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Abstract: The study is concerned with biological activity of quince (Q) fruit extract (Cydonia oblonga Mill.) 

towards the phosphatidylcholine liposome and the natural lipid-protein erythrocyte membrane, as well as will 

explaining the40 way of interaction of the extract with the membrane. The results showed that Q extract protects 

lipids against oxidation induced by AAPH compound to a similar extent in two models of membrane. Studies 

with probes (Laurdan and DPH) located at different depths within the membrane lipid bilayer showed that 

extract caused an increase of the packing order of the polar heads of lipids and a slight decrease in mobility of 

the acyl chains. Such results suggest that extract molecules associate with the lipid and lipid-protein membrane 

and can stop the propagation of free radicals within the bilayer by modifying the membrane fluidity. 

Furthermore, Q extract resulted in the inhibition of the activity of enzymes (cyclooxygenase-1 and 

cyclooxygenase-2) probably involved in inflammatory reactions in the body. The experimental results proved 

that extract components can bind to the main plasma protein – human serum albumin, and the quenching 

mechanism was suggested as static. The obtained quince–albumin binding constants show that the extract 

probably can be transported from the circulatory system to reach its target organ.  

 

Keywords: Cydonia oblonga Mill.; lipids peroxidation; erythrocyte and phosphatidylcholine membranes; human 

serum albumin; COX-1 and COX-2 enzymes; fluorimetric study. © 2017 ACG Publications. All rights reserved. 

 

1. Introduction 

Epidemiological studies suggest a close relation between human diet rich in substances of 

plant origin, phenolic compounds including, and lowered risk of the so called civilizational diseases.                  

This has resulted in the creation of the concept of functional food and dietary supplements that contain 

plant preparations deemed to possess therapeutic and/or preventive action [1]. The discovery of the 

oxidative stress also indicates the key role of stress in inducing pathogenic processes in humans, and 
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hence the great interest of researchers in ways of neutralizing stress. The first site that free radicals 

attack in the body is the cell membrane. The molecular mechanisms of the antioxidant action of 

phenolic compounds have not been fully explained and are still a matter of considerable discussions. 

Hence, the present paper is intended to explain those problems in the case of a bioactive extract of the 

quince fruit in action on model biological membranes.  

Cydonia oblonga Mill., common name quince, subfamily Pomoideae, family Rosaceae is a 

perennial tree, whose fruits and leaves can be used in many ways. Health beneficial properties of 

quince are known from ancient times. As traditional medicine preparations from different parts of 

quince were used to treat cough, cystitis, constipation, cold, bronchitis, abdominal pain, diarrhea, 

nervousness, insomnia, disurea, against hyperglycemia and as a skin emollient [2-4]. Recent in vivo 

and in vitro studies have revealed that quince fruits and leaves have cell-protecting properties. Quince 

leaf has also been attested to possess anti-hemolytic, anti-diabetic, antilipoperoxidant and 

antimicrobial as well as lipid-lowering properties [5-7]. In addition quince leaves showed a 

concentration-dependent growth inhibitory activity towards human colon cancer cells [8]. Aqueous 

preparations from whole quince fruits have been reported to be effective to treat allergic disorders [9]. 

Finally, a lipophilic quince extract was demonstrated to exhibit skin moisturizing properties [10]. 

Moreover, in the work by Umar et al. [11] it is shown that Cydonia obonga  (fruit and leaves) could 

regulate the blood lipid metabolism in using hyperlipidemic rat models while removing the oxygen 

free radicals and improving the antioxygenic potentials. Also, previous reports have focused either on 

the phytochemical composition or the bioactivity of quince [12]. 

The aim of the present study was to determine the biological activity of quince fruit extract to 

the phosphatidylcholine (PC) liposome membrane and the natural lipid-protein membrane of 

erythrocytes (RBC), with peroxidation induced by the AAPH compound. Extract from a natural raw 

material like quince fruit have a unique composition of phenols, which provide the individual value of 

the raw material. To investigate the interaction between the extract and the membranes, biophysical 

studies were undertaken using fluorescent probes that become imbedded in different areas of the 

bilayer. In addition, we investigated the anti-inflammatory properties of quince extract in inhibiting 

the cyclooxygenases 1 and 2 – the enzymes that participate in inflammatory processes, and the 

extract’s ability to bind to the main transport protein of blood – human albumin. Such comprehensive 

studies on the biological activity of quince extract and the mechanism of protecting the membranes 

against oxidation have not yet been presented.  

