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Edible flowers consumption has increased in recent years due to their rich content of healthy 

phytochemicals. The aim of this study was to analyse the chemical profile of Cucurbita pepo 

L. flowers, and to explore their antioxidant and hypoglycaemic properties. Moreover, in order 

to assess in vivo effects, biochemical analysis, Reactive Oxygen Metabolites (d-ROMs) and 

Biological Antioxidant Potential (BAP) tests were performed on mice serum. High 

Performance Liquid Chromatography-Diode Array Detection (HPLC-DAD) analyses revealed 

the presence of (+)-catechin, (-)-epicatechin, rutin, and syringic acid as main constituents. 

2,2′-Azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) and Ferric Reducing 

Antioxidant Power (FRAP) tests showed interesting results. The extract exhibited the 

strongest inhibitory effect on -glucosidase (IC50 of 144.77 g/mL). In vivo results confirmed 

the hypoglycaemic effects, also affecting lipid metabolism but did not revealed benefits on 

ROS production. These results may add some information supporting the use of C. pepo 

flowers as functional foods and/or nutraceuticals. 

 

 



Experimental 

Chemicals and reagents  

Solvents of analytical grade were obtained from VWR International s.r.l. (Milan, Italy). PGO 

enzymes solution (PGO), potato starch, sodium phosphate, sodium chloride, o-dianisidine color 

reagent (DIAN), -amylase from porcine pancreas (EC 3.2.1.1), -glucosidase from 

Saccharomyces cerevisiae (EC 3.2.1.20), maltose, (+)-catechin, caffeic acid, (-)-epicatechin, 

hesperetin, hesperidin, kaempferol, luteolin, myricetin, quercetin-3-O-glucoside, ramnetin, rutin, 

syringic acid, 2,2-diphenyl-1-picrylhydrazyl (DPPH), Folin-Ciocalteu reagent, tween 20, 

tripyridyltriazine (TPTZ), 2,2′-azinobis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS) solution, 

potassium persulfate, β-carotene, linoleic acid, FeCl3, butylated hydroxytoluene (BHT), ascorbic 

acid, propyl gallate, quercetin, and chlorogenic acid were purchased from Sigma-Aldrich S.p.a. 

(Milan, Italy). Acarbose was purchased from Serva (Heidelberg, Germany).  

 

Plant materials and extraction procedure  

Cucurbita pepo flowers were purchased in a local market of Cosenza (Southern Italy) in September 

2018, and botanically identified by dr. Nicodemo G. Passalacqua, Natural History Museum of 

Calabria and Botanic Garden (CLU), University of Calabria, Italy. Fresh flowers of C. pepo are 

finely ground and undergone to cold extraction with absolute ethanol (3 × 72 h) at room 

temperature with intermitting mixing. Top phases are filtered through Whatman filter paper #4 (9.0 

cm diameter), combined, and dried. An extraction yield of 3.02% was calculated. 

 

Determination of total phenols content 

The total phenols content of the flowers extract of C. pepo was evaluated by using the Folin-

Ciocalteu method (Loizzo et al., 2016). The extract was mixed with 0.2 mL Folin-Ciocalteu reagent, 

2 mL of aqueous and 1 mL of 15% Na2CO3. After incubation (2 h) at room temperature, the 

absorbance was read at 765 nm using a UV-Vis Jenway 6003 spectrophotometer (Milan, Italy). Data 

are expressed as mg of chlorogenic acid equivalents/100 g of fresh weight (FW). 

 

Determination of total carotenoids content 

The total carotenoids content of the flowers extract of C. pepo was evaluated by using the 

methodology previously reported (Loizzo et al., 2016). One ml of the extract (0.1 g/mL) was added 

to 0.5 mL of a NaCl solution (5%), vortexed for 30 seconds and centrifuged at 4500 rpm for 10 min. 

The supernatant (100 L) was diluted with 0.9 mL of n-hexane and the absorbance was measured at 

460 nm. Data are expressed as mg of β-carotene equivalents/100 g FW. 



