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ABSTRACT  
In the present study, fractions and residues from three Cornus mas fruit categories (well matured fruits; half-ripe 

fruits; sterilized pulp) were analyzed by LC-DAD-MS and were evaluated for their in vitro antioxidant potential, their ability 

to inhibit the aldose/aldehyde reductase enzyme and their anti-inflammatory activities. Qualitative analysis showed the 

presence of phenolics, iridoids and flavonoids. Results revealed that the compound content of the pulp differs from that of the 

fruits and this may have occurred during the processing and the storage of the pulp. The diethyl ether and ethyl acetate 

fractions of the fruits were strong inhibitors of aldose reductase enzyme, while the ethyl acetate fraction of the pulp displayed 

the highest antioxidant activity. In conclusion, due to the rich phenolic, iridoid and flavonoid content of Cornus mas fruits, 

their strong antioxidant activity and their inhibitory potential to aldose/aldehyde reductase enzyme, the fruit consumption 

could be considered a promising way for lowering the incidence of long-term complications of diabetes mellitus. 
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INTRODUCTION 

 Cornus mas is a tree bearing edible fruits, known 

for its traditional homemade beverages and preserves and 

for its usage as a traditional medicinal plant. According to 

the literature, the fruits of Cornus mas and the fruits of the 

genus are widely used in traditional medicine against 

chronic complications of type II diabetes  [1-4]. 

          Cornus mas fruits are rich in flavonoids 

(anthocyanins, anthocyanidins, and tannins), phenols, 

phenolic acids, ascorbic acid and they appear to have 

strong antioxidant activity [5-8]. However, most of the 

scientific interest seems to focus mainly on the isolation, 

the characterization and the bioactivities of the 

anthocyanins extracted from unprocessed fruits [9-11]. In 

another relevant study [12], the antioxidant activity and 

the iridoid content were analyzed for a processed Cornus 

mas fruit product (similar to the pulp).  

              Our perspective was, firstly, to evaluate the 

compound content of unprocessed Cornus mas fruits at 

two different maturity stages and one processed product, 

using solvents of different polarity and, secondly, to 

estimate their antioxidant and biological activities. 

 On our previously research, we identified the 

volatile constituents of Cornus mas pulp and mature fruits 

by GC-MS using capillary columns of different polarity 

and selectivity [13]. In our present study, twelve different 

fractions and residues of Cornus mas fruit (well matured 

and half-ripe) and pulp were analyzed by LC-DAD-MS. 

In addition, the fractions and residues were evaluated for 

their antioxidant activity, for their ability to inhibit aldose 

and aldehyde reductase and for their ability to inhibit 

soybean lipoxygenase. 

 

MATERIALS AND METHODS 

Plant material 

            Cornus mas fruits (certified and stable cultivar) 

were collected from trees of the settlement Kypseli in 

Imathia, Greece (September 2008). A voucher specimen 

was kept in the laboratory of Pharmacognosy (E.K.23), 
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School of Pharmacy, Faculty of Health Sciences, Aristotle 

University of Thessaloniki for future reference. Three 

fruit categories were tested: well matured fruits (dark red 

color); (B) half-ripe fruits (orange-red color); (C) 

sterilized pulp from well matured fruits (a product that is 

commercially available). 

 

Reagents and solvents 

           All reagents and solvents were of analytical 

grade (PA) or gradient grade (GGP) for HPLC and they 

were obtained from Merck (Germany), Sigma-Aldrich 

(Germany) and Panreac (Spain). 

 

Extraction procedure 

           Plant materials (A) and (B) were directly 

extracted with methanol, and the methanolic extract was 

concentrated, dissolved in boiling water and filtrated in 

order to remove the lipophilic compounds. Then, each 

extract was partitioned with three solvents of different 

polarity (diethyl ether, ethyl acetate, n-butanol). Plant 

material (C) was dissolved in water and directly 

partitioned with two solvents (ethyl acetate and n-

butanol). Then, the solid residue was extracted with 

methanol. All above fractions were stored in the dark at 0 
0
C under nitrogen. 