2. Materials and Methods 

 

2.1. Reagents and Chemicals 

 
N,N,N’,N’-tetramethyl-p-phenylenediamine (TMPD, ≥97.0%), arachidonic acid from porcine 

liver (≥99.0%), cyclooxygenase 1 from sheep, cyclooxygenase 2 human recombinant, indomethacin 

(≥99.0%), 2,2’-azobis (2-amidinopropane) dihydrochloride (AAPH, 97%), L(+) ascorbic acid (AA) 

and human serum albumin (HSA) (lyophilized powder, essentially fatty acid free) were purchased 

from Sigma–Aldrich (Poznań, Poland). Egg yolk phosphatidylcholine (PC) was obtained from Lipid 

Products, UK. The probes DPH, DPH-PA, and Laurdan were purchased from Molecular Probes 

(Eugene, Oregon). Tris (hydroxymethyl) aminomethane (Tris:HCl) were obtained from “Chempur” 

Piekary Śląskie.  

2.2. Plant Material  

 
The raw material for the study was quince (Cydonia oblonga Mill.). The fruit of quince was 

collected in the Arboretum and Institute of Physiography in Bolestraszyce near Przemyśl, Poland. The 

plant materials were authenticated by Prof. Jakub Dolatowski (Arboretum and Institute of 

Physiography in Bolestraszyce), and the adequate voucher specimens BDPA 006747 has been 

deposited at the Herbariums of Arboretum and Institute of Physiography in Bolestraszyce.  
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Fruits were harvested in October 2012, and immediately frozen at -20
o
C. It was frozen and 

then freeze-dried (ChRIST ALPhA 1-4 LSC), and just before extraction it was disintegrated with an 

analytical mill (A11 basic of IKA-Werke, Germany). The process of obtaining the Q extract was 

described in with small modifications by Strugała and Gabrielska [13]. Fruit extract were obtained in 

the following way: 50 g of fruit lyophilizate was all covered in 200 mL of 70% water-ethanol solution, 

sonicated (20 kHz, Sonic, Italia) for 15 min in temperature 30
◦
C, and the alcoholic extract drained. The 

extraction process by sonication was repeated 2 more times. The extract thus obtained was spun for 15 

min in a centrifuge (2500 rev/min) at room temperature and then the ethanol was evaporated to dry 

weight with a rotary evaporator (IKA RV 05B, Germany) for approx. 50 min. Obtained extract was 

dissolved in distilled water and passed through a column (70 cm × 7.5 cm) filled with Amberlite® 

resin (XAD4). The column was washed with distilled water (about 2600 mL) until the wash-out of 

total sugars (the concentration of sugars in the extraction, measured with a Pocket PAL-1 

refractometer, came to zero). Phenolic compounds were obtained after washing the column with 70% 

ethanol (about 1300 mL). The collected fraction was evaporated in a vacuum evaporator for about an 

hour until dry mass. The extract thus obtained was stored at room temperature without light. 

 

2.3. Preparation of Erythrocyte Membranes  

 
Erythrocyte membranes were obtained from fresh heparinized pig blood according to the 

method of Dodge et al. [14].
 
The content of erythrocyte membranes in the samples was determined on 

the basis of protein concentration, which was assayed using the Bradford method [15] and it was 100 

μg/mL. The choice of pig erythrocytes was prompted by the fact that this cell’s percentage share of 

lipids is closest to that of the human erythrocyte. Fresh blood was taken each time to a physiological 

solution of sodium chloride with heparin added. In the study the erythrocyte membranes was selected 

as a model the cell membrane on the grounds that the presence e.g. of drugs or biologically active 

substances in peripheral blood makes that the substances interact with blood components, in particular 

with of the serum protein (including albumin) and in the first contact with the erythrocytes with their 

cell membrane. 

