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Abstract

Contents of twelve selected bioactive substances and antioxidant potential of Salix caprea L. extracts were compared in its two vegetative organs (bark and leaves) and in terms of different ethanol/water mixtures used for extraction (30-70% aq, ethanol) and extraction time (30 min; 24, 48 and 72 h). The extracts were characterized by High Pressure Liquid Chromatography (HPLC), and total phenolics and flavonoids were determined spectrophotometrically. All secondary metabolites identified in Salix caprea L. extracts (gallic, chlorogenic and vanillic acid, epicatechin, rutin, quercetin and naringenin) were found more accumulated in bark. Salicin and p-hydroxybenzoic acid were detected in bark and ferulic, trans-cinnamic and p-coumaric acid in leaf extracts only. Rutin was most abundant bioactive compound both in bark (1.71 g/100 g of de) and leaves extracts (0.434 g/100 g of de). Bark extract with highest bioactive substances contents was obtained with 70% aq. ethanol as most suitable solvent during extraction time of 48 h. Molecular docking showed salicin to have similar affinity toward COX-2 as acetylsalicylic acid, but lower toward COX-1.
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1. Introduction

Willow bark (Salix spp., Salicaceae) is traditionally used herbal remedy due to its anti-inflammatory, analgesic and antipyretic properties. Salicin is usually described as the analgesic agent found in willow bark, responsible for its pharmacological effects. 1-3 However, it was suggested that many of these effects cannot be explained by the presence of salicylic derivatives only and that other compounds such as polyphenols (flavonoids, flavan-3-ols) and simple phenols (phenolic acids) can contribute to the therapeutic effects of willow bark. 4-8 On the other hand, leaves of many Salix species are mainly not studied and are considered as waste product after collection of bark.
Genus Salix includes about 350 different, mainly woody species. 9 Salix caprea is a common species of willow native to Europe, Western and Central Asia and it is widely distributed in the flora of Serbia. It has been reported to exhibit strong antioxidant activity in many in vitro systems. 10,11 The anti-inflammatory effect of some phenolic acids has been associated with their antioxidant activity. 6 Salix caprea has significant medicinal value and has been reported to act anti-inflammatory, analgesic and antiarthritic. It also relieves heartburn and stomach problems. 11
Solvent extraction, i.e. solid-liquid extraction, is commonly used for the isolation of phenolic compounds from plant material. 12 Extraction procedure and solvent selection are considered to be a critical point since they dictate the amount and nature of secondary metabolites transferred to extract. 13 Some previous studies involving different plant material showed a great impact of solvent polarity and time of extraction on total extraction yield, antioxidant activity and bioactive compounds contents in final extracts. 14-17 Ethanol and water mixtures are commonly used solvents for herbal extractions as they can dissolve a wide range of phenolics and are also acceptable for human consumption. 18 By far mainly used solvents for the extraction of Salix caprea were 80% methanol for bark, 70% acetone for leaves, 95% ethanol for flowers and 95% acetone for wood and knots. 12,19,20 There is no available data on extraction of Salix caprea bark and leaf by different concentrations of ethanol of this species and a general lack of information for chemical characterization of leaves for many Salix species. Thus, the objective of this study was to evaluate the impact of different extraction conditions which were not analyzed previously on yield, chemical composition and antioxidant activity of extracts obtained from bark and leaves of Salix caprea L. native to Serbia in order to gain extracts with the highest amount of target compounds. 
COX-1 and COX-2 are two isoforms of cyclooxygenase which has a role in conversion of arachidonic acid to prostaglandins that are involved in inflammatory processes in human body. Salicin is considered to be main compound found in willow responsible for its analgesic and anti-inflammatory properties. Salicylic acid, which is released in body from salicin, is considered to have similar affinity toward COX-2 as acetylsalicylic acid. 21,22 Therefore, the secondary goal of this paper was to elucidate the interaction and binding affinity of salicin and COX-1 and COX-2 using molecular docking, an efficient tool to get an insight into ligand-receptor interactions. These molecular docking studies could be usefull in better understanding of interactions between ligand and active sites of enzymes which is of great importance in aspect of designing a novel potent inhibitors.

2. Experimental
2.1. Plant material

Bark and leaf of Salix caprea L., Salicaceae were collected from locality of Vlasina Lake, Serbia in June 2013. The plant material was air-dried and stored at room temperature. Dried willow bark and leaves were ground in a mill and particle size diameter (d = 0.35 mm) was determined by sieve set (Retsch GmbH and Co KG).

