A P-value of less than 0.05 was accepted as
significant.

Determination of DNA damage (Alkaline
Comet Assay):
The human mononuclear leukocyte DNA
damage (hydrogen peroxide induced) was
analysed by alkaline comet assay (25, 26). 80 μL
of 0.7% low melting point agarose in PBS was
mixed with 10 µL (around 20,000 cells) of cell
suspension treated with different concentrations
of H. retusum flower, fruit and seed methanol
extract at 37 °C.

Anti-genotoxic Activity
Separation and incubation of mononuclear
leukocytes:
20 mL heparinised blood sample was
taken from healthy, non-smoking 26-year-old
male volunteers. 5 mL Histopaque-1077 were
added into four sterile tubes. Successively,
5 mL heparinised blood were added slowly.
The tubes were centrifuged at 2100 rpm at 25
degrees for about 30 min. After centrifugation
of the lymphocytes, which accumulate in the
middle layer of the tube, they were taken into
empty tubes with the help of a 1 mL pipette. In
order to remove the Histopaque solution 5 mL
1 mol/L phosphate buffer saline (PBS) (pH 7.4)
were added to samples before centrifugation at
1600 rpm at 25 degrees for 10 min. The upper
layer was removed and the leukocyte pellet was
obtained.

Results and discussion

This study reports phenolic contents
and
cytotoxic,
in-vitro
antioxidant,
anticholinesterase and anti-genotoxic effects
of flower, fruit and seed methanol extracts of
H. retusum sampled in the different seasonal
stages. The effect of primary antioxidant and
some other biochemical activities from different
plant sources are originated from various types
of phenolic compounds. However, these effects
are not always associated with presence of
large amounts of certain phenolic compounds
(27). The total phenolic contents of flower,
fruit and seed methanol extracts of H. retusum
were determined as 130.75, 115.8 and 158.25,
respectively.
In this study the antioxidant activities of
different parts of H. retusum were determined
by the reducing power activity and DPPH assay.

Cell viability assay:
Trypan blue stain was used for the evaluation
of cell viability assay. The cells were trypsinized
and collected from the culture flask. Then, they
were mixed with an equal volume (1:1) of trypan
blue. They were incubated for 5 min, as well.
Stained and unstained cells were counted under
the light microscope.

The reducing power activity is related with
antioxidant activity. Existence of reducer

Preparation and incubation of the
mononuclear leukocyte suspension
Dulbecco’s modified Eagle’s medium
(DMEM) was used for the culture of human
mononuclear leukocyte cells. 10% fetal bovine
serum (FBS) and 5 μg/mL gentamicin were
added to DMEM. Then the prepared cell culture
flasks in 5% CO2 atmosphere at 37 °C was
dropped into 1, 2 and 3 h of incubation.

compounds in extract causes the conversion
of the Fe3+/ferricyanide complex to the ferrous
form (28).
So, the presence of reducing agents in H.

retusum extracts causes the reduction of
the Fe3+/ferricyanide complex to the ferrous
form. Fe3+ reduction is often used as an
indicator of electron providing activity. The
intensity of colour resulting from reducing of
213
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Table 1. Reducing power activities and (%)DPPH free radical scavenging activities of different parts of H. retusum methanolic extracts
and BHA, BHT as Control (n=3, mean±standard deviation)
Reducing power activity
Concentrations
(µg/mL)

