brought to you by

View metadata, citation and similar papers at core.ac.uk

provided by Elsevier - Publisher Connector

Asian Pacific Journal of Tropical Medicine (2015)269-275 269

Contents lists available at ScienceDirect

IF: 0.926

Asian Pacific Journal of Tropical Medicine

journal homepage:www.elsevier.com/locate/apjtm

Document heading doi: 10.1016/S1995-7645(14)60329-1

In vitro cholinesterase inhibitory and antioxidant effect of selected
coniferous tree species

Fatma Sezer Senol, Ilkay Erdogan Orhan’, Osman Ustun

Department of Pharmacognosy, Faculty of Pharmacy, Gazi University, 06330 Ankara, Turkey

ARTICLE INFO ABSTRACT

Article history:

Received 20 November 2014

Received in revised form 10 January2015
Accepted 20 February 2015

Available online 20 April 2015

Objective: To explore cholinesterase inhibitory and antioxidant effect of six coniferous trees
(Abies bornmulleriana, Picea pungens, Juniperus communis, Cedrus libani, Taxus baccata, and
Cupressus sempervirens var. horizantalis). Methods: Acetone (Ace), ethyl acetate (EtOAc), and
ethanol (EtOH) extracts prepared from the needles and shoots of the six coniferous trees were
screened for their acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) inhibitory
activity at 100 ¢ g/mL. Antioxidant activity of the extracts was tested using 2,2-diphenyl-1-
picrylhydrazyl (DPPH) and N,N-dimethyl-p-phenylendiamine (DMPD) radical scavenging,
metal-chelation capacity, ferric-(FRAP) and phosphomolibdenum-reducing antioxidant power
(PRAP) assays. All of the assays were performed in ELISA microplate reader. Total phenol and
flavonoid amounts in the extracts were determined spectrophotometrically. Results: Among
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p thirty-six extracts in total, the shoot-Ace extract of Cupressus sempervirens var. horizantalis

exerted the highest inhibition against AChE [(54.84+2.51)%], while the needle-Ace extract
of Cedrus libani was the most effective in inhibiting BChE [(67.54£0.30)%]. The highest
DPPH radical scavenging effect, FRAP and PRAP was observed in the shoot-Ace and EtOAc
extracts from Taxus baccata, whereas all the extracts showed a variable degree of scavenging
effect against DPMD radical. The shoot-EtOAc extract of Cedrus libani had the highest metal-
chelation capacity [(58.04£0.70)%]. The shoot extracts of Taxus baccata were determined to
have the richest total phenol content, which may contribute to its marked antioxidant activity.
Conclusions: The conifer species screened in this study may contain cholinesterase-inhibiting
and antioxidant properties, which might be useful against Alzheimer’s disease.

(ACh) in the brain that is hydrolyzed by acetylcholinesterase
1. Introduction (AChE) has been shown|2]. On the other hand, butyrylcholinesterase

(BChE) that also inactivates ACh as well as butyrylcholine

Alzheimer’s disease (AD) is an age-related progressive
neurodegenerative disease and the most common form of dementia
especially among the elder population in which irreversible neuronal
loss and abnormal behavioral changes are evident in this diseasef[l].
Only a few hypotheses have been suggested for pathogenesis of
AD, which are known as “cholinergic hypotheses” and “amyloid

hypothesis”. In cholinergic hypothesis, shortage of acetylcholine

*Corresponding author: Ilkay Erdogan Orhan, Department of Pharmacognosy,
Faculty of Pharmacy, Gazi University, 06330 Ankara, Turkey.

Tel: +90 312 2023186

Fax: +90 312 2235018.

E-mail: iorhan @gazi.edu.tr.

(BCh) is a new target in drug discovery for AD[3] and nowadays,
cholinesterase inhibitors have become the most prescribed drug
class in the treatment of this disease.

The conifers, majority of which are in tree form, are woody plants
that bear cones. The coniferous trees are evergreen trees with long,
needle- or scale-like leaves. On the other hand, plants have served
as source of many drug molecules, nevertheless, an immense
amount of plant species have been remained un-screened for their
phytochemistry and pharmacological activities. Consequently, drug
discovery from plants is a still attractive target for many researchers.