2.2. Chemicals
The following HPLC grade compounds were used as standards for analysis by HPLC-DAD: gallic acid (purity ≥97%), chlorogenic acid (purity ≥95%), ferulic acid (purity ≥99%), rutin (purity ≥94%), naringenin (purity ≥98%), p-hydroxybenzoic acid (purity ≥99%), vanillic acid (purity ≥97%), trans-cinnamic acid (purity ≥99%), epicatechin (purity ≥98%) purchased from Sigma Aldrich; p-coumaric acid (purity ≥98%) from Fluka; quercetin (purity ≥99%) from Extrasynthese and salicin (purity ≥90%) from Carl Roth. HPLC grade acetonitrile, methanol, o-phosphoric acid, tetrahydrofuran and acetic acid were obtained from J.T. Baker. Sodium carbonate and methanol (analytical grade) were purchased from POCH, aluminium chloride from Sigma Aldrich. Folin-Ciocalteu (FC) reagent was obtained from Merck and 2,2-diphenyl-1-pycrylhydrazil (DPPH) from Alfa Aesar. Analytical grade EtOH was obtained from Zorka pharma. Distilled deionised water (dd H2O) was used throughout the experiments.
2.3. Extraction procedure
Ethanolic extracts were prepared as following: 0.5 g of plant material (bark/leaf) was extracted with 5 ml of aqueous ethanol (30%, 40%, 50%, 60% v/v) for 30 min, 24, 48 and 72 hours at room temperature (25°C) and by method of maceration with 70% ethanol for 72 hours at room temperature, according to the procedure given in EMA. 23 After maceration, the extracts were filtered, evaporated to dryness and left in exicator for 24 hours. After measuring the weight of dry extract, the extraction yield was calculated.

2.4. Chemical characterization by High performance liquid chromatography (HPLC)

Chemical characterization of the obtained extracts and quantification of the selected compounds was carried out by applying HPLC method. 24 Agilent HP 1100 HPLC-diode array detection (DAD) system equipped with an autosampler was used. The components were separated using reversed-phase Zorbax CB-C18 column (4.6 × 150 mm, 5 μm particle size) held at 25 °C. Solvent A was 0.1% aqueous CH3COOH and solvent B was 0.1% CH3COOH in acetonitrile. The mobile phase used was delivered in gradient mode (3,25 min 10% B; 8 min 12% B; 15 min 25% B; 15,8 min 30% B; 25 min 90% B; 25,4 min 100% B), with flow rate of 1 mL/min. The HPLC mobile phase was prepared fresh daily and filtered through a 0.45 μm nylon filter. The injection volume was 15 µL. For the quantification of the selected compounds, standards (gallic acid, chlorogenic acid, ferulic acid, rutin, naringenin, p-hydroxybenzoic acid, vannilic acid, trans-cinnamic acid, epicatechin, p-coumaric acid, quercetin) dissolved in methanol, were run under the same conditions. UV detection was set at 280 nm.
Salicin was determined by a slightly modified HPLC method described earlier 25, using Zorbax CB-C18 column (4.6 × 150 mm, 5 μm particle size). For quantification of salicin, its standard was dissolved in methanol and run under the same conditions.
Phenolic compounds were identified by comparing their retention time and UV/Vis spectra with those obtained from standard compounds. For quantitative analysis, a calibration curve for each standard was constructed: gallic acid (y = 41245x – 466.1, R2=0.998); chlorogenc acid (y = 13523x – 42.854, R2=0.998), p-hydroxybenzoic acid (y = 22708x + 12.73, R2=0.999); vanillic acid (y=23028x + 53.27, R2=1); epicatechin (y = 6269 x + 23.72, R2=0.999); p-coumaric acid (y = 67213x – 75.38, R2=0.999); rutin (y = 9921x – 70.05, R2=0.999); ferulic acid (y = 41992x – 508.1, R2=0.999); trans-cinnamic acid (y = 11200x + 69.55, R2=0.999); quercetin (y = 19129x - 103.3, R2=0.999); naringenin (y = 52671x – 770.6, R2=0.999) and salicin (y = 1927x – 113.4, R2=0.995). The results were expressed in g/100 g of dried extract.

2.5. Antioxidant activity - DPPH assay

The DPPH-assay was performed as previously described. 26 Different volumes (10-100 µl) of samples, dissolved in methanol, were mixed with 1ml of 90 µM DPPH solution and made up with 95% methanol to a final volume of 4 ml. After 1 h at room temperature, absorbance of the resulting solutions and the control (same chemicals without sample) were measured spectrophotometrically at 515 nm (Agilent 8453 UV-Visible Spectroscopy System). Methanol was used as a blank. For each sample, the experiment was performed in triplicate. RSC, expressed as a percentage, was calculated by the following equation: 
RSC=100 x (Ablank – Asample)/Ablank
2.6. Determination of total phenolics and flavonoids content

Total phenolics and flavonoids content were determined spectrophotometrically by Agilent 8453 UV-Visible Spectroscopy System. The amount of total phenolic compounds in the extracts was assessed using the method described before. 27 The concentration of total phenolics was expressed as mg of gallic acid equivalents (GAE) per g of dried extract (de) (mg GAE/g de), using a standard curve of gallic acid (y=0.2559x+0.3345). Measurement of the total flavonoid content in the obtained extracts was evaluated using the method based on formation of flavonoid-aluminium complex with the absorptivity maximum at 430 nm. 28 The flavonoids content was expressed as mg of quercetin equivalents (QE) per g of dried extract (de) (mg QE/g de), using a standard curve of quercetin (y=0.0039x+0.012). All measurements were performed in triplicate.

