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1. Introduction

In recent years, people have been interested in obtaining
active compounds from natural sources. Wood extracts have
served as an important source of bioactive compounds.
Specially, naturally durable wood species juniper and olive,
could be a rich source of bioactive compounds. Juniperus
foetidissima Willd. belongs to Juniperus genus which is
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DNA Protection, Antioxidant, Antibacterial and Enzyme Inhibition
Activities of Heartwood and Sapwood Extracts from Juniper and
Olive Woods

Osman Emre OZKAN?, Gokhan ZENGIN®, Mehmet AKCA?, Mehmet Cengiz BALOGLU, Cagri
OLGUNS?, Ergin Murat ALTUNER®, Saim ATES?, Abdurrahman AKTUMSEK?®, and Hasan VURDU?

In this study, DNA protective, antioxidant, antibacterial and enzyme inhibiting properties of methanol extracts obtainea
from juniper and olive heartwood and sapwood were determined. These extracts were tested by five antioxidant metho
(DPPH scavenging, FRAP, CUPRAC, metal chelating and phosphomolybdenum). Generally, heartwood extracts of both
species are more efficient for DPPH radical scavenging activity, cupric ion reducing activity, ferric reducing antioxide...
power and metal chelating activity than sapwood extracts. When compared to heartwood extracts, sapwood extracts have
larger inhibition zone in disk diffusion test. In addition, all extracts showed high antibacterial activity against
Staphylococcus aureus. DNA protection of both extracts had a capacity to inhibit the DNA damage arisen from Fenton’s
reagent. The highest DNA protective activity was observed in juniper sapwood extract with 84%. Furthermore, othe.
extracts also indicated more than 60% of DNA protective activity. Olive wood extracts displayed the strongest enzyme
inhibition activities against acetylcholinesterase (AChE) and butyrylcholinesterase (BChE). Although juniper heartwood
extracts showed highest anti-amylase, anti-glucosidase and anti-tyrosinase effects, they had no ability for inhibition BChE
The methanol extracts of olive samples demonstrated the most antioxidant activity (DPPH, CUPRAC and FRAP). In addition,
juniper samples showed the highest anti-amylase, anti-tyrosinase, metal chelating and DNA protective activity. According
to these results, the extracts of juniper and olive wood can be considered as a source of natural bio active agents for
dietary, pharmacological and medicinal applications. This research will also serve as a base for future studies about
biological activities of wood extracts.

pharmacological properties. Juniper berries and leaves are
mainly used for diuretic, antiseptic, carminative, stomachic,
antirheumatic, antifungal and disinfectant properties in folk
medicines.3 Karaman et al.? reported that methanol extracts of
J. oxycedrus L. have antibacterial and anticandical properties.
Juniperus species are also used for cosmetic> and food
industries.® Oil of cade, known as “juniper tar” produced from
J. oxycedrus, has been widely utilized for dermatology to heal
eczema and other skin diseases. In addition, this oil has been

composed of 67 species and 34 varieties. They are evergreen
bushes or trees and mostly widespread in the Northern
Hemisphere.l In Turkey, 10 taxa of Juniperus have been
distributed from Mediterranean coastal to Taurus Mountains
and also central and northern parts of Anatolia.2 Juniperus
species are well-known in the traditional medicine of ancient
civilizations of Europe and Asia due to their numerous
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added into some cosmetic products such as detergents, soaps,
creams and lotions.”

The olive tree (Olea europaea var. sylvestris Mill.) is one of
the most valuable trees in the Mediterranean region. Waste
wood from cutting and pruning of olive tree has importance as
a bio product. The chemical composition and antioxidant
activity of olive wood have been studied in which oleuropei-
was identified from olive leaves and fruits.8 The antioxidant,
antimicrobial, antiviral, and antitumor activities of oleuropein
has been reported in different studies.®>12 In addition to le'.
and fruit extracts, virgin olive oil has also found a protecti\ »
effect against nuclear DNA damage in Hela cells.13

Drug resistance in microorganisms has developed due »
misuse of antimicrobial drugs. This situation motivated
scientists for searching new antimicrobial substances fro n
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various natural sources, like medicinal plants, which are the
good sources of novel antimicrobial agents.* Reactive oxygen
species (ROS) and reactive nitrogen species (RNS)
produced in living cells by different cases.14 Exogenous sources
of free radicals include tobacco smoke, ionizing radiation,
certain pollutants, organic solvents, and pesticides.’> ROS and
RNS may cause DNA damage that could lead to mutation. All
aerobic organisms, including human beings, have antioxidant
defense systems that protect against oxidative damage.
However, these natural antioxidant mechanisms can be
insufficient, and so extra intakes of antioxidant compounds has
become important. Also, synthetic antioxidants for food
preserving purposes have some side effects.l®6 Therefore,
researches in the determination of natural sources of
antioxidants and the antioxidant from plants are important.?
Phenolic compounds display good antioxidant activity in
vitro and play a significant role in the protection of vegetable
and plants against UV radiation, pathogens, and predators.18
Phenolic compounds are crucial plant constituents because of
their ability to scavenge radicals and active oxygen species
such as singlet oxygen, free radicals, and hydroxyl radicals.19 20
Bio-products have served as a big source of medicines since
antique times and an important for natural drugs. In recent

