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Abstract: This study evaluated the chemical composition and antioxidant activity of Salix caprea flower extract. The 

extract was divided into five different fractions using liquid-liquid extraction with petroleum ether (PEF), chloroform 

(CF), ethyl acetate (EAF), n-butanol (NF), and water (WR). The chemical constituents of the extracts were analyzed via 

gas chromatography-mass spectrometry. The quantification of total polyphenols and flavonoids was carried out using the 

Folin–Ciocalteu reagent and various colorimetric techniques. The antioxidant capacity of these fractions was tested by 

2,2-Diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging activity assay, 3-ethylbenzthiazoline-6-sulfonic acid 

radical cation (ABTS⁺) scavenging activity assay and other methods. A total of 153 volatile substances were identified. 

The highest total polyphenol (40.02 mg/g) and flavonoid (78.62 mg/g) contents were in the EAF. EAF, NF and WR 

extracts demonstrates significant radical scavenging abilities against four types of free radicals, namely DPPH, ABTS, 

hydroxyl, and super oxide anion. Additionally, it exhibits strong reducing power towards Fe3+.. These fractions improved 

cell viability, reduced malondialdehyde (MDA) and reactive oxygen species (ROS) levels, and increased catalase (CAT) 

and super oxide dismutase (SOD) activity in WRL-68 cells. The study highlights Salix caprea flower extract, particularly 

its n-butanol fraction, as a potential natural antioxidant source. 
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INTRODUCTION 

 
Free radicals are characterized by unpaired electrons, 

making them highly reactive and unstable. These 

properties often initiate chain reactions, resulting in the 

oxidation of other molecules and the creation of 

additional free radicals or oxides (Jomova et al., 2023; He 

et al., 2019). Under normal physiological conditions, the 

generation and removal of reactive oxygen species (ROS) 

are balanced in a dynamic equilibrium, ensuring they 

remain harmless to the human body. However, the 

excessive production of oxygen free radicals disrupts the 

balance between the antioxidant defense system and 

oxygen free radicals (Yoshikawa and You., 2024). The 

buildup of reactive oxygen species (ROS) can cause 

oxidative stress, which in turn may lead to lipid 

peroxidation in cell membranes and the breakdown of 

proteins and enzymes and damage to nucleic acids, 

ultimately leading to various diseases, such as diabetes, 

aging, cardiovascular diseases and cancer (Feng and 

Wang, 2020; Hajam et al., 2022). 

 

It has been indicated that antioxidants can help capture 

and neutralize free radicals, thus mitigating the effects of 

oxidative stress. Antioxidants can be categorized into two 

types: synthetic and natural. Synthetic antioxidants 

commonly used include compounds such as butylated 

hydroxyanisole (BHA), butylated hydroxytoluene (BHT), 

tertiary butylhydroquinone (TBHQ) and tertiary butyl 

catechol. (Chaudhary et al., 2024). However, synthetic 

antioxidants have been found to have harmful and 

carcinogenic effects on organisms (Li et al., 2023). Park 

et al. (Park et al., 2019) used astrocytes as a model to 

confirm that BHA may be potentially toxic to the nervous 

system, leading to brain and nerve development damage. 

On the other hand, natural antioxidants are highly favored 

due to their non-toxic side effects. In recent years, a large 

number of bioactive compounds with strong antioxidant 

activity have been identified in medicinal plants that are 

of high significance for the prevention of diseases, This 

includes conditions such as diabetes, atherosclerosis, 

hypertension, respiratory diseases, arthritis, cataracts, 

cancer and cardiovascular disorders (Nunes et al., 2016; 

Engwa et al., 2023). 

 

Salix caprea is also known as mountain goat willow 

(fluffy willow, European fluffy willow, and big yellow 

willow) (Ahmed et al., 2017). It was found to exert 

antipyretic, analgesic, antibacterial, hemostatic, sedative 

and anthelmintic effects (Moohammadnor et al., 2010). 

The flavonoids in Salix caprea wood were also reported 

to have antifungal properties (Malterud et al., 1985). 

Astralgin, quercimeritrin and quercitin-3, 7-di-O-

glucoside were identified in the pollen of Salix caprea 

(Gorobets et al., 1982). The leaves of Salix caprea were 

found to contain salicin, saligenin, gallocatechin, rutin, 

cynaroside, quercitin, and luteolin. Previous research on 

Salix caprea has focused on its use as a feed additive to *Corresponding authors: e-mails: Mynura@126.com 
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reduce ruminal methanogenesis in vitro (Bodas et al., 

2009). In Unani medicine, a distillate made from the 

flowers of Salix caprea, known as Araq-e-Bedmusk, is 

commonly prescribed by Unani physicians. It is used to 

alleviate symptoms of nervousness and palpitation, as 

well as to support treatment for psychological stress and 

cardiac function abnormalities (Ahmed et al., 2017). 

 

Regarding the existing research on Salix caprea, most 

studies have concentrated on its phytochemical 

composition, methods of cultivation, reproductive biology 

and geographical distribution (Ahmed et al., 2011; 

Terziolu et al., 2020). In general, the extraction methods 

significantly influence the chemical and functional 

properties of natural active ingredients, with solvents and 

other conditions playing a crucial role. To the best of our 

knowledge, studies on how different extraction solvents 

affect the functional activities and components of various 

parts of Salix caprea flower extracts are still limited. The 

chemical constituents and antioxidant activities of Salix 

caprea flowers extract from different polar parts were 

explored in this study. 