High Performance Liquid Chromatography-Diode Array Detection (HPLC-DAD) analyses  

The flowers extract of C. pepo was analysed by High Performance Liquid Chromatography-Diode 

Array Detection (HPLC-DAD) by using a Knauer (Asi Advanced Scientific Instruments, Berlin, 

Germany) system equipped with a Rheodyne injection valve, 2 pumps (Smartiline Pump 1000), a 

photodiode array detector UV/VIS equipped with a semi micro-cell, and a Knauer RP C18 column 

(250 mm × 4.6 mm, 5 μm). The flow rate was 1.0 mL/min. The mobile phase was water/formic acid 

(solvent A: 99.9:0.1, v/v) and acetonitrile/formic acid (solvent B: 99.9:0.1, v/v) with the following 

gradient profile: 0.01-20.00 min 5% B isocratic; 20.01-50.00 min; 5-40% B; 50.01-55.00 min; 40-

95% B; 55.01-60.00 min 95% B isocratic. (+)-Catechin, caffeic acid, (-)-epicatechin, hesperetin, 

hesperidin, kaempferol, luteolin, myricetin, quercetin-3-O-glucoside, rhamnetin, rutin, and syringic 

acid were used as standards and quantified. A calibration straight for each standard compound was 

obtained by analysing the standard solution diluted at different concentrations. Analyses were 

performed in triplicate. Identification and quantification were carried out based on recorded 

retention times in comparison with authentic standards.  

 

-Carotene bleaching test 

In this assay, 1 mL of -carotene (0.2 mg/mL) was added to 0.02 mL of linoleic acid and 0.2 mL of 

Tween 20 (100 %) (Loizzo et al., 2012). After evaporation of the solvent and dilution with water, 5 

mL of the emulsion were transferred into different tubes containing 0.2 mL of the extract at 

different concentrations. The absorbance was measured at 470 nm. Linoleic acid hydroperoxides 

react with β-carotene resulting in the rapid disappearance of colour. The presence of an antioxidant 

can obstruct the extent of -carotene by acting on linoleate free radicals and other free radicals 

formed in the systems. Therefore, the absorbance rapidly decreased in samples without 

antioxidants, whereas they maintained their absorbance and colour for a longer period in the 

presence of an antioxidant. Propyl gallate was used as positive control.  

 

Ferric Reducing Antioxidant Power (FRAP) assay  

In this test, the flowers extract of C. pepo was dissolved in ethanol and mixed with the FRAP 

reagent, prepared with a mixture of 2.5 mL of 10 mM tripyridyltriazine (TPTZ) solution in 40 mM 

HCl, 2.5 mL of 20 mM FeCl3 and 25 mL of 0.3 M acetate buffer (pH 3.6) (Loizzo et al., 2014). The 

absorbance was read at 595 nm. Butylated hydroxytoluene (BHT) was used as a positive control. 

The FRAP value was expressed as M Fe (II)/g.  

 

 



2,2-Diphenil-1-picrylhydrazyl (DPPH) test  

The 2,2-diphenil-1-picrylhydrazyl (DPPH) radicals scavenging activity of the flowers extract of C. 

pepo was studied by using the procedure previously reported (Loizzo et al., 2014). In brief, a 

mixture of the extract at different concentrations and DPPH (0.25 mM) was prepared and left at 

room temperature for 30 min. Then, the absorbance was read at 517 nm.  The DPPH radicals 

scavenging activity was calculated as follow: DPPH scavenging activity (%) = [(A − A1/A) × 100], 

where A is the absorbance of the blank and A1 is the absorbance in the presence of the C. pepo 

extract. Ascorbic acid was used as positive control. 

 

2,2′-Azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) assay  

In this assay, ABTS radical cation was mixed with potassium persulphate and left in the dark for 12 

h (Loizzo et al., 2014). Successively, a mixture of C. pepo extract and ABTS+ solution was 

prepared. After 6 min, the absorbance was measured at 734 nm. The radicals scavenging activity 

was calculated by using the following equation: ABTS scavenging activity (%) = [(A – A1)/A] × 

100, where A is the absorbance of the control reaction and A1 is the absorbance in the presence of 

samples.  