are

years, more interest in obtaining biologically active
compounds from natural sources has been searched.
Therefore, broad fields of bioactivity assays and other

methods have been developed.8 21

Since the high performance liquid chromatography/diode
array detector (HPLC/DAD) identification of phenolic
components and the determination of their concentrations
have already been assessed from the same extracts.22 The
chemical composition was also given to compare in this article
in order.

In this study, juniper and olive woods were preferred due
to naturally durable species and the common usage areas. This
study is referred to first study about DNA protective,
antimicrobial and enzyme inhibitor activities. This study makes
a significant contribution to research on biological activities of
these valuable trees. In addition, this research serves as a basis
for future studies and provides information for understanding
biological functions of wood extracts of olive (O. europaea)
and juniper (J. foetidissima) woods.

2. Materials and methods

2.1 Preparation of Wood Samples

Olive (O. europaea var. sylvestris Mill.) and juniper (J.
foetidissima Willd.) wood samples were obtained from the
Balikesir province of Turkey in June of 2012, according to the
TAPPI standard.??> Trees of each species were randomly
selected at different locations. Wood samples were prepared
from freshly cutted wood. Samples were left under sterile and
23+ 2 °C, 30 £ 10% low humidity conditions for 3 months. The
conditioned and dried wood samples were chopped into small
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parts with a special knife and powdered with a hammer mill
for sapwood and heartwood. The wood powder (particle siz-
between 0.05 and 0.4 mm) was stored in closed glass jars at
room temperature.

2.2 Extraction

The extraction was carried out using Soxhlet extractors in
accordance with TAPPI standard.2* Wood samples (10 g) were
extracted with methanol (150 mL) for 6 h. Then, the methanol
solvent was evaporated and dried extract samples were kept
at -18 °C until further experiments. Methanol has good polarity
and high extraction yield. Hence this solvent is used favorably
to extract polar components including phenolic compounds
and flavonoids.25> This case was summarized in Table 1. Thus,
methanol was selected as an only solvent in this stuc
Similarly, methanol was used by many researchers as an onlv
solvent for extraction of wood or wood products.26-29
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Solvents Dielectric Polarity pKa Yield References
Constant (%)
18.6  Sliumpaite et al.3°
7.32-
31
11.27 Tumen et al.
13.4 Mori-Yasumoto
etals?
E
32.6 5.2 16  1.97-
% 19.88 Bremaud et al.33
=
1.63- K tal?
1750 Kawamuraetal
34.18 Onivogui et al.35
20.88 Brusotti et al.36
— iOZ;}A} Tumen et al.3!
£ 22.4 51 16
£
] 14.46 Rajesh et al.37
@ 5.6 Sliumpaite et al.3°
g 20.7 51 193
3 8.8 Mori-Yasumoto
< et al.32
[
> " 6.02 4.4 25 1.72  Brusotti et al.3¢
=
- U
moo
«
4.81 4.1 15.5 1.33 Rajeshetal?.

Chloroform

Tab 1. Chemical properties and extraction yields of severa.
solvents previously reported in some studies.
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2.3 Microorganism strains

Gram  positive (Listeriac monocytogenes ATCC 7644,
Enterococcus faecium, Staphylococcus aureus ATCC 25923,
Enterococcus durans) and gram negative (Enterobacter
aerogenes ATCC 13048, Salmonella kentucky, Salmonella
typhimurim SL 1344, Escherichia coli) bacteria were selected to
test the antibacterial activity of wood extracts. Candida
albicans ATCC 26555 was used to test the antifungal activity of
wood extracts. Standard strains were provided from
Department of Biology in Kastamonu University. Other strains
were isolated from food and identified at Department of
Biology in Ankara University.

2.4 Antioxidant Capacity Assays

2.4.1 DPPH radical scavenging activity

The effect of the samples on 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radical was estimated according to Sarikurkcu.3®
Sample solution (1 mL) was added to a 4 mL of a 0.004%
methanol solution of DPPH. The sample absorbance was read
at 517 nm after 30 min incubation at room temperature in
dark. DPPH radical scavenging activity was expressed as
millimoles of trolox equivalents (mg TE/g extract).