During our ongoing pursuit on exploring new neuroprotective
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agents of plant origin with cholinesterase inhibition and antioxidant
effect, we previously investigated anticholinesterase effect of
several coniferous genera including Juniperus species[4], Cupressus
sempervirens (C. sempervirens)|5], Pinus species[6], and the lignans
of Taxus baccata (T. baccata) L.[7]. In connection with our afore-
mentioned studies, we have now designed the present study to search
AChE and BChE inhibitory activity of the acetone (Ace), ethyl
acetate (EtOAc), and ethanol (EtOH) extracts prepared from the
needles and shoots of selected conifer species; Abies bornmulleriana
(A. bornmulleriana) Matff. (AB) (fir), Picea pungens (P. pungens)
Engelm. (PP) (blue spruce), and Cedrus libani (C. libani) A. Rich.
(CL) (Lebanon cedar) from Pinaceae, C. sempervirens L. var.
horizantalis (Mill.) Gord. (CS) (Mediterranean cypress) and Juniperus
communis (J. communis) L. (JC) (juniper) from Cupressaceae, and
T. baccata L. (TB) (European yew) from Taxaceae growing in
Turkey. Since oxidative stress has been known to contribute to
progression of AD[8], antioxidant activity of the extracts was also
determined using 2,2-diphenyl-1-picrylhydrazyl (DPPH) and
N,N-dimethyl-p-phenylendiamine (DMPD) radical scavenging
activity, metal-chelation capacity along with ferric-(FRAP) and
phosphomolibdenum-reducing antioxidant power (PRAP) tests.
Total phenol and flavonoid contents of the extracts were calculated

spectrophotometrically.

2. Materials and methods
2.1. Plant samples

The needles and shoots of A. bornmulleriana (Bolu province), P.
pungens, C. sempervirens L. var. horizantalis, T. baccata (Ankara
province), C. libani (Burdur province), and J. communis (Antalya
province) were collected from their corresponding places in Turkey
during the year of 2010 and identified by one of us (O.U.). The
voucher specimens are deposited at the Herbarium of Faculty of

Pharmacy, Gazi University, Ankara, Turkey.

2.2. Preparation of the extracts

The air-dried and powdered needles and shoots of the plant samples
were extracted by macerating 10 g of each plant part sequentially
with 1 000 mL of Ace, EtOAc, and ethanol for 2 d. The filtrated
organic phases of each plant part were evaporated until dryness
in vacuo and preserved in the freeze dryer until the assays were

performed.

2.3. Microtiter assays for enzyme inhibition

2.3.1. AChE and BChE inhibitory activity
AChE and BChE inhibitory activity of the extracts was
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determined by modified spectrophotometric method of Ellman
et al[9]. Electric eel acetylcholinesterase (Type-VI-S, EC 3.1.1.7,
Sigma) and horse serum butyrylcholinesterase (EC 3.1.1.8, Sigma)
were used as the enzyme sources, while acetylthiocholine iodide
and butyrylthiocholine chloride (Sigma, St. Louis, MO, USA)
were employed as substrates of the reaction. 5,5 -Dithio-bis(2-
nitrobenzoic)acid (DTNB, Sigma, St. Louis, MO, USA) was used
for the measurement of the cholinesterase activity. All the other
reagents and conditions were the same as described in our previous
publication[10]. In brief, 140 ¢ L of 0.1 mM sodium phosphate
buffer (pH 8.0), 20 ¢ L of 0.2 M DTNB, 20 ¢+ L of sample solutions
and 20 p L of 0.2 M acetylcholinesterase/butyrylcholinesterase
solution were added by multichannel automatic pipette (Gilson
pipetman, France) in a 96-well microplate and incubated for 15 min
at 25 °C. The reaction was then initiated with the addition of 10 g
L of 0.2 M acetylthiocholine iodide/butyrylthiocholine chloride. The
hydrolysis of acetylthiocholine iodide/butyrylthiocholine chloride
was monitored by the formation of the yellow 5-thio-2-nitrobenzoate
anion as a result of the reaction of DTNB with thiocholines,
catalyzed by enzymes at a wavelength of 412 nm utilizing a 96-
well microplate reader (VersaMax, Molecular Devices, USA).
Galanthamine, the anticholinesterase alkaloid-type of drug isolated
from the bulbs of snowdrop (Galanthus sp.), was purchased from

Sigma (St. Louis, MO, USA) and was employed as reference.

