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Abstract

Galanthus elwesii Hook 1is a medically and

economically important species that contains
acetylcholinesterase inhibitory alkaloids
galantamine and lycorine with well-known

biological activities. In a field experiment, different
plant parts of G. elwesii were harvested at three
growing stages: flowering, post-flowering and fruit
set. A comparative evaluation of maceration and
ultrasonic-assisted extraction of galantamine and
lycorine from these plant parts was implemented.
The antioxidant activities and the contents of total
phenolic and flavonoid of different plant parts
were also investigated. The quantfication of
galantamine and lycorine in the extracts was
carried out by Reversed-phase High-Performance
Liquid Chromatography. The HPLC analysis
showed that ultrasonic-assisted extraction
displayed higher quantities of galantamine,
lycorine, total phenolic compounds and flavonoid
and stronger antioxidant activity than maceration
extraction. The highest amount of galantamine and
lycorine was found in the root and leaf samples
taken at fruit set as 89.27 and 23.20 pg g},
respectively. Further, the leaf and bulb samples of
fruit formation yielded the highest total phenolic
and flavonoid contents of 45.58 and 60.92 GAE g
DW, respectively. In addition, higher antioxidant
activities were observed with the leaf and bulb
samples harvested at the stage of fruit set.

Key  words: Acetyl cholin esterase,
Amaryllidaceae, Antioxidant activity, Snowdrop
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Ultrasonik destekli ve maceration ile ekstrakte
edilen Galanthus Elwesii Hook’'un antioksidan

kapasitesilerinin, galantamin ve lycorine
miktarlarinin karsilastirilmasi

0z

Galanthus  elwesii  Hook  acetylcholinesterase
inhibitérii galantamin ve antikanser aktivite
gosteren  lycorine  alkaloitlerini tiim  bitki

kisimlarinda iceren tibbi ve ekonomik agidan énemli
bir tiirdiir. Bu tarla denemesinde G. elwesii'nin farklh
bitki kisimlar1 ¢ farklh gelisme doneminde
(ciceklenme, ciceklenme sonrasi ve meyve tutumu)
hasat edilerek ultrasonik destekli ve maserasyon
yontemleri ile ekstrakte edilmistir. Bitki 6rneklerinin
antioksidan aktiviteleri ile galantamin, likorin,
toplam fenolik ve flavonoid igerikleri bu iki yonteme
gore karsilastirllmistir. Galantamin ve likorin
miktarlar1 Ters Faz-Yiikksek Performansh Sivi
Kromatografisi ile belirlenmistir. Ultrasonik destekli
ekstraksiyon yonteminde antioksidan aktivite,
alkaloid, toplam fenolik ve flavonoid igerigi acisindan
daha yiiksek ve daha etkili sonuglar elde edilmistir.
Galantamin ve likorin meyve baglama ddneminde
sirasiyla 89.27 ve 23.20 ug g! olarak kok ve yaprak
orneklerinde en yiiksek degere ulasmistir. Ayrica en
yliksek toplam fenolik ve flavonoid miktarlarn da
(sirasiyla 45.58 ve 60.92 GAE g! DW) aym
doénemdeki yaprak ve sogan oOrneklerinde elde

edilmistir. Bunun yani sira meyve baglama
doneminde hasat edilen yaprak ve sogan
orneklerinin  antioksidan kapasitelerinin daha
ytksek oldugu g6zlenmistir.

Anahtar kelimeler: Acetylcholinesterase,

Amaryllidaceae, Antioksidan aktivite, Kardelen
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Introduction