2.5 Reducing power

2.5.1 CUPRAC assay

The cupric ion reducing activity (CUPRAC) was determined
according to the method of Zengin et al.3® Sample solution
(0.5 mL) was added to premixed reaction mixture containing
CuClI2 (1 mL, 10 mM), neocuproine (1 mL, 7.5 mM) and NH4ACc
buffer (1 mL, 1 M, pH 7.0). Similarly, a blank was prepared by
adding sample solution (0.5 mL) to premixed reaction mixture
(3 mL) without CuCl,. Then, the sample and blank absorbances
were read at 450 nm after 30 min incubation at room
temperature. The absorbance of the blank was subtracted
from that of the sample. CUPRAC activity was expressed as
milligrams of trolox equivalents (mg TE/g extract).

2.5.2 FRAP assay

The FRAP (ferric reducing antioxidant power) assay was carried
out as described by Aktumsek et al.?9 with slight modification.
Sample solution (0.1 mL) was added to premixed FRAP reagent
(2 mL) containing acetate buffer (0.3 M, pH 3.6), 2,4,6-tris(2-
pyridyl)-S-triazine (TPTZ) (10 mM) in 40 mM HCI and ferric
chloride (20 mM) in a ratio of 10:1:1 (v/v/v). Then, the sample
absorbance was read at 593 nm after 30 min incubation at
room temperature. FRAP activity was expressed as milligrams
of trolox equivalents (mg TE/g extract).

2.6 Phosphomolybdenum method

The total antioxidant activity of the samples was evaluated by
phosphomolybdenum method according to Berk et al.#l with

This journal is © The Royal Society of Chemistry 20xx
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slight modification. Sample solution (0.3 mL) was combined
with 3 mL of reagent solution (0.6 M sulfuric acid, 28 mi"
sodium phosphate and 4 mM ammonium molybdate). The
sample absorbance was read at 695 nm after 90 min
incubation at 95 °C. The total antioxidant capacity w's
expressed as millimoles of trolox equivalents (mmol TE/g
extract).

2.7 Metal chelating activity on ferrous ions

The metal chelating activity on ferrous ions was determined by,
the method described by Aktumsek et al.*® Briefly, sample
solution (2 mL) was added to FeCl; solution (0.05 mL, 2 mM).
The reaction was initiated by the addition of 5 mM ferrozine
(0.2 mL). Similarly, a blank was prepared by adding sample
solution (2 mL) to FeCl; solution (0.05 mL, 2 mM) and wat
(0.2 mL) without ferrozine. Then, the sample and blank
absorbances were read at 562 nm after 10 min incubation a.
room temperature. The absorbance of the blank was
subtracted from that of the sample. The metal chelating
activity was expressed as milligrams of EDTA (disodium
edetate) equivalents (mg EDTAE/g extract).

2.8 Antibacterial activity

Antibacterial activity was carried out by disk-diffusion method
based on Andrews.#2 The nutrient media was poured into 100
mm sterile Petri dish to give an average depth of 4.0 £ 0.5
mm.*3. 44 Dried wood extracts were dissolved in methanol to a
final concentration of 20 mg/mL. A total of 0.6 mg, 1mg, 1.6
mg of olive wood extracts and 2 mg, 3 mg, 4 mg juniper wood
extracts were applied on sterile 6 mm in diameter pap
disks.4> 46 Finally, disks were left to dry overnight at 30 °C in
sterile conditions for evaporation of solvent residual.4é. 47

A single colony of the bacteria strain was taken and
inoculated into 20 mL of nutrient broth medium. This medium
was incubated at 37 °C + 2 °C for 24 h. Then, added to bacterial
suspension to prepare a bacterial concentration into 0.9%
sterile saline solution until the visible turbidity was equal to 0.5
McFarland standards having 108 cfu/mL.48 Prepared bacterial
suspension was spread on Petri dish. Inoculated plates were
then left to dry for 5 min at room temperature before applying
the disks. Control disk (no extracts) and disks filled with
extracts were placed on the surface of inoculated same Petri
dish (Mueller-Hinton). The inoculated plates were incubated at
37 °C for 24 h. The antibacterial activity was evaluated by
measuring the zone of inhibition including disk against the test
organisms.

2.9 DNA protection test

The DNA protection assay was performed using pUC 1Y
plasmid DNA (pDNA). The reaction mixture was prepared wi‘ 1
13.5 pL of distilled water, 0.5 pL of Fenton’s reagent (30 mi..
H,0,, 50 mM ascorbic acid, and 80 mM FeCls), 5 pL woc .
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extracts at two concentration (5 pg/uL, 10 pg/uL) and 1 uL of
pDNA (275 pg/uL). Positive control was composed of 18.5 uL
of distilled water, 0.5 puL of Fenton’s reagent and 1 uL of pDNA.
Negative control contains only 19 uL of distilled water and 1 uL
of pDNA. After incubation for 30 min at 37 °C, 4 pL loading dye
(Thermo Scientific, USA) was added to the all mixtures. The
DNA mixtures were run on 1% agarose gel and then visualized
under ultraviolet light cabin. The test was repeated at three
times and band density was determined by the gel image
analysis software (Quantum, Vision-Capt., Vilber Lourmat SAS,
France).