 

-Amylase inhibitory assay 

The -amylase inhibitory test was performed as previously described by using acarbose as positive 

control (Tundis et al., 2011). In brief, a starch solution was obtained by stirring at 65 °C for 15 min 

potato starch (0.125 g) in 25 mL of sodium phosphate buffer (20 mM) with sodium chloride (6.7 

mM). The -amylase solution was prepared by mixing the enzyme (0.0253 g) with 100 mL of cold 

distilled water. C. pepo extract was dissolved in buffer to give final concentrations in the range from 

12.50 g/mL to 1 mg/mL. The colorimetric reagent was prepared mixing a solution of 3,5-

dinitrosalicylic acid with a solution of sodium potassium tartrate. Extract and control were added to 

the starch solution and left to react with the enzyme solution for 5 min at 25 °C. The generation of 

maltose was quantified at 540 nm by the reduction of 3,5-dinitrosalicylic acid to 3-amino-5-

nitrosalicylic acid. Ki value was determined following the Cheng-Prusoff equation (Leff and 

Dougall, 1993). 

 

-Glucosidase inhibitory assay  

In this assay, a maltose solution was prepared by dissolving maltose (12 g) in 300 mL of sodium 

acetate buffer (50 mM) (Tundis et al., 2011). The enzyme solution was prepared by adding -

glucosidase (1 mg, 10 units/mg) in 10 mL of ice-cold water. C. pepo flowers extract was dissolved 



in buffer to give final concentrations in the range from 12.50 g/mL to 1 mg/mL. The 

peroxidase/glucose oxidase (PGO) colour reagent solution was prepared by dissolving one capsule 

in 100 mL of ice-cold water. The colorimetric reagent o-dianisidine (DIAN) solution was prepared 

by dissolving one tablet in 25 mL of distilled water. In the first step of the reaction, both extract and 

control were added to the maltose solution at 37 °C. By adding -glucosidase solution, the reaction 

was started. Tubes were incubated for 30 min at 37 °C. Then, a perchloric acid solution (4.2% w/v) 

was added to stop reaction. In the second step of the reaction, the generation of glucose was 

quantified by the reduction of DIAN. The supernatant of tubes of the first step was mixed with 

DIAN and PGO and was left to incubate for 30 min at 37 °C. The absorbance of DIAN was read at 

500 nm. Acarbose was used as positive control. Ki value was determined following the Cheng-

Prusoff equation (Leff and Dougall, 1993). 

 

In vivo studies 

Animals 

This interventional study with control group was randomized and was carried out after approval 

from the ethical committee of the Italian Health Ministry (1150/2015-PR). Eighteen healthy male 

mice of Hsd:ICR (CD-1) used in the study were obtained from Envigo, Netherlands. The animals, 

26-30 days old and with average weight of 32.5 ± 1.3 g, were divided into three groups and were 

housed into polycarbonate cages (3 each) on wood chips bedding (Lignocel BK 8-15, J. 

Rettenmaier & Söhne GmbH + Co. KG, Rosenberg). Periodic light and dark cycles were 

maintained throughout the study and the mice were kept under controlled environment regarding 

light (light periods of 12 h) and temperature (temperature 22.0 °C; humidity: 40.0%). During the 

experimental period standard laboratory mice pellets (2018 Global rodent diet, Teklad; 18.6% CP, 

6.2% Fat, 3.5% CF, 5.3% Ash, as fed; ME 3.1 kcal/g) was administered ad libitum.  

 

Experimental 

After 1 week of adaptation, the animals have been marked to allow recognition and subdivided into 

three groups of 6 mice each and treated as follows: 

Group I - Control group: mice received 0.2 mL of water and served as a control. 

Group II – C. pepo low (C-low): mice received 100 mg/kg Live Weight (LW) of C. pepo flowers 

extract dissolved into 0.2 ml of water. 

Group III – C. pepo high (C-high): mice received 200 mg/kg LW of C. pepo flowers extract 

dissolved into 0.2 ml of water. 

All the mice received for 28 days (from 0 to 27 days) the substance to which they were assigned by 



daily oral gavage. 

In vivo evaluations  

Skin, hair, eyes, nervous system conditions, and behaviour of the mice were examined daily. Body 

weight (BW), and food and water consumption were recorded for each cage every 7 days (0-7-14-

21-28 experimental days). Growth rate was calculated as the difference between the final and initial 

weights of the experimental week. Average Daily Gain (ADG) was calculated as the weekly body 

weight gain divided by the feed consumption. 