 

MATERIALS AND METHODS 
 

Materials and reagents 

Salix caprea flower is purchased from Shenkang 

Biotechnology Co., Ltd. (Xinjiang, China), anhydrous 

ethanol, acetone, petroleum ether, chloroform, ethyl 

acetate, n-butanol, and methanol are all purchased from 

Beilian Fine Chemicals Development Co., Ltd. (Tianjin, 

China), all of them are all analytically pure. Gallic acid 

standard (SG8040), rutin standard (SR8250), BCA protein 

quantitative kit (P0010S) were obtained from Solebao 

(Beijing, China). Folinol reagents were manufactured by 

Yuanye Biotechnology Co., Ltd. (Shanghai, China 

S29851). 1-phenyl-2-picrylhydrazino radical (DPPH 

D807297) and 2-diazobis (3-ethylbenzothiazoline-6-

sulfonic acid) diammonium salt (ABTS+ A766844) were 

bought from McLean Biotechnology Co., Ltd. (Shanghai, 

China). Sodium carbonate (Na2CO3), sodium nitrite 

(NaNO₂), aluminum nitrate (Al(NO3)), sodium hydroxide 

(NaOH), potassium persulfate (K2S2O8), ferrous sulfate 

(FeSO₄), salicylic acid (SA), pyrogallol (PG), potassium 

ferricyanide (K3[Fe(CN)6]), trichloroacetic acid (TCA), 

ferric chloride (FeCl3) and ascorbic acid (VC) were 

purchased from Zhiyuan Chemical Reagent Co., Ltd. 

(Tianjin, China). Tris-HCl from Blue season Biology 

(Shanghai, China). DMEM cell culture medium, mixture 

of trypsin, penicillin and streptomycin containing EDTA 

were manufactured from Gibco (Carlsbad, CA, USA). 

Fetal bovine serum (FBS) was obtained from Biological 

Industries (Kibbutz Beit Haemek, ISR). CCK-8 detection 

kit (E-CK-A362), superoxide dismutase (SOD E-BC-

K019-M) detection kit, 3pyr4-methylenedioxyphe-

nylpropionaldehyde (MDA E-BC-K028-M) detection kit, 

catalase (CAT E-BC-K031-M) kit and reactive oxygen 

species (ROS E-BC-K138-F) detection kit were all 

purchased from Ilerite Biotechnology Co., Ltd. (Wuhan, 

China). WRL-68 human normal hepatocytes were 

donated by Xinjiang University. 
 

Preparation of extracts from the flowers of Salix caprea 

To prepare the extracts from the flowers of Salix caprea, 

500g of dried flowers were taken. After crushing, they 

were soaked in 70% ethanol (1:10) at room temperature. 

Then, the ultrasound-assisted extraction method was used 

to extract the flowers twice, with an interval of 72 hours 

between each extraction step. Finally, the two extracts 

were combined and the resulting extract was concentrated 

using a rotary evaporator (RE-3000A, Yarong 

biochemical instrument factory Shanghai, China) under 

reduced pressure to obtain the initial extract of Salix 

caprea. A small amount of distilled water was used to 

dissolve the extract, which was then poured into a 

separatory funnel. An equal amount of petroleum ether 

was added and the funnel was sealed and shaken. After 

standing still on a support stand for 12 hours, the 

petroleum ether extract layer of the Salix caprea extract 

was obtained. This extraction process was repeated two 

more times and the extracts were combined. The 

combined extract was then concentrated using a rotary 

evaporator under reduced pressure. After concentration, 

the liquid was freeze-dried in a freeze dryer for 48 hours. 

Finally, approximately 4.96 g of the petroleum ether 

extract layer of Salix caprea was obtained. Equal amount 

of chloroform, ethyl acetate, and n-butanol reagents were 

added sequentially and the same experimental steps were 

repeated to obtain the chloroform layer, ethyl acetate 

layer, n-butanol layer and water layer extracts of Salix 

caprea, which weighed approximately 2.05, 1.88, 14.32, 

and 79.00 g, respectively. The extraction rates were 

0.992%, 0.41%, 0.376%, 2.864% and 15.8%, 

respectively. 
 

GC-MS analyses 

GC-MS analyses was established as previously described 

(Oyebode et al., 2020) with slight modification. Different 

extracts were obtained by removing Salix caprea flowers. 

The petroleum ether and chloroform fractions were 

dissolved in acetone, while the ethyl acetate, n-butanol, 

and water fractions were dissolved in methanol. The 

solution was then passed through a 0.22 μm micro porous 

membrane. The chromatographic column used is an HP-

5msUI capillary column (Shimadzu, Kyoto, Japan) (30.0 

m × 0.25 mm × 0.25 μm); the temperature program begins 

at 40°C, holding for 5 minutes, then increases at a rate of 

10°C/min to 120°C, where it is held for 2 minutes. It then 

rises at a rate of 5°C/min to 160°C, held for another 5 

minutes, followed by an increase at 5°C/min to 280°C, 

held for 5 minutes and finally increases at 5°C/min to 

290°C, maintaining this temperature for 20 minutes. The 

injection port temperature is set at 290°C, with a split 

ratio of 10:1 and a column flow rate of 1.5 mL/min. For 

the MS conditions, the ion source temperature is set to 
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230°C, the transfer line temperature to 150°C, the 

auxiliary temperature to 300°C and the scanning range 

(m/z) is 35-400 Amu with a solvent delay of 3 minutes.  
 