H. retusum

DPPH (%)
Controls

H. retusum

Controls

Flower

Fruit

Seed

BHA

BHT

Flower

Fruit

Seed

BHA

BHT

10

0.27 ±
0.01

0.27 ±
0.01

0.22 ±
0.01

0.2 ±
0.01

0.2 ±
0.01

22.2 ± 0.5

28.97 ±
1.5

22.98 ±
1.3

72.04 ±
0.42

82.3 ±
0.3

20

0.26 ±
0.01

0.29 ±
0.01

0.29 ±
0.02

0.4 ±
0.02

0.3 ±
0.02

25.6 ± 0.6

30.80 ±
4.6

29.31 ±
1.6

79.03 ±
0.4

83.4 ±
0.1

50

0.27 ±
0.02

0.31 ±
0.01

0.32 ±
0.01

0.7 ±
0.03

0.5 ±
0.02

33.00 ±
0.7

34.43 ±
3.4

40.07 ±
1.5

80.41 ±
0.3

85.4 ±
0.3

100

0.34 ±
0.03

0.37 ±
0.3

0.42 ±
0.01

0.9 ±
0.05

0.6 ±
0.05

44.1 ± 1.5

51.17 ±
1.3

56.98 ±
0.8

81.15 ±
0.4

86.8 ±
0.3

250

0.44 ±
0.04

0.49 ±
0.03

0.60 ±
0.02

1.2 ±
0.14

0.9 ±
0.07

61.5 ± 1.0

74.67 ±
1.5

79.18 ±
0.1

84.75 ±
0.2

89.3 ±
04

500

0.60 ±
0.03

0.68 ±
0.02

0.82 ±
0.04

1.6 ±
0.20

1.1 ±
0.15

83.7 ± 1.6

77.71 ±
0.9

83.13 ±
0.4

85.2 ±
0.6

96.2 ±
0.8

ferric ions depends on the reducing potential
of the compounds present in the extracts.
The intensity of the colour reflects the
absorption, which is correlated to antioxidant
activity (29). The reducing power activities
of controls (BHA and BHT) and H. retusum
flower, fruit and seed methanol extracts are
demonstrated in detail Table 1. It is clear
to conclude that reducing power activities
reduced with the sequence of seed, fruit and
flower extract. The reducing power activities
of H. retusum methanol extracts were found
lower than the controls.

given in Table 2. The percentage tested cell
inhibition profiles were found to be concentration
dependent (Figure 2). The maximum
concentration used in present study was 50

μg/mL. Fruit and seed methanol extracts
of H. retusum showed not any remarkable
results. The LC50 values of flower were17.66
and 7.97 μg/mL versus HeLa and NRK52E cell line respectively. It was noted from
Table 2 that a gradual increase in percentage
inhibition was observed in all the cases.
Overall, it can be stated that H. retusum
may contain a range of phytochemical
constituents of anticancer compounds in
the methanolic extracts (30). Synergistic
effects of different bioactive compounds in
the extract may be responsible for cytotoxic
compounds (31). The anticancer activity of
the flower extract on studied cells is explicit
and the MTT assay suggests a mitochondrial
relation.
No activity for flower and fruit extracts
were observed but the seed methanol
extracts showed 25.50 ± 0.74 % inhibitor
activity against the AChE. However, all
extracts showed inhibitory activity against
to the BChE. Whereas the highest BChE
inhibitory activity was observed in seed

Inhibition (%) of DPPH free radical
scavenging activity of methanolic extracts and
controls were presented in Table 1. Decrease
in the concentration of DPPH radicals due
to the scavenging ability of the antioxidant
contents of the H. retusum extracts. Linear

increase in activities was observed with
increasing concentrations. While the fruit
methanol extracts showed a higher activity
at lower concentration, the flower methanol
extract showed more activity at higher
concentrations.
Percent cell inhibition of seven different
concentrations of H. retusum flower methanol
extracts on HeLa and NRK-52E cell lines were
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Table 2. Percent cell inhibition of H. retusum flower methanol extracts on HeLa and NRK-52E cell lines
Conc. (µg/mL)