Amaryllidaceae is an extremely important family
that contains many economically and medically
valuable bulbous species, represented by about 1600
species and 85 genera worldwide (Christenhusz and
Byng, 2016). The family, which is spread in warm
regions, subtropical and tropical, is also one of the
most important basis of valuable alkaloids with a
wide range of biological activities as well as being
known with its beautiful and fragrant flowers all
over the world (Nair et al., 2013; Nair and van
Staden, 2013; Nair and van Staden, 2014).
Galantamine and lycorine are the most important of
the phenylalanine and tyrosine-derived alkaloids
produced only in the flowers and bulbs of
snowdrops, daffodils and spider lilies belonging to
the Amaryllidaceae. Galantamine is widely used in
Alzheimer's disease in the European Union and the
United States (Houghton, 2006), while lycorine is
known to have anticancer, anti-inflammatory,
antifungal, antidepressant, antinociceptive and
cholinesterase-inhibiting biological activities (Nair
and van Staden, 2013; Van Goietsenoven et al., 2013;
He et al, 2015; Cimmino et al,, 2017). Growth and
development periods, harvest time (Ay et al., 2018),
climate, soil and cultural practices
(Khonakdari et al., 2018) have a significant role in
enhanced synthesis of these alkaloids in plants.
There are different techniques (conventional and
non-conventional) used to extract bioactive
compounds from plants (Azmir et al, 2013;
Petruczynik et al., 2016). Among these techniques,
ultrasonic-assisted extraction comes to the fore due
to less time and energy consumption and higher
extraction efficiency (Chemat et al, 2017). High
power density and sound wave frequency in
ultrasonic-assisted extraction cause cavitation on the
surfaces of plant samples (Vinatoru, 2001; Chemat
and Khan, 2011). This is followed by the cavitation
bubbles' burst that causes the cell wall to break
down, increasing the release of bioactive compounds
(Chemat and Khan, 2011; Chemat et al., 2017). It can
also be said that this method is environmentally
friendly, as less solvent is used compared to the
conventional extraction methods (Chemat and Khan,
2011; Chemat et al,, 2017).

Studies of many species have revealed that many
alkaloids -fangchinoline and tetrandrine (Zhang et
al, 2009), vinblastine, vindoline and catharanthine
(Yang et al, 2011), berberine, palmatine and
jatrorrhizine (Wang et al.,, 2015), galantamine and

structure

lycorine (Petruczynik et al., 2016) are obtained more
efficiently and at a high rate by ultrasonic-assisted
extraction than conventional extraction methods.
However, to date, the effectiveness of this method in
Galanthus elwesii Hook's plant specimens has not
been compared with maceration, one of the
traditional extraction methods. Additionally, the
variation of galantamine and lycorine quantities in
distinct parts of the plant (flower, leaf, bulb and
root) during the flowering, post-flowering and fruit
ripening stages have not been previously
investigated. With this research, the effectiveness of
ultrasonic-assisted and maceration extraction
methods waere compared in Galanthus elwesii.
Furthermore, antioxidant capacities, galantamine
and lycorine quantities of plant parts harvested

during different development periods were
determined.
Material and Methods

Plant Material And Field Site Description

Galanthus elwesii bulbs (4 g each) were obtained
from Floramarla Ornamental Plants Company,
Yalova, Turkey. In the last week of September 2016,
the bulbs were planted in the experimental field to a
depth of 4-6 cm, in Amasya (latitude 40° 81' n,
longitude 35° 73’ e, altitude, 510 m above sea level)
in central Anatolia, Turkey. The weather in this area
is hot in summers and relatively cold in winters. The
average rainfall in the first six months of 2017 was
248.8 mm with an average temperature of 14.4 °C
and relative humidity of 58.5% (Amasya Regional
Directorate of Meteorology, 2017). The main
characteristics of the soil are as follows: loamy
structure, pH 7.99, EC 0.49 ds/m, organic matter
1.2%, potassium-rich (47 kg da!) and 17.2% lime.
Prior to planting, basic fertilization was practiced in
the ratios of 50 kg/ha N and 50 kg/ha P20s. The
weed control was carried out by hand and no
irrigation was performed during the study.
Galanthus elwesii bulbs were planted using 0.25 x 0.5
m intra- and interrow spaces in plots with ten 8 m
long rows. Different parts of the plants (flowers,
leaves, bulbs, and roots) were harvested separately
at distinct growing stages including flowering, post-
flowering, and fruit set. During the flowering stage
(03.02.2017) the flower, leaf, bulb and root parts
were harvested, while after flowering (28.02.2017)
and during fruit set (18.03.2017) only the leaf, bulb
and root parts were harvested. Within each plot, 20
plants were randomly chosen and totaly 60 plants
(with 3 replicates) were harvested in the study for



Comperative study of maceration and ultrasonic-assisted extraction of galantamine and lycorine content and... 299

each plant sample. In order to avoid stress factors as
a result of injury in plants, underground and aerial
parts of the plants were taken completely. After
harvest, the plant samples were dried in shade at
room temperature for 17-21 days.