 

The procedure resulted in 12 different samples  

 Well matured fruits (A):1Kg. Diethyl ether 

fraction (A1):10.84g. Ethyl acetate fraction (A2): 30.80g. 

Butanol fraction (A3): 167.90g. Water residue (A4): 

404.00g.  

Half-ripe fruits (B):1Kg. Diethyl ether fraction 

(B1):11.20g. Ethyl acetate fraction (B2): 16.40g. Butanol 

fraction (B3): 58.60g. Water residue (B4): 224.00g.  

Pulp (C):500g. Ethyl acetate fraction (C2): 273mg. 

Butanol fraction (C3): 1.12g. Water fraction (C4): 2.14g. 

Methanol residue (C5):133mg. 

 

LC-DAD-MS (ESI+) analysis 

            The analysis was performed using an LC-DAD-

MS system with a Finnigan MAT Spectra System P4000 

pump coupled with a UV6000LP diode array detector and 

a Finnigan AQA mass spectrometer. The separation was 

performed on a 125mm x 2 mm Superspher 100-4 RP-18 

column (Macherey-Nagel, 4μm particle size) at a flow 

rate of 0.33 ml/min. The detection was monitored at 278, 

340 and 365 nm. The analysis was monitored by ESI in 

the positive mode at a probe temperature of 450 
O
C, probe 

voltage of 4.9 kV and at 12 and 70eV for plant material 

(A); 12 and 60eV for plant material (B) and 20 and 80 eV 

for plant material (C) in the mass analyzer. The following 

gradient program was used: (A) AcOH (2%) and (B) 

MeOH: 90% (A) for 2min, 0% (A) at 45min and 90% (A) 

at 60min. The concentrations of the 12 samples varied 

from 0.8 to 3 mg/ml; injection volume: 1 μl. The data 

were processed using the Xcalibur 1.2 software. 

Preparation of standards for qualitative 

determinations 

           Nine standards were prepared for qualitative 

determination: Vanillic acid (Rt=2.24 min), trans-p-

coumaric acid (Rt=4.28 min), Chlorogenic acid (Rt=6.63 

min), Cafeic acid (Rt=6.82 min), Ferulic acid (Rt=7.42 

min), Rutin (Rt=15.30 min), 7-methoxy flavone (Rt=18.81 

min), Naringenin (Rt=18.94 min) and Quercetin 

(Rt=19.45 min). All standards were from SIGMA 

(Germany). 

  

Evaluation of DPPH
.
 antioxidant activity 

             The antioxidant activity was determined using the 

DPPH
. 

test according to [14] and [15]. 25μl of sample 

(approximately 2.5 mg in 1 ml DMSO) or methanol 

(control) were dissolved in 975μl of the mother solution 

DPPH
.
 (2 X 10

-5
M in methanol) and then, the mixture was 

vortexed. The reaction mixture was kept at room 

temperature. Absorbance at 515 nm was recorded at 

different time intervals until the reaction reached 

equilibrium. The absorbance of the samples, in the 

absence of DPPH
.
 were subtracted from the 

corresponding absorbance with DPPH
.
. The DPPH

.
 

concentration in the reaction medium was calculated from 

a calibration curve using the OriginPro8. The antioxidant 

capacity of each sample was expressed as the amount of 

sample necessary to decrease the initial DPPH
.
 

concentration to 50% (EC50, mgdry extract/mgDPPH) and the 

antiradical efficiency (AE50) was calculated as follows: 

AE50=1/EC50. 