% Cell inhibition

HeLa

NRK-52E

0.781

-

4.61

1.562

25.45

17.75

3.125

28.98

24.77

6.25

30.34

42.36

12.5

46.02

59.75

25

57.61

74.25

50

78.40

90.80

methanol extract, the lowest activity was
observed in fruit methanol extract. The
seed methanol extract showed the moderate
inhibition against butyrylcholinesterase
(60.76 ± 0.31%) as compared with
galanthamine (81.83 ± 0.26%), at 200
mg/mL concentration. The dissimilarity
behaviour of H. retusum methanol extracts
against AChE and BChE inhibition could be
attributed to their individual bioactivities.
HPLC was used for the determination of
protocatechuic acid (PCA), catechin, caffeic

phenolic compounds and their retention time
chromatogram was given in Figure 3. The
concentrations of selected compounds were
varied in flower, fruit and seed methanol
extracts of H. retusum. The protocatechuic
acid levels of extracts were found as 17.93,
8.80 and 7.08 mg/Kg respectively. PCA has

extracts of H. retusum. Standard mixture of

only detected in seed methanol extract as

structural resemblance with other antioxidant
compounds like as, gallic acid, caffeic acid,
vanillic acid, and syringic acid. PCA has been
found convenient for treatment and/or prophylaxis
for a large number of various disorders associated
with oxidative stress damage in multiple body
systems in-vitro and in-vivo (32). Catechin was

acid and syringic acid, p-qumaric acid and
o-qumaric acid concentrations in fractional

Table 3. Effect of H. retusum methanol extracts on the antigenotoxicity induced by H2O2 in human mononuclear leukocyte by using
comet assay.
Hypericum retusum methanol extracts Arbitrary Unit (AU)
Applied Concentration

Flower

Fruit

Seed

10 µg/mL Extract
+0.7 mM H2O2

243.18 ± 21.10

257.61 ± 7.50

161.62 ± 6.10

25 µg/mL Extract
+0.7 mM H2O2

132.99 ± 8.32

177.75 ± 12.07

228.97 ± 15.70

50 µg/mL Extract
+0.7 mM H2O2

168.22 ± 9.44

160.77 ± 5.52

105.76 ± 2.40

100 µg/mL Extract
+0.7 mM H2O2

276.77 ± 22.04

264.80 ± 14.67

213.53 ± 1.85

47.78 ± 3.80

20.44 ± 1.39

18.17 ± 1.04

319.89 ± 22.83

320.88 ± 2.59

313.15 ± 3.42

Control
Positive control
0.7 mM H2O2
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Figure
1a: damage
DNA damage
visual classification,
the relative
proportion
of DNA
in the
tail4),(cells
Figure
1a. DNA
visual classification,
according to according
the relative to
proportion
of DNA
in the tail (cells
between
0 and
provided
from
single-cell
gel electrophoresis.
“0” is single-cell
undamaged gel
cell, electrophoresis.
and “4” is the most
damaged cell.
Control
positive
between
0 and
4), provided from
“0”heavily
is undamaged
cell,(a)and
“4” cells,
is the(b)most
control
cells;damaged
treated only
with
mM H2O
, (c) (b)
50 μg/ml
HPEcontrol
+ 0.7 mM
H 2O
, H2O2,only
HRE:with
Hypericum
extract
; H2O2:
2
2
heavily
cell.
(a)0.7Control
cells,
positive
cells;
treated
0.7 mMretusum
H2O2,seed
(c) 50
μg/ml
Hydrogen peroxide.
HPE + 0.7 mM H2O2, H2O2, HRE: Hypericum retusum seed extract ; H2O2: Hydrogen peroxide.

Figure
1b: DNA
visual classification,
to proportion
the relativeofproportion
the tail0 (cells
Figure
1b. DNA
damagedamage
visual classification,
according according
to the relative
DNA in the of
tailDNA
(cells in
between
and 4), provided
from
single-cell
gel 4),
electrophoresis.
“0” single-cell
is undamaged
and “4” is the“0”
mostis heavily
damaged
Control
between
0 and
provided from
gelcell,
electrophoresis.
undamaged
cell,cell.
and(a)“4”
is the cells,
most(b) positive
control
cells;damaged
treated only
with
mM Hcells,
O , (c)(b)
50positive
μg/ml HRE
+ 0.7 cells;
mM Htreated
O , H2Oonly
, HRE:
retusum
fruit extract ; H2O2:
heavily
cell.
(a)0.7
Control
control
withHypericum
0.7 mM H
2 2
2 2
2
2O2, (c) 50 μg/ml
Hydrogen peroxide.
HRE + 0.7 mM H2O2, H2O2, HRE: Hypericum retusum fruit extract ; H2O2: Hydrogen peroxide.