Extraction methods
Ultrasonic-assisted extraction (UAE)

The extraction process of G. elwesii test piece was
performed using ultrasonic bath (ULT AG 440,
Germany) planned with 35 kHz fixed frequency and
power density (180 W). Powder plant samples were
weighed to be 5 g each and mixed with 200 ml
methanol. The resulting mixture was then kept at 45
°C for 72 h. The extracts were filtered with the help
of Whatman No. 1 filter paper and dried under
vacuum at 40 °C using a rotary evaporator (Buchi
Rotavapor R-114, Switzerland). The dried extracts
were refrigerated at +4 °C until necessary analysis.

Maceration extraction (ME)

Conventional/maceration extraction process was
performed according to Vongsak et al. (2013) except
for some modifications. Powder plant samples were
weighed 5 g each, and 200 ml methanol was added.
The final solution was then shaken with the help of a
rotary shaker at 30 °C for 72 h. The extracts were
filtered using Whatman No. 1 filter paper and
vacuum dried at 40 °C with a rotary evaporator
(Buchi Rotavapor R-114, Switzerland). The dried
extracts were refrigerated at +4 °C until necessary
analysis.

Galantamine and lycorine content

Galantamine and lycorine contents of the extracts
were specified by RP-HPLC analysis that was
conducted using the Shimadzu Prominence Modular
LC20A system (C18 column; 250 x 4.6 mm id, 5 p).
The column was controlled at 280 °C and the
injection was arranged to 20 pl. The solution was
designed by changing the proportion of solvent B
(acetonitrile) to solvent A (acetic acid). The solvent B
proportion in the solution was shifted from 10% to
40%  progressively during the first 28 min, from
40% to 60% up to 39 min, and from 60% to 90% up
to 50 min. The mobile phase composition was shifted
compared to the first condition in 55 min and kept
for 10 min, the same application was done for
the other samples. Chromatograms were monitored
at 272 and 310 nm (Seal, 2016). All compounds were
determined separately by comparing with the
related standards and calibration curves.

Measurement of total phenolic and flavonoid
compounds

The total phenolic contents of the plant extracts
were determined using the Folin-Ciocalteu reagent
method as described by Wolfe et al. (2003).
Absorbance was measured at 760 nm, standard
curve (5-1000 mg, 0.1 ml!) was obtained with the
standard gallic acid solution, and the results were
expressed in gallic acid equivalent mg g1. The total
flavonoid compounds of the plant extracts were
measured with the method reported in the literature
and using aluminum chloride (AICl3) and quercetin
as standards (Fazal et al., 2016). The results were
expressed as quercetin (mg QE g1) after obtaining
the standard curve.

Antioxidant activity
DPPH free radical scavenging activity

Free radical-scavenging capacity was tested by the
DPPH assay with the procedure of Brand-Williams et
al. (1995). Briefly, different concentrations (25, 50,
100 and 200 pug ml1) of the extracts were prepared.
DPPH solution and the extracts were mixed (1.5 ml
of 20 mg ml! DPPH solution and 0.75 ml from each
of the extracts) in methanol. The resulting solution
was put into butylated hydroxyanisole (BHA). The
mixture was then vortexed and kept at dark
condition. The absorbance values of the reaction
mixtures were measured at 517 nm using UV-vis
spectrophotometer. The radical-scavenging activities
of the samples, expressed as percentage scavenging
capacity of DPPH, were calculated according to the
formula below: % scavenging capacity= (CA-SA)/CA
x 100, where SA is the sample absorbance and CA is
the control absorbance.