 

Assessment of the inhibition of ALR2 activity in vitro 

                The fractions and the residues were dissolved in 

10% aqueous solution of DMSO. Lenses were quickly 

removed from Fischer-344 rats of both sexes following 

euthanasia. The experiments conform to the law for the 

protection of experimental animals (Republic of Greece) 

and are registered at the Veterinary Administration of the 

Republic of Greece.  The enzyme preparation and assay 

were performed as previously described [16]. Briefly, the 

enzyme activity was measured by monitoring the change 

in absorbance at 340 nm and 30 
o
C, which accompanies 

the oxidation of NADPH catalyzed by ALR2. The assay 

mixture contained 2.4 ml phosphate buffer 0.067 M (pH 

¼ 6.2), 100 ml NADPH 0.104 mM, 300 ml enzyme 

preparation, 100 ml tested crude extract of final 

concentration 25 and 50 μg/ml and 100 ml DL-

glyceraldehyde 10 mM to start the reaction, in final 

volume 1.1 ml. The reaction was monitored for 5 min. 

Each sample was assayed in triplicate. A reference blank 

containing all the above reagents except DL-

glyceraldehyde was used to correct the non enzymatic 

oxidation of NADPH. All data are presented as % 

inhibition and are mean values from 3 measurements with 

SD < 10%. Sorbinil was used as a positive control and 

showed inhibition 45% at a concentration of 0.25 mM.  
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Assessment of the inhibition of ALR1 activity in vitro 

                  The tested extracts and the reference 

compound valproic acid were dissolved in 10% aqueous 

solution of DMSO. Kidneys were quickly removed from 

Fischer-344 rats of both sexes following euthanasia. The 

experiments conform to the law for the protection of 

experimental animals (Republic of Greece) and are 

registered at the Veterinary Administration of the 

Republic of Greece. The enzyme preparation and assay 

were performed as previously described [16]. Samples 

were tested at the concentration of 50μg/ml and each 

sample was assayed in triplicate. All data are presented as 

% inhibition and are mean values from 3 measurements 

with SD < 10%. 

 

Assessment of the inhibition of soybean LOX activity 

in vitro 

                 The assay was performed according to [17]. All 

extract samples were initially dissolved in DMSO 

[approximately 2μg in 1 ml DMSO for all samples and 

250μg/ml in 1 ml DMSO only for the samples of plant 

material (C)]. Either 10 μl of the sample or of the control 

solution was mixed with 100 μl of sodium linoleate (0.1 

mM) and 0.2 ml of the enzyme solution (1/9 )10
-4

% w/v 

salt solution, pH = 9). Samples were incubated at room 

temperature for 3 min. The conversion of sodium 

linoleate to 13-hydroperoxylinoleic acid was recorded at 

234 nm and compared to an appropriate standard inhibitor 

(NDGA %inhibition = 40 in 10μΜ). All data are 

presented as % inhibition and are mean values from 3 

measurements with SD < 10%. 

 

RESULTS AND DISCUSSION  

LC-DAD-MS analysis 

         The fractions and the residues of the plant 

materials (A), (B) and (C) were analyzed by LC-DAD-

MS with positive electro spray ionization (ESI+) using a 

reverse phase silica gel column (RP-18). Structure 

elucidation was achieved by the comparison with 

authentic samples and in correlation with their retention 

time, the UV-Vis spectra, the proposed ms fragmentation 

mechanisms and the available literature [18, 19, 8].  

Thirty different phenolic compounds, iridoids 

and flavonoids were detected. Pseudomolecular ion 

[M+H]
+
 gave an intensive signal for most of the 

compounds, while the formation of [M+Na]
+
 was 

observed only in few ms spectra, especially at the high 

voltage. At the low voltage (12 or 20eV depending on the 

sample), molecular ions and main fractions were detected, 

while at the high voltage (60, 70 or 80eV depending on 

the sample), further fragmentations were noted. The MS 

and UV characteristics of the detected compounds are 

given in Table 1. For the water fractions (A4, B4, C4) and 

the butanol fraction of the well matured fruits (A3), no 

peaks were detected. 