2.7. Molecular docking studies

Chemical structures of ligand molecules used in this research were taken from PubChem database (http://pubchem.ncbi.nlm.nih.gov/). Three dimensional crystallographic structures of proteins COX-1 in complex with flurbiprofen (1CQE) 29 and COX-2 in complex with indomethacin (4COX) 30 were retrieved from Protein Data Bank (PDB) (http://www.rcsb.org/). Ligands, chains B, C, D and molecules of water were erased, polar hydrogen atoms added and parcial atomic charge was calculated by Gasteiger method, using AutoDock Tools. The dimension of the grid box was 60×60×60 with distance of 0.375 Å between points. Molecular docking was conducted using AutoDock 4.2.3. program package, by Lamarckian Genetic Algorithm 31, with standard docking procedure for rigid receptor and flexible ligand, with 25 independent runs per ligand. Other parameters were set to default. Conformations of docked structures with the lowest binding energy were considered as the most favorable docking pose. Discovery Studio Visualizer 4.5. was used to visualize the results and produce the figures.
2.8. Statistical analysis

Statistical analyses were performed by SPSS, version 22. Results of extraction yield, total phenolics and flavonoids amount and antioxidant activity were analyzed using Student’s t-test and one-way analysis of variance (ANOVA) to determine significant differences among samples with level of significance p < 0.05.

3. Results and Discussion
3.1. Extraction yield, antioxidant activity and total phenolics and flavonoids

Effects of operating conditions (extraction time and solvent polarity) on extraction yield of leaf and bark of Salix caprea L. are shown in Table 1.







Table 1. Effects of extraction solvent on extraction yield (g dry extract (de)/100 g drug) of leaf and bark of Salix caprea
	Drug
	Extraction time
	Extraction type

	
	
	30% EtOH
	40% EtOH
	50% EtOH
	60% EtOH
	70% EtOH

	Leaf
	5 min
	

	
	30 min
	17.14 ± 1.49 a a
	19.19 ± 1.18 a a
	17.50 ± 3.33 a a
	15.89 ± 0.71 a a
	12.47 ± 0.29 a a

	
	24h
	19.12 ± 0.28 a a
	19.33 ± 0.52 a a
	17.19 ± 0.57 a ab
	18.12 ± 0.72 a b
	17.60 ± 0.55 a bc

	
	48h
	19.43 ± 0.84 a a
	20.15 ± 0.74 a a
	19.79 ± 0.14 a a
	19 ± 0.35 a bc
	19.23 ± 0.52 a b

	
	72h
	20.55 ± 2.09 a a
	19.50 ± 0.41 a a
	20.47 ± 1.17 a ac
	19.89 ± 0.48 a c
	20.94 ± 0.32 a bd

	Bark
	5 min
	

	
	30 min
	9.49 ± 0.02 a a
	10.22 ± 0.02 a a
	10.48 ± 0.03 ac a
	13.02 ± 0.03 bcd a
	10.33 ± 0.03 cd a

	
	24h
	11.29 ± 0.04 a b
	12.72 ± 0.03 a b
	11.76 ± 0.04 ac b
	14.01 ± 0.03 bcd b
	14.93 ± 0.03 cd b

	
	48h
	12.68 ± 0.03 a c
	13.30 ± 0.03 a c
	14.24 ± 0.03 ac c
	14.72 ± 0.03 bcd c
	16.58 ± 0.02 cd c

	
	72h
	13.20 ± 0.03 a d
	14.23 ± 0.03 a d
	15.15 ± 0.02 ac d
	15.96 ± 0.02 bcd d
	16.77 ± 0.02 cd d



Data are presented as mean value of triplicate measurements ± standard deviation; Superscript letters within the same column indicate significant (P < 0.05) differences of means within the extracting solvent; Subscript letters indicate significant (P < 0.05) differences of means between extraction types.


Yield of Salix caprea L. leaf extracts ranged from 12.47 to 20.94 g/100 g of drug and bark extracts from 9.49 to 16.77 g/100 g of drug. Yield of dry extract of both leaf and bark, increased by increasing extraction time, due to longer contact between plant material and solvent. In case of leaf, differences in extraction length are significant only in 50%, 60% and 70% ethanol extracts, whereas in ethanolic bark extracts there is statistically significant difference between each time interval. Considering solvent polarity, by increasing ethanol concentration from 30% to 70% (v/v), in case of bark, yield of dry extract increased, so the highest was achieved by 70% ethanol. In case of leaf, 40% ethanol as solvent was the most selective for obtaining the highest extraction yield compared to other concentrations of ethanol. These results are in an agreement with other similar researches. 14,15
The DPPH radical scavenging activity of the different extracts of bark and leaves of Salix caprea was assessed. Concentrations of extracts inhibiting 50% of DPPH radical (IC50) are shown in Table 2.
Table 2. Antioxidant activity of S. caprea leaf and bark extracts [µg/ml]

	Drug
	Extraction time
	Extraction type

	
	
	30% EtOH
	40% EtOH
	50% EtOH
	60% EtOH
	70% EtOH

	Leaf
	5 min
	/

	
	30 min
	26.82 ± 0.2 a a
	3.33 ± 0.35 bcef a
	2.41 ± 0.40 cdef a
	1.73 ± 0.08 de a
	1.57 ± 0.04 e a