2.4. High-performance Liquid Chromatography/Mass Spectrometry (HPLC-MS/MS) 

methods 

 
Phenolic compounds were identified by the method described by Kucharska et al. [16] 

 
using 

the Acquity Ultra-Performance Liquid Chromatography (UPLC) system coupled with a quadruple 

time-of-flight (Q-TOF) MS instrument (Waters Corp., Milford, MA, USA) with an electrospray 

ionization (ESI) source. Separation was achieved on an Acquity BEH C18 column (100 mm × 2.1 mm 

i.d., 1.7 μm; Waters). Detection wavelengths were set to 280, 320, 360 nm. The mobile phase was a 

mixture of 4.5% formic acid (A) and acetonitrile (B). The gradient program was as follows: initial 

conditions – 99% (A), 12 min – 75% (A), 12.5 min – 100% (B), 13.5 min – 99% (A). The flow rate 

was 0.45 mL/min and the injection volume was 5 μL. The column was operated at 30°C. UV-VIS 

absorption spectra were recorded on-line during HPLC analysis, and the spectral measurements were 

made in the wavelength range of 200-600 nm, in steps of 2 nm. The major operating parameters for 

the Q-TOF MS were set as follows: capillary voltage 2.0 kV, cone voltage 40 V, cone gas flow 11 L/h, 

collision energy 28-30 eV, source temperature 100°C, desolvation temperature 250°C, collision gas – 

argon, desolvation gas (nitrogen) flow rate 600 L/h, data acquisition range m/z 100–1000 Da, 

ionization mode, negative and positive. The data were collected with Mass-Lynx V 4.1 software. 

Quantification of phenolic compounds was performed by the method described by Sokół-

Łętowska et al. [17]
 
 using the Dionex HPLC (Sunnyvale, CA, USA) system equipped with a diode 

array detector (model Ultimate 3000), a quaternary pump (LPG-3400A), an auto-sampler (EWPS-

3000SI), and a thermostated column compartment (TCC-3000SD), controlled by Chromeleon v.6.8 

software. Separation was performed on a Cadenza C5-C18 (75.0 × 4.6 mm, 5 µm) column (Imtakt, 

Japan) with a guard column. Oven temperature was set to 30°C. The mobile phase was composed of 

solvent A (4.5% formic acid, v/v) and solvent B (acetonitrile). The applied elution conditions were: 0–

1 min 5% B, 20 min 25% B, 21 min 100% B, 26 min 100% B, 27 min 5% B. The flow rate was 
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1.0 mL/min, and the injection volume was 20 µL. Flavonols were detected at 360 nm, phenolic acids 

at 320 nm, and  flavanols at 280 nm. Flavonols were quantified as quercetin 3-O-glucoside, phenolic 

acids as 5’-caffeoylquinic acid, flavanols as (-)-epicatechin. The results were calculated as mg of 

compound in 1 g dry mass of extract (mg/g
 
of d.m.) All determinations were performed in duplicate. 

The detailed information of the HPLC-MS/MS  method with original chromatograms are given in 

supporting information part (are shown in S1-S19). 

2.5. Antioxidant Activity - Fluorometric Method 

 
Antioxidant activities of Q and AA were determined using the fluorimetric method [18,19]. 

The studies were carried out on RBC membranes and PC liposomes in phosphate buffer (pH 7.4) at 

0.1 mg/mL that contained the fluorescent probe DPH-PA (1 µM). Use was made of the relationship 

between DPH-PA fluorescence intensity and concentration of free radicals. The probe’s fluorescence 

decreased with its rising oxidation caused by free radicals, supplied by AAPH at a final concentration 

of 1 M at 37 °C. As a measure of the degree of erythrocyte and lipid membranes oxidation was 

assumed the value of relative intensity of DPH-PA fluorescence [20].
 
It was calculated as a ratio of 

fluorescence intensity after 30 min of oxidation in the presence of antioxidants to the initial value of 

the intensity. The concentrations of antioxidants were changed in the range 4-10 µg/mL for Q and 12-

35 µg/mL for AA. The measurements were conducted with a fluorimeter (Cary Eclipse, Varian) in 

five independent replicates (n=5). 

2.6. Packing Order and Fluidity of Membrane  

 
The effects of extracts on the packing order of the hydrophilic phase of PC and RBC 

membrane were examined using the Laurdan probe, while on the basis of changes in fluorescence 

anisotropy of the probe DPH the effect of extract on fluidity of the hydrophobic part of the membrane 

was examined [18]. The effects of Q extracts on the packing order of the hydrophilic phase of PC and 