34.40 mg/Kg. Also, syringic acid was only
detected in fruit methanol extract as 0.63
mg/Kg. Caffeic acid, p-qumaric acid and
o-coumaric acid were not detectable levels
in extract samples. Catechin is a flavan-3-ol, a

diabetic cataract pathogenesis by inhibiting
aldehyde reductase activity (39). Syringic acid
showed beneficial effects in diabetic rats (40). In
addition, syringic acid have promising potential
for the prevention and control of human
malignant melanoma (41).

type of natural plant secondary metabolite. The
consumption of catechins induces antioxidant,
antiviral and anticancer activities. Catechins can
reduce blood pressure, regulated plasma sugar
level and stimulate hepatic lipid metabolism to
contribute to the prevention of various lifestylerelated diseases, especially obesity (33-37).
Moreover, catechin has a strong free radical

In this study, cell culture media contain
human mononuclear leukocyte cells, the most
powerful preventive effects of the methanol
extracts of H. retusum flowers, fruits and
seeds against H2O2 induce DNA damage with
a single cell alkaline gel electrophoresis. In
the prepared cell culture flask 1, 2 and 3 h
mononuclear leukocyte DNA damage levels
were analysed with Comet Assay method.

scavenger activity (38). Therefore, the
catechin concentrations of H. retusum seed
methanol extracts authenticated the DPPH
free radical of its scavenging activities.
Syringic acid is a phenolic compound and it
acts pharmacologically as an antioxidant to
clear free radicals. Syringic acid can prevent

The density of the fluorescence in the comet
tail was scored as 0 (undamaged), 1, 2, 3, or 4
(maximal damage); as a result, the total score of
each slide varied between 0 and 400 arbitrary
units (AU). Photomicrographs of representative
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a

b

The human breast cancer cell line (MCF 7)
The mouse breast cancer cell line (4T1)
c
The human colon carcinoma (HCT-8)
d
MDA-MB-435 (melanome) tumor cell lines
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H. retusum

NA (Not active)

17.66
NA
NA

83.7
77.71
83.13

0.60
0.68
0.82

Flower,
fruit, seed
(Methanol
)extracts

μg 130.75±1.4
μg 115.8±0.9
μg GAE/ 158.25±1.5
mg extract

31.2c

Fruits
Hexane(
)extract

Casearia
sylvestris var.
Lingua

63.37

μg 2.43 ± 94.94
GAE/mg extract

NA
4.12
11.67

37b
(150mg/
)ml

Seaweeds
Aqueous(
)extract

0.62
0.66
0.63

2.09

113.05a

Gracilaria
tenustipitata

89.07
83.17
84.13

55.4

0.84

IC50 (µg/
mL)
in HeLa
cells

H. amblysepalum

mg 4.5 ± 35.35
GAL/g

Aerial parts
Ethanol(
)extracts

.H. perforatum L

90.24

Reducing
power
activities

μg 1.4±115.8
μg 154.5 0.9±135.8
± 0.8 μg
GAE/mg extract

mg/g of dry mass 280

Leaves
Methanol(
)extracts

H. hookerianum

89.80

Inhibition
(%) of
DPPH

Flower,
fruit, seed
(Methanol
)extracts

mg g-1 355.01±0.4
extract

Aerial parts
Ethyl acetate(
)extract

.H. perforatum L

Plant Sample

Total phenolic
contents

Fraction/
Extract

7.97
NA
NA

18.2d

NA
4.39
2.86

IC50 (µg/
)mL
in NRK52E cells

NA
NA
25.50

NA
NA
20.39

49.54

Inhibition
%,
AChE
(μg/mL)