2.10 Enzyme inhibitory activity

2.10.1 Cholinesterase inhibition

Cholinesterase (ChE) inhibitory activity was measured using
Ellman’s method, as previously reported by Zengin et al.3°
Sample solution (50 pL) was mixed with DTNB (5,5-dithio-bis(2-
nitrobenzoic) acid) (125 uL) and AChE (acetylcholinesterase,
(Electric ell acetylcholinesterase, Type-VI-S, EC 3.1.1.7, Sigma)),
or BChE (butyrylcholinesterase (horse serum
butyrylcholinesterase, EC 3.1.1.8, Sigma)) solution (25 pL) in
Tris-HCI buffer (pH 8.0) in a 96-well microplate and incubated
for 15 min at 25 °C. The reaction was then initiated with the
addition of acetylthiocholine iodide (ATCI) or
butyrylthiocholine chloride (BTCl) (25 uL). Similarly, a blank
was prepared by adding sample solution to all reaction
reagents without enzyme (AChE or BChE) solution. The sample
and blank absorbances were read at 405 nm after 10 min
incubation at 25 °C. The absorbance of the blank was
subtracted from that of the sample and the cholinesterase
inhibitory activity was expressed as milligrams of galanthamine
equivalents (mg GALAE/g extract).

2.10.2 a-amylase inhibition

a-amylase inhibitory activity was performed using Caraway-
Somogyi iodine/potassium iodide (IKI) method.3® Sample
solution (25 uL) was mixed with a-amylase solution (ex-
porcine pancreas, EC 3.2.1.1, Sigma) (50 uL) in phosphate
buffer (pH 6.9 with 6 mM sodium chloride) in a 96-well
microplate and incubated for 10 min at 37 °C. After pre-
incubation, the reaction was initiated with the addition of
starch solution (50 pL, 0.05%). Similarly, a blank was prepared
by adding sample solution to all reaction reagents without
enzyme (a-amylase) solution. The reaction mixture was
incubated 10 min at 37 °C. The reaction was then stopped with
the addition of HCI (25 uL, 1 M). This was followed by addition
of the iodine-potassium iodide solution (100 pL). The sample
and blank absorbances were read at 630 nm. The absorbance
of the blank was subtracted from that of the sample and the a-
amylase inhibitory activity was expressed as millimoles of
acarbose equivalents (mmol ACE/g extract).

2.10.3 a-glucosidase inhibition

a-glucosidase inhibitory activity was performed by the
previous method.3® Sample solution (50 pL) was mixed with
glutathione (50 plL), a-glucosidase  solution  (from

4| J. Name., 2012, 00, 1-3

Saccharomyces cerevisiae, EC 3.2.1.20, Sigma) (50 ulL) in
phosphate buffer (pH 6.8) and PNPG (4-N-trophenyl-o-T
glucopyranoside) (50 pL) in a 96-well microplate and incubated
for 15 min at 37 °C. Similarly, a blank was prepared by adding
sample solution to all reaction reagents without enzyme ( -
glucosidase) solution. The reaction was then stopped with the
addition of sodium carbonate (50 pL, 0.2 M). The sample and
blank absorbances were read at 400 nm. The absorbance of
the blank was subtracted from that of the sample and the a-
glucosidase inhibitory activity was expressed as millimoles of
acarbose equivalents (mmol ACE/g extract).

2.10.4 Tyrosinase inhibition

Tyrosinase inhibitory activity was measured using the modified
dopachrome method with L-DOPA as substrate, as previously
reported by Orhan et al.#° with slight modification.

Sample solution (25 plL) was mixed with tyrosinase solution (47
uL) and phosphate buffer (100 pL, pH 6.8) in a 96-well
microplate and incubated for 15 min at 25 °C. The reaction w
then initiated with the addition of L-DOPA (40 uL). Similarly, a
blank was prepared by adding sample solution to all reactic:
reagents without enzyme (tyrosinase) solution. The sample
and blank absorbances were read at 492 nm after a 10 min
incubation at 25 °C. The absorbance of the blank was
subtracted from that of the sample and the tyrosinasc
inhibitory activity was expressed as equivalents of kojic acid
(mgKAEs/g extract).

2.11 Statistical analysis

For all the experiments and assays were carried out in
triplicate. The results are expressed as mean values and
standard deviation (SD). The differences between the differer-
extracts were analyzed using one-way analysis of variance
(ANOVA) with SPSS v. 14.0 program followed by Tukey’s
honestly significant difference post hoc test with a=0.05.