Reducing power assay (RPA)

The reductive potential was measured with the
method reported in the literature (Oyaizu, 196).
Different concentrations (25, 50, 100 and 200 pg ml-
1) of the extracts were mixed with phosphate buffer
(2.5 ml, 0.2 M) and potassium ferricyanide [2.5 ml],
1% KsFe (CN)s]. The pH of the phosphate buffer was
set to 6.6. The extracts were retained at 50 °C for 30
min. Afterwards, 2.5 ml of trichloroacetic acid (10%,
w v1) was added to the mixture and centrifuged at
3000 rpm for 10 min. Finally, 2.5 ml of upper-layer
solution was mixed with 2.5 ml distilled water and
0.5 ml FeCl3 (0.1%, w v1), and the absorbance was
measured at 700 nm in a spectrophotometer.
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Metal chelating activity (MCA)

The chelating activities of extracts were analyzed on
ferrous ions (Fez*) as described by Decker and Welch
(1990). One ml from distinct concentrations (25, 50,
100 and 200 pg ml1) of the extracts and 3.7 ml of
distilled water were mixed. The mixed solutions
were held in 0.1 ml FeClz (2 mM) for 30 min. When 5
mM and 0.2 ml ferrozine added to the solution, the
reaction proceeded for ten min. The absorbances of
the solutions were measured at 562 nm. EDTA and
the chelating activity were compared. MCA was
calculated according to the formula: Metal chelating
activity (%)= (CA-SA)/CA x 100, where SA is the
sample absorbance and CA is the control absorbance.

Statistical analysis

Validity and homogeneity of the variance analysis
were checked by Kolmogorov-Smirnov test and
Levene test, respectively. The comparison of means
was performed using the least significant difference
(LSD) test at a confidence level of 95%. Pearson’s

correlation coefficients between the bioactive
compounds and antioxidant capacities were
calculated using the SPSS software (SPSS Inc.

Chicago IL.V. 22.0). All the tests were performed in
triplicates, and the results were presented as mean *
SD.

Results and Discussion
Galantamine and lycorine content

Galantamine and lycorine quantities of G. elwesii
samples are presented in Table 1. Galantamine and
lycorine quantities were higher in UAE method
compared to the maceration method. Galantamine
contents of the leaf, flower, bulb and root samples
during flowering period were 0.43, 0.08, 7.09, and
0.18 pg g1, respectively, in UAE. However, in
extraction with maceration, only galantamine (4.30
pg g'1) was detected in the bulb samples harvested at
the same period, which is 2.79 pg g* lower than UAE.
The highest amount of galantamine in the UAE was
detected in the root samples harvested during fruit
formation period as 89.27 pg gL. In ME, this amount
is approximately 25.2% lower (66.80 pg g1) than
that of UAE. It was determined that the period in
which the amount of galantamine in the leaf and bulb
samples was the highest was post-flowering period
and followed by fruit set (8.28 and 7.74 pg g7,
respectively). In the root samples, the highest
galantamine accumulation was realized as 89.27 pg
g1 during fruit set period. This was followed by post-
flowering (0.091 pg g'1) and flowering (0.018 pg g1),
respectively.

Table 1. Galantamine and lycorine contents (ug g1) of the extracts obtained by the ultrasonic-assisted and
maceration methods according to the phenological stages and plant parts.

Galantamine (pg g'!)

Ultrasonic assisted Maceration
Plant parts Plant parts
Phenological stages Leaf Flower Bulb Root Leaf Flower Bulb Root
. 0.43 + 0.08 + 7.09 + 0.18 £ 4.30
Flowering 0.01¢ 0.00 0.57¢ 0.19¢ nd Nd 0.54b Nd
Post-flowering 21.50 = 3253+ 091+ 19.49 = 27.52 Nd
1.132 1.542 0.08v 2.302 1.22a
Fruit set 8.28 + 7.74 + 89.27 + 8.28 4.28 + 66.80 +
0.42b 0.80> 2.782 1.02b 0.75P 1.18
Lycorine (pgg?)
Ultrasonic assisted Maceration
Plant parts Plant parts
Phenological stages Leaf Flower Bulb Root Leaf Flower Bulb Root
Flowering 3.78+ 435+ 5.53+ 0.45 + 351+ 3.88+ 1.53 Nd
0.00¢ 0.08 0.18¢ 0.05¢ 0.00¢ 0.30 0.00¢
Post-flowering 16.26 + 6.12 + 4.56 + 13.26 + 3.05+ 338+
0.56 0.15b 0.082 0.64° 0.052 0.082
Fruit set 23.20 9.05 % 342+ 2132 % 233+ 192 +
1.102 0.402 0.22b 1.582 0.35P 0.42b

[l nd: not detected; [Pl The result are expressed as means + SD (n=3); [ Means with the same letters are not significantly different at % 5

level.