2.3.2. Data processing for enzyme inhibition assays

The measurements and calculations were evaluated by using
Softmax PRO 4.3.2.LS software. Percentage of inhibition of AChE/
BChE was determined by comparison of rates of reaction of test
samples relative to blank sample (ethanol in phosphate buffer
pH=8). Extent of the enzymatic reaction was calculated based on
the following equation: E = (C-T)/Cx100, where E is the activity of
the enzyme. E value expresses the effect of the test sample or the
positive control on acetylcholinesterase and butyrylcholinesterase
enzyme activity articulated as the percentage of the remaining
activity in the presence of test sample or positive control. C value
is the absorbance of the control solvent (blank) in the presence
of enzyme, where T is the absorbance of the tested sample (plant
extract or positive control in the solvent) in the presence of enzyme.

Data are expressed as average inhibition+standard error mean
(SEM) and the results were taken from at least three independent

experiments performed in triplicate.

2.4. Antioxidant activity assays

2.4.1. DPPH radical scavenging assay
The hydrogen atom or electron donation capacity of the
corresponding extracts was computed from the bleaching property

of the purple-colored methanol solution of 2,2-diphenyl-1-
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picrylhydrazyl (DPPH). The stable DPPH radical scavenging activity
of the extracts was determined by the method of Blois[11]. The
samples (2700 w L) dissolved in ethanol (75%) were mixed with
300 1 L of DPPH solution (1.5x10™ M). Remaining DPPH amount
was measured at 520 nm using a Unico 4802 UV-visible double
beam spectrophotometer (Dayton, NJ, USA). The results were

compared to that of gallic acid employed as the reference.

2.4.2. DMPD radical scavenging assay

Principal of the assay is based on reduction of the purple-colored
radical DMPD" (N, N-dimethyl-p-phenylendiamine)[12]. According
to the method, a reagent comprising of 100 mM DMPD, 0.1 M
acetate buffer (pH=5.25), and 0.05 M ferric chloride solution, which
led to formation of DMPD radical, was freshly prepared and the
reagent was equilibrated to an absorbance of 0.900+0.100 at 505
nm. Then, the reagent (1000 p¢ L) was mixed up with 50 ¢ L of
the extract dilutions dissolved in ethanol (75%) and absorbance
was taken at 505 nm using a Unico 4802 UV-visible double beam
spectrophotometer (USA). Quercetin was employed as the reference

and the experiments were done in triplicate.

2.4.3. Fe’*—ferrozine test system for metal—chelation

The metal-chelating effect of the extracts by Fe**-ferrozine test
system was estimated in consistent with Chua et al’s method]13].
Accordingly, 740 ¢ L of ethanol and 200 ¢ L of the samples
dissolved in ethanol (75%) were incubated with 2 mM FeCl,
solution. The reaction was initiated by the addition of 40 p L of
5 mM ferrozine solution into the mixture, shaken vigorously, and
left standing at ambient temperature for 10 min. The absorbance of
the reaction mixture was measured at 562 nm. The ratio of inhibition
of ferrozine-Fe™ complex formation was calculated as given in 4.6.
and ethylenediaminetetraacetic acid (EDTA) was employed as the

reference in this assay.

