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Food security has been at the forefront of many 
agendas. 
 
Matched with this is economic stability and growth. 
 
However health via dietary means has been busier 
that ever. 
 
For blackcurrant, a minor crop in global terms, there 
have been several interesting advances with respect 
to human health 



Berries… 

 Good nutritional value  

 Excellent source of bioactive compounds called 

polyphenols;  Health beneficial effects 

 Good source of antioxidants, compounds that in 

vitro are able to scavenge free radicals cause of cell 

aging and death…  However….!! 

 Is this what happens in vivo?? 



Polyphenols - bioactive compounds 

 

 Polyphenols represent a group of secondary 

metabolites commonly found in higher plants 

 Polyphenols are class of organic chemicals 

characterized by the presence 

of  phenol structural units 

 Due to the diverse biological properties 

polyphenols are found to be potential 

candidates for use as a drugs to treat diseases 

such as: 

 Diabetes types I and II, cardiovascular diseases, 

 cancer, AIDS, bacterial infections, neural 

 disorders  

 

 



Oxidative stress couse of cell aging and death 

Normal, balanced stage 

 

Source of Reactive Oxygen Species 

 Air pollution 

 UV rays 

 Bio products from food and 

metabolism of chemicals  

 Cellular respiration 

 

 

Cancer  CVD,    Diabetes type I II, Neurodegenerative diseases 

• Biomembrane 

damage                

• DNA damage 

• Protein damage      

•  Lipid peroxidation 

 



Free radicals cause cardiovascular diseases 
development 

• Protein damage  and lipid peroxidation leads 

to loss of the membrane  integrity, cell 

damage and death  

• Biomembrane damage leads to the cell 

death             

•  DNA damage leads to mutations  

Oxidative stress 

 

 

 

Oxidative stress 

Stroke, Atherosclerosis, 

 High Blood Pressure, Heart 

attack 



Possible role of polyphenols… 

• POLYPHENOLS can act  

through co-action with cell 

membrane receptors  

• induction of the cell 

sygnalling pahways 

• modulation of the genes 

and proteins expression 

 

1 
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O2, H2O, NO2 etc. 

Not harmfull to 

cells anymore 

 

1. Direct antioxidant responce 

    2. Indirect antioxidant responce 



•So where are we with regard to health 
and blackcurrant? 
 
•Vit C is still king and the way forward 
for health. 
 
•However the “interesting stuff” is still 
derived from the polyphenols 



Cancer 
 
Reduced cancer levels in oxidant induced 
animal systems. 

Bishayee (2011). J Nutrit. Biochem 22, 1035–1046. 

Cancer induction 
& promotion 

  Blackcurrant 
polyphenol 

extract 

Control 

+ Carcinogen 
+100mg/kg BPE 

+ Carcinogen 

+ Carcinogen 
+500mg/kg BPE 

Reduction in macroscopic 
hepatocyte nodule number, size 
and proliferation. 
BPE one had no deleterious 
effects 



Control 

+ Carcinogen, 100mg/kg BPE 

+ Carcinogen 

+ Carcinogen, +500mg/kg BPE 

+ Carcinogen 

+500mg/kg BPE 

Proliferative nuclear antigen (PCNA) 



Gopalan (2012) Food and Function, In Press 

In Vitro 
(Cell) 
Systems 



Gopalan (2012) Food and Function, In Press 

In Vivo: Model 
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Absorption and metabolism of delphinidin 

GUT  pH ~ 4 

Delphinidin-3-O-glucoside 

 Small 

intestine 

 pH ~ 7 - 8 

Delphinidin 

 Blood  pH ~ 7.4 

 prologlucinaldehyde + gallic acid 

 Liver  Methylation 

 Sulphation 

 Glucuronidation 

 



Delphinidin is very unstable compound 

Anthocyanin stability is strongly 
affected many factors, such as: 

 temperature 

 solvents 
 pH) 
 anthocyanin structure 
 light 
 anthocyanin concentration  
 accompanying substances  

 
•Delphinidin degrades rapidly in cell 
culture medium (> 80% loss in 2 h; 
37ºC) 
 
•Possible degradation products are: 
gallic acid and phloroglucinaldehyde 
 

 

Media pH 
Delphinidin max 

absorbance [nm] 

Cell culture medium 

(phenol red -free) 
7.37 585 

Trizma HCl  8.03 605 

Acetic acid buffered 

with sodium acetate 
4.23 560 
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750 µM Delphinidin in medium  



Testing protective effect of selected polyphenols against 
model of oxidative stress 

Oxidants Concentrations 

H2O2 130µM 

Pyrogallol (OH.-)  140µM 
 

Phenolics Concentrations 

Delphinidin 
1nM, 10nM,  

100nM, 1µM,  
10µM, 100µM,  

 

“Aged delphinidin” 

Gallic acid 

THBA 

HUVECs (human umbilical 
endothelial cells) 

80-90% confluent cells used for 
treatment 

 

Oxidants caussed approx. 40-
60% cell death 

 

Co-treatment 

24h, 

37° C, 

5% CO2 

100% viable cells 
Protective 

 effects 

40-60 % cell death Cytotoxic 

 effects 



Phenolics vs Hydrogen Peroxide 

 



Phenolics vs Pyrogallol (OH.-)  

 



Faecal metabolism of berry polyphenols 

 Phenylacetic acid increased in 7/10 subjects 

 4-Hydroxy phenylacetic acid increased in 6/10 subjects 

 3-Hydroxy phenylacetic acid increased in 5/10 subjects 

 3-Phenylpropionic acid increased in 6/10 subjects 

 3(4-Hydroxy)-phenylpropionic acid increased in 5/10 subjects 

 3,4-Dihydroxy benzoic acid increased in 7/10 subjects 

 4-Hydroxy benzoic acid increased in 2/10 subjects 
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• Fits evidence from model studies with faecal inocula but shows 
large inter-individual variation 

• Due to differences in diet or microflora? 
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Conclusions 
 

 Caution with labelling and claiming that 

polyphenols have antioxidant-driven health 

value  

 Need of conducting in vitro/vivo studies with 

relevant metabolites of polyphenols; 

Delphinidin Vs Metabolites 

 Gallic acid rather the parent compound itself 

can be responsible for health beneficial effects 

 And at appropriate concentrations in order to 

fully ascertain their mode of action in vivo 

 Polyphenols have significant cytotoxic effects 

at concentrations at or above 10 µM  

 Need a corroborating analytical system to 

establish the definitive derivation of 

blackcurrant.  Stable isotope analysis of 

blackcurrant AND biological fluids 

 

 

 

Harvard Medical School: 
Antioxidant Intervention study 
 
Recommendation  – 100 bottles 
red wine a day 
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