To date, many researchers have studied lycorine and
galantamine which are well-known Amaryllidaceae
alkaloids for their anti-tumor, anticancer, anti-
malarial and AChE inhibitory activities (Cortes et al.,
2019; da Costa et al., 2019; Tarakemeh et al., 2019).

Studies of Amaryllidaceae species have shown that
the accumulation of galantamine and lycorine varies
depending on climate, environmental factors,
extraction method (Petruczynik et al, 2016),
phenological growth periods and used plant parts
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(Emir and Oniir, 2016). For example, galantamine
has been reported to be present mostly in the leaves
of L. aestivum, the root of G. nivalis and L. vernum,
while lycorine has been reported to be present
mostly in the root of G. nivalis and L. aestivum, the
leaf of L. vernum (Petruczynik et al.,, 2016), and the
bulbs (compared to aerial parts) of G. reginae-olgae
subsp vernalis (Conforti et al., 2010). Galantamine
and lycorine accumulation in G. elwesii has been
reported to be more in the aerial parts in some

locations, yet in bulbs in some others (Emir et al.,
2017). Similar to previous researches, the results of
this research show that galantamine and lycorine
accumulation vary depending on the phenological
periods and plant parts. Furthermore, our results
supporting the findings of Petruczynik et al. (2016)
revealed that the UAE technique was more effective
in the removal of galantamine and lycorine than the
maceration method.

Table 2. Total phenolic and flavonoid contents of the extracts obtained by the ultrasonic-assisted and
maceration methods according to the phenological stages and plant parts.

Total phenolic content (mg GAE g1 DW)

Ultrasonic assisted Maceration
Plant parts Plant parts
Phesr;glgc;g:cal Leaf Flower Bulb Root Leaf Flower Bulb Root
Flowering 28.76 + 2435+ 3140+ 25.62 2532+ 20.36 + 29.88 + 23.60 +
1.08¢ 0.80 0.66¢ 0.472 0.52¢ 0.85 0.19¢ 0.362
Post- 33.15+ 36.43 23.20 + 31.56 + 35.74 + 22.08 +
flowering 3.20° 1.02b 1.09» 1.66P 1.00 0.48°
Fruit set 45.58 + 4513 + 19.78 + 43.81 41.66 17.65
1.722 3.352 0.77¢ 2.442 3.51a 0.11¢
Total flavonoid content (mg QE g1 DW)
Ultrasonic assisted Maceration
Plant parts Plant parts
Phesriglgoegslcal Leaf Flower Bulb Root Leaf Flower Bulb Root
Flowering 3542 + 3314 + 32.10 25.64 + 30.18 + 29.03 £ 29.81 2533+
1.78¢ 0.58 2.07¢ 0.32a 0.15¢ 0.48 1.52¢ 0.94a
Post- 38.12 38.52 24.05 35.18 + 3842 + 22.76 +
flowering 1.42b 0.96° 0.05° 0.73b 0.18° 0.82b
Fruit set 46.58 60.92 + 22.72 40.63 53.08 + 20.75
0.732 1.002 0.57¢ 0.802 2.612 0.27¢

[a] The result are expressed as means + SD (n=3); [b] Means with the same letters are not significantly different at % 5 level.

Measurement of Total Phenolic (TPC) and Total
Flavonoid Content (TFC)

Total phenolic and flavonoid quantities of G. elwesii
samples are presented in Table 2. In the the
ultrasonic-assisted extraction method, total phenolic
and flavonoid amounts were higher than those of
maceration method. The highest total phenolic
content in ultrasonic-assisted extraction was
determined as 45.58 mg GAE gDW in the leaf
samples harvested during fruit set, followed by
45.13 mg GAE g1 DW in the bulb samples harvested
at the same period. These values are lower in the leaf
and bulb samples (43.81 and 41.66 mg GAE g1 DW,
respectively) in the extraction with maceration. The
period in which the total phenolic amount in the leaf
and bulb samples was highest (45.58 and 45.13 mg
GAE g1 DW) was fruit set, followed by post-
flowering (33.15 and 36.43 GAE/g DW, respectively)
and flowering (28.76 and 31.40 mg GAE g! DW,

respectively). In the root samples, the total phenolic
amount decreased from 25.62 to 19.78 mg GAE g
1DW, by approximately 22.9%, through flowering to
fruit set.