Measurement of total polyphenol and total flavonoid 

The phenolic content was measured using a modified 

version of the Folin-Ciocalteu method, employing gallic 

acid as the standard (Yang et al., 2015). The sample was 

diluted to an appropriate multiple, then 200uL of the 

sample extract was taken and mixed with 5 mL of double 

distilled water and 1.5 mL of 5% Na2CO3. After avoiding 

light, 0.5 mL of Folin phenol reagent was added and the 

volume was made up to 10 mL. The reaction was carried 

out in a 75°C water bath for 10 minutes. After cooling, we 

used a microplate reader (Feyond-A300, ALLSHENG, 

Hangzhou, China) to measure the absorbance at 760 nm, 

and the phenolic content was determined using the 

calibration curve established with gallic acid, and the 

values were calculated accordingly, y = 0.0155x - 0.0019 

and R2 = 0.9945. 
 

The total flavonoid content was assessed using the sodium 

nitrite-aluminum nitrate colorimetric assay, as described 

by Tang et al. (Tang et al., 2015).with a few 

modifications, 1 mL of the sample extract was taken and 

made up to 5 mL with 70% ethanol, then 0.3mL of 5% 

NaNO2 was added. After 6 minutes of standing, 0.3mL of 

10% Al(NO)3 was added, followed by another 6 minutes 

of standing. Then, 4mL of 10% NaOH was added and 

made up to 10mL. After standing for 15 minutes, use a 

microplate reader (Feyond-A300, ALLSHENG, 

Hangzhou, China) to measure the absorbance at 760 nm, 

and the flavonoid content was determined using the 

equation of the calibration range established with rutin, 

i.e., y = 0.0013x + 0.005 and R2 = 0.9986. 
 

Determination of antioxidant activity in vitro 

DPPH free radical scavenging ability 

The DPPH radical scavenging activity was determined 

following the previously described method (Wu et al., 

2003). Briefly, we took 1 mL of different concentrations 

of samples (0.2, 0.4, 0.6, 0.8 and 1mg/mL) and transferred 

them into test tubes. Further, we added 1mL of 0.15 

mmol/L DPPH-ethanol solution to each tube, placed them 

in the dark for 20 minutes. Further, a microplate reader 

(Feyond-A300, ALLSHENG, Hangzhou, China) was 

employed to measure the absorbance A1 at 517 nm. We 

used anhydrous ethanol instead of DPPH, and measure 

absorbance A2 as a control group using the same method. 

In the blank control group, anhydrous ethanol was utilized 

instead of distilled water, and the absorbance A0 was 

measured. We applied different concentrations of Vc 

solution as a positive control. Further, we calculated the 

scavenging rate of the samples for DPPH free radicals 

using the following equation: 

DPPH scavenging rate (%)=[1- (A1-A2)/A0] × 100% (1) 

In this experiment,A0 represents the absorbance of the 

control, while A1 denotes the absorbance of the sample. 

Ascorbic acid was utilized as the positive control and a 

mixture of methanol and DPPH solution served as the 

negative control. Blanks consisted of methanol and 

extracts. The IC50 values were calculated to determine 

the concentration of the sample needed to scavenge 50% 

of DPPH free radicals. 

 

ABTS
＋

 radical clear capability 

The ABTS
＋

 radical scavenging activity was measured 

according to the method described by Wang et al. (Hou et 

al., 2011). We accurately measured 44.1 mg of ABTS
＋

 

powder and dissolved it in 11.4823 mL of distilled water 

to prepare a 7 mM ABTS
＋

 solution. Then, we precisely 

weighed 11.31 mg of potassium persulfate powder and 

dissolved it in 298.85uL of distilled water to prepare a 

140 mM potassium persulfate solution. After mixing 7.5 

mL of 7 mM ABTS
＋

 solution with 132 uL of potassium 

persulfate solution and allowing it to react in the dark for 

12 hours, a reaction occurred. Before the experiment, 

dilute with ethanol to create a working solution. The 

absorbance of the working solution at a wavelength of 

734 nm should be 0.70±0.02. We transferred 1.0 mL of 

different sample concentrations (0.2, 0.4, 0.6, 0.8 and 1 

mg/mL) in test tubes, added 1mL of ABTS
＋

· 

determination solution to each of them and shook them 

for 10 seconds. Next, we let the samples stand for 6 

minutes and used a microplate reader (Feyond-A300, 

ALLSHENG, Hangzhou, China) to measure A1 at 734 

nm. Ethanol without the sample while applying the same 

method to measure the absorbance A2 served as the 

control group. We implemented different concentrations 

of Vc solution as the positive control. Then, we repeated 

the measurement three times and calculated the clearance 

rate (SC). 

SC (%) = (A2- A1) / A2×100%, (2) 

 

Hydroxyl radical scavenging capacity 

The assay was determined following the method reported 

by Song et al. (Song et al., 2019) with minimal 

modifications. First, 1mL of samples with different 

concentrations (0.2, 0.4, 0.6, 0.8 and 1mg/mL) were 

transferred in graduated test tubes. Then, 1mL of 6.0 

mmol/L ferrous sulfate solution and 1 mL of 6.0 mmol/L 

hydrogen peroxide solution were added to each tube, 

followed by vigorous shaking and letting the sample 

undisturbed for 10 minutes. Then, we added 1 mL of 

salicylic acid-ethanol solution, poured distilled water until 

the volume reached 10 mL. Further, after water-bathing at 

37°C for 30 minutes, we used a microplate reader 

(Feyond-A300, ALLSHENG, Hangzhou, China) to 

measure the absorbance A1 at 510 nm. Distilled water was 

used instead of hydrogen peroxide to measure the 

absorbance A2 in the control group. Distilled water was 

utilized instead of the sample, and the absorbance A0 was 

measured in the blank group using the same method. 