14.21
50.62
60.76

53.67
38.63
76.89

50.79

Inhibition
,%
BChE
)μg/mL(

13.99
160.77
105.76
Arbitrary Unit
(AU)

17.1 ± 53.6
Treatment dose 1(
)mg/ml
)Plasmid DNA(

Antigenotoxicity
induced by
H2O2 in human
mononuclear
leukocyte

This
study

5

45

20

44

43

42
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Table 4. Comprehensive biological evaluation in view of antioxidant, cytotoxic, anticholinesterase and antigenotoxic activities.
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100

80
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0
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Effect of flower extracts on HeLa
cell line
100
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concentration of plant extract (mg/mL)

y = 20,947ln(x) + 6,5134
R² = 0,9903
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concentration of plant extract (mg/mL)

Figure 2. Effect of H. retusum flower methanol extract on HeLa and NRK-52E cell line.

Figure 2. Effect of H. retusum flower methanol extract on HeLa and NRK-52E cell line

samples were depicted in ure 1a, b. The highest

at 50 μg/mL concentrations for fruits (160 AU)
and seeds extracts (105 AU). However, antigenotoxic effect has been decreased at the above
and below of this concentrations. Biological

anti-genotoxic effects were seen between
10 and 100 µg/mL concentrations. At the
concentrations below and above these levels
anti-genotoxic effects were decreased.
Anti-genotoxic effects of all applied
concentrations of H. retusum flower, fruit
and seed methanol extracts and positive and
negative controls were given as Arbitrary
Unit (AU) in Table 3.
While the highest anti-genotoxic effects
were observed at 25 µg/mL concentrations
for H. retusum flower extract (132 AU), the

activity parameters were compared with
literature and were presented in Table 4.
Conclusion

It is possible to conclude that H. retusum
flower, fruit and seed methanol extracts
presented comparable activity in view of
total phenolic, antioxidant, cytotoxic (against
HeLa and NRK-52E cells), cholinesterase

highest anti-genotoxic effects were determined

Figure
A representative
chromatogram
of stadard
of phenolic
compounds.
1: Protocatechuic
P (t :6.290), 2:(tRCatechin
:
Figure
3. A3.representative
chromatogram
of stadard
mixturemixture
of phenolic
compounds.
1: Protocatechuic
(tR:
R
6.823),
3: Cafeic
acid (t tR(t: R9.520),
4: Syringic
(tR:acid
10.107),
5: p-coumaric
acid(tR:14.220),
6: o-coumaric
acid (tRacid
: 20.037).
6.290),
2: Catechin
: 6.823),
3: Cafeic
(tR: 9.520),
4: Syringic
(tR: 10.107),
5: p-coumaric
coumaric
(tR:
14.220), 6: o-coumaric acid (tR: 20.037).

218

In vitro Antioxidant Effects of Hypericum retusum Aucher Flowers, Fruits and Seeds