The highest total flavonoid content was determined
as 60.92 mg QE g1 DW in the bulb samples harvested
during fruit set using ultrasonic-assisted extraction
followed by 46.58 mg QE g1 DW in the leaf samples
harvested in the same period. In maceration
extraction, this value is 53.08 mg QE g1 DW in bulb
and 40.63 mg QE g1 DW in leaf. It was determined
that the total amount of flavonoid respectively
increased by approximately 28.7% in leafs and
89.8% in bulbs from flowering to fruit set period.
Although the total amount of flavonoids in the leaf
and bulb samples is lower in the extraction with
maceration, it was determined that there was an
increase by approximately 34.6% in leafs and 78.1%
in bulbs from flowering period to fruit set. In the
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root samples, the highest total amount of flavonoids
(UAE: 25.64 mg QE g DW, ME: 25.33 mg QE g1 DW)
in both extraction methods was detected during
flowering period, followed by post-flowering and
fruit set.

Recent studies have shown that the total amount of
phenolic and flavonoids in species belonging to the
family Amaryllidaceae received various values
depending on the growth and development periods
of plants (Ay et al., 2018), plant parts (Rokbeni et al.,
2016), cultural practicesses, climate and
environmental factors (Tkaidza et al., 2018). Karimi
et al. (2018) studied on G. transcaucasus and
reported that the total phenolic and flavonoid
content (4.45 and 2.67 mg QE g! DW respectively)
was highest in shoot samples, which were followed
by flower samples (3.85 and 2.26 mg QE g! DW,
respectively) and bulb samples (3.41 and 1.06 mg QE
gl DW). Ay et al. (2018) reported that the total
phenolic and flavonoid content of G. elwesii were
mostly higher in bulb samples harvested during fruit
ripening (42.63 and 5863 mg QE g! DW,
respectively), which was followed by leaf samples
harvested during the same period (42.58 and 43.21
mg QE g! DW, respectively). A study of three
different Galanthus species (G. woronowii, G. elwesii
and G. nivalis) showed that the TPC and TFC was
higher in the leaves than in the bulbs (Bulduk and
Karafakioglu, 2019). In different study, Benedec et al.
(2018) reported that the aerial parts of G. nivalis
were richer higher in the amount of phenolic and
flavonoids than other species of Amaryllidaceae (N.
poeticus, L. vernum and N. pseudonarcissus). These
results show that G. elwesii is rich in the total
phenolic and flavonoid quantities, compared to G.
nivalis, G. woronowii, G. transcaucasicus, N. poeticus,
L. vernum and N. pseudonarcissus and that aerial
parts are higher in the total phenolic and flavonoid
content. Moreover, the growth development periods
have an effect on the change of TPC and TFC, and the
UAE method is more effective than the maceration
method.

Antioxidant Activity

Antioxidant activity results of G. elwesii samples are
presented in Table 3. In UAE method, the DPPH
radical scavenging capacity of the samples to ranged
from 50.35% to 80.41%, while in ME these values
ranged from 46.27% to 78.75%. The weakest radical
scavenging capacity was obtained as 46.27% (ME)
from the flower samples, while the strongest radical
scavenging capacity was obtained as 80.41% (UAE)

from the leaf samples harvested during fruit set
period. This was followed by the bulbs harvested in
the same period with 79.54% (UAE) and the leaf
specimen harvested in the post-flowering period
with 79.51% (UAE). According to the plant
development periods, radical scavenging capacity of
leaf and bulb samples from flowering period to fruit
set period increased by about 31.7% in the leaf and
47.4% in the bulb. Although the radical scavenging
capacity of the leaf and bulb samples in maceration
extraction is lower compared to the ultrasonic
assisted extraction method, an increase of 21.5% in
leaf and 51.6% in bulb from the flowering period to
the fruit set period was found. In the root samples,
the highest radical scavenging capacity (UAE: 71.9%,
ME: 69.32%) in both extraction methods was
determined during fruit set, followed by flowering
and post-flowering.