3. Results and discussion

3.1. The earlier HPLC/DAD fingerprint results of the
extracts

HPLC/DAD identification and quantification of polyphenolic
compounds of the tested extracts have already been carried
out by the authors.22 Figure 1 and 2 depicted the
chromatograms of these extracts. Apparently, these extracts
contained different levels of these components. For exampl~
oleuropein was identified as major component in olive extracts
while catechin was the dominant component in the juniper
extracts (Table 2).

This journal is © The Royal Society of Chemistry 20xx
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3.1 Antioxidant capacity

T I P
The antioxidant capacities of wood extracts in this study were
assayed with five different assays including DPPH scavenging,
FRAP, CUPRAC, metal chelating and phosphomolybdenun
assays, because the antioxidant capacity cannot be fully
described by a single method.

Free radical scavenging activities of wood extracts were
evaluated by DPPH assay. The method is based on the
reduction of alcoholic DPPH solution in the presence of
antioxidant compounds, due to the formation of the non-
radical form DPPH-H by the reaction. The reaction was
reduced purple DPPH radical to yellow DPPH-H. In the ranking
e | oy of the radical scavenging activity was obtained by this method,
% (a) e ?‘ . (b) the O. europaea heartwood showed the highest activity

Ll
¥
|
x

!
1 | o

1l

et EONE UV SV NI \

in

Fig 1. Juniper heartwood (a) and sapwood (b) HPLC chromatogram??2

(116.05 mgTEs/g extract), followed by O. europaea var.
slyvestris sapwood (82.82 mgTEs/g extract), J. foetidissin. -
sapwood (69.64 mgTEs/g extract) and J. foetidissim
| |J' llunq heartwood (65.22 mgTEs/g extract). Olive wood extracts
Ll W s contain important constituents including hydroxytyrose!
L tyrosol and oleuropein.® 22 50 These constituents possess
‘ p 2 77777 several biological activities such as radical scavenger.® In this
direction, the superior free radical scavenging activities of O.
europaea var. slyvestris extracts may be caused due to th~
presence of these compounds.
The reducing power of a compound may serve as a

Fig 2. Olive heartwood (a) and sapwood (b) HPLC chromatogram??2

Phenolic Juniper Juniper Olive Olive

Components Sapwood  Heartwood Sapwood  Heartwood significant indicator of its potential antioxidant activity. For the
Protocatechic acid 0.2 0.3 1.4 15 measurements of the reductive ability, we investigated the

\C/at?fh'“ 3'471 g; :ds gdg Fe3*—Fe2+* and Cu2* and Cu* transformation in the presence of
antin ’ ) ' ) wood extracts. As shown in Table 3, the wood extracts

p-coumaric acid nd nd 0.4 nd

Benzoic acid nd nd 9.9 nd showed very different reducing powers (p<0.05). Similar to the
Hydroxytyrosol nd nd 8.2 29.5 results obtained from DPPH assay, the O. europaea is

Tyrosol nd nd 3.3 10.7 heartwood extract exhibited the strongest reducing activity
Oleuropein nd nd 703.2 746.0 both- FRAP (105.23 mgTEs/g extract) and CUPRAC (192.91

nd: not determined
mgTEs/g extract), compared to those of other extracts. J.

Tab 2. Phenolic components of olive and juniper extracts (ppm)22 foetidissima sapwood had the lowest reducing potentials in
these assays. In accordance with our results, some authors
were observed a positive correlation between antioxidant
activities and reducing power of certain plant extracts.>1 52

Chelating effect CUPRAC FRAP DPPH
Phosphomolybdenum
Samples (mg EDTAEs/g (mg TEs/g (mg TEs/g (mg
(mmol TEs/g extract)®
extract)® extract)© extract)© TEs/gextract)*
J. foetidissima  Sapwood 5.76+0.17bc 0.99+0.08c 50.95+2.61d 33.02+0.64d 69,64+0,74c
Heartwood 21.98+1.15a 3.02+0.17b 88.65+0.78c 61.44+0.55¢ 65,22+1,70c
O. europaea Sapwood 1.68+0.31d 3.01+0.08b 151.78%5.37b 97.35+1.23b 82,82+0,08b
Heartwood 4.69+1.36¢d 3.69+0.15a 192.91+4.42a 105.23+0.93a 116,05+1,90a

Tab 3. Metal chelating, total antioxidant activity (by phosphomolybdenum method), reducing power (CUPRAC and FRAP methods) and radical
scavenging (DPPH) activities (meanxSD)?