damage. Mutat. Res. (1999) 424: 9-21.
(3) Sun-Yee K, Ryung-Hyo K, Tae-Lin H and Jeen-Woo P.
a-Phenyl-Nt-butylnitrone protects oxidative damage to
HepG2 cells. J. Biochem. Mol. Biol. (2000) 34: 43-6.
(4) Piperakis M, Karanastasi G, Lakovidou-Kritsi Z and
Piperakis M. The use of comet assay in measuring
DNA damage and repair efficiency in child, adult, and
old age populations. Cell Biol. Toxicol. (2009) 25: 6571.
(5) de Mesquita ML, de Paula JE, Pessoa C, de Moraes
MO, Costa-Lotufo LV, Grougnet R, Michel S,
Tillequin F and Espindola LS. Cytotoxic activity of
Brazilian Cerrado plants used in traditional medicine
against cancer cell lines. J. Ethnopharmacol. (2009)
123: 439-45.
(6) American Cancer Society. Cancer Facts & Figures
2014. Atlanta: American Cancer Society (2014).
(7) Weng CJL and Yen GC. Chemopreventive effects of
dietary phytochemicals against cancer invasion and
metastasis: phenolic acids, monophenol, polyphenol,
and their derivatives. Cancer Treat Rev. (2012) 38: 7687.
(8) Surh YJ. Cancer chemoprevention with dietary
phytochemicals. Nat. Rev. Cancer (2003) 3: 768–780.
(9) Russ, M, Spagnuolo M, Tedesco I and Russo GL.
Phytochemicals in cancer prevention and therapy:
Truth or dare? Toxins. (2010) 2: 517–51.
(10) Samuelsson G. Drugs of Natural origin: a text book
of pharmacognosy. 4th ed., Stockholm, Swedish
P’ceutical Press, (1999).
(11) Park SU. Anticancer compouds from plants. EXCLI J.
(2012) 11: 386-9.
(12) Rates SMK. Plants as source of drugs. Toxicon. (2001)
39: 603–13.
(13) Sara LC and Norman KBR. Taxonomy and
chemotaxonomy of the genus Hypericum. Med.
Aromat. Plant. Sci. Biotechnol. (2012) 5: 1–13.
(14) Güner A, Aslan S, Ekim T, Vural M and Babaç MT.
(eds.), (2012). A Checklist of the Flora of Turkey
(Vascular Plants). Nezahat Gökyiğit Botanik Bahçesi
ve Flora Araştırmaları Derneği Yayını. İstanbul.
(15) Saya Ö, Ertekin, A.S, Özen, H.Ç, Hoşgören, H, Toker,
Z and Aksal, M. “GAP Yöresindeki Endemik ve Tıbbî
Bitkiler”, Türkiye Çevre Vakfı, 143, ISBN No: 9757250-55-4, Ankara, 2001.
(16) Çirak C, Radusiene J, Ivanauskas L, Jakstas V
and Çamaş N. Population variability of main
secondary metabolites in Hypericum lydium Boiss.
(Hypericaceae). Iran. J. Pharm. Res. (2015) 14: 96978.
(17) Mumtaz AW, Mohammad A, Habib A, Khair Z,
Farhatullah K and Ryszard A. Comparative antioxidant
and antimicrobial activities of phenolic compounds
extracted from five Hypericum species. Food Technol.
Biotechnol. (2011) 49: 205-13.
AL, Delaey
EM, Vantieghem
(18) Vandenbogaerde
AM, Himpens BE, Merlevede WJ and de Witte PA.
Cytotoxicity and antiproliferative effect of hypericin
and derivatives after photosensitization. Photochem.
Photobiol. (1998) 67: 119-25.

inhibition (AChE and BChE) and antigenotoxic activity.
The present results show that the

Hypericum retusum seed can be a rich source
of natural antioxidants and may protect cells
from some degenerative diseases and becoming
cancer. The cytotoxic activity was achived

from MTT assay test results, which were
an indicator of the possible applicability
of the extracts in further in-vitro and invivo studies. Furthermore, the researches
should investigate the isolation, structure
elucidation and identification of the
bioactive compounds and the mechanism
of actions of these extracts. By considering
the cholinesterase inhibitory activities of
extracts, it could be concluded that using these
extracts as alternative medicine contributes
to the management of central nervous system
disorders such as Alzheimer’s disease or
multiple sclerosis. The HPLC analysis
in view of protocatechuic acid, catechin
and syringic acid confirmed the biological
activities of extracts.
The present results suggest that H. retusum
flower, fruit and seed extracts have a strong antigenotoxic effect and this effect is more powerful
in the seed extract than in the fruit and flower. It
has been thought that the anti-genotoxic effect
of extracts depends on their phenolic contents.
Further studies should evaluate the in-vitro and
in-vivo benefits of H. retusum seed methanol
extracts.
Acknowledgements
The present study was supported by Mardin
Artuklu University. Grant number: MAÜ-BAP12-SYO-04. The authors also are grateful for Dr.
Ersin Kılınç for kind advice and help throughout
this work.
References
(1) Dong-Hyun L, Timothy R and Gred P. Oxidative DNA
damage induced by copper and hydrogen peroxide
promotes CG_TT tandem mutations at methylated
CpGdinucleotides in nucleotide excision repairdeficient cells. Nucleic Acids Res. (2002) 30: 3566-73.
(2) Cadet JD, Douki T, Gasparutto T, Pouget D, Ravanat
JP and Sauvaigo JL. Hydroxyl radicals and DNA base