According to the reducing power analysis, the
antioxidant activity of the samples ranged from
0.138 to 0.387 in the ultrasonic-assisted extraction
(UAE) method, while these values ranged from 0.073
to 0.276 in the maceration extraction (ME) method.
The highest activity was 0.387 (UAE) in the leaves
harvested during the fruit set period, while the
lowest activity was 0.073 (ME) in the root samples
harvested during the same period. This was followed
by the samples of bulbs harvested during the fruit
set period with 0.319 (UAE). According to the plant
development periods, the activity of the leaf and bulb
samples increased by 118.6% in the leaf and 108.5%
in the bulb from flowering period to fruit set period.
Although the activity of the leaf and bulb samples in
the extraction with maceration was lower compared
to the ultrasonic-assisted extraction method, there
was an increase of 95.7% in the leaf and 85.4% in the
bulb from the flowering to fruit set. In the root
samples, the highest activity (UAE: 0.205, ME: 0.167)
in both extraction methods was detected during
flowering period. The activity of the root samples
harvested during post-flowering and fruit set
decreased in both extraction methods.

In the UAE method, the chelating ability of the
samples ranged from 51.07% to 81.92%, while these
values ranged from 40.39% to 68.75% in the ME
method. The highest chelating ability was found as
81.92% (UAE) in the root samples harvested in post-
flowering period, while the lowest chelating ability
was 40.39% (ME) in the leaf harvested during fruit
set. According to the plant growth periods, the
chelating ability of the leaf specimen in both
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extraction methods increases from flowering to fruit
set, while this increase in the bulbs continues from
flowering to post-flowering period and then it
decreased until fruit set period. In the root samples,

the highest activity in both extraction methods (UAE:
76.41%, ME: 68.75%) was determined during
flowering period, followed by fruit set and post-
flowering.

Table 3. Antioxidant potential of the extracts obtained by the ultrasonic-assisted and maceration methods
according to the phenological stages and plant parts.

DPPH free radical scavenging activity assay (%)*
Phenological stages

Flowering Post-flowering Fruit set
Plant parts UltI‘E.lSOHIC Maceration Ultra}somc Maceration Ultra.lsomc Maceration
assisted assisted assisted
Leaf 61.05 + 0.72b 60.68 + 0.60P 79.51 + 1.482 72.24 +0.832 80.41 +1.202 73.70 £ 2.17°
Flower 50.35+1.10d 46.27 £ 0.304
Bulb 53.97 £ 0.44¢ 51.96 £ 0.64¢ 69.33 £0.77" 63.76 £ 0.70° 79.54 £ 1.00° 78.75 £ 2.002
Root 68.25 £ 0.212 63.38 £0.922 52.63 £0.18¢ 49.56 + 1.08¢ 71.90 £ 0.56¢ 69.32 £ 0.33¢
Standards
BHT 94.690
Trolox 90.570
BHA 82.470
Reducing power assay*
Phenological stages
Flowering Post-flowering Fruit set
Plant parts Ultra.lsomc Maceration UltI‘E.lSOIIIC Maceration Ultl‘é'lSOIllC Maceration
assisted assisted assisted
Leaf 0.177 £0.12b 0.141 +£0.11b 0.212 £ 0.25b 0.185 £ 0.002 0.387 £ 0.412 0.276 + 0.332
Flower 0.138 £0.17¢ 0.096 + 0.09¢
Bulb 0.153 £ 0.09¢ 0.103 £ 0.10¢ 0.238 + 0.082 0.154 +0.22b 0.319 + 0.08> 0.191 £ 0.13b
Root 0.205 £ 0.03= 0.167 £0.17- 0.105 £ 0.15¢ 0.078 £ 0.09¢ 0.106 £ 0.00¢ 0.073 £ 0.05¢
Standards
BHT 0.413
Trolox 0.439
BHA 0.598
Metal chelating activity assay (%)*
Phenological stages
Flowering Post-flowering Fruit set
Plant parts Ultre}somc Maceration Ultra}somc Maceration Ultr?.lsomc Maceration
assisted assisted assisted
Leaf 75.72 £ 3.12b 61.26 + 0.784 77.80 £ 1.682 66.32 +0.92P 81.92 +0.102 67.50 £ 1.762
Flower 63.42 £ 1.074 65.31 + 1.24¢
Bulb 71.66 + 0.80¢ 66.20 +1.18b 78.75 £ 3.01P 73.20 £ 2.452 57.32 £0.58¢ 42.56 + 0.50¢
Root 76.41 £ 0.462 68.75 £ 0.942 51.07 £ 1.00¢ 40.29 + 0.63¢ 65.80 £ 3.52b 61.22 £ 0.37°
Standards
BHT 97.5
Trolox 95.45
BHA 97.06

[al The result are expressed as means * SD (n=3); [P *At 200 pg mL -lconcentration; [ Means with the same letters are not significantly

different at % 5 level.