2In same column marked with different letters indicate significant difference (p < 0.05)

bEDTAESs. disodium edetate equivalents, ¢ TEs. trolox equivalents

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00,1-3 | 5
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Also, our results are consistent with Conde et al.>® who
indicated that the O. europaea pruning showed significantly
ferric reducing activity in FRAP assay. Phosphomolybenum
assay is based on the reduction of Mo (VI) to Mo (V) by the
antioxidants and subsequent formation of green complex
(phosphate/Mo (V)) which is measured spectrophotometrically
at 695 nm. In the assay, heartwood extracts performed higher
activities than sapwood extracts. The lowest activity was
observed in J. foetidissima sapwood extract. Apparently, the
study reveals that the antioxidant activity of J. foetidissima
heartwood extract was about 4-fold higher than that of
sapwood extract.

Transition metal ions joined the production of free radicals
and thus, are considered as effective pro-oxidants. The
purpose of the test of ferrous ion chelating activity was to
determine the capacity of the wood extracts to bind the
ferrous ion catalyzing oxidation. As can be seen from Table 3, J.
foetidissima heartwood extract had the highest ferrous ion
chelating capacity (21.98 mg EDTAs/g extract) followed by
juniper sapwood (5.76 mg EDTAs/g extract), olive heartwood
(4.69 mg EDTAs/g extract) and olive sapwood (1.68 mg
EDTAs/g extract) extracts. These results revealed significant
differences in the ferrous ion chelating activity of wood
extracts tested (p<0.05). Interestingly, olive wood extracts
significantly have stronger scavenging activities against free
radical and reducing power abilities. They also exhibited lower
chelating effects. Similarly, there are contradictory reports in
the literature regarding between metal chelating capacity and
other antioxidant assays.># 35 This situation can be explained
by the presence of many chelators in phytochemicals,
including non-phenolics, polysaccharides, peptides and
proteins.

To the best of our knowledge, antioxidant capacities of
different parts of both Juniperus and Olea species were
previously investigated.3, 5659

However, no scientific studies are reported on the
antioxidant properties of wood extracts obtained from J.
foetidissima and O. europaea var. slyvestris before. Thus, the
antioxidant capacities of these wood extracts were reported
for the first time in the present study.

This journal is © The Royal Society of Chemistry 20xx
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3.2 Antibacterial activity

The heartwood and sapwood extracts from juniper and olive
were examined against 8 bacteria and 1 fungus strains based
on of disk-diffusion method. The juniper wood extracts at a
concentration of 2 mg, 3 mg and 4 mg/disk and olive wood
extracts at a concentration of 0.6 mg, 1 mg and 1.6 mg/disk
were used for antimicrobial activity. The wood extracts
showed diverse degrees of antibacterial activities dependil
on bacterial strains, extracts samples and extract amounts
(Table 4).

The results revealed that olive sapwood and both wood
extracts from juniper had a strong antibacterial activity against
almost all test bacteria strains. However, olive heartwood
extracts did not show antibacterial activity on Enterobacter
aerogenes, Salmonella kentucky and Salmonella typhimurim.
The best antibacterial activity was observed against Listeria
monocytogenes with inhibition zone of 26, 25 and 16 mm
using olive sapwood extracts 1.6, 1 and 0.6 mg, respectively
(Table 4).

Listeria monocytogenes is one of the most virulent food-
borne pathogens some of clinical infections resulting in
death.50 Enterococcus faecium is a highly drug resistant human
pathogen that causes infections.! Staphylococcus aureus is
one of the most successful and flexible human pathogens.®?
Salmonella typhimurim is a pathogenic bacteria. Its toxicity Is
due to an outer membrane which protects the bacteria from
the environment factors.®3 Escherichia coli is a concern to
public health on a wide scale®* and it is contaminated a wide
variety of food products.®> Candida albicans is the primary
cause of fungal infections in neutropenic and solid-organ
transplant patients, and is also implicated in oral candidiasis
cases found in HIV patients.®®¢ Most of the tested bacteria and
fungi strains are pathogenic for human or food. Some of them
have resistance against to drugs. Therefore, we have selected
and tested these organisms to see effect and power of natural
wood extracts against to these strains.

We found that gram-positive (GP) bacteria strains seemed
to be more susceptible to the extracts than the gram-negati
(GN) strains. These findings are consistent with those of
Boulekbache-Makhloufé7 and Trigui et al.’8 who reported that
GP bacteria was more sensitive to the extracts than GN one.
GN bacteria strains (S. aureus) are generally less susceptible to
plant extracts than the GP bacteria, because they have ar
outer membrane which provides a barrier again t
biomolecules.®®
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Journal Name