Different concentrations of Vc solution were used as 
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positive controls. The scavenging rate of hydroxyl 

radicals by the sample was calculated according to the 

following formula: 

Inhibition rate (%) = [1 - (A1 - A2 / A0] × 100% (3) 
 

Superoxide anion radical scavenging activity 

Hydroxyl radical scavenging assay was carried out using 

the method described by Li et al. (Li et al., 2008), and 

Shen et al. (Song et al., 2021), with some modifications. 

We took 1 mL of samples with different concentrations 

(0.2, 0.4, 0.6, 0.8 and 1 mg/mL), each into a graduated 

test tube. Then, we added 2.5 mL of 50 mmol/L Tris-HCl 

buffer solution and incubate at 25°C for 20 minutes. Cool 

to room temperature, add 1 mL of 3 mmol/L pyrogallol 

solution, dissolved in HCl solution (0.01 mol.L-1). We 

further mixed and incubated the specimens at 25°C water 

bath for 6 minutes. Finally, we added 0.1 mL of 8 

mmol.L-1 HCl solution to stop the reaction, followed by 

measurements with a microplate reader (Feyond-A300, 

ALLSHENG, Hangzhou, China of the absorbance A1 at 

320 nm wavelength. We used distilled water instead of 

pyrogallol and measured the absorbance A2 in the control 

group; Additionally, we utilized distilled water instead of 

the sample and measured the absorbance A0 in the blank 

control group. Different concentrations of Vc solution 

were employed as positive controls. Finally, we 

calculated the superoxide anion clearance rate using the 

following formula: 

Scavenging ability (%) = [1-(A1-A2)/A0]× 100% (4) 
 

Determination of reducing power 

Reducing power was determined out according to the 

method described by Ahmadi et al. (Ahmadi et al., 2007). 

We took 1-mL samples of different concentrations (0.2, 

0.4, 0.6, 0.8 and 1 mg/mL) and transferred them 

graduated test tubes and 2.5 mL of PBS (0.2 M, pH 6.6) 

To each sample, 2.5 mL of 1% potassium ferrocyanide 

solution was added. The mixtures were then incubated in 

a water bath at 50°C for 20 minutes. Subsequently, 2.5mL 

of 10% trichloroacetic acid solution was added. After 

centrifuging at 4000 rpm for 10 minutes, 2.5 mL of the 

supernatant was taken. To this, 2.5 mL of distilled water 

and 0.5 mL of 0.1% ferric chloride solution were added. 

The solutions were mixed thoroughly and left to stand for 

10 minutes before measuring the absorbance at 700 nm 

(A1).The absorbance A0 was measured as a blank 

treatment using 1.0 mL of distilled water instead of the 

sample, following the same method. Different 

concentrations of Vc solution were used as positive 

controls. The reducing power of the samples was 

compared based on A1-A0, where a higher A1-A0 value 

indicates stronger reducing power of the sample. 
 

Cell culture 

Human normal hepatocyte WRL-68 was selected as the 

experimental platform. The cells were cultured in DMEM 

supplemented with 10% fetal bovine serum and 1% 

penicillin-streptomycin and cultured at 37°C in 5% CO2 

incubator (Panasonic Sanyo, Osaka, Japan). 

 

Cell viability  

Cellular viability was measured using the Cell counting 

kit-8 (CCK-8) (Feyond-A300, ALLSHENG, Hangzhou, 

China) assay.The cells were seeded in the log growth 

phase at a density of 2×105 cells/mL into a 96-well plate 

and incubated them for 24 hours. We then added different 

concentrations of the extract (6.25, 12.5, 25, 50, 100, 200, 

400 and 800μmol/L) to the cells, with four replicates for 

each concentration and incubating in a CO2 incubator 

(Panasonic Sanyo, Osaka, Japan), for 24 hours. 10 μL of 

CCK-8 reagent was added to each well, and incubating at 

37oC for 2 hours. Finally, we measured the absorbance at 

450 nm using a microplate reader.  

 

H2O2 induced model of oxidative damage in WRL-68 

cells 

H2O2 induced model was established as previously 

described (Gulcin, 2024) with slight modification. Cells 

in the exponential growth phase were seeded into 96-well 

plates at a concentration of 2×105 cells per mL and 

incubated for 24 hours. The cells were then exposed to 

varying concentrations of H2O2 (200, 300, 400, 500, 600, 

700, 800, 900 and 1000µM) for 2 hours in a CO₂ 

incubator. Following this treatment, 100µL of serum-free 

medium containing 10µL of CCK-8 reagent (Feyond-

A300, ALLSHENG, Hangzhou, China)was a dded to each 

well and incubated for an additional 2 hours at 37°C. 

Finally, the absorbance was measured at 450 nm using a 

microplate reader. 

 

Protective effects of different polarity sites against H2O2-

induced oxidative damage in WRL-68 cells 

Cells in the logarithmic growth phase were seeded into 

96-well plates at a density of 2×105 cells/mL and 

incubated for 24hours. Extracts from various polar 

regions were then added to the cells at concentrations of 

6.25, 12.5, 25 and 50 μmol/L, followed by incubation in a 

CO₂ incubator for another 24 hours. After discarding the 

culture medium, the cells were washed three times with 

PBS. Next, a 500 μM H₂O₂ solution was added to each 

well, and the cells were incubated for 2 hours. This 

procedure was repeated four times for each concentration. 

