
COLONIC FLAVANOL METABOLITES PROTECT PANCREATIC AND 

ENDOTHELIAL CELLS AGAINST OXIDATIVE STRESS-INDUCED CELL DAMAGE 

Álvarez-Cilleros D1, Fernández-Millán E2,3, Escrivá F2,3, Goya L1, Ramos S1, Álvarez C2,3, Martín MA1,3. amartina@ictan.csic.es 
1Dpto. de Metab. y Nutr., ICTAN (CSIC), Madrid, Spain. 2Dpto. Bioq. y Biol. Mol. II, Fac. Farmacia, UCM, Madrid, Spain. 3CIBER de Diabetes y Enfermedades Metabólicas (CIBERDEM). 

BACKGROUND AND AIMS 
Oxidative stress has been implicated in the progressive dysfunction of 

pancreatic beta cells and in the development of vascular diabetic 

complications. Accordingly, antioxidant therapies have been gaining 

recognition as strategies to reduce their detrimental effects. Dietary 

flavanols are natural antioxidant compounds abundant in fruits and 

vegetables. Most of them reach the colon where they are biotransformed by 

the colonic microbiota into low-molecular-weight metabolites before 

absorption. Therefore, the aim of this work was to establish the potential of 

the microbial-derived flavanol metabolites 3,4-dihydroxyphenylacetic acid 

(DHPA), 2,3-dihydroxybenzoic acid (DHB) and 3-hydroxyphenylpropionic acid 

(HPP) to prevent oxidative stress in pancreatic and endothelial cells. 

MATERIAL AND METHODS 
INS-1E beta cells and EAhy926 endothelial cells were treated for 20h with physiological concentrations of DHPA, HPP and DHB (1-10µM). Generation of reactive 

oxygen species (ROS), production of intracellular nitric oxide (NO) and levels of glutathione (GSH) were evaluated by fluorimetric methods. Glutathione 

peroxidase (GPx) and carbonyl groups were determined by a spectrofotometric methods and cell viability by the crystal violet assay. Insulin secretion was 

quantified using an ELISA kit. Levels of phosphorylated and total ERK, PKC and eNOS were determined by Western blot. To study the potential protective effect 

of colonic flavanols against oxidative stress, cells were treated for 20h with colonic metabolites and further exposed to the pro-oxidant tert-butyl-hydroperoxide 

(t-BOOH). INS-1E beta cells were treated with 50µM t-BOOH for 2h and EAhy926 cells with 100µM for 18h. After that, ROS, carbonyl levels and cell viability were 

also evaluated. 
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RESULTS INS-1E BETA CELLS 

CONCLUSION 
Altogether, these results suggest that flavanol metabolites, generated in vivo in the colon, could exert beneficial effects in pancreatic and endothelial cells and 

prevent oxidative stress, beta cell death and vascular dysfunction in diabetes.  

DHPA and DHB increased the activity of the antioxidant enzyme GPx in pancreatic beta 

cells. INS-1E cells were treated with 1-10µM DHPA, DHB and HPP for 20h and then washed 

and collected to test for cell viability, ROS and GSH levels and GPx activity. Values are 

means of 5 different samples per condition. Different letters indicate statistically 

significant differences (P < 0.05) among different groups.  

RESULTS EAhy926 ENDOTHELIAL CELLS 

DHPA and HPP increased the activity of the antioxidant enzyme GPx in endothelial cells. 

EAhy926 cells were treated with 1-10µM DHPA, DHB and HPP for 20h and then washed and 

collected to test for cell viability, ROS and GSH levels and GPx activity. Values are means 

of 5 different samples per condition. Different letters indicate statistically significant 

differences (P < 0.05) among different groups.  

DHPA induces phosphorylation of eNOS and NO production in endothelial cells. EAhy926 

cells were treated with insulin (100nM) for 15 min or DHPA (10μM) for 2h and NO 

production was measured by using the fluorescence probe DAF-2-FM. (A) Representative 

images. Scale bars: 75μm. (B) Fluorescence intensity was monitored at 485nm excitation 

and 515nm emissions using a fluorescence microplate reader. Data represent means ± SD 

of 6-8 samples per condition. Different letters denote statistically significant differences, P 

< 0.05. C) EAhy926 cells treated with insulin or DHPA were subjected to Western blot 

analysis using specific antibodies to p-eNOS and eNOS. Bands are representative of three to 

four experiments. Different letters denote statistically significant differences, P < 0.05 

Flavanol colonic metabolites protect endothelial cells against chemically-induced oxidative 

stress. EAhy297 cells treated with DHPA, DHB and HPP (10µM) for 20h were further 

exposed to 100μM t-BOOH for 18 hours and cell viability, intracellular ROS generation and 

carbonyl group content were measured. Data represent means ± SD of 8-10 samples per 

condition. Different letters denote statistically significant differences, P < 0.05.  

DHPA and HPP augmented glucose-induced insulin secretion in pancreatic beta cells via 

activation of protein kinase C (PKC) and ERK/MAPKs. A) INS-1E cells were treated with 

colonic metabolites for 20h and then incubated during 90min in KRB medium containing 4 

or 10mM glucose for 90min. Data represent means ± SD of 6-8 samples per condition. 

Different letters denote statistically significant differences, P < 0.05. B) INS-1E cells 

treated with DHPA, DHB and HPP (10µM) for 20h were subjected to Western blot analysis 

using phospho-specific antibodies to total and phosphorylated PKC and ERKs. Bands are 

representative of four to six experiments. Different letters denote statistically significant 

differences, P < 0.05.  

DHPA and HPP protect pancreatic beta cells against chemically-induced oxidative stress. 

INS-1E cells treated with DHPA, DHB and HPP (10µM) for 20h were further exposed to 

50μM t-BOOH for 2 hours and cell viability, intracellular ROS generation and carbonyl 

group production were measured. Data represent means ± SD of 8-10 samples per 

condition. Different letters denote statistically significant differences, P < 0.05. 
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