	
	24h
	16.04 ± 0.27 a b
	2.75 ± 0.05 bcef b
	6.02 ± 0.08 cdef b
	2.05 ± 0.06 de b
	3.72 ± 0.08 e b

	
	48h
	7.48 ± 0.27 a c
	4.01 ± 0.20 bcef c
	3.80 ± 0.05 cdef c
	2.86 ± 0.15 de c
	3.42 ± 0.18 e c

	
	72h
	60.15 ± 0.15 a d
	4.45 ± 0.05 bcef d
	2.79 ± 0.26 cdef d
	4.26 ± 0.04 de d
	4.24 ± 0.05 e d

	Bark
	5 min
	

	
	30 min
	1.07 ± 0.04 af a
	1.35 ± 0.03 acf a
	0.99 ± 0.01 bcde a
	1.33 ± 0.01 cd a
	0.99 ± 0.02 de a

	
	24h
	3.03 ± 0.08 af b
	1.97 ± 0.02 acf b
	1.80 ± 0.03 bcde b
	2.59 ± 0.03 cd b
	1.41 ± 0.02 de b

	
	48h
	2.55 ± 0.05 af c
	2.49 ± 0.04 acf c
	1.68 ± 0.04 bcde c
	1.61 ± 0.06 cd c
	1.60 ± 0.06 de c

	
	72h
	3.34 ± 0.06 af d
	2.87 ± 0.02 acf d
	1.31 ± 0.01 bcde d
	1.21 ± 0.01 cd d
	1.58 ± 0.01 de c



Data are presented as mean value of triplicate measurements ± standard deviation; Superscript letters within the same column indicate significant (P < 0.05) differences of means within the extracting solvent; Subscript letters indicate significant (P < 0.05) differences of means between extraction types.

 Lower IC50 values indicate higher antioxidant activity. IC50 values of bark extracts ranged from 0.99 to 3.34 µg/ml indicating strong antioxidant activity. Increasing ethanol concentration from 30% to 70%, antioxidant activity of bark extracts increased, whereas increased extraction time led to decrease of antioxidant activity. This could be explained by the fact that longer extraction time might increase the oxidation of phenolic compounds, thus contributing to lower DPPH radical scavenging activity. 32 The highest antioxidant activity of bark extracts was observed for 50% and 70% ethanol extracts after 30 min of maceration. Compared to results of antioxidant activity of Salix aegyptiaca ethanol bark extracts (19±3 µg/ml) 33, our results indicate higher antioxidant activity. IC50 values of leaf extracts were in range of 1.57 to 60.15 µg/ml, also indicating high antioxidant activity. Among leaf extracts the highest antioxidant activity was observed for 70% ethanol extract obtained after 30 min of maceration. Comparing the results of bark and leaf extracts, it can be noticed that generally bark extracts possess higher antioxidant activity. Compared to Salix caprea ethanol flower extract, where IC50 value was 75 µg/ml 12, extracts of both bark and leaf exhibited stronger antioxidant activity, indicating that antioxidant activity could depend on the selected plant material.
The total phenolics content in the obtained extracts of bark and leaf of Salix caprea L. are presented in Table 3. 
Table 3. Total phenolics content of S.caprea leaf and bark extracts [mg GAE/g de]

	Drug
	Extraction time
	Extraction type

	
	
	30% EtOH
	40% EtOH
	50% EtOH
	60% EtOH
	70% EtOH

	Leaf
	5 min
	

	
	30 min
	21.20 ± 0.07 ad a
	22.92 ± 0.13 abd a
	23.19 ± 0.12 abd a
	17.56 ± 0.24 bcd a
	25.52 ± 0.04ca

	
	24h
	8.22 ± 0.26 ad b
	14.24 ± 0.15 abd b
	20.69 ± 0.12 abd b
	30.11 ± 0.12 bcd b
	33.98 ± 0.02cb

	
	48h
	11.38 ± 0.05 ad c
	5.84 ± 0.04  abd c
	4.14 ± 0.08 abd c
	26.16 ± 0.08  bcd c
	45.37 ± 0.28cc

	
	72h
	12.09 ± 0.08  ad d
	23.44 ± 0.02  abd d
	18.82 ± 0.07  abd d
	22.62 ± 0.04 bcd d
	41.14 ± 0.02cd