 According to the results, the compound profile of 

the half ripe (B) fruits exhibits the presence of iridoids, 

while the well matured (A) fruits contain far less of these 

compounds and more flavonoid derivatives (with benzoic 

and hydroxy-cinnamic substitutions). That observation 

could be associated with the enzymatic and chemical 

reactions occurred during the maturation process. 

 On the other hand, the pulp (C) showed a 

completely different compound profile with the presence 

of different flavonoids (myricetin and kaempferol), 

different quercetin derrivatives and the presence of 

catechin, quercetin and isoscutellarein dimmers. All the 

benzoyl and the hydroxycinnamoyl moieties (except for 

one chlorogenic acid derivative) were bonded to 

flavonoids.  

 According to [20], during fruit processing, 

enzymatic and chemical oxidations occur and contribute 

to modifications in the phenolic composition of fruit-

derived foods and beverages. That observation could 

justify the completely different compound profile of the 

pulp and the presence of different flavonoids. 

Furthermore, the catechin oligomers could be oxidation 

products and the quercetin and isoscutellarein dimmers 

could be artefacts, formed due to enzymatic and chemical 

reactions during the processing and the storage of the 

product. 

According to the literature [9, 10, 11], the phenolic profile 

of the fruits exhibits the presence of glucoside 

derrivatives of anthocyanins (delphinidin, cyanidin and 

pelargonidin), flavonols (quercetin, kaempferol) and the 

flavanol aromadendrin. The differences in the 

composition of the fruits, could be attributed to the 

different extraction procedure used (the extraction of 

anthocyanins follows a specific technique not presented at 

this study) and/or it could be due to the growing 

conditions, such as soil, geographical and environmental 

conditions during the fruit development, degree of 

maturity at harvest, and/or genetic differences [9, 12] 

reported the presence of an iridoid in C. mas puree 

identified as loganic acid, however in our study the 

detected iridoid was found only in the half ripe fruits. 

Derivatives of loganic acid and other iridoids (Cornuside, 

loganin, secologanin and derivatives) were present in the 

fruits and this result is reported for the first time. 

 

DPPH
.
 antioxidant assay 

             All the fractions and residues from the 

plant materials (A), (B) and (C) were evaluated for their 

antioxidant activity using the DPPH
.
 method. Results 

(Figure 1) revealed that all samples were found to interact 

with the DPPH
.
 free radical. Radical scavenging activity 

expressed as antiradical efficiency AE50 ranged from 

0.084 to 5.016. The antiradical efficiency of the standards 

were the following: AE50trolox=5.587, AE50quercetin=14.705 

and AE50ascorbic acid=7.936. 
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The butanol (A3=0.401 and B3=0.291) and the water 

(A4=0.139, B4=0.174) fractions of the well matured and 

half ripe fruits and the water and methanol fractions 

(C4=0.084 and C5=0.136) of the pulp were found to have 

low radical scavenging activity, if compared to trolox, 

quercetin and ascorbic acid standards. 

               The diethyl ether and the ethyl acetate fractions 

(B1=0.580, B2=0.544) of the half ripe showed higher 

values of antiradical efficiency, whereas the diethyl ether 

and the ethyl acetate fractions (A1=1.707, A2=2.152) of 

the well matured fruits and the butanol fraction 

(C3=1.057) of the pulp exhibited medium antiradical 

efficiency. Finally, comparing to all samples, the ethyl 

acetate extract of the pulp (C2=5.016) exhibited the 

highest antiradical efficiency. 

               Generally, a positive correlation between the 

phenolic content and the antioxidant capacity is observed. 

However the value of the antiradical efficiency mainly 

depends on the phenolic structures and not on the total 

percentage of the phenolics that are present. 

               Previously reported studies evaluated Cornus 

mas fruits antioxidant activity using a wide variety of 

antioxidant methods such as the FRAP assay, the PRAC 

assay, the ORAC assay, the deoxyribose method, the 

beta-carotene bleaching assay and some radical-

scavenging determinations [5,6, 8, 12].  