 

Post-mortem evaluations 

At the end of the experiment (28 days), all mice were euthanized by CO2 and sacrificed by 

jugulating after an overnight fasting (12 h). Blood samples were immediately collected in EDTA-

coated tubes to determine haematological parameters. These samples were centrifuged at 1,500 g 

for 15 min (to separate serum) to use for biochemical analysis in order to determine alanine 

aminotransferase (ALT), glucose (GLU), total proteins (TP), albumin (ALB), urea (UREA), 

creatinine (CREA), lactic dehydrogenase (LDH), creatine-phosphokinase (CPK), cholesterol 

(CHOL), and triglycerides (TRI). Analyses were performed by an automatic biochemical analyser 

(AMS Autolab, Diamond Diagnostics - USA) using reagents from Spinreact (Girona, Spain). 

Reactive Oxygen Metabolites (d-ROMs) and biological antioxidant potential (BAP) tests were 

performed on serum aliquots and the kits were purchased from Diacron International s.r.l. 

(Grosseto, Italy). 

 

Statistical analysis 

Data are expressed as means ± standard deviation (S.D.). The concentration giving 50% inhibition 

(IC50) was calculated by nonlinear regression with the use of Prism GraphPad version 4.0 for 

Windows (Graph Pad Software, San Diego, CA, USA). The concentration-response curve was 

obtained by plotting the percentage inhibition versus concentration. Differences within and between 

groups were evaluated by one-way analysis of variance test (ANOVA) followed by a 

multicomparison Dunnett’s test compared with the positive controls. Results were expressed as the 

mean of groups control (n= 6) and C-low (n= 6) and C-high (n= 6) of the mice. All statistical 

procedures were performed using Prism GraphPad version 8.0.0 for Windows, GraphPad Software, 

San Diego, California USA, www.graphpad.com.  

Values relating to body weight, average daily gain, food and water consumption, were analysed 

using mixed-effect model as follow: Yijk = m + Ti + Wj + TWij + eijk, where Y is the single 

observation, m is the general mean, T is the treatment (i= Control, C-low or C-high), W is the week 



(j= from 1 to 4), TW is the first-degree interaction effect and e is the error effect. The comparison 

between the means was performed by the Tukey’s test. 

Blood chemical parameters and oxidative status were analysed by One-way ANOVA according to 

the following model: Yij = m + Ti + eij, where Y is the single observation, m is the general mean, T 

is the treatment (i=Control, C-low or C-high), W is the week (j=from 1 to 4), and e is the effect of 

the error. Tukey’s test (or Kruskal Wallis test followed by Dunnett’s multiple comparison test if data 

distributions do not accomplished all ANOVA assumptions) were adopted as multiple-comparison 

test to determine the source of variation. The significance level was set at P< 0.05. 
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Table S1. HPLC-DAD analysis of C. pepo flowers extract. 

Compound mg/100 g FW 

(+)-Catechin 98.63 ± 3.92 

Caffeic acid   5.98 ± 0.83 

(-)-Epicatechin 55.27 ± 1.71 

Hesperetin 0.31 ± 0.04 

Hesperidin 22.74 ± 4.01 

Kaempferol nd 

Luteolin nd 

Myricetin 2.33 ± 0.12 

Quercetin-3-O-glucoside 35.32 ± 0.84 

Rhamnetin 0.43 ± 0.05 

Rutin 53.68 ± 6.75 

Syringic acid 46.41 ± 5.80 

Data represent means ± SD (standard deviation) (n = 3). nd: not detected.



Table S2. In vitro antioxidant activity of C. pepo flowers extract 

 DPPH test 

IC50 (g/mL) 

ABTS test 

IC50 (g/mL) 

-Carotene bleaching test 

IC50 (g/mL) 

FRAP test 

M Fe (II)/g
a
 

   30 min 60 min  

C. pepo flowers 55.18 ± 2.21    3.62 ± 1.20 176.05 ± 4.52 200.45 ± 4.20 84.96 ± 2.71
***

 

Positive control      

Ascorbic acid 5.01 ± 0.8 1.70 ± 0.06    

Propyl gallate   0.09 ± 0.004 0.09 ± 0.004  

BHT     63.20 ± 4.31 
Data are expressed as means ± S.D. (n= 3). a tested at [2.5 mg/mL]; DPPH test: One-way ANOVA ***p <0.0001 followed by a multicomparison 
Dunnett’s test: ***p <0.0001 compared with ascorbic acid. ABTS test: One-way ANOVA ***p< 0.0001 followed by a multicomparison 