RBC membrane were examined using the Laurdan probe, while on the basis of changes in 

fluorescence anisotropy of the probe DPH the effect of extract on fluidity of the hydrophobic part of 

the membrane was examined. The prepared PC liposomes and RBC membranes were suspended in a 

phosphate buffer (pH 7.4), and incubated for 0.5 h in the dark in the presence of a probe. The sample 

included: PC or RBC liposomes (0.1 mg/mL), fluorescent probe (1 µM) and Q extract at a 

concentration varying within the range 4-20 µg/mL. Measurements were carried out at room 

temperature (approx. 20 °C). The excitation and emission wavelengths for DPH were as follows: 

λex=360 nm and λem= 425 nm.  The excitation wavelength for Laurdan was 360 nm, and the emitted 

fluorescence was recorded at two wavelengths, 440 and 490 nm. The experiments were conducted 

with a fluorimeter (Cary Eclipse, Varian) in six independent replicates (n=6). 

2.7. Fluorescence Quenching of Human Serum Albumin 

 
Analysis of the potential interaction of Q and AA with human serum albumin (HSA) was 

performed according to the work by Trnková et al. [21]
 
and

 
 Strugała et al. [18] with minor 

modifications. All quenching experiments were performed at 295, 300, 305 and 310 K temperature for 

HSA in a phosphate buffer solution of pH 7.4 and final concentration 1.5 × 10
−5 

M. The excitation 

wavelength was set at 280 nm (excitation of the Trp and Tyr), and the emission spectra were read at 

285-460 nm. The excitation and emission slits were both set to 5 nm. Our method consisted in tracking 

the quenching of natural HSA fluorescence caused by Q and AA added successively. The final 

concentrations varied in the range 2.5-75 µg/mL for Q and 5-100 µg/mL for AA. The experiment were 

performed on a fluorimeter (Cary Eclipse, Varian) equipped with 1.0 cm quartz cells and a thermostat 

bath in three independent replicates (n=3). 
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2.8. Cyclooxygenase Activity 

 
The anti-inflammatory activity of the Q extract, established on the basis of a modified method 

given in the work by Jang and Pezzuto [22] was assayed by a spectrophotometric measurement of 

inhibition of activity of the cyclooxygenase COX-1 and COX-2. The experiment is described in detail 

by Strugała et al.
 
[23]. The experiment was performed in five independent replicates (n=5). 

2.9. Statistical Analysis 

 
Data are shown as mean values ± standard deviation (SD). The results were analyzed by one-

way ANOVA followed by Duncan test. P values < 0.05 were considered statistically significant. The 

program Statistica 12.0 was used for all statistical calculations. 

3. Results and Discussion 

 

3.1. Phenolic Content by HPLC-MS/MS Method 

 
By the HPLC-MS/MS chromatographic method was performed quantitative and qualitative 

analysis of the components present in the Q extract and the results (expressed in mg/g
 
d.m) are 

presented in Table 1. The  developed  and  validated HPLC method  was  assessed  by  different 

validation  parameters. According to results, the linearity from validation parameters was found  to be  

consistent with  correlation  coefficients  between  0.9999 and  0.9995. The detection and 

quantification limits of each phenolic  compound were remarked in S1 (Supporting information). 

Phenolic compounds contained in the extract belong to 3 groups of substances: phenolic acids (ca. 

84%), flavonols - glycoside and rutinoside of quercetin, (ca. 8%) and flavon-3ols - catechins and 

procyanidins (ca. 8%). These tree groups were also identified by other researchers from extracts of 

various parts of fruits: (pulp, peel, seed), [24,5,12].
 
In total, 13 phenolic compounds were found and 

identified. The most numerous of the three groups were phenolic acids, were chlorogenic acid and 

neochlorogenic dominated, their percent shares being 37.4 and 33.5%, respectively.  

The structural characteristics of Cydonia oblonga Mill. compounds were based on retention 

times, UV–visible spectra, mass spectra, and ion fragmentation. The results were compared to 

available authentic standards and by comparison with literature data [25-27]. In the quince extract 

phenolic acids were identified (chlorogenic acid and its isomers - neochlorogenic and 

cryptochlorogenic acids, derivatives of caffeoylquonic acid, p-coumaric acid and  dicaffeoylquinic 

acid). Compounds at tR 2.10 min, and 3.19  min had comparable retention times and spectrum at λmax at 

325 nm to authentic standards of neochlorogenic and chlorogenic acid respectively. They exhibited a 

pseudomolecular ion at m/z 353.1. After fragmentation, ions with characteristic for quinic acid (m/z at 