Several previous reports on Amaryllidaceae species
provide a very comprehensive overview of the
antioxidant activity of these species. Our results
show that the leaf and bulb samples during fruit
ripening have high antioxidant capacity, similar to
the study on G. elwesii by Ay et al. (2018). Further, in
another study conducted on P. maritimum, Rokbeni
et al. (2016) reported that leaf samples were good
radical scavengers. Moreover, Karimi et al. (2018)
showed that antioxidant capacity of the flower
samples in G. transcaucasicus was higher than that of
the bulb samples. In our study, antioxidant activity of

the flower samples was higher than those of the leaf,
bulb and root samples. In a study on Galanthus
reginae-olgae subsp. vernalis, Conforti et al. (2010)
indicated that bulb samples showed higher
antioxidant activity than aerial parts.

Correlation Among Study Variables

Correlation coefficients among antioxidant activities
by the three assays ( DPPH, MCA and RP), TPC, TFC,
galantamine, and lycorine are shown in Table 4. In
this study, there were positive and significant
correlations of DPPH assay antioxidant activity with
galantamine (r = 0.351*) and lycorine (r = 0.608**),
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with significant correlations of lycorine with MCA (r
= 0.608**) and RP (r = 0.775**) assays. No positive
or negative correlation was observed between
galantamine and lycorine in correlation analysis.

TPC and three antioxidant activity tests (DPPH, MCA
and RP) were positively and significantly correlated
at p<0.01 (r = 0.828* 0.839** and 0.820**
respectively). Similarly, TFC showed significant
positive correlations with the three antioxidant
activity tests (DPPH, MCA and RP) at p<0.01 (r=

0.868**, 0.771** and 908**, respectively). In
addition, the correlations between DPPH and MCA (r
= 0.927**), DPPH and RP (r = 0.837**), and MCA and
RP (r = 0.754**) was positive and significant. Studies
on Amaryllidaceae species have shown a significant
and positive correlation of TPC with TFC and
antioxidant activity (Assefa et al, 2018; Ay et al,,
2018; Ghane et al.,, 2018). Our results confirmed the
relationship of total phenolic with flavonoid content
and antioxidant activity.

Table 4. Pearson’s correlation coefficients (r) among bioactive compounds and antioxidant capacity of

Galanthus elwesii

Traits DPPH MCA RP TPC TFC Galantamin Lycorine

DPPH 1

MCA 927** 1
RP .837** .754** 1

TPC .828** .839** .820** 1

TFC .868** 771 .908** .819** 1

Galantamin .351* .250 .005 .083 .047 1
Lycorine .608** 5271** 775%* .679%* .648** 0.45 1

[a] DPPH: 2,2-diphenyl-1-picrylhydrazyl; [b] MCA: Metal chelating activity; [c] RP: Reducing power; [d] TPC: Total phenolic content; [e]
TFC: Total flavonoid content; [f] ** and *Correlation is significant at p < 0.05 and p < 0.01 probability levels (2 tailed), respectively.

Conclusion

In this study, we extracted several plant parts of
G.elwesii at different growth stages using ultrasonic-
assisted and maceration extraction methods. The
results revealed that ultrasonic-assisted extraction
was more efficient than maceration extraction for
galantamine, lycorine, total phenolic, and flavonoid
content. Ultrasonic-assisted extraction method was
found to be more effective than the maceration
extraction in terms of the three assays (DPPH, MCA,
and RP) used to determine antioxidant activity.
Similarly, galantamine, lycorine, total phenolic,
flavonoid amounts and antioxidant activity were
more effective in ultrasonic assisted extraction
method regardless of plant growth periods and plant
parts. The results revealed that the ultrasound-
assisted extraction method is more effective than the
maceration method. Maybe this method can be
effective in other species.
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