219

Keskin C et al. / IJPR (2017), 16 (1): 210-220

butyl hydroperoxide. Biol. Pharm. Bull. (1994) 17: 146
–9.
(34) Nakayama M, Suzuki K, Toda M, Okubo S, Hara Y
and Shimamura T. Inhibition of the infectivity of
influenza virus by tea polyphenols. Antivir. Res. (1993)
21: 289-99.
(35) Katiyar SK and Mukhtar H. Tea in chemoprevention of
cancer: epidemiologic and experimental studies. Int. J.
Oncol. (1996) 8: 221-38.
(36) Matsumoto N, Ishigaki F, Ishigaki A, Iwashin H and
Hara Y. Reduction of blood glucose levels by tea
catechin. Biosci. Biotech. Biochem. (1993) 57: 525–
527.
(37) Nagao T, Komine Y, Soga S, Meguro S, Hase T, Tanaka
Y and Tokimitsu I. Ingestion of a tea rich in catechins
leads to a reduction in body fat and malondialdehydemodified LDL in men. Am. J. Clin. Nutr. (2005) 81:
122–9.
(38) Padam P, Acharya G and Genwali R. Isolation of
catechin from acacia catechu willdenow estimation of
total flavonoid content in camellia sinensis kuntze and
camellia sinensis kuntze var. assamica collected from
different geographical region and their antioxidant
activities. Sci. World. (2013) 11: 32-6.
(39) Wei X, Chen D, Yi Y, Qi H, Gao X, Fang H, Gu Q,
Wang L and Gu L. Syringic acid extracted from Herba
dendrobii prevents diabetic cataract pathogenesis
by inhibiting aldose reductase activity. Evid. Based
Complement. Alternat. Med. (2012) 2012: 426537.
(40) Muthukumaran J, Srinivasan S, Venkatesan RS,
Ramachandran V and Muruganathan U. Syringic acid, a
novel natural phenolic acid, normalizes hyperglycemia
(41) with special reference to glycoprotein components in
experimental diabetic rats. J. Acu. Dis. (2013) 304-9.
Orabi KY, Abaza MS, El-Sayed KA, Elnagar AY, AlAttiyah R and Guleri RP. Selective growth inhibition
of human malignant melanoma cells by syringic acidderived proteasome inhibitors. Cancer Cell. Int. (2013)
13: 82–97.
(42) Altun LM, Yılmaz SB, Orhan EI and Citoglu SG.
Assesment of cholinesterease and tyrosinase inhibitory
and antioxidant effects of Hypericum perforatum L.
(St. Johns’swort). Ind. Crop. Prod. (2013) 43: 87-92.
(43) Ravinsankar N, Sivaraj C, Seeni S, Joseph J and
Raaman N. Antioxidant activities and phytochemical
analysis of methanol extract of leaves of Hypericum
hookerianum. J. Pharm. Sci. Pharmacol. (2014) 6:
456-60.
(44) Eghdami A, Piri H, Sabet-Sirati M and Ilghari D.
Investigation of proliferative properties and antioxidant
activity of aerial parts ethanolic extract of Hypericum
perforatum L. by breast cancer 4T1 cell lines. Int. J.
Biosci. (2013) 3: 265-72.
(45) Yang JL, Yeh CC, Lee JC, Yi SC, Huang HW, Tseng
CN and Chang H.W. Aqueous extracts of the
edible Gracilaria tenuistipitata are protective against
H2O2-induced DNA damage, growth inhibition, and
cell cycle arrest. Molecules (2012) 17: 7241-54.