	Bark
	5 min
	

	
	30 min
	51.12±0.31aa
	56.12±0.23aca
	48.89±0.18aa
	52.36±0.12aca
	42.68±0.23bca

	
	24h
	17.31±0.09ab
	16.44±0.21acb
	45.82±0.16ab
	25.63±0.18acb
	64.88±0.11bcb

	
	48h
	20.16±0.17ac
	25.42±0.16acc
	29±0.18ac
	38.16±0.11acc
	68.37±0.08bcc

	
	72h
	23.76±0.22ad
	27.58±0.12acd
	26.84±0.12ad
	42.65±0.02acd
	55.71±0.04bcd



Data are presented as mean value of triplicate measurements ± standard deviation; Superscript letters within the same column indicate significant (P < 0.05) differences of means within the extracting solvent; Subscript letters indicate significant (P < 0.05) differences of means between extraction types.
The amount of total phenolics in the investigated extracts ranged from 16.44 to 68.37 mg GAE/g de and from 4.14 to 26.16 mg GAE/g de in bark and leaf, respectively. Increasing ethanol concentration from 30% to 70%, the amount of total phenolics increased for both bark and leaf extracts and the highest amount of phenolic compounds was observed in 70% ethanol extracts. The obtained results for bark extracts are lower than results from a study (75.5±0.1 mg GAE/g de) where Salix caprea bark was extracted by 80% aqueous methanol using Ultra Turrax. 19 However, results obtained for most 70% ethanol leaf extracts in our study are higher than results of total phenolics in Salix caprea leaf extracts (37.6±0.1 mg GAE/g de), where extraction was carried out using 70% aqueous acetone using magnetic mixer. 19 Total phenolics content in 70% ethanol extracts of leaf is significantly higher than the amount of phenolics obtained by extraction with other concentrations of ethanol. There is a statistically significant difference between total phenolics content in bark and leaf extracts. The highest amount of phenolics in bark was achieved by extraction with 70% ethanol.
Total flavonoids content in the investigated bark and leaf extracts is shown in Table 4. 
Increasing ethanol concentration led to the increase of total flavonoids of both bark and leaf extracts, so the highest amount of flavonoids when ethanol was used as solvent was obtained by maceration with 70% ethanol. The amount of total flavonoids in bark extracts is significantly higher than in leaf extracts of S. caprea. The great impact of solvent polarity and extraction time on total flavonoid content found in this research is in agreement with other studies. 15,16 












Table 4. Total flavonoids content of S. caprea leaf and bark extracts [mg QE/g de]

	Drug
	Extraction time
	Extraction type

	
	
	30% EtOH
	40% EtOH
	50% EtOH
	60% EtOH
	70% EtOH

	Leaf
	5 min
	

	
	30 min
	4.07 ± 0.09 ad a
	1.99 ± 0.04 abd a
	2.93 ± 0.03 a a
	4.69 ± 0.03 bd a
	16.92±0.01 c a

	
	24h
	1.03 ± 0.08 ad b
	1.72 ± 0.04 abd b
	2.57 ± 0.03 a b
	7.50 ± 0.04 bd b
	15.10±0.07 c b

	
	48h
	0.91 ± 0.04 ad b
	1.30 ± 0.03 abd c
	2.09 ± 0.02 a c
	8.14 ± 0.05 bd c
	15.21±0.04 c bc

	
	72h
	1.28 ± 0.02 ad c
	7.01 ± 0.03 abd d
	1.76 ± 0.03 a d
	5.76 ± 0.04 bd d
	14.86±0.02 c bd

	Bark
	5 min
	

	
	30 min
	4.45±0.03 a a
	5.69±0.03 b a
	5.38±0.01 b a
	7.16±0.06 c a
	15.19±0.02 d a

	
	24h
	4.08±0.03 a b
	5.84±0.01 b b
	7.28±0.01 b b
	8.70±0.06 c b
	15.65±0.05 d b

	
	48h
	3.91±0.00 a b
	5.71±0.00 b ac
	6.28±0.01 b c
	8.38±0.05 c c
	18.24±0.01 d c

	
	72h
	3.75±0.01 a c
	5.76±0.06 b a
	4.42±0.03 b d
	11.23±0.00 c d
	17.95±0.06 d c



Data are presented as mean value of triplicate measurements ± standard deviation; Superscript letters within the same column indicate significant (P < 0.05) differences of means within the extracting solvent; Subscript letters indicate significant (P < 0.05) differences of means between extraction types.

3.2. Chemical composition of extracts

Constituents considered to be mainly responsible for pharmacological effects of willow were identified and quantified by HPLC analysis. The impact of different extraction conditions on chemical composition of Salix caprea L. bark and leaf extracts are shown in Tables 5 and 6.
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Table 5. Chemical composition of Salix caprea leaf extracts
	Extraction
type
	Time
	GA
	CHLA
	VA
	EPC
	CA
	R
	FA
	Q
	TCA
	NRG
	SA

	[g/100 g drug]

	30% EtOH
	30 min
	n.d.
	n.d.
	n.d.
	n.d.
	0.009
	0.046
	0.074
	n.d.
	n.d.
	0.092
	n.d.

	
	24h
	n.d.
	n.d.
	n.d.
	n.d
	0.014
	0.047
	0.077
	0.035
	0.0009
	0.122
	

	
	48h
	n.d.
	n.d.
	0.003
	n.d.
	0.009
	0.057
	n.d.
	0.043
	0.0011
	0.204
	

	
	72h
	n.d.
	0.019
	0.005
	0.0004
	n.d.
	0.045
	0.070
	0.036
	0.0011
	0.091
	

	40% EtOH
	30 min
	n.d.
	0.030
	0.001
	n.d.
	n.d.
	0.072
	0.100
	0.048
	0.0009
	0.136
	