191.1) caffeic acid (m/z at 179.0 and 135.0) were obtained. Similar pattern of fragmentation was 

observed for compound at 3.46 min, so this compound was tentatively identified as cryptochlorogenic 

acid. Compound at tR 7.53 was identified as dicaffeoylquinic acid. Fragmentation of the ion with m/z 

515,1 created ions at m/z 353.1, at m/z  191.1, at m/z 179.0. Ion at m/z 337.1 (tR 2.88 min) was 

identified as derivative of quinic acid and p-coumaric acid because  after fragmentation specific 

molecular ions at m/z 191.1, 163.0 and 119.1 were reveald. In quince extract derivative of quinic and 

p-coumaric acids with ions at m/z 337.1 and m/z 191.1 at tR 4.55 min was also identified. Derivatives 

of quercetin: quercetin 3-O-rutinoside, quercetin 3-O-glucoside (isoquercitrin) were identified. 

Fragmentation pattern shows that residues of glucose and rhamnose were attached to aglycone. 

Pseudomolecular ion at m/z 609.1  (tR 6.56 min) and 463.1 (tR 6.67 min) created ions characteristic at 

m/z 301.1 for quercetin aglycone from which glucose-rhamnose (308 Da) or glucose (162 Da) moiety 

were detached.  

All flavan-3 ols showed characteristic UV spectra at λ max =280 nm and the characteristic 

ions  at m/z corresponding to dimer (m/z 577.1, tR 3.41), and monomer (m/z 289.1, tR 4.03). An 

authentic standard of (+) catechin and procyanidin B2 have a comparable spectrum and tR. 

Fragmentation of compound with m/z at 865.2 and tR 4.39 min gave ions with m/z 577.1 and 289.1, 
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characteristic for procyanidin dimer and monomer respectively. This compound was identified as 

procyanidin C1 [27].  

 

Table 1. Content, mg/g d.m., and characterization of phenolic compounds of the preparation of 

Cydonia oblonga Mill. (quince). 

 

Peak 

No 
Phenolic compounds 

Content 

[mg/g] 

Rt 

[min] 

[M-H]- 

[m/z] 

MS/MS 

fragments 

[m/z] 

1 neochlorogenic acid 50.53 2.10 353.1 191.1 

2 p-coumaroylquinic acid 7.64 2.88 337.1 163.0 

3 chlorogenic acid 56.39 3.19 353.1 191.1 

4 cryptochlorogenic acid 1.97 3.46 353.1 191.1 

5 caffeoylquinic acid derivatives 1.11 4.58 353.1 191.1 

6 p-coumaric acid derivative 4.55 4.46 337.1 191.1 

7 caffeoylquinic acid derivatives 2.63 7.54 353.1 191.1 

8 dicaffeoylquinic acid 1.38 7.53 515.1 353.1/191.1 

9 quercetin - 3- O-rutinoside 9.02 6.56 609.1 301.0 

10 quercetin - 3- O-glucoside 3.05 6.67 463.1 300.0 

11 catechin 3.97 4.03 289.1 - 

12 procyanidin B2 1.66 3.41 577.1 289.1 

13 procyanidin C1 6.75 4.39 865.2 289.1 

      

 

3.2. Antioxidant Activity 

 
The antioxidant activity of Q extract was expressed in parameter IC50 (μg/mL). From 

comparison of the IC50 values (Table 2) it follows that the commonly used food antioxidant – ascorbic 

acid shows weaker antioxidant activity than quince extract, from about 2.8-fold in the case of PC 

membrane to ca. 2.0-fold for RBC membrane. Such a high activity may result from favorable 

molecular structure of the Q components, which include phenolic acid but also flavonols and flavan-3-

ols [28].
 
Our previous results [18] showed that the main component of the extract of quince - 

chlorogenic acid has about 3.3 and 7.7 (for PC membrane and RBC, respectively) times greater 

activity than quince extract (Table 2). It can be assumed that the antioxidant activity of the extract is 

related to the high content of chlorogenic acid, which has a high antioxidant capacity. 