            According to [8], the antiradical efficiency values 

(AE50) for the DPPH
.
 method ranged from 0.394 to 1.322 

for 10 different genotypes of well matured C. mas fruits 

from Vojvodina province, in northern Serbia. However 

the extraction procedure for the measurement was 

different: 80% EtOH extracts were evaporated to dryness 

and the dry residues were re-dissolved again in 80% 

EtOH (in water) to obtain a mass concentration of 25 

mg/ml. 

              In addition, West et al., 2012, reported a 73.30 (± 

4.07) % of DPPH
.
 radical scavenging activity 

(approximately AE=1.370) for Cornus mas purée (a 

processed product similar to the pulp but with different 

preparation technique). Summarizing, the different 

methods used and the different preparation and extraction 

procedure made it difficult to directly compare the results 

with the literature. 

 

Aldose reductase (ALR2) and aldeyde reductase 

(ALR1) inhibition capacity assay 

              Under hyperglycemic conditions, there is an 

increased flux through the polyol pathway, accounting for 

greater than 30% of glucose metabolism. Aldose 

reductase (ALR2) which is the first enzyme of the polyol 

metabolic pathway that converts glucose to sorbitol, was 

first found to be implicated in the etiolology of the long-

term diabetic complications. Its inhibition by aldose 

reductase inhibitors (ARIs) has been gaining attention 

over the last decades from the pharmaceutical community 

as a promising pharmacotherapeutic target [16]. ALR2 

belongs to the aldoketoreductase (AKR) superfamily of 

enzymes. Among its many members, ALR2 shares the 

highest degree of similarity with ALR1. The two enzymes 

exhibit 65% sequence homology, as well as structural 

homology [21]. Aldehyde reductase ALR1 is one of the 

significant enzymes for the reduction of many aldehydes, 

counteraction and excretion of drugs, reduction of 3-

deoxyglucosone (3-DG), which is an intermediate for 

advanced glycation end-products (AGEs), and 

metabolism of methylglyoxal [22]. Since the closely 

related AKRs are related with the detoxification of toxic 

aldehydes [23], parallel inhibition could cause unwanted 

effects.  

                The studies of aldose reductase (ALR2) and 

aldehyde reductase (ALR1) inhibition capacity showed 

interesting findings (Figures 2 and 3), with the plant 

materials (A) and (B) to possess the highest inhibitory 

activity for ALR2, ranging from 71 to 87% towards a 

relatively lower inhibitory activity for ALR1 ranging 

from 60 to 80% at a concentration of 50μg/ml. 

As it could be seen (Figure 2), the fractions of the fruits 

(especially the diethyl ether fraction A1) have higher 

selectivity for aldose versus aldehyde reductase. 

             The significant ALR2 inhibitory activity seen in 

both diethyl ether and ethyl acetate fractions of fruit 

material (A) can be attributed to their rich flavonoid and 

hydroxycinnamoyl content. For the diethyl ether and ethyl 

acetate fractions of the plant material (B), the high values 

of inhibition activity could be associated with the 

presence of galloyl and hydroxy-cinnamoyl substitutions 

in the iridoid derivatives. 

              On the other hand, apart from the methanolic 

residue (C5) with 69% inhibition activity, the fruit pulp 

(C) showed lower values of inhibitory capacity for ALR2. 

Because of these low results, the ALR1 inhibition 

capacity for the fruit pulp fractions was not tested. The 

low ALR2 inhibition capacity of the pulp may be related 

to the bonded 4’- and 7- hydroxyl groups on flavonols 

derivatives and dimmers [24]. 

              In general both diethyl ether and ethyl acetate 

fractions of plant materials (A) and (B) exhibited better 

ALR2 inhibitory activity, with no significant differences 

due to their maturity stage. On the contrary, the water and 

butanol fractions of the fruits types (A) and (B) have 

revealed a poor content of flavonoids and phenolic 

compounds and, thus, a moderate to low ALR2 inhibitory 

activity. 