Dunnett’s test ***p< 0.0001 compared with ascorbic acid. -Carotene bleaching test 30 min: One-way ANOVA ***p <0.0001 followed by a 

multicomparison Dunnett’s test: ***p< 0.0001 compared with propyl gallate. β-Carotene bleaching test 60 min: ANOVA ***p <0.0001 followed 

by a multicomparison Dunnett’s test: ***p <0.0001 compared with propyl gallate. FRAP test: One-way ANOVA ***p <0.0001 followed by a 

multicomparison Dunnett’s test ***p <0.0001 compared with BHT. 

 

 

 

 

 

 

  



Table S3. In vitro hypoglycaemic activity of C. pepo flowers extract 

 

Data are expressed as means ± S.D. (n= 3). -Amylase: One-way ANOVA ***p < 0.0001followed by a multicomparison Dunnett’s test: ***p < 

0.0001 vs acarbose. -Glucosidase: One-way ANOVA ***p < 0.0001 followed by a multicomparison Dunnett’s test: ***p < 0.0001 vs acarbose. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sample -Amylase -Glucosidase  

 IC50 (g/mL) Ki IC50 (g/mL) Ki  

C. pepo  278.88 ± 4.51 0.02 144.77 ± 4.92
***

 0.01  

Positive control      

Acarbose 50.01 ± 0.93 45.45 35.50 ± 1.21 16.72  



Table S4. Blood chemistry parameters and oxidative status of mice after 28 days of trial. 

  

Control 

(N=6)  

C-high 

(N=6)  

C-low 

(N=6)  
P R square 

ALT U/L 60  50  47  0.0690 0.2999 

GLU U/L 103 a 89 b 90 ab 0.0250 0.3884 

TP g/dL 5.7  6.2  5.7  0.2326 0.1767 

ALB mg/dL 3.3  3.3  3.2  0.8620 0.0196 

UREA mg/dL 111 a 87 ab 57 b 0.0103 0.4570 

CREA mg/dL 0.24  0.17  0.19  0.4293 0.1066 

LDH U/L 3458  3661  2161  0.0762 0.2906 

CPK* U/L 324 A 82 B 141 AB 0.0066 - 

CHOL mg/dL 210 A 180 B 155 B 0.0004 0.6530 

TRI mg/dL 335  339  326  0.9018 0.0137 

d-ROMs U CARR 151  143  166  0.5317 0.0808 

BAP μmol/L 3896  4397  4021  0.4160 0.1104 

Mice groups received by oral gavage water (Control) or C. pepo extract at the dose of 100 (Cucurbita Low) or 200 (Cucurbita high) mg/kg BW. A, B: 

different letters along the row indicate significant differences P<0.01. a-b: different letters along the row indicate significant differences P<0.05. * 
indicate medians compared by Kruskal Wallis test followed by Dunnett’s multiple comparison test. 
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Fig. S1. Means ± SD of body weight by group (A) and by time (B). For 28 days, mice groups received by oral gavage 

water (Control, n=6) or C. pepo extract at the dose of 100 (Cucurbita Low, n=6) or 200 (Cucurbita high, n=6) mg/kg 

BW. A-E: different letters indicate significant differences among timepoints for P<0.0001. No statistically significant 

interaction Group x Time was observed (P=0.2445). 
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Fig. S2. Means ± SD of the mice ADG by group (A) and by time (B). For 28 days, mice groups received by oral gavage 

water (Control, n=6) or C. pepo extract at the dose of 100 (C-low, n=6) or 200 (C-high, n=6) mg/kg BW. No 

statistically significant interaction Group x Time was observed (P=0.0855). 
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Fig. S3. Means ± SD of feed intake and water consumption by group (A) and by time (B). For 28 days, mice groups 

received by oral gavage water (Control, n=6) or C. pepo extract at the dose of 100 (Cucurbita Low, n=6) or 200 

(Cucurbita high, n=6) mg/kg BW. No statistically significant interaction Group x Time was observed (P=0.7955 for 

feed intake; P=0.4476 for water consumption). 
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