To sum up, these results showed high activity of Q to prevent the lipid peroxidation induced by the 

hydrophilic radical generator AAPH. There are hypotheses possible that could explain this antioxidant 

effect. Quince extract molecules in the water phase could have stopped the penetration to the 

membrane of free radicals in redox reaction before they have reached the lipids. The extract molecules 

probably could also associate with the lipid membrane and decrease the propagation of free radicals 

within the bilayer either, by modifying the membrane fluidity and by scavenging the peroxyl radicals.  
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Table 2. Antioxidant, antiradical and anti-inflammatory (IC50) [μg/mL] parameters for Cydonia 

oblonga Mill. L(+)-ascorbic acid and indomethacin. Membrane oxidation was induced by AAPH 

compounds. 

Inducer/ 

Mebrane/ 

COX 

Quince 

[μg/mL] 

L(+) ascorbic acid 

[μg/mL] 

Indomethacin 

[μg/mL] 

Chlorogenic acid 

[μg/mL] 

      AAPH  

PC 8.09 ± 0.68 22.80 ± 2.19
a
 - 2.45 ± 0.28

a
 

RBC 6.90 ± 0.43 20.10 ± 1.15
b
 - 0.90 ± 0.08

b
 

COX-1 196.40 ± 8.66 - 9.15 ± 0.23 - 

COX-2 103.95 ± 6.10 - 7.60 ± 0.68 - 
a Strugała et al., 2016a ; b Cyboran et al., 2015 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Relative fluorescence intensity of DPH-PA probe as a function of oxidation time. (A) liposomes PC 

and (B) RBC ghosts for AAPH radicals in the presence of quince extract at chosen concentrations. The relative 

change in fluorescence intensity F/F0 is a measure of the degree of lipid peroxidation (F0-fluorescence anisotropy 

in control-without quince extract, F –fluorescence anisotropy in samples). 

 

3.3. Packing Order and Fluidity of Membrane 

 
Authors of the present work have analyzed the effect of the extract on the biophysical 

properties of membranes, which has not yet been reported so far. The results of studies on 

modification of PC and RBC membranes structure induced by Q extract, are presented in Figure 2. 

The chromophore Laurdan probe incorporates in the hydrophilic region of the membrane at the level 

of glycerol within the lipid molecule. The results indicate (Figure 2A) that Q extract in the range 4-20 

μg/mL caused a statistically significant (P<0.05), concentration-dependent increase in GP (negative 

values) of the single-component PC membrane in the range 10-54% approximately. In the case of the 

multi-component RBC membrane there was no statistically significant change in GP (positive values) 

at lower concentrations of Q extract (4-8 μg/mL), while in the range 12-20 μg/mL it caused an 

increase in GP of less than 6%, relative to control (Figure 2A). In lipid membranes the Laurdan probe 

is sensitive to the amount of water molecules present within the bilayer. If the lipids are ordered, water 

molecules will have less access to the probes embedded in the membrane, thus resulting in a high 
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value of GP [29]. 
 
The results we obtained indicate that Q extract causes increased packing order of the 

lipid heads at the membrane interphases. 
The results of measurements shown in Figure 2B proved that quince extract increased 

fluorescence anisotropy of the hydrophobic probe in the case of PC membrane (approx. 17% change at 

20 μg/mL, (P<0.05), relative to control). In the case of RBC membrane one can note a slight decrease 

in anisotropy, not exceeding 7% (statistically significant change at higher concentrations of Q in the 

range 12-20 μg/mL). A change in anisotropy of a probe located in the hydrophobic part of membrane 

induced by a penetrating substance leads to changes in micro-fluidity of the membrane and in the 

dynamics of acyl chains. The increase in anisotropy of the probes indicates stiffening, while decrease 

in anisotropy signifies increased fluidity of the molecules or their segments in that lipid area [30]. 

The practical absence or a slight effect of the extract on the erythrocyte membrane is, among other 

things, the result of the varied structure of that membrane compared with the PC membrane. PC 

liposomes are formed of phospholipids of same structure of their polar heads and acyl chains that 

differ in length and degree of unsaturation of bonds, which results in high mobility and thus low 

packing order. In the case of erythrocyte membrane, due to the presence of sphingomyelin, cholesterol 

or possibly cytoskeleton proteins, a more order structure occurs as opposed to the liquid-disordered 

structures of the PC liposomes [31].
 

Hence the obtained effect of Q extract on the packing order of the polar heads of lipids was 

greater for PC liposomes than erythrocyte membranes. Our research has shown that quince extract can 

interact with membrane phospholipids (with polar head groups of lipids), which may result in 

accumulation of the extract molecules on the membrane surface. This improves membrane integrity 

and may constitute a barrier to the harmful molecules excessing the hydrophobic region of the bilayer 

[32]. 