 

Soybean Lipoxygenase (LOX) inhibition capacity 

assay 

            Lipoxygenases (LOXs) belong to a class of non-

heme iron-containing enzymes, which catalyze the 

hydroperoxidation reaction of fatty acids to peroxides 

[25].  Human lipoxygenases are associated with the 

production of leukotrienes (LTs) from arachidonic acid. 

The overproduction of leukotrienes causes inflammatory, 
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bronchoconstrictor, hypersensitivity, anaphylactic, and 

asthmatic actions [26-28]. Like human lipoxygenases 

(LOX), the soybean lipoxygenase also catalyzes oxidation 

of linoleic acid, arachidonic acid and other unsaturated 

fatty acids and, therefore, the soybean lipoxygenase 

inhibition assay can be used for the detection of 

substances which might also act as inhibitors of 

mammalian lipoxygenases [29]. 

           For the samples of plant materials (A) and (B) no 

inhibition was observed on soybean lipoxygenase (LOX) 

under our experimental conditions (for a final 

concentration of 0.2μg/ml). Only the samples of plant 

material (C) exhibited a low percentage of inhibition 

(ranging from 3 to 13% inhibition activity) and, therefore, 

were tested at a higher concentration (final concentration 

25μg/ml). The results were compared to the standard 

inhibitor NDGA that gave a 40% inhibition at a 

concentration of 10μM (3μg/ml). 

Extracts (C2), (C3) and (C4) showed low to 

moderate levels of inhibition capacity ranging from 29 to 

39% at the concentration of 25μg/ml, while the methanol 

extract (C5) displayed a 61% inhibitory activity (Figure 

4). 

               With the exception of the methanol extract of 

the pulp (C5) that exhibited 61% inhibition activity at a 

concentration of 25μg/ml, no other sample displayed 

inhibitory activity more than the standard inhibitor. 

                The inhibitory activity, exhibited by the 

fractions of the pulp, could be associated with the 

presence of the procyanidins and the flavonol derrivatives 

that are not detected in the plant materials (A) and (B). 

However, the selective inhibition activity of 

lipoxygenases by flavonoids appears to have a more 

complex nature and therefore, no further estimations can 

be made. 

                In addition, it is worth mentioning that the 

DPPH
.
 scavenging activity does not positively correlate 

with the LOX % inhibition, despite the fact that most of 

the LOX inhibitors are antioxidants or free radicals, 

results related to that of [17]. 

 

Table 1. LC-DAD-MS analysis of Cornus mas fruits and pulp. Τhe retention time (R.T.), the UV absorptions (λmax), 

the molecular ions ([M+H]
+
) and the fragment ions (with proposed fragmentation mechanisms)  of all the detected 

compounds. 

No 
R.T. 

(min) 

λmax 

(nm) 

[M+H]
+ 

(m/z) 
Fragment ions (m/z) Name Fraction 

1 2.33 278 157 179 [157+Na], 157 Gallic alcohol
a
 

A1,A2, 

B2,B3 

2 7.69 
238, 

274 
729 

665[M-2H2O-CO], 493[665-gallic unit], 

577[729-RDACring], 441[729-QM], 425[577-

RDA] 

monogalloylated type A 

Procyanidin
b
 

C2 

3 9.47 270 171 171 Gallic acid
a 

A1 

4 9.61 240 377 
339[M+H-2H2O], 311[M+H-H2O-CH2OH-

OH], 214[M+H-162] 
Loganic acid

b,d
 B2 

5 10.76 
238sh, 

272 
647 

669[M+Na], 664[M+H2O], 375[M-CH3-

2acid units],  301 [375-sugar fragmentation], 

279 [301-sugar fragmentation] , 214[M+H-

CH3-162] 

derivative of Loganin with 

two hydroxybenzoic 

acids
c,d

 

A2 

6 10.80 
236, 

272 
775 

781[M+H-H2O+Na], 757[M+H-H2O], 

411[757-RDA Cring] 