(19) Conforti F, Loizzo MR, Statti AG and Menichini F.
Cytotoxic activity of antioxidant constituents from
Hypericum triquetrifolium Turra. Nat. Prod. Res.
(2007) 21: 42-6.
(20) Keskin C. Antioxidant, anticancer, anticholinesterase
activities of flower, fruit and seed extracts of Hypericum
amblysepalum HOCHST. Asian Pac. J. Cancer Prev.
(2015) 16: 2763-9.
(21) Slinkard K and Singleton VL. Total phenol analyses:
automation and comparison with manual methods. Am.
J. Enol. Viticult. (1977) 28: 49-55.
(22) Oyaizu M. Studies on products of browning reactions:
Antioxidative activities of products of browning
reaction prepared from glucosamine. Jpn. J. Nutr.
(1986) 44: 307-15.
(23) Ellman GL, Courtney KD and Andres V. A new and rapid
colorimetric determination of acetylcholinesterase
activity. Biochem. Pharmacol. (1961) 7: 88-95.
(24) Alley MC, Scudiero DA and Monks A. Feasibility of
drug screening with panels of human tumor cell lines
using a microculture tetrazolium assay. Cancer Res.
(1988) 48: 589-601.
(25) Singh, NP, McCoy MT, Tice RR and Schneider EL.
A simple technique for quantification of low levels of
DNA damage in individual cells. Exp. Cell Res. (1988)
175: 184-91.
(26) Cortés-Gutiérrez EI, Dávila-Rodríguez MI, Fernández
JL, López-Fernández C, Gosálbez A and Gosálvez J.
New application of the comet assay: chromosome-comet assay. J. Histochem. Cytochem. (2011) 59: 65560.
(27) Božin B, Kladar N, Grujić N, Anačkov G, Samojlik I,
Gavarić N and Čonić BS. Impact of origin and biological
source on chemical composition, anticholinesterase
and antioxidant properties of some St. John’s Wort
species (Hypericum spp., Hypericaceae) from the
Central Balkans. Molecules (2013) 18: 11733-50.
(28) Jayanthi P and Lalitha P. Reducing power of the solvent
extracts of Eichhornia crassipes (mart.) Solms. Int. J.
Pharm. Pharm. Sci. (2011) 3: 126-8.
(29) Zou Y, Lu Y and Wei D. Antioxidant activity of a
flavonoid rich extract of Hypericum perforatum L invitro. J. Agr. Food Chem. (2004) 52: 5032-9.
(30) Dongre SH, Badami S and Godavarthi A. Antitumor
activity of Hypericum hookerianum against DLA
induced tumour in mice and its possible mechanism of
action. Phytother. Res. (2008) 22: 23-9.
(31) Arullappan S, Rajamanickam P, Thevar N and
Kodimani CC. In-vitro screening of cytotoxic,
antimicrobial and antioxidant activities of Clinacanthus
nutans (acanthaceae) leaf extracts. Trop. J. Pharm.
Res. (2014) 13: 1455-61.
(32) Kakkar S, Bais S. “A Review on protocatechuic
acid and its pharmacological potential,” ISRN
Pharm. vol. 2014, Article ID 952943, 9 pages, 2014.
doi:10.1155/2014/952943.
(33) Yoshino K, Hara Y, Sano M and Tomita I. Antioxidative
effects of black tea theaflavins and thearubigin on lipid
peroxidation of rat liver homogenates induced by tert-

This article is available online at http://www.ijpr.ir

220