ARTICLE

i . Olive sapwood Olive heartwood Juniper heartwood | Juniper sapwood
Microorganisms
06mg I1mg 16mg|0.6mg 1mg 1.6mg 2mg 3mg 4mg 2mg 3mg 4mg
Listeria monocytogenes 16 25 26 9 10 10 8 9 10 na na 9
Enterococcus faecium 20 23 26 na na 10 16 19 21 8 10 20
Staphylococcus aureus 11 15 16 10 12 12 13 17 21 10 11 16
Enterococcus durans na na 8 na 8 13 9 11 12 na na 8
Enterobacter aerogenes 9 11 13 na na na na 7 8 6 6 7
Salmonella kentucky na na 8 na na na na na 8 6 6 8
Salmonella typhimurim 12 12 13 na na na 6 10 12 na na 11
Escherichia coli na 6 8 8 8 8 8 9 10 na 7 8
Candida albicans na na 7 na na 7 8 8 9 na na 9

Tab. 4 Antimicrobial activity of juniper and olive wood extracts based on inhibition zone (mm)

na. not active

It was found that olive sapwood and both juniper wood
extracts showed high antibacterial activity with inhibition zone
from 7 to 26 mm and 6-21 mm, respectively. These results
agree with the findings of other studies, in which ethyl acetate
extracts of Thymelaea hirsuta showed high antibacterial
activity with inhibition zone varied from 9 to 15 mm against
various bacteria strains Staphylococcus aureus, Listeria
monocytogenes.®® Olive sapwood (1.6 mg), olive heartwood
(1.6 mg), juniper heartwood (2,3,4 mg) and juniper sapwood (4
mg) was also showed antifungal activity against Candida
albicans.

In our previous study (Ates et al.22), chemical contents and
antifungal activities of these sapwood and heartwood
methanol extracts from olive and juniper were reported. We
found different phenolic compounds from olive heartwood
and sapwood including oleuropein, hydroxytyrosol, tyrosol,
vanillin, protocatechic acid, benzoic acid, and p-coumaric acid.
The total phenolic content of juniper heartwood was greater
than other extracts. Also, we observed that olive and juniper
wood extracts showed good antifungal activities.

Previous studies have shown that oleuropein,
hydroxytyrosol, tyrosol, benzoic acid, p-coumaric acid,
protocatechic and catechin exhibit good antifungal,

antioxidant and antibacterial activity.> 7074 The observed
findings in this study mirror those of the previous studies that
have examined effects of phenolic compounds on
antimicrobial activities. In this study, the good antibacterial
activities of olive and juniper wood extracts may be caused
due to the presence of these phenolic compounds. As a result,
methanol extracts of wood samples from olive and juniper
could be used as one of the sources of natural antibacterial
agents.

3.3 DNA Protection Test

The DNA protection test was carried out to confirm the
protection ability of different wood extracts against hydroxyl
radical damage generated by Fenton Reagent’s. Figure 3 shows
the DNA damage protection activity of olive and juniper wood
extracts with two different concentrations (5 and 10 mg/ml).
Juniper sapwood (Juniper 5.10 mg/ml) had the highest DNA
protection activity (84%), followed by Juniper H.10 (83%) and

This journal is © The Royal Society of Chemistry 20xx

Juniper H.5 (77%). About 71% remained supercoiled form was
observed with Olive S.10 and Olive H.10. Although all woe+
extracts indicated DNA protection ability, the lowest activity
was obtained from Olive H.5 and Olive S.5. All extract sampl:
concentration of 10 mg/ml shows more protective effects
against hydroxyl radicals than 5 mg/ml. Although olive oil has «
protective effect against DNA damage?3, this study is the first
report on DNA protection activity using heartwood and
sapwood of olive tree.

100

90

80

70

60

50

40

30

20

10

0

£ Z ® 9 @9 9 9o & & & =&

P 0 2 z z z z 3, 3 3 3

5 m m m ™ T T T T

g n n T T ] ] g ]
w =] n » a o o

3 = S & 2 & &

8 o o

3

Qo

3

w

£

m

£

{

-5

3 DNA protection (%) and gel view of plasmid DNA
protection test

Fig.

Reactive hydroxyl radicals are formed in all biological
systems and can damage almost every molecule in living cells
and human body.”> Also, they join nucleotides in DNA and
cause strand degradation which result in mutagenesis. For t .
reasons, natural compounds which have antioxidants and
hydroxyl radical scavenging activities have become more
important than before.”6
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3.4 Enzyme inhibitory activities