2.4.5. Ferric—reducing antioxidant power (FRAP) assay

The FRAP of the extracts and reference was tested using the assay
of Oyaizu[14] based on the chemical reaction of Fe([[[) => Fe(][]).
Different concentrations of the extracts dissolved in ethanol (75%)
were added into 2500 p L of phosphate buffer (pH 6.6) and 2 500
w1 L of potassium ferricyanide [K;Fe(CN)] (1%, w/v). Later, the
mixture was incubated at 50 °C for 20 min and then 2500 ¢ L of
trichloroacetic acid (10%) was added. After the mixture was shaken
vigorously, this solution was mixed with 2500 p L of distilled
water and FeCl; (100 ¢ L, 0.1%, w/v). After 30 min incubation,
absorbance was read at 700 nm using a Unico 4802 UV-visible
double beam spectrophotometer (Dayton, NJ, USA). Analyses were
achieved in triplicate. Chlorogenic acid was the reference in this

assay.

2.4.6. Phosphomolibdenum—reducing antioxidant power
(PRAP) assay

In order to perform PRAP assays on the extracts, each dilution was
mixed with 10% phosphomolybdic acid solution in ethanol (w/v)[15].
The solution was subsequently subjected to incubation at 80 °C for
30 min and the absorbance was read at 600 nm using a Unico 4802
UV-visible double beam spectrophotometer (USA) and compared to

that of quercetin as the reference.

2.4.7. Data processing for antioxidant activity assays
Inhibition of DPPH, DMPD, super oxide, and nitric oxide radicals
and metal-chelation capacity was calculated as given below and the
results were expressed as percent inhibition (1%):
190=[(Apiani-Asampie/ Apiani]x 100, where A,k is the absorbance of
the control reaction (containing all reagents except the test sample),
and A, is the absorbance of the extracts. Analyses were run in
triplicate and the results were expressed as average values with SEM.
For FRAP and PRAP assays, the analyses were also achieved in
triplicate and increased absorbance of the reaction meant increased

reducing power in both assays.

2.8. Statistical analysis of data

Data obtained from in vitro enzyme inhibition and
antioxidant experiments were expressed as the mean+=SEM.
Statistical differences between the reference and the sample
groups were evaluated by ANOVA (one way). Dunnett’s
multiple comparison tests were used as post hoc tests.

P<0.05 was considered to be significant.

2.9. Determination of total phenol and flavonoid contents in

the extracts

Phenolic content of the extracts was determined in accordance
with Folin-Ciocalteau’s method[16]. In brief, a number of dilutions
of gallic acid dissolved in ethanol (75%) were obtained to prepare a
calibration curve. The extracts and gallic acid dilutions were mixed
with 750 ¢ L of Folin-Ciocalteau’s reagent and 600 ¢ L of sodium
carbonate in test tubes. The tubes were then vortexed and incubated
at 40 °C for 30 min. Afterward, absorption was measured at 760 nm
at a Unico 4802 UV-visible double beam spectrophotometer (USA).
Total flavonoid content of the extracts was calculated by aluminum
chloride colorimetric method[17]. To sum up, a number of dilutions
of quercetin dissolved in ethanol (75%) were obtained to prepare
a calibration curve. Then, the extracts and quercetin dilutions were
mixed with 95% ethanol, aluminum chloride reagent, 100 ¢ L of
sodium acetate as well as distilled water. Following incubation for
30 minutes at room temperature, absorbance of the reaction mixtures

was measured at wavelength of 415 nm with a Unico 4802 UV-
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visible double beam spectrophotometer (USA). The total phenol and
flavonoid contents of the extracts were expressed as gallic acid and

quercetin equivalents (mg/g extract), respectively.

3. Results

Cholinesterase inhibitory activity of the extracts was tested against
AChE and BChE at 100 g g/mL using ELISA microplate reader.

According to the results we obtained; occurrence of the most

remarkable inhibition against AChE was observed in the shoot-Ace
extract of C. sempervirens var. horizantalis [(54.84+2.51)%), followed
by the needle-Ace extract of P. pungens (45.09+3.54%) and the
shoot-EtOH extract of C. libani [(44.07£0.20)%] (Table 1). Among
the tested extracts, the highest BChE inhibition rates (over 60%
at 100 p g/mL) were caused by the shoot-Ace extract of C. libani
[(67.54+0.30)%] along with the needle- [(64.29+ 1.00)%) and shoot-
Ace [(60.77£0.56)%] extracts of C. sempervirens var. horizantalis.
Our findings indicated that majority of the extracts exerted higher
inhibition towards BChE than AChE (Table 1).

