
An official website of the United States government 

NCBI Literature Resources  MeSH  PMC  Bookshelf  Disclaimer

The PubMed wordmark and PubMed logo are registered trademarks of the U.S. Department of Health and Human Services (HHS). Unauthorized use
of these marks is strictly prohibited.

FOLLOW NCBI

Here's how you know 

Advanced User Guide

Search

Save Email Send to Display options

FULL TXT LINKS

ACTIONS

Cite

Collections

SHAR

  

PAG NAVIGATION

Title & authors

Abstract

Conflict of interest
statement

Figures

Similar articles

Cited by

References

Publication types

MeSH terms

Substances

Related information

Grant support

LinkOut - more
resources

. 2022 Dec 17;12(12):1893. doi: 10.3390/biom12121893.

Influence of Diets Enriched with Flavonoids (Cocoa
and Hesperidin) on the Systemic Immunity of
Intensively Trained and Exhausted Rats

Patricia Ruiz-Iglesias , Malén Massot-Cladera , Francisco J Pérez-Cano , 
Margarida Castell

Affiliations 

PMID: 36551321  PMCID: PMC9775336  DOI: 10.3390/biom12121893

Free PMC article

Biomolecules

  1   2   1   2   1   2

  1   2   3

collapse

Affiliations

Secció de Fisiologia, Departament de Bioquímica i Fisiologia, Facultat de Farmàcia i Ciències
de l'Alimentació, Universitat de Barcelona (UB), 08028 Barcelona, Spain.

1

Institut de Recerca en Nutrició i Seguretat Alimentària (INSA-UB), Universitat de Barcelona
(UB), 08921 Santa Coloma de Gramenet, Spain.

2

Centro de Investigación Biomédica en Red de Fisiopatología de la Obesidad y la Nutrición
(CIBEROBN), Instituto de Salud Carlos III, 28029 Madrid, Spain.

3

Abstract

The aim of this study was to establish the influence of flavonoid-enriched diets on the immune
alterations induced by an intensive training and a final exhaustion test in rats. A flavanol-enriched
diet (with 10% cocoa, C10 diet) and a flavanol and flavanone-enriched diet (C10 plus 0.5%
hesperidin, CH diet) were used. Lewis rats were fed either a standard diet, C10 diet or CH diet while
they were submitted to an intensive running training on a treadmill. After 6 weeks, samples were
obtained 24 h after performing a regular training (T groups) and after carrying out a final
exhaustion test (TE groups). The C10 diet attenuated the increase in plasma cortisol induced by
exhaustion, while both the C10 and the CH diets prevented the alterations in the spleen Th cell
proportion. The experimental diets also induced an increase in serum immunoglobulin
concentration and an enhancement of spleen natural killer cytotoxicity, which may be beneficial in
situations with a weakened immunity. Most of the effects observed in the CH groups seem to be
due to the cocoa content. Overall, a dietary intervention with flavonoids enhances immune function,
partially attenuating the alterations in systemic immunity induced by intensive training or
exhausting exercise.

Keywords: cocoa; exercise; exhaustion; flavanols; flavanones; immune system; lymphocytes;
orange; polyphenols.
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