Recently, inhibition of key enzymes related to pathology in
most public health problems including Alzheimer’s and
Diabetes mellitus play vital important role. For example,
acetylcholinesterase (AChE) catalyzes the hydrolysis of
acetylcholine (ACh), which is important to continue neural
transmission in the synaptic left. In Alzheimer’s pathology, the
lack of ACh was observed and this case gives rise to so-called
cholinergic hypothesis. In this point, AChE inhibitors are
considered as the most useful relieving strategy in the
treatment of Alzheimer’s disease.”’’. 78 As to Diabetes mellitus,
two enzymes (a-amylase and a-glucosidase), which catalyze
hydrolysis of starch, are increased blood glucose. In this
direction, the inhibition of these enzymes can be an important
strategy in the management of blood glucose level linked to
Diabetes mellitus.”® Tyrosinase is known as a key enzyme in
melanin synthesis. Thus, the blocking of melanin synthesis by
tyrosinase inhibitors are considered as an effective treatment
strategy for pigmentation disorders.80 To this end, several
enzyme inhibitors (galatamine, tacrin and rivastigmine for
Alzheimer, acarbose and viglibose for Diabetes mellitus and
kojic acid for skin diseases) were synthetically developed for
pharmacology industry, but they may possess some side
effects such as gastrointestinal disturbances and liver
damage.8183 Therefore, there is great attention in exploring
new and safe inhibitors from natural sources.

The enzyme inhibitory activities were measured with
spectrophotometric methods and the results were illustrated
in Table 5. Similar to antioxidant assay results, Olive sapwood
extracts displayed the strongest enzyme inhibitory activities
against AChE (2.47 mg GALAEs/ g extract) and BChE (5.95 mg
GALAEs/ g extract). J. foetidissima heartwood extract showed
no ability to inhibit BChE. Interestingly, J. foetidissima
heartwood extract had the highest anti-amylase (1.25 mmol
ACEs/g extract), anti-glucosidase (41.03 mmol ACEs/g extract)
and anti-tyrosinase (58.05 KAEs/g extract) effect. The lowest
anti-tyrosinase activity was observed in O. europaea
heartwood extract. The differences observed in the enzyme
inhibition can be explained with complex nature of
phytochemicals and different chemical profile of the extracts
tested. In a study on anti-diabetic potential leaves of J.

oxycedrus subsp. oxycedrus were examined using in vivo
assays.

It showed a potent antidiabetic effect in these tests, which
is in accordance with our data.8* Significant anticholinesterase
activities of five Juniperus species from Turkey were studied |-y
Orhan et al.3? In the other study, Jazayeri et al.85 reported that
fruit of J. sabina had an anticholinesterase effect. Anti-
tyrosinase and anti-diabetic abilities of Olea leaf extracts or
olive were confirmed by several researchers.8688 A close
relationship between the enzyme inhibitory potentials and
chemical constituents (especially oleuropein, hydroxytyrosol
and tyrosol) of olive leaf extracts was observed in these
studies. However, to the best of our knowledge, this study is
the first report on enzyme inhibitory abilities of the wood
extracts studied.

Conclusion

To sum up, the wood extracts have notable antioxidant ar -
enzyme inhibitory potentials. The extracts also showed good
antibacterial activity against most of bacteria strains, especia..y
GP strains including L. monocytogenes, E. faecium, S. aureus
which have not outer membrane. However, GN bacteria have
an outer membrane, which is quite impermeable to lipophilic
molecules such as hydrophobic antibiotics, detergents anu
hydrophobic dyes.89 Salmonella typhimurim is a pathogenic
Gram-negative bacteria predominately found in the intestinal
lumen. Its toxicity is due to an outer membrane consisting
largely of lipopolysaccharides (LPS) which protect the bacteria
from the environment.®® The outer membrane also acts as a
selective barrier against to hydrophilic molecules. Scalbert?,
reported that high molecular weight tannins are toxic to S.
aureus but not to E. coli. These extracts also inhibited hydroxyl
radicals which degraded DNA. When the both sapwood ar. -
heartwood extracts concentration increased in DNA damage
protection test, the protection activity of the wood extracts
increased. These results suggested that the wood extracts
from juniper and olive can be exploited as a potential source of
natural agents for food and pharmacology industries.

Samples Acetylcholinesterase Butyrylcholinesterase( a-Amylase a-Glucosidase Tyrosinase
(mg GALAESs/g extract)® mg GALAEs/g extract)® (mmol ACEs/g (mmol ACEs/g (mg KAEs/g

extract)© extract)© extract)?
J. foetidissima Sapwood 2.15+0.03b 5.10+0.18c 0.8310.01b 12.0343.84b 56.29+0.94a
Heartwood 1.88+0.08c na 1.25%0.11a 41.03+1.29a 58.05+2.32a
O. europaea Sapwood 2.4740.10a 5.95+0.03a 0.6040.01c 16.10+0.66b 30.65+3.66b
Heartwood 2.38+0.05a 5.52+0.17b 0.62+0.03c 15.75+0.64b 24.58+2.93b

Tab. 5 Enzyme inhibitory activity (meantSD)2

aIn same column marked with different letters indicate significant difference (p < 0.05); na. not active

b GALAEs. galanthamine equivalents
¢ ACEs. acarbose equivalents
d KAEs. kojic acid equivalent
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