 

Figure 2. (A) Generalized polarization (GP) of Laurdan probe as a function of Cydonia oblonga Mill. (Q) 

concentration (positive values for RBC, negative for PC), (B) DPH-probe fluorescence anisotropy as a function 

of Q concentration. PC - phosphatidylcholine liposomes, RBC - erythrocyte membrane (ghosts). Values are 

means ± SEM, n = 5. Means labeled with (*) are significantly (P < 0.05) different from control. 

 

3.4. Fluorescence Quenching Mechanism and Determination of Binding Parameters 

 
The fluorescence spectra of HSA in the absence and presence of different amounts of Q (2.5-

75 µg/mL) and AA (5-100 µg/mL) were recorded. The effect of Q and AA on the HSA fluorescence 
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intensity is presented in Figure 3. As the data show, the fluorescence intensity of HSA decreased 

regularly with increasing Q and AA concentrations. The obtained result suggests that Q and AA can 

bind to HSA, and the binding of the antioxidants to HSA quenches the intrinsic fluorescence of HSA. 

Furthermore, a significant red shift (about 13 nm) is observed with increasing Q concentration, which 

suggests that the fluorophore of HSA is placed in a more hydrophilic environment after addition of 

quince extract [33]. 

In order to clarify the fluorescence quenching mechanism induced by Q and AA, the 

fluorescence quenching data were analyzed using the Stern–Volmer equation [34]: 

 
𝐹0

𝐹
= 1 + 𝐾𝑞𝜏0 𝑄 = 1 + 𝐾𝑆𝑉 [𝑄]   (1) 

 

where: F0 and F are fluorescence intensities of HSA before and after addition of quencher, 

respectively, Kq is a bimolecular quenching constant, 𝜏0 is the life time of the fluorophore in the 

absence of quencher (the fluorescence life time of a biopolymer is about 5 × 10
-9

 s [21],
 
[Q] is 

concentration of the quencher, and KSV is the Stern–Volmer quenching constant (KSV = Kq × 𝜏0).  

On the basis of Eq. 3, binding constants (KSV) for the ligand-protein complex were determined 

using the linear regressions of the plots of F0/F versus [Q]. The plots were linear in the following 

ranges of concentration for Q (2.5-75 μg/mL) and for AA (5-100 μg/mL), (Figure 3). The Stern–

Volmer quenching constants are summarized in Table 3. The result shows that KSV is inversely 

correlated with temperature.  

Quenching can be classified as either dynamic (collisional encounters) or static quenching 

(formation of a complex) by different mechanisms. Dynamic and static quenching can be 

distinguished by their differing dependence on temperature and viscosity, or preferably by lifetime 

measurements. Higher temperatures result in faster diffusion and hence increased dynamic quenching; 

in contrast, higher temperatures will typically result in the dissociation of weakly bound complexes, 

and decreased static quenching [35].
.
The results showed that the values of KSV and Kb constants for Q 

and AA decreased with increasing temperature. Our study indicated that the probable quenching 

mechanism of AA–HSA and Q-HSA interaction was initiated by complex formation rather than by 

dynamic collision.  

The apparent binding constant (Kb) and number of binding sites (n) can be calculated using the 

following equation [35]: 

𝑙𝑜𝑔  
𝐹0−𝐹

𝐹
 = 𝑙𝑜𝑔𝐾𝑏 + 𝑛𝑙𝑜𝑔 𝑄   (2) 

 The values of n and Kb were obtained by plotting log [(F0-F)/F] versus log[Q]. The results for 

Q and AA at four different temperatures are given in Table 3. As indicated in Table 3, with increasing 

temperatures Kb decreases for binding of Q and AA to HSA. The number of binding sites (n) is 

approximately unity, which indicates that there is just a single binding site in HSA for Q and AA. 

In general, the binding constant Kb reflects the power of ligand– protein association and thus 

can be used for comparison of binding affinities of structurally-related ligands to a protein molecule 

connected with alterations in its secondary structure [30].
 
Usually, the drugs bind to high affinity sites 

with typical association constants in the range of 10
4
 –10

6
 M

-1
 [36].