Table 1

Inhibitory effect of the extracts against AChE and BChE and their metal-chelating effect.

Inhibition at 100 ¢+ g/mL

Plant sp. Plant part Bies s AChE BChE Metal-chelating effect at 1 000 ¢+ g/mL
Ace - - 41.3520.75""
Needle EtOAc 2222:1.9077  47.77£1.3877  5525:1917
Tl EtOH 29307577 2626£2.4177  14.14x2.68""
A. bornmiilleriana Ace 20.32+0.98"" 38.5941.98"" 200342 48"
Shoot EtOAc 11.06+1.847" 4171250 36.70+1.96""
EtOH 9.08£1.19™"  36.91x3.46™" 3.66+0.50""
e - 34.16£0.197"  30.30+1.75"
Needle EtOAc 27731187 23.14+3.1477 22742237
P. pungens EtOH 10.3810.41ii 26.50:1.97i:* 23.01:0.13::
Ace 45.09+3.54 46.50+0.61 25.01£0.83
Shoot EtOAc 11.32+0.53™"  39.66+3.59""  15.22+1.927"
EtOH 9.93x0.207"  31.10£3.4177  17.57:0217
Ace 2.60:0.077"  15.03£1.23"7  2539:3.117"
Needle EtOAc 20.02+046 " 21.34£3317" 6.42:1.57""
. EtOH 10.56+2.437"  13.46x2.797  21.05+2.517
J.communis Ace 32.34i3.18**** 28.4312.96**** 6.0510.45****
Shoot EtOAc 3234131077 419743177 2259:0.047
EtOH 22.29+3507" 454527477 1231+22277
Ace 1.91:0487"  3855:4.92""  50.59+0.63"
Needle EtOAc 154114777 27.5242.66°  41.11+0.95
bani EtOH - 21.38+2.63"  50.76+0.85"
¢ ltbant Ace 33.19:1.587"  67.540.30" 8.74+1.17""
Shoot EtOAc 2.80£0257"  21.84x1.0077  58.04x0.70"
EtOH 44.07+0.20"" 48.90+£1.29™"  15.95+2.09""
Ace 31.543.1177  33.48+2207 9.812.74""
Needle EtOAc 33.98:0.597"  33.87+1.22"7  18.63+1.01""
T baceata EtOH 17.5311.68::: 36.5612.86:* 15.36:2.27::
Ace 43.65£3.50""  48.43+0.55 4.61+0.92""
Shoot EtOAc 27.24+1.3977  46.62+1.70" 5.55+0.75 "
EtOH 27.52:0.637  21.25:2.98" 6.91:0.50""
Ace 54.84+2.51" 64.29+1.00" 332243227
Needle EtOAc 39.30+1.93"7  44.53+0.1077  30.32+2.63"
C. sempervirens EtOH 733204777 48.82:+1.1877 18941717
horizanialis Ace 32.67+2557"  60.77+0.56" 10.36+0.48""
Shoot EtOAc 42.75+3.8477 5294407877  12.62+2.92""
EtOH 27.38:2.0977  36.60£1.177 6.40+1.89""

n=3; -: No inhibitory activity; Galanthamine (Reference for AChE and BChE inhibitory effect) (92.72+£0.15)% and (89.95+0.87)% at 100
w g/mL, respectively; EDTA (Reference for metal-chelating effect) (78.71+1.86)% at 1 000 p g/mL; "P<0.05; “P<0.01; ~"P <0.001,

P<0.0001.
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DPPH and DMPD radical scavenging, metal-chelation, FRAP,
and PRAP assays were performed to determine in vitro antioxidant
activities of the extracts. Table 2 represents the percentages of radical
scavenging activity of the extracts. Accordingly, occurrence of the
highest DPPH scavenging activity, all of which ranged between
(10.93%2.77)% and (91.57£0.76)%, was observed in the Ace [(91.57
+(0.76)%] and EtOAc [(87.95%2.51)%] extracts from the shoots of
T. baccata. In consistent with these data, the three extracts obtained
from the shoots of 7. baccata had the most marked scavenging effect

towards DMPD radical (Table 2) and also the most remarkable

Table 2

273

FRAP and PRAP values (Figure 1). In the PRAP assay, the shoot-

Ace extracts from C. libani and T. baccata showed a comparable

effect to that of the reference (quercetin).