Subsequently, 100 μL of serum-free medium containing 

10 μL of CCK-8 reagent was added to each well, and the 

plates were incubated at 37°C for 2 hours. Finally, the 

absorbance at 450 nm was measured using a microplate 

reader.  

 

Determination of the levels of SOD, MDA and CAT in 

the cells 

The logarithmic growth phase cells were seeded at a 

density of 2×105 cells/mL in a 6-well plate and pre-treated 

with extract for 24 hours, followed by further incubation 

with 500 µM H2O2 for two hours. The cells were then 
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lysed and centrifuged (10,000×g, 4 minutes), and the 

supernatant was collected after washing with PBS. The 

levels of SOD, MDA and CAT in the supernatant were 

evaluated using assay kits. 

 

Intracellular ROS levels determination 

Cells (2×105 cells/mL) were cultivated in a 96-well plate, 

followed by incubation at 37°C for 24 hours. The cells 

were then treated with extract (24 hours) followed by 

H2O2 treatment (2 hours). The medium was removed and 

the cells were washed with PBS. Then, we added DCFH-

DA dissolved in serum-free DMEM (100µL, 100µM) to 

each well and incubated the samples at 37°C for 30 

minutes. Further, we washed them again with PBS. 

Finally, cells were cultured in 100µL serum-free DMEM, 

and fluorescence signals were detected using a 

fluorescence microplate reader (Feyond-A300, 

ALLSHENG, Hangzhou, China) at 37°C. The program 

settings were as follows: excitation wavelength at 485 

nm, emission wavelength at 538 nm, measurement time of 

30 minutes and readings at every 5 minutes. The results 

are expressed as the relative change in the fluorescence 

intensity (%). 

 

STATISTICAL ANALYSIS 
 

The data obtained in this study are presented as means ± 

standard deviations. The data were analyzed using 

GraphPad Prism, version 8.0 statistical software 

(GraphPad Software, San Diego, California, USA) 

through one-way ANOVA. Statistical significance was 

determined at p<0.05. 

 

RESULTS 
 

Chemical composition of VOCs in different polar parts 

of Salix caprea flowers extract 

The ion flow diagrams of five different polar regions of 

the Salix caprea flowers extract were obtained (Appendix 

1A–E). The GC-MS composition analysis results are 

presented in table 1. We identified a total number of 153 

volatile substances, mainly belonging to eight categories, 

including esters, acids, alcohols, ketones, phenols, 

aldehydes, alkanes and alkenes. We identified 40, 55, 59, 

77 and 42 components in the petroleum ether fraction, 

chloroform fraction, ethyl acetate fraction, n-butanol 

fraction, and water fraction, respectively.  

 

Four components were found to be common among all 

fractions, namely n-hexadecanoic acid, 7-methyl-z-

tetradecen-1-olacetate, 9,12,15-octadecatrienoic acid,2,3-

dihydroxypropyl ester, (Z,Z,Z)- and ethyl iso-allocholate. 

Among them, the highest content of n-hexadecanoic acid 

was found in the chloroform and petroleum ether 

fractions, accounting for 91.16% in both fractions. The 

highest content in the ethyl acetate fraction was that of γ-

sitosterol, accounting for 92.71%. The highest content in 

the water fraction was that of desulphosinigrin, 

accounting for 100%. The n-butanol fraction contained β-

D-glucopyranose, 4-O-β-D-galactopyranosyl, and salicin, 

all with a percentage of 100%. 

 

Table 1: The TPC and TFC of quinoa extracts. 
 

Samples TPC TFC 

PEF 9.91 ± 0.55 78.62 ± 1.99 

CF 19.15 ± 1.65 70 ± 1.22 

EAF 40.02 ± 2.66 68 ± 0.88 

NF 25.28 ± 1.40 31.69 ± 1.26 

WR 9.69 ± 0.86 41.08 ± 0.42 
1TPC = total phenolic content (mg GAE/g); TFC = total 

flavonoid content (mg RE/g); PEF = petroleum ether fraction; 

CF = chloroform fraction; EAF = ethyl acetate fraction; NF = n-

butanol fraction and WR = water residual. 

 

Total phenolics and flavonoids content 

Polyphenols are among the most abundant plant 

secondary metabolites, with flavonoids and phenolic acids 

being the two predominant types. These compounds are 

well-known for their excellent biological activities, 

including antioxidant and antidiabetic properties 

(Mcgivern et al.; Abubakar et al., 2014). The total 

phenolic content (TPC) and total flavonoid content (TFC) 

of the fractions are detailed in table 2. Among them, the 

ethyl acetate fraction (EAF) exhibited the highest levels, 

with TPC at 40.02 mg/g and TFC at 78.62 mg/g. This was 

followed by the n-butanol fraction (NF), the chloroform 

fraction (CF), the water residual (WR), and the petroleum 

ether fraction (PEF). 

 

Antioxidant activity of different polar sites 

The polar parts of Salix caprea flower extract showed 

certain DPPH radical scavenging ability, which was 

positively correlated with the mass concentration. At the 

same concentration, the order of clearance ability for 

DPPH is Vc> WR> EAF> NF> CF> PEF. When the 

concentration is 0.8mg/mL, WR, EAF and NF have a 

clearance rate of DPPH of over 91%. Among them, WR 

has a clearance ability equivalent to that of Vc at a 

concentration of 1mg/mL (fig. 1A). 