 
The value of Kb for Q and AA, 

estimated on the basis of our study, is of the order of 10
4
, which indicates that there is probably strong 

interaction between HSA and the studied compounds. These results well correlate with our previously 

published data, that the Stern-Volmer constant for the chlorogenic acid – human serum albumin 

association is 3.0 × 10
4
 M

-1
. In addition, the calculated values of the bimolecular quenching rate 

constant (KQ) is 6.04 × 10
12

 M
-1

 s indicates at the static mechanism of quenching [18]. 
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Table 3. Stern-Volmer quenching constants (KSV), binding constants (Kb) and the numbers of the 

binding sites (n) for the interaction of Cydonia oblonga Mill. extract and L(+) ascorbic acid with HSA 

at four different temperatures. 

System Temperature 

[K] 

Ksv 

[mL/g] 

Kb 

[mL/g] 

n 

 

Quince-HSA     

 295 29.7×10
3
 47.5×10

3
 0.83 

 300 25.1×10
3
 46.4×10

3
 0.86 

 305 23.9×10
3
 40.1×10

3
 0.87 

 310 19.1×10
3
 37.0×10

3
 0.90 

L(+)Ascorbic acid-HSA     

 295 49.9×10
3
 27.3×10

3
 1.19 

 300 41.4×10
3
 20.6×10

3
 1.11 

 305 37.0×10
3
 16.2×10

3
 1.16 

 310 29.9×10
3
 14.3×10

3
 1.17 

Standard deviations (mean value of three independent experiments) were lower than 10% 

 

 

 

Figure 3. Emission spectra of HSA in the presence of various concentrations of Q (A) and AA (B), and 

Stern-Volmer plots of Fo/F against concentration for Q and AA (HSA=1.5·10
-5

 M, λex=280 nm, T=295K). 

 

3.5. Cyclooxygenase Inhibition  

 
Our studies on the potential anti-inflammatory efficacy of quince extract have shown that the 

extract is able to inhibit the activity of the enzymes COX-1 and COX-2. Published reports confirm the 

anti-inflammatory activity of Cydonia oblonga Miller, e.g., in Essafi-Benkhadir et al. [37] it is shown 

that aqueous acetone extracts from the quince Cydonia oblonga Miller inhibited high levels of the pro-

inflammatory cytokine TNF-a and the chemokine IL-8, used in LPS-stimulated human THP-1-derived 

macrophages. Quince extract has been compared to the non-steroidal anti-inflammatory drug 

(NSAIDs) indomethacin (Table 2). Our research showed that the drug cause inhibition of 

inflammatory enzymes at a concentration much lower than the extract. However, these drugs are 

highly toxic, and their use is frequently associated with side effects, ranging from dyspeptic symptoms 

to life-threatening bleeding or perforation of gastroduodenal ulcers [38].
 

The therapeutic anti-
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inflammatory action of NSAIDs is produced by the inhibition of COX-2, while the undesired side 

effects arise from inhibition of COX-1 activity [39].
 
Therefore search is under way for anti-

inflammatory drugs that selectively inhibit COX-2 rather than COX-1, so as not to affect the 

homeostasis functions of the prostanoids preferentially synthesised by COX-1 (and in particular to 

reduce the gastro-intestinal bleeding caused by COX-1 inhibition). Results of our studies have shown 

that quince extract’s activity is 2 times higher for COX-2 than COX-1, the selectivity ratio COX-

2/COX- 1 (IC50) for Q being 0.53. 

4. Conclusion 

Results of the present study have shown that quince extract has a high biological activity, such 

as anti-inflammatory and antioxidant that can effectively protect the phosphatidylcholine liposome 

membrane and erythrocyte membrane against oxidation. The protection depends on the way the Q 

extract molecules interact with the membranes. Quince the extract constituents are is able to reside in 

the membrane, most likely in the portion that is close to the head groups of lipids. They can inhibit the 

propagation of lipid oxidation by intercepting intramembrane free radicals not only in redox reaction 

and also by hindering their diffusion by decreasing in the fluidity of the membrane hydrophilic and 

hydrophobic regions. Quince extract inhibits activity of enzymes participating in inflammatory 

reactions, exhibiting almost 2-times greater affinity to COX-2 than COX-1. What is more, Q extract 

can bind to the main plasma protein – human serum albumin – and quench the fluorescence of HSA. 

The quenching mechanism is of static type and due to the formation of a ground state complex. The 

ability of quince extract to interact with biological membranes and binding to human serum albumin 

are important factors of their pharmacological activity.  
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