The richest extracts in terms of total phenol contents were revealed
to be the shoot-Ace [(248.17£2.69) p g/g extract], EtOAc (231.07
+5.61) p g/g extract), and EtOH [(200.66+4.21) ¢ g/g extract]

extracts of T. baccata (Table 1). However, total flavonoid content

was the most abundant in the EtOAc extracts of C. libani shoots and
needles [(66.85+4.42) and (64.73£5.57) w1 g/g extract, respectively].

Total phenol and flavonoid contents and inhibitory effect of the extracts against DMPD and DPPH radicals

Total flavonoid Radical scavenging effect at 1 000 ;+ g/mL

Plant sp. Plant part  Extract type Total phenol content” content’ DMPD DPPH
Ace 17.39+0.47 58.67+3.55 £ 15.342.07°"
Needle EtOAc 13.09+1.64 53.07+4.04 = 10.93+2.77"
. EtOH 45.48+4.21 39.82+1.91 30.08+0.99"" 27.99+0.36
A Gt Ace 34.82+0.58 44.07+0.27 6.64+1.78""" 27.75+1.80™"
Shoot EtOAc 24.24+0.12 43.53+0.60 2.63+£0.06"" 22.40+1.46™
EtOH 73.33£1.52 37.23+1.75 37.97+0.75"" 36.51£0.86
Ace 68.70+1.02 50.98+1.64 = 31.56£2.27""
Needle EtOAc 80.35+3.51 44.84+0.49 8.27+0.017" 25.40+2.847
EtOH 65.89+1.05 44.18+1.53 8.15+0.43™" 269442717
P. pungens . -
Ace 141.08+1.52 52.560.71 1.32+0.27 38.84+1.82
Shoot EtOAc 93.08+3.97 41.87+2.40 16.73£1.86"" 322042417
EtOH 77.29+1.25 41.63+0.87 13.78+£1.707" 30.39+0.87
Ace 67.21+0.35 54.92+4.92 = 25.38+1.65""
Needle EtOAc 80.10+3.39 49.01+1.26 21.18+0.87"" 441142957
, EtOH 50.20+2.80 45.80£0.11 18.30+1.15™" 33.80+2.86""
I I Ace 133.40+0.93 40.59+0.16 24.19+1.32"" 64.69+1.85"
Shoot EtOAc 60.11+5.49 37.27+1.47 12.59+£1.86"" 4196097
EtOH 87.54+0.35 37.73+0.82 33.33x1.527" 53.84+1.90™"
Ace 13.75+2.57 44.34+2.84 4.64+043"" 12.13+1.487
Needle EtOAc 38.37+0.93 46.04+0.22 20.86+0.27" 25.69+1.227"
o EtOH 28.29+0.93 46.19+1.86 6.58+1.33"" 18.46+1.777"
C.libani Ace 101.67+0.23 40.1742.29 27.19+1.15"™" 63.8340.62"
Shoot EtOAc 35.65+3.16 66.85+4.42 = 16.07+1.04™
EtOH 55.48+3.16 36.11+0.05 30.08+0.53"" 37.84+0.85""
Ace 103.65+0.47 48.51+0.76 26.44+1.85"" 50.75+0.13""
Needle EtOAc 114.89+0.23 64.73+5.57 2.07+£0.33"" 44.89+0.69""
e EtOH 85.47+4.21 48.89+0.76 23.4312.50:2 38.2912.32:***
Ace 248.17+2.69 47.77+0.05 30.58+0.57"" 91.57+0.76
Shoot EtOAc 231.07+5.61 43.64+0.87 29.70+1.64"" 87.95+2.51"
EtOH 200.66+4.21 37.62+0.55 37.34+1.427" 69.18+1.66"
Ace 45.56+2.45 54.30+0.35 = 18.14+1.28™
Needle EtOAc 58.62+0.58 59.44+0.71 3.47£0.23"" 20.91+1.01°"
C. sempervirens var. EtOH 43.83+2.34 56.85+0.44 - 16.87£1.23""
horizontalis Ace 191.49+1.29 39.90+0.05 27.33+0.92°" 76.68+0.92"
Shoot EtOAc 128.03+0.82 40.55+0.66 12.01+226™" 55.58+2.68""
EtOH 94.65+0.35 38.01+0.01 27.40+0.28"" 47.03+0.757