 

The results of the clearance rate of ABTS+ radicals by 

different polar parts of the Salix caprea flowers extract 

are shown in fig. 1B. Each part has the ability to clear 

ABTS+ radicals. At a concentration of 0.6mg/mL, NF 

showed a slightly higher clearance rate of ABTS+ radicals 

(78.95%±0.27%) compared to Vc (78.65%±0.57%). At a 

concentration of 1 mg/mL, NF, WR and EAF showed a 

clearance rate of ABTS+ radicals above 78.5% of Vc, with 

NF and WR achieving the same effect as Vc. This 

indicates that the Salix caprea flowers extract components 

NF, WR and EAR have strong activity in clearing ABTS
＋
 

radicals (fig. 1B). 
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Fig. 1: The in vitro antioxidant activity of different polar parts. (A) The antioxidant activity of different polarity sites 

towards DPPH free radicals; (B) The antioxidant activity of different polarity sites towards ABTS＋ free radicals; (C) 

The antioxidant activity of different polarity sites towards hydroxyl radicals; (D) The antioxidant activity of different 

polarity sites towards super oxide anions; (E) The reducing power of different polarity sites (P< 0.05, n = 3). 

 

Fig. 2: (A) Impact of H2O2 on the viability of WRL-68 cells; (B) Impact of different polar parts of Salix caprea flowers 

extract on the viability of WRL-68 cells. (C) Protective effect of EAF site on WRL-68 cells; (D) Protective effect of NF 

site on WRL-68 cells; (E) Protective effect of WR site on WRL-68 cells. Significance: #### P<0.0001 vs. the control 

group.***P<0.001 and ****P<0.0001 vs. the control group. The data are expressed as mean ± SD (n = 5). 
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Fig. 3: Impact of different polarity locations on H2O2-induced WRL-68 cell morphology. (a) Effect of EAF on the 

cellular morphology of H2O2-induced WRL-68 (100×); (b) Effect of NF on the cellular morphology of H2O2-induced 

WRL-68 (100×); (c) Effect of WR on the cellular morphology of H2O2-induced WRL-68 (100×). 
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Fig. 4: (A-C) Effect of Salix caprea flowers extract from different polar parts on the levels of MDA, SOD, and CAT 

after H2O2-induced WRL-68 cell. (D) Effect of EAF on ROS levels of H2O2-induced WRL-68; (E) Effect of NF on 

ROS levels of H2O2-induced WRL-68;(F) Effect of WR on ROS levels of H2O2-induced WRL-68.damage. ### P<0.001 

and #### P<0.0001 vs. the control group. *P<0.05, **P<0.01, ***P<0.001 and ****P<0.0001 vs. the H2O2-treated 

group. The data are expressed as mean ± SD (n = 4). 

 
Appendix 1: Ion flow patterns in different polarity regions (A) Ion flow diagram of PEF; (B) Ion flow diagram of CF; 

(C) Ion flow diagram of EAF; (D) Ion flow diagram of WR; (e) Ion flow diagram of NF. 
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The results of the hydroxyl radical scavenging rate for 

different polarity fractions of the extract of Salix caprea 

flowers are illustrated in fig. 1C. With the increase in the 

sample concentration, the hydroxyl radical scavenging 

ability of each polarity fraction also gradually increases. 

At the same concentration, the order of scavenging ability 

is: Vc> PEF> WR> EAF> NF> CF. When the 

concentration is 1mg/mL, the hydroxyl radical scavenging 

rates of PEF, WR, EAF, and NF are (97.73%±0.41%), 

(97.41%±0.52%), (97%±1.14%) and (95.55%±0.72%), 

respectively, which is above 97% of Vc. 

 

Fig. 1D displays the results of the clearance rate of 

superoxide anions by different polar parts of Salix caprea 

flowers extract. As the sample concentration increases, 

the clearance ability of each polar part towards superoxide 

anions gradually increases. At the same concentration, the 

clearance abilities are in following descending order: EAF 

> Vc> WR> NF> CF> PEF. At a concentration of 0.8 

mg/mL, the clearance rate of superoxide anions by EAF 

(78.32%±0.28%) was higher than that of Vc (76.52%± 

0.08%). When the concentration is 1mg/mL, the clearance 

rates of superoxide anions by WR, NF, CF and PEF were 

(74.21%±0.38%), (73.85%±0.14%), (71.39%±1.07%), 

and (70.32%±0.37%), respectively, which were all above 

70.5% of Vc. 

 

The results of the reduction ability of different polar parts 

of the Salix caprea flower extract are depicted in fig. 1E. 

All plant parts were found to have reduction ability and 

showed a clear dependence on sample concentration. The 

strength of reduction ability was found to be in the 

following order: EAF > Vc > CF > NF > PEF. However, 

WR had the poorest reduction ability, and the effect of its 

increase in the reduction ability with concentration was 

not significant. At a concentration of 1mg/mL, the 

reduction ability of EAF exceeded that of Vc, reaching 10 

times that of WR. 

 

Impact of Salix caprea flowers extract from different 

polar parts on the viability of WRL-68 cells 

CCK-8 assay was performed to evaluate the toxicity of 

different polar parts of Salix caprea flowers extract on 

WRL-68 cells. As can be seen in fig. 2B, EAF showed no 

cytotoxicity and cell viability was close to 100% within 

the concentration range of 6.25-25µg/mL. However, 

toxicity was observed at concentrations between 50-

800µg/mL. NF exhibited cell viability higher than 90% 

compared to the control group within the concentration 

range of 6.25-25µg/mL, with no apparent cytotoxicity, 

especially at concentrations between 12.5-400µg/mL, 

where the cell viability of NF was higher than 100%, 

indicating that NF can promote the growth of WRL-68 

cells. At a concentration of 800µg/mL, the cell viability 

was only 23.54±6.33%. WR did not show cytotoxicity 

within the concentration range of 6.25-50µg/mL and at 

concentrations of 12.5 and 25µg/mL, it promoted cell 
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growth with a cell viability of 102.42±5.29%. Toxicity 

was observed starting from a concentration of 100µg/mL. 