3-( a-hydroxy hydro 

caffeic acid) type-B 

Procyanidin
b
 

C5 

7 12.01 
240, 

280 
746 

769[M+Na], 685[M+H-H2O-COOH], 

591[M+H-feruloyl unit], 391[591+H- 

Hydroxyhydrocaffeoyl unit], 339[391+H-

2H2O-CH3], 279, 194[feruloyl unit] 

derivative of Loganin with 

Ferulic and 

Hydroxyhydrocaffeic 

acid
c,d

 

A2 

8 12.54 
266, 

298 
315 

339[M+Na], 301[M+H-CH3], 194[M-RDA], 

165[M-RDA] 

7,4'-dimethoxy-3’,5-

dihydroxy-isoflavone
d
 

A1 

9 14.29 
256, 

354 
479 501[M+Na], 303[quercetin+H] 

Quercetin 3-O-methyl- 

hexoside 
A2 

10 14.44 
254, 

364 
783 

743[M+H-•CH=C=O (from galloyl unit)], 

655, 615[M-galloyl unit], 463[M-2galloyl 

units], 433[463-OCH3], 287[433-rhamnose] 

3-Ο-(galloyl)-rhamnoside 

of 3΄-O-gallate-5΄-

methoxy Myricetin
c,d

 

C3 

11 14.62 
254, 

368 
640 663[M+Na], 475[M-hydrocaffeoyl], 303, 165 

3-O-(hydrocaffeoyl)- 

rhamnoside of 7,3’-

dimethoxy-Quercetin
d
 

A1 
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12 14.63 
254, 

368 
659 

681[M+Na], 489[M-galloyl unit], 475[M-

CH3-galloyl unit] 

3-O-(galloyl)- hexoside of 

7,3’,4’-methoxy-

Quercetin
d
 

A2 

13 15.14 

238, 

256, 

356 

673 
695[M+Na], 551{M+H-CH3-RDACring], 303, 

227[secologanin aglycone+H] 

derivative of Quercetin 

with Secologanin
d
 

A2 

14 15.48 
254, 

364 
785 

655[M+Na-RDA], 615[M–RDA-H2O], 

470[M-galloylglucoside(α-cleavage)], 

319 

3-Ο-(galloyl)-glucoside of 

3΄-gallate-Myricetin
c,d

 
C3 

15 16.00 
242, 

272 
- 

565[M+Na], 560[M+H2O], 381[M-hexose 

unit], 339[381-COCH3], 311[339-CO] 

Cornuside (7-O-galloyl-

secologanin)
d
 

B2 

16 19.73 
262, 

350 
785 

433[M-diferulic unit (α-cleavage)], 287[433-

rhamnose unit] 

Kaempferol 3-Ο-(di-

feruloyl)-7-Ο 

Rhamnoside
d
 

C2 

17 22.37 260 - 737, 711, 697, 469, 425 Catechin trimer C2 

18 24.83 
252, 

368 
775 

757[[M- α cleavage of carboxylic OH]
+
, 

649[M-H2O -RDA Cring], 489 

[sinnapoyl-quercetin deriving from 2α-

cleavages of the dimmer bonding], 

567[bis-quercetin dimmer], 303 

bis-Quercetin dimmer 

derivative with sinnapic 

acid
c,d

 

C3 

19 25.13 

252, 

292sh, 

368 

775 

757[[M- α cleavage of carboxylic OH]
+
, 

653[RDA C ring], 509[M-CH3- hydroxy-

ferulic acid unit-2CO], 475[RDA C ring], 

299[7-methoxy-quercetin from 2α-cleavage] 

bis-Quercetin dimmer 

derivative with hydroxy-

ferulic acid 
c,d

 