	
	24h
	0.071
	n.d.
	0.003
	0.003
	0.012
	0.044
	0.073
	0.034
	0.0008
	0.092
	

	
	48h
	n.d.
	n.d.
	0.006
	0.087
	0.0008
	0.052
	0.072
	0.044
	0.005
	0.160
	

	
	72h
	n.d.
	n.d.
	n.d.
	n.d.
	n.d.
	0.049
	n.d.
	0.048
	0.002
	0.302
	

	50% EtOH
	30 min
	n.d.
	n.d.
	0.008
	0.002
	0.008
	0.056
	0.083
	0.047
	0.004
	0.188
	

	
	24h
	0.074
	0.027
	n.d.
	0.013
	0.011
	0.058
	0.084
	0.052
	0.007
	0.131
	

	
	48h
	0.068
	n.d.
	n.d.
	0.007
	0.007
	0.057
	0.075
	0.069
	0.026
	0.141
	

	
	72h
	n.d.
	n.d.
	n.d.
	n.d.
	n.d.
	0.105
	n.d.
	0.066
	0.006
	0.330
	

	60% EtOH
	30 min
	0.099
	n.d.
	n.d.
	0.021
	n.d.
	0.099
	0.095
	0.073
	0.009
	0.330
	

	
	24h
	0.077
	0.100
	n.d.
	0.015
	0.011
	0.259
	n.d.
	0.060
	0.023
	0.113
	

	
	48h
	n.d.
	n.d.
	n.d.
	n.d.
	n.d.
	0.968
	n.d.
	0.067
	0.035
	0.156
	

	
	72h
	n.d.
	n.d.
	0.017
	0.009
	0.007
	0.054
	0.076
	0.068
	0.043
	0.136
	

	70% EtOH
	30 min
	0.111
	0.082
	0.002
	0.002
	0.020
	0.129
	n.d.
	0.185
	0.075
	0.319
	

	
	24h
	n.d.
	n.d.
	n.d.
	0.028
	0.015
	0.089
	n.d.
	0.087
	0.033
	0.146
	

	
	48h
	n.d.
	n.d.
	0.013
	0.015
	n.d.
	0.177
	n.d.
	0.226
	0.090
	0.434
	

	
	72h
	0.060
	0.028
	0.0002
	0.055
	n.d.
	0.116
	n.d.
	0.125
	0.032
	0.032
	


n.d. – not detected; GA – gallic acid; CHLA – chlorogenic acid; PHB – p-hydroxybenzoic acid; VA – vanillic acid; EPC – epicatechin; CA – p-coumaric acid; R – rutin; FA – ferulic acid Q – quercetin; NRG – naringenin; SA – salicin
Table 6. Chemical composition of Salix caprea bark extracts
	Extraction type
	Time
	GA
	CHLA
	PHB
	VA
	EPC
	R
	Q
	NRG
	SA

	[g/100 g de]

	30%
EtOH
	30 min
	n.d.
	0.004
	0.020
	0.008
	0.0006
	0.087
	0.043
	n.d.
	n.d.

	
	24h
	n.d.
	0.202
	n.d.
	0.027
	0.093
	0.329
	0.091
	n.d.
	n.d.

	
	48h
	n.d.
	0.019
	0.0009
	0.003
	0.002
	0.064
	0.042
	n.d.
	n.d.

	
	72h
	n.d.
	0.035
	0.003
	0.004
	0.010
	0.099
	0.101
	0.052
	n.d.

	40%
EtOH
	30 min
	n.d.
	0.093
	0.111
	0.047
	0.050
	0.428
	0.074
	0.078
	0.789

	
	24h
	n.d.
	0.050
	0.007
	0.009
	0.007
	0.128
	0.066
	0.061
	0.250

	
	48h
	0.032
	0.10
	0.078
	0.070
	0.134
	0.341
	0.138
	0.055
	0.273

	
	72h
	0.068
	0.166
	0.078
	0.077
	0.285
	0.620
	0.304
	0.103
	0.269

	50%
EtOH
	30 min
	0.043
	0.285
	0.252
	0.143
	0.108
	0.786
	0.155
	0.086
	0.749

	
	24h
	0.035
	0.092
	0.074
	0.005
	0.039
	0.243
	0.106
	0.076
	0.638

	
	48h
	0.030
	0.165
	0.107
	0.082
	0.218
	0.783
	0.139
	0.082
	0.469

	
	72h
	0.057
	0.536
	0.307
	0.302
	0.699
	1.470
	0.429
	0.153
	0.530

	60%
EtOH
	30 min
	0.032
	0.244
	0.293
	0.117
	0.17
	1.135
	0.168
	0.072
	0.615

	
	24h
	0.029
	0.294
	0.135
	0.098
	0.412
	0.980
	0.244
	0.074
	0.628

	
	48h
	n.d.
	0.702
	0.091
	0.114
	0.435
	1.710
	0.31
	0.115
	0.461

	
	72h
	0.054
	0.965
	0.332
	0.232
	0.697
	1.442
	0.344
	0.127
	n.d.