Since both PEF and CF exhibited cytotoxicity within the 

concentration range of 6.25-800µg/mL, they were not 

selected for subsequent experiments. To save time, 

concentrations of 6.25µg/mL, 12.5, 25 and 50µg/mL were 

chosen for EAF, NF and WR in the subsequent 

experiments. 

 

Protective effect of different polar parts of Salix caprea 

flowers extract on WRL-68 cells 

H2O2 is a reactive oxygen species, an intermediate 

product in the human body's metabolism process. It easily 

penetrates the cell membrane and acts on some 

biomacromolecules, causing a series of reactions such as 

lipid per oxidation (Zhenxing et al., 2023). It is a common 

substance used to establish cell oxidative damage (Rebeiz 

et al., 2010). As can be observed in fig. 2A, with the 

increase of H2O2 concentration, the cell viability 

significantly decreases, indicating that the addition of 

H2O2 causes obvious damage to the cells. Thus, 500 μM 

was selected as the most appropriate modeling 

concentration for our subsequent experiments. 

 

The effects of different polar parts of Salix caprea flowers 

extract on the cell survival rate of WRL-68 are shown in 

fig. 2C-E. Compared with the normal group, H2O2 

treatment can lead to a decrease in cell activity. After 

pretreatment with the different polar parts of yellow 

willow flower extract, the number of viable cells 

increases in a concentration-dependent manner. Among 

them, the NF part has the best effect on the number of 

active cells. Compared with the normal group, the 

survival rate increased from (50.93±6.38)% in the H2O2 

model group without NF to (67.26±3.93)%, (73.79± 

1.79)%, (86±3.57)% and (90.98±3.76)%, respectively. 

The WR part comes next, with survival rates of (66.82± 

3.48)%, (76.43±5.79)%, (85±3.7)% and (90.37±2.12)%, 

respectively. The ethyl acetate (EAF) part has the weakest 

effect, but still has a certain effect compared with the 

model group. The survival rate increases with 

concentration, reaching (64.19±4.48)%, (70.78±5.52)%, 

(80±6.05)% and (85.25±3.44)%, respectively. 

 

In addition, the effects of EAF, NF and WR on the 

morphology of H2O2-induced WRL-68 cells are shown in 

fig. 3A-C. The cells in the normal group are spindle-

shaped and very dense. But most of the model group 

WRL-68 cells are close to round and the cell density is 

lower than normal, indicating apoptosis. After 

pretreatment with different polar parts, the cell 

morphology returns to normal. These experiments 

indicate that different polar parts of Salix caprea flowers 

extract have a certain protective effect on the oxidative 

stress-induced damage to WRL-68 cells. These findings 

suggest that. 

 

Effect of Salix caprea flowers extract from different 

polar parts on the levels of MDA, SOD and CAT after 

H2O2-induced WRL-68 cell damage 

According to fig. 4A-C, compared with the normal group, 

the MDA content in the model group showed a significant 

increase (P<0.0001) and the activities of other enzymes 

showed a significant decrease (P<0.0001), indicating a 

successful model of cell oxidative damage after H2O2 

treatment. Compared with the model group, the 

pretreatment with different polar parts significantly 

reduced the cellular MDA content (P<0.05, P<0.01, 

P<0.001, P<0.0001), significantly increased the cellular 

SOD and CAT activities (P<0.05, P<0.01, P<0.001, 

P<0.0001) and showed concentration dependence. Each 

sample group made the various indicators tend toward the 

level of the normal group cells, indicating that the 

different polar parts of Salix caprea flowers extract 

exerted a pre-protective effect on WRL-68 cell oxidative 

damage by changing the cellular MDA, SOD, and CAT 

levels.  

 

Effects of Salix caprea flowers extract from different 

polar positions on the intracellular ROS levels induced 

by H2O2 in WRL-68 cells 

As shown in fig. 4C-F, after WRL-68 cells were treated 

with H2O2, the intracellular ROS levels increased 

threefold compared to the control group (P<0.0001). 

However, when the extracts from four different parts 

(6.25, 12.5, 25 and 50µg/mL) were utilized for 

intervention, the ROS levels significantly decreased 

compared to the model group, with significant differences 

(P<0.001, P<0.0001). 

 

DISCUSSION 

 
In this experiment, we employed liquid-liquid extraction 

combined with GC-MS technology to analyze the 

chemical compositions of different polarity parts of Salix 

caprea flowers extract. A number of 153 volatile 

substances were identified, mainly belonging to eight 

categories, including esters, acids, alcohols, ketones, 

phenols, aldehydes, alkanes, and alkenes. Among them, n-

hexadecanoic acid had the highest content in the 

chloroform and petroleum ether fractions, accounting for 

91.16% in both fractions. The highest content in the ethyl 

acetate fraction was γ-sitosterol, accounting for 92.71%. 