C2 

20 25.28 
242, 

272 
381 339[381-COCH3], 311[339-CO] Cornuside aglycone

d
 B2 

21 25.37 
238, 

278sh 
- 

391[loganin+H], 339, 277, 253, 214[loganin 

+H-CH3-162], 165 

unknown derivative of 

Loganin with coumaric 

acid 

B3 

22 25.90 
242, 

274sh 
- 

391[loganin+H], 339, 277, 255, 214[loganin 

+H-CH3-162] 

unknown derivative of 

Loganin with cinnamic 

acid 

B2,B3 

23 26.45 

244, 

280, 

302, 

370sh 

- 653, 551, 475, 409, 269 

Unknown bis-

Isoscutellarein dimmer 

derivative 

C2 

24 28.20 
238, 

282 
383 

299, 277[M-2COOH-17], 241[277-RDA 

galloyl unit], 214[M-galloyl unit] 171[gallic 

acid+H] 

derivative of Cornuside 

aglycone
 
with gallic acid

d
 

B3 

25 29.03 

242, 

300, 

320, 

328 

- 355 
unknown chlorogenic acid 

derivative 
C2 

26 30.34 

254, 

304sh, 

370, 

382sh 

773 
755[M+H-18], 609{M+H-caffeoyl unit], 

463[609-rhamnose],303 

Quercetin 3΄-Ο-(caffeoyl-

rhamnosyl)-glucoside
c,d

 
C2 

27 32.48 

236, 

280, 

300sh 

273 

295[M+23], 290[M+H2O], 245[Mα-

cleavage+H-CH=CH2], 268[245+Na], 

214[M+H-COOCH3] 

Derivative of Cornuside 

aglycone with coumaric 

acid
d
 

B2 

28 32.56 

234, 

276, 

288sh, 

300sh 

- 387, 359, 268[245+Na], 214, 197 

unknown derivative of 

Cornuside aglycone with 

dihydroferulic acid 

B3 

29 33.39 256, 761 515, 433[M-coumaroyl-dihydrocouma- royl Myricetin derivative with C5 
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304sh, 

322sh, 

352 

(α-cleavage)], 351[515-coumaroyl unit], 319, 

269 

dihydrocoumaric 

acid,coumaric acid
c
 

30 33.63 

240, 

264, 

296sh, 

320sh, 

366 

785 
655[M-cinnamoyl unit], 385[differulic 

unit(α-cleavage), 287[Kaempferol+H]- 

Kaemferol 7-Ο-

(cinnamoyl ester of 

diferulic acid)
c
 

C2 

Sh=shoulder 

RDA = retro-Diels–Alder; QM= quinone-methide; HRF –heterocyclic-ring-fission. 
a
 Identified by comparison to authentic samples and/or in-house data 

b
 Identified by the literature 

c
 Proposed structures tentatively identified  

d
 Identified by the retention times, UV spectra, MS and proposed fragmentation mechanisms 

 

Fig 1. DPPH
.
 Antiradical efficiency (AC50) of the 

fractions and residues from (A) well matured fruits; (B) 

half-ripe fruits; (C) sterilized pulp from well matured 

fruits 

 

Fig 2. % ALR2 Inhibition activity of the fractions and 

residues from (A ) well matured fruits; (B) half-ripe 

fruits; (C) sterilized pulp from well matured fruits 

 
Fig 3. Comparison of %ALR2 and % ALR1 Inhibition 

activity of the fractions and residues from (A ) well 

matured fruits and (B) half-ripe 

 

Fig 4. % LOX Inhibition activity of the fractions and 

residues from (C) fruit pulp 

 

 

 

CONCLUSIONS  

            Results revealed the potential use of Cornus mas 

fruit and pulp as a natural source of phenolics and 

flavonoids with high aldose/aldehyde reductase inhibition 

capacity and high antioxidant activity. The fruit 

consumption may play a therapeutic role, lowering the 

incidence of the long-term complications of diabetes 

mellitus. However, for the use of Cornus mas extracts, as 

a natural ALR2 inhibitor in food, supplements and 

medicinal products, further research is needed for the 

selection and exploitation of the best fractions that exhibit 

the highest inhibitory activity.  
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