n=3; * Data expressed in mg equivalent of gallic acid to 1 g of extract; ® Data expressed in mg equivalent of quercetin to 1 g of extract;
Ouercetin (Reference for DMPD radical scavencing activity) (68.32+0.67)% at 1 000 1+ g/mL; Gallic acid (Reference for DPPH radical
scavencing activity at) (94.08+ 0.13)% 1 000 p g/mL; *P<0.05; ** P <0.01; *** P <0.001, **** P <0.000 1.



274

4.000
3.500
3.000
2.500
2.000
1.500
1.000
0.500

=]

Fatma Sezer Senol et al./Asian Pacific Journal of Tropical Medicine (2015)269-275

===

—— |

CL-S-EtOH ¢ 5

0.000 &

CL-N-Ace =
CL-N-EtOAc ;

PP-S-Ace s

AB-N-Ace
AB-N-EtOAc
AB-S-Ace
AB-S-EtOAc =
PP-N-Ace =1
PP-N-EtOACc /——i
PP-N-EtOH
PP-S-EtOAc
PP-S-EtOH g
JC-N-Ace ¢
JC-N-EtOAc e
JC-N-EtOH ¢
JC-S-Ace g
JC-S-EtOAc &
JC-S-EtOH ¢
CL-S-Ace
CL-S-EtOAC ——
TB-N-Ace |
TB-N-EtOAc |
TB-S-Ace
TB-S-EtOAc ¢
TB-S-EtOH
CS-N-Ace ==
CS-N-EtOAC ——
CS-S-Ace e -
CS-S-EtOAc ¢ "

AB-N-EtOH
CS-S-EtOH 4 "
CHL

AB-S-EtOH ——
CL-N-EtOH
TB-N-EtOH p
CS-N-EtOH ey

B
1.000
0.900
0.800
0.700 -
0.600 5 m F—

0500 {1 fl o -
0.400
0.300
0.200
0.100
0.000 -

=

CS-S-Ace
QUE |

AB-N-Ace
AB-N-EtOAc ¢
AB-S-EtOAc —
AB-S-EtOH —
PP-N-Ace ¢
PP-N-EtOAc :
PP-N-EtOH
PP-S-Ace
PP-S-EtOAc
PP-S-EtOH
JC-N-Ace e
JC-N-EtOAc ¢
JC-N-EtOH
JC-S-Ace i
JC-S-EtOAc ¢
JC-S-EtOH ¢
CL-N-EtOAC sy
CL-N-EtOH
CL-S-Ace
CL-S-EtOAC ey
CL-S-EtOH 34
TB-N-Ace preme
TB-N-EtOAc s
TB-N-EtOH e
TB-S-Ace ¢
TB-S-EtOAC e
TB-S-EtOH —
CS-N-Ace
CS-N-EtOAc
CS-N-EtOH
CS-S-EtOAc §
CS-S-EtOH ;

Figure 1. FRAP (A) and PRAP (B) results of the Ace, EtOAc, and EtOH

extracts of the selected conifer species.