	70%
EtOH
	30 min
	0.113
	0.563
	0.542
	0.329
	0.672
	1.320
	0.603
	0.157
	0.658

	
	24h
	n.d.
	0.583
	0.29
	0.172
	0.267
	0.550
	0.098
	0.05
	0.598

	
	48h
	n.d.
	0.825
	0.43
	0.486
	0.499
	1.680
	0.642
	0.111
	0.413

	
	72h
	0.093
	0.655
	0.34
	0.209
	0.649
	1.630
	0.532
	0.130
	0.604
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n.d. – not detected; GA – gallic acid; CHLA – chlorogenic acid; PHB – p-hydroxybenzoic acid; VA – vanillic acid; EPC – epicatechin; R – rutin; Q – quercetin; NRG – naringenin; SA – salicin
Presence of active ingredients in the extracts was confirmed by comparing their retention time with the retention times of the standards, as well as comparing their UV/VIS spectra with the spectra of the standard signal. In Figure 1A a HPLC chromatogram of standards is shown. A representative chromatogram of Salix caprea bark extract obtained by ethanol (60%, v/v; 72 h) maceration is presented in Figure 1B.
[image: C:\Users\Nevena Grujic\Desktop\CSA\Figure 1.tif]
Figure 1. A) HPLC chromatogram of mixture of standards: a) gallic acid; b) chlorogenic acid; c) p-hydroxybenzoic acid; d) caffeic acid; e) epicatechin; f) vanillic acid; g) p-coumaric acid; h) rutin; i) ferulic acid; j) quercetin; k) trans-cinnamic acid; l) naringenin.
B) Representative chromatogram of Salix caprea bark extract obtained by ethanol (60%, v/v; 72 h) maceration: a) gallic acid; c) p-hydroxybenzoic acid; e) epicatechin; f) vanillic acid; h) rutin; l) naringenin.

Phenolic compounds identified in both Salix caprea L. bark and leaf extracts were gallic acid, chlorogenic acid and vanillic acid and the flavonoids identified were epicatechin, rutin, quercetin and naringenin. p-Hydroxybenzoic acid was found in bark extracts but not in leaf extracts. Ferulic acid, trans-cinnamic acid and p-coumaric acid were identified in leaf extracts only. The most abundant polyphenols in bark extracts was rutin (1.71 g/100 g de). Also high amounts of chlorogenic acid (0.965 g/100 g de), p-hydroxybenzoic acid (0.542 g/100 g de) and quercetin (0.603 g/100 g de) were detected in bark. Previous study of Salix aegyptiaca indicate a similar polyphenolic profile, where rutin was one of the predominant flavonols in ethanolic bark extract. 33 Other published reports indicate that epicatechin is one of the most dominant flavonoids in willow bark extracted in polar solvents. 34 In leaf extracts, rutin was also the most abundant polyphenol (0.968 g/100 g de), followed by naringenin (0.434 g/100 g de) and quercetin (0.226 g/100 g de). Our results are in accordance with earlier published studies on polyphenol content in leaves of six different Salix species, which revealed that quercetin was one of the major flavonols. 35
Gallic acid content varied from 0.029 to 0.113 g/100 g de and from 0.060 to 0.111 g/100 g de in bark and leaf, respectively. The highest amount of gallic acid in leaf was found in 70% ethanolic extract. It was not detected in either bark or leaf extracts obtained by maceration with 30% ethanol, implying that this concentration of ethanol is not selective for gallic acid isolation. The amount of chlorogenic acid was in interval of 0.004-0.965 g/100 g de and 0.019-0.100 g/100 g de for bark and leaf, respectively. The highest quantity of chlorogenic acid in bark and leaf was obtained by maceration with 60% ethanol. Vanillic acid content was in interval of 0.003 to 0.486 g/100 g de in bark and 0.0002 to 0.017 g/100 g de in leaf. The highest amount of vanillic acid in bark was obtained by maceration with 70% ethanol for 48 hours, and in leaf by maceration with 60% ethanol during 72 h of extraction. The amount of epicatechin was in interval of 0.0006-0.699 g/100 g de and 0.0004-0.087 g/100 g de for bark and leaf, respectively. The highest quantity of epicatechin in bark was obtained by 50% ethanol and in leaf 40% ethanol is found to be most effective extraction solvent. The highest content of rutin in both, bark and leaf, was found in 60% ethanolic extract obtained after 48 hours of maceration. Quercetin was obtained in highest amount in both, bark and leaf, by maceration with 70% ethanol for 48 hours. The amount of naringenin in bark was in interval of 0.050 to 0.157 g/100 g de, which is similar to results obtained for Salix caprea wood and knots (0.5-1.5 mg/g) published earlier. 20 Even higher amounts of naringenin were found in leaf extracts (0.091-0.330 g/100 g de). P-hydroxybenzoic acid was detected in bark only (0.0009-0.542 g/100 g de), with the highest amount in 70% ethanolic extract obtained after 48 hours of maceration. Ferulic acid was found in leaf only (0.07-0.100 g/100 g de), with the highest amount in 40% ethanolic extract. T-cinnamic acid (0.0008-0.09 g/100 g de) and p-coumaric acid (0.0008-0.020 g/100 g de) were found in low amounts in leaf only. Salicin was detected in bark extracts only. Its content ranged from 0.250 to 0.789 g/100 g de. The highest amount of salicin was obtained in 40% ethanolic extract after 30 min of maceration, while in 30% ethanolic extracts it was not detected at all. Salicin content in our study is higher compared to the amount of salicin obtained in a similar research, where Salix caprea bark and leaf were extracted with methanol. 25 However, in the mentioned study, salicin was detected also in leaf extracts, while in our study it was not present. These quantitative variations within the same species could reflect the influence of environmental and also genetic factors.
Correlation between antioxidant activity and the determined compounds in Salix caprea leaf and bark extracts was tested. There is statistically no significant correlation between antioxidant activity and any of the determined compounds in leaf extracts. In case of bark, statistically significant moderate negative correlation between antioxidant activity and rutin (R=-0.485, level of significance p < 0.05), naringenin (R=-0.474, level of significance p < 0.05) and salicin (R=-0.541, level of significance p < 0.05) was observed, suggesting that these compounds might contribute to the antioxidant activity of Salix caprea bark extracts.