The highest content in the water fraction was 

desulphosinigrin, accounting for 100%. The n-butanol 

fraction contained β-D-glucopyranose, 4-O-β-D-

galactopyranosyl and salicin, all with a percentage of 

100%. Song et al. (Ganesan et al., 2022) determined the 

antioxidant activity of n-hexadecanoic acid from the 

leaves of Ipomoea eriocarpa. The study found that n-

hexadecanoic acid had significant antioxidant activity, 

capable of scavenging free radicals, possessing certain 

reducing power, chelating iron ions, and demonstrating 

overall antioxidant activity. Additionally, n-hexadecanoic 
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acid also exerted protective effects on cells, alleviating 

oxidative damage. Nisha et al. (RAKESH et al., 2013). 

adopted GC-MS technique to isolate and identify γ-

sitosterol from the roots of Girardinia heterophylia. 

Yousef et al. (Al-Saraireh et al., 2020), analyzed the 

chemical composition of Euphorbia hierosolymitana 

Boiss. crude extract by GC-MS technology, and 

desulphosinigrin was found in n-butanol part and ethyl 

acetate part and the content was 0.51% and 4.38%, 

respectively. Harish et al. (Kommera et al., 2010) 

discovered a significant toxic effect on cancer cells and 

the ability to inhibit cancer cell growth and survival 

through the synthesis of β-D-glucopyranose. Al et al. (Al 

Bujuq et al., 2017) chemically synthesized 4-O-β-D-

galactopyranosyl and evaluated its cytotoxicity. It showed 

high anticancer activity and was able to inhibit the growth 

and survival of cancer cells, thus having potential as a 

candidate compound for anticancer drugs. Guo et al. (Guo 

et al., 2019) found that salicin prevented TNF-A-induced 

aging of human umbilical vein endothelial cells 

(HUVECs). These findings suggest that salicylate may 

have anti-aging potential. 

 

Herein, the antioxidant capacities of five different polarity 

parts of Salix caprea flowers extract are mainly studied 

by in vitro chemical methods. In DPPH, ABTS, 

superoxide anion radical, hydroxyl radical four free 

radical scavenging models and reducing power model, the 

results show that the extracts of each part have good in 

vitro antioxidant capacity. Among them, the EAF part has 

the best antioxidant activity, followed by NF and WR, 

PEF part and CF part gradually weaken, indicating that 

the types and structures of the main antioxidant active 

components contained in different polarity parts of yellow 

flower willow extract may be related. Therefore, in 

different antioxidant systems, the antioxidant effects of 

different polarity parts of Salix caprea flowers extract are 

different. In the body, reactive oxygen species (ROS) 

include superoxide anion radicals, hydroxyl radicals, and 

non-radical species like hydrogen peroxide. These ROS 

not only cause oxidative damage in humans but also 

contribute to food spoilage (Aruoma et al., 1991). 

Therefore, using natural antioxidants can effectively 

alleviate oxidative stress in the human body and certain 

diseases. 

 

In this study, the total phenols and total flavonoid 

contents of different parts were determined. The ethyl 

acetate fraction (EAF) showed the highest TPC (40.02 

mg/g) and TFC (78.62mg/g), followed by n-butanol 

fraction (NF), chloroform fraction (CF), water residual 

(WR), and petroleum ether fraction (PEF).  

 

The protective effect of different polar parts on H2O2-

induced oxidative stress in WRL-68 cells is evaluated 

(Wu et al., 2017). Pre-treating WRL-68 cells with EAF, 

NF, and WR fractions can significantly elevate the 

decrease of SOD and CAT induced by H2O2, which can 

significantly reduce the increase of MDA and ROS 

induced by H2O2 and have a protective effect on H2O2-

induced WRL-68 cell damage. These results provide 

experimental basis for the future study and development 

of the antioxidant mechanism of Salix caprea flowers 

extract EAF, NF and WR fractions. 

 

The antioxidant system, which includes both antioxidants 

and antioxidative enzymes, plays a crucial role in 

regulating the balance between oxidation and reduction 

processes (He et al., 2022; Li et al., 2022; Zhang et al., 

2022). As reported, enzymes such as superoxide 

dismutase (SOD) and catalase (CAT) serve as the primary 

defense mechanism against reactive oxygen species 

(ROS), effectively scavenging free radicals likeO2⁻ and 

HO⁻(Liang et al., 2018; Tsai et al., 2020). Superoxide 

dismutase (SOD) catalyzes the conversion of superoxide 

anion (O2⁻) into hydrogen peroxide (H2O2). Subsequently, 

catalase (CAT) breaks down the hydrogen peroxide into 

water (H2O) and oxygen (O2). Excessive oxidative stress 

can lead to elevated levels of MDA and ROS (Li et al., 

2023a). In this study, it was found that pretreating WRL-

68 cells with different polar parts of Salix caprea flowers 

extract significantly elevated the H2O2-induced SOD and 

CAT levels, while significantly reducing the H2O2-

induced MDA and ROS levels. 

 

CONCLUSION 
 

This study highlights the significant antioxidant potential 

of various polar fractions of Salix caprea flower extract. 

The ethyl acetate (EAF), n-butanol (NF) and water (WR) 

fractions exhibited the strongest antioxidant activities, 

demonstrating their capacity to scavenge free radicals, 

reduce oxidative stress markers and enhance the viability 

of WRL-68 cells. These findings underscore the potential 

of Salix caprea flower extract, particularly the n-butanol 

fraction, as a promising natural source of antioxidants. 

This could have valuable implications for the 

development of natural antioxidant therapies aimed at 

mitigating oxidative stress-related conditions. Further 

research is recommended to explore the specific bioactive 

compounds responsible for these effects and their 

mechanisms of action. 
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