4. Discussion

Cholinesterase inhibition is an important drug treatment strategy
against AD and, therefore, an extensive research is also being
conducted on plant sources in order to find new inhibitors. For
this purpose, our data revealed that the conifer trees screened
herein may contain some potential components which could
serve as inhibitors against cholinesterase enzyme family. In
our previous work, the lignans (lariciresinol, taxiresinol, 3’-
demethylisolariciresinol-9’-hydroxyisopropylether, isolariciresinol,
and 3-demethylisolariciresinol) isolated from the bark of T. baccata
(European yew), a conifer native to Europe, Turkey, northwest
Africa, northern Iran, and southwest Asia[18], was tested in the
same manner all of which were found to display a moderate level
inhibition only against BChEJ7]. Although presence of lignans,
flavonoids, steroids, and some sugar derivatives have been reported
in T. baccatal18], those lignans isolated from the bark of this tree that
may possibly present in the shoots and needles could contribute to
the BChE inhibitory of the needle and shoot extracts of this plant
in the current study. On the other hand, since the isolated lignans
from the bark of T. baccata were previously shown by us to be quite
effective in the antioxidant assays[7], the high antioxidant activity
of T. baccata extracts could be mostly attributed to the lignan
derivatives.

In one of our earlier studies[4], we screened AChE and BChE
inhibitory and antioxidant effects of the aqueous and ethanol extracts
of the leaves, ripe fruits, and unripe fruits of five Juniperus species
including J. communis subsp. nana using the same methods as used

herein and those extracts also exhibited similar inhibitory profiles

to the current ones studied in this work, which can be considered to
be mild or moderate. Among the extracts of J. communis screened
herein, its shoot-EtOH extract exerted the highest BChE activity
[(45.45£2.74)%], while the shoot-Ace and EtOAc extracts of this
plant were the most active in inhibiting AChE [(32.34+3.18)% and
(32.34+3.10)%, respectively]. In our previous study, umbelliferone
was detected in the leaf-EtOH extract of J. communis subsp. nana,
which could also possibly exist in the shoot extracts. Consequently,
this compound may be speculated to donate to BChE inhibitory
action of the shoot-EtOH extract as it was formerly shown by us to
possess BChE-inhibiting property[19]. In accordance with our data,
J. communis fruit extracts from Turkey were reported to have a low
cholinesterase inhibitory effect[20].

We have recently reported about cholinesterase inhibitory and
antioxidant activities of several extracts of the cones and leaves
(needles) of C. sempervirens var. horizantalis and var. pyramidalisl3],
where they exerted a mild to moderate cholinesterase inhibition
below 40%. However, the needle and shoot extracts of the same
plant had better anticholinesterase activity in this study that inhibited
BChE up to (64.29+1.00)%. A number of flavonoids (quercetin,
rutin, cupressuflavone, amenoflavone, quercitrin, and myricitrin)
have been identified in C. sempervirens21] and notable antioxidant
activity of the shoot extracts of this plant in DPPH radical scavenging
activity, FRAP, and PRAP assays could be attributed to presence of
these compounds.

Our literature survey has shown that there has been no report
on anticholinesterase activity of C. libani, A. bornmulleriana, and
P. pungens up to date. However, piperidine alkaloids found in C.
libani, A. bornmulleriana, and P. pungens|22.23] could be associated
with their cholinesterase inhibitory effect as many piperidine
alkaloids were revealed to have potent inhibitory properties against
cholinesterases[24.25]. These species also contain some flavonoid
derivatives which make a contribution to their antioxidant activity to
some extent[26].

In the current study, we have evaluated possible in vitro
neuroprotective effect of the needles and shoots of A. bornmulleriana,
P. pungens, J. communis, C. libani, T. baccata, and C. sempervirens
var. horizantalis through their cholinesterase inhibitory and
antioxidant properties. The extracts displayed a variable level of
inhibition towards both cholinesterases, some of which possessed
a marked AChE and BChE-inhibiting effects over 50%. The shoot
extracts of T. baccata appeared to be highly effective in most of the
antioxidant assays performed. To the best of our knowledge, we
herein disclose the first study on anticholinesterase effects of P.
pungens, A. bornmulleriana, and C. libani as well as their antioxidant
actions by the assays performed. Our results suggest that the
conifers screened may contain some beneficial compounds with
cholinesterase inhibitory and antioxidant properties and, therefore,

these species deserve a further evaluation, which is progress in our
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laboratory.
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