3.3. Molecular docking

Molecular docking, as effective tool used to investigate the active site of a protein and to elucidate the interactions between ligands and the biological molecule, was applied in our research. One of the most important compound of willow bark, salicin, was selected to study its binding affinity and interactions to COX-1 and COX-2 enzymes. Binding energies and inhibition constants for the studied ligand and control inhibitor acetylsalicylic acid are listed in Table 7.
Table 7. Binding energies and inhibition constants

	Compound

	COX-1
	COX-2

	
	Binding energy [kcal/mol]
	Ki [µM]
	Binding energy [kcal/mol]
	Ki [µM]

	Salicin
	-5.70
	66.54
	-5.86
	50.95

	Acetylsalicylic acid
	-6.25
	26.1
	-5.69
	67.66

	

	
	
	
	


The results presented in Table 7 showed salicin to have similar affinity toward COX-1 and COX-2 enzymes. Also, in comparison with acetylsalicylic acid, salicin showed similar affinity toward COX-2, but lower toward COX-1. This might partially explain why willow bark extract does not damage the gastrointestinal mucosa in contrast to aspirin. 36 Interactions of salicin with amino acid residues at the active site of COX-1 and COX-2 are shown in Figures 2 and 3. 
[image: C:\Users\Nevena Grujic\Desktop\ciceq\Figure 2.tif]Figure 2. Active site of the COX-1 enzyme with salicin (A) 3D view; B) 2D view)
[image: C:\Users\Nevena Grujic\Desktop\ciceq\Figure 3.tif]Figure 3. Active site of the COX-2 enzyme with salicin (A) 3D view; B) 2D view)
Salicin was involved in hydrogen bonding with amino acid residues of the active site of COX-1 Tyr 355, Tyr 385 and Ser 530. Other important active site amino acid residues Arg 120, Val 349, Ser 353, Leu 384, Trp 387, Met 522, Ile 523, Gly 526 and Ala 527 form van der Waals interactions with salicin. These amino acid residues have also been reported for curcumin analogues having strong interactions with COX-1. 37 Salicin showed hydrogen bonding with Leu 352, Tyr 355, Tyr 385 and Ser 530, which are relevant amino acid residues of the active site of COX-2. Previous studies revealed that Ser-530 and Tyr-385 are important for the inhibition of COX-2. 3 Salicin exhibited hydrophobic interactions with important amino acid residues of the active site, namely Arg 120, Tyr 348, Val 349, Leu 352, Ser 353, Leu359, Trp 387, Phe 518, Met 522, Val 523, Gly 526 and Ala 527. Interactions with most of these residues have also been reported for compounds having strong that inhibited COX-2 and correspond to the active binding site of non-steroidal anti-inflammatory drugs. 37-39
 
4. Conclusion

Extraction technique showed great impact on yield, antioxidant activity and the amount of active compounds of Salix caprea bark and leaf. 70% ethanolic extracts of both bark and leaf exhibited highest antioxidant activity. Although willow extracts have been traditionally used as anti-inflammatory agents for their salicin content, Salix caprea bark and leaf contain significant amounts of other phenolic compounds, especially epicatechin, rutin, quercetin, chlorogenic acid and gallic acid, which act as potent antioxidants, and therefore can contribute to the therapeutic effects of this species. Also, the results obtained in our study showed that Salix caprea leaves, as well as bark could be used as a rich natural source of bioactive components and have potential in the pharmaceutical industry for extraction of phenolic antioxidants. Salicin was found in bark extracts only and molecular docking study was applied for evaluation of interactions and binding affinity between salicin and the enzymes COX-1 and COX-2. The results showed that salicin exhibited a number of strong hydrogen bonds and hydrophobic interactions with significant amino acid residues of active sites of COX-2 which could explain major anti-inflammatory potency of this compound.

Abbreviations

Ala, alanine; Arg, arginine; COX, cyclooxygenase; d.e., dried extract; DPPH•, 2,2-diphenyl-1-picrylhydrazyl radical; GAE, gallic acid equivalents; Gly, glycine; Ile, isoleucine; Leu, leucine; Met, methionine; •OH, hydroxyl radical; Phe, phenylalanine; Ser, serine; Trp, tryptophan; Tyr, tyrosine; QE, quercetin equivalents. 
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