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implica2ons	for	human	health	
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Natural Product Metabolites 



O 

O H O H 

O O 

OH OH OH 

N O H 

phenyl- 
acetic acid 

4-hydroxyphenyl- 
acetic acid 

indole-3- 
acetic acid 

Aroma2c	Amino	Acids	

O O H O O H 

O H 

O O H 

O H 

O O H O O H O O H 

NH2 NH2 NH2 

N O H 

phenylalanine tyrosine tryptophan 

Pathway for Transformation 
 
Species Responsible 
 

•  Bacteroidetes  Species 
     B. thetaiotaomicron, B. eggerthii, B. ovatus, B. fragilis, Parabacteroides. Distasonis 
 

•  Firmicutes  Species 
    Eubacterium hallii and Clostridium bartlettii 

Russell	et	al	Molecular	Nutri-on	and	Food	Research	2013	



Natural	Product	Metabolism	

demethylation dehydroxylation hydrogenation 
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•  chain shortening 
•  decarboxylation 
•  oxidaton/reduction 
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Genome Transcriptome Proteome Metabolome 
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Metabolomic	Approach	in	Human	Studies	



 Heterocyclic Amines  

 N-Nitrosamines 

 Polyamines 

 Bile Acids 

 Indoles  Anti-Inflammatory Molecules 
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Dietary-Derived	Metabolites	



Human	Studies		

Natural	Product	Metabolism	
	

•  impact	of	macronutrient	balance	
•  fibre	modula2on	



Macronutrient	Balance		

High	Protein	–	Low	Carbohydrate	Diets	



Macronutrient	Balance		

pre-study	
health		
screen	

Maintenance	
Diet		
(3	days)	

High	Protein	
Low	Carbohydrate		
(4	weeks)	

High	Protein	
Medium	Carbohydrate		
(4	weeks)	
	

High	Protein	
Low	Carbohydrate		
(4	weeks)	

High	Protein	
Medium	Carbohydrate		
(4	weeks)	

Study	Design:	

Faecal	samples	collected	at	end	of	dietary	period	

Volunteers:		sixteen	obese	men	(BMI	>	27)			

high	protein	(138	g/d)	–	low	carbohydrate	(23	g/d)		

high	protein	(138	g/d)	–		medium	carbohydrate	(182	g/d)		

Diets:	



Macronutrient	Balance		

High	Protein;	Low	Carbohydrate	
High	Protein;	Medium	Carbohydrate	

Maintenance	

Natural	Product	Metabolite	Profile	

Russell	et	al	American	Journal	of	Clinical	Nutri-on	2011	

HPLC	diets	deliver		↑	hazardous	and	↓cancer-protecQve	metabolites		
Likely	to	be	detrimental	to	gut	health	in	the	longer	term	

Total	Protein	Metabolites	

Mutagenic	Nitrosamines	

Cancer	PreventaQve	Molecules	

AnQ-inflammatory	Molecules	



Fibre	Modula2on	

pre-study	
health		
screen	

Maintenance	
Diet		
(3	days)	

Resistant	Starch		
(3	weeks)	

Bran	
(3	weeks)	
	

Resistant	Starch		
(3	weeks)	

Bran	
(3	weeks)	

Study	Design:	

Samples	collected	at	end	of	dietary	period	

Volunteers:			n	=	14;	WC	>102	cm;	fGlc>6.0	mmol	l−1,BMI	>	27	kg	m-2		

			Diets:	
Bran	 Resistant	Starch	

Type	II	



Fibre	Modula2on	

Urine		

Plasma		

						Gut		
Metabolites	

						Diet	

Resistant	Starch	Bran	

Natural	Product	Metabolite	Profile	



Fibre	Modula2on	

Individual	Metabolites	(Bran	vs.	Resistant	Starch):	
•  Carcinogenic	heterocyclic	amines	
						(e.g.	IQ,	MeIQ)	

•  ChemopreventaQve	indoles	
					(e.g.indole-3-carboxylic	acid)	

•  Tumour-promoQng	bile	acids	
						(e.g.	deoxycholic	acid	vs.	ursodeoxycholic	acids)	

•  Protein	metabolites	
					(e.g.	phenylaceQc	acid,	phenyllacQc	acid)		

•  Polyamines/Secondary	amines	
					(e.g	pyrollidine,	piperidine)	

•  AnQ-inflammatory	Natural	Products	
					(e.g	ferulic	acid,	vanillic	acid,	sinapic	acid	and	others)	



Fibre	Modula2on	

Maintenance	Diet	

Volunteer	1	 Volunteer	2	 Volunteer	3	

NSP	(Wheat	Bran)	

Resistant	Starch	

Natural	Product	Metabolite	Profile	



Early GI absorption 
 = 0.007 mg/g wheat bran 

Released/Metabolised (colon) 
= up to 4.8 mg/g wheat bran 
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Fibre	Modula2on	
…	effect	on	the	systemic	circula2on	



Russell et al BBA Molecular Basis of Disease 2006 1762/1:124-130 
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Enhancement 
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Bioac2vity:	Inflamma2on	



Impact	of	Metabolism	

Russell	et	al	Nutri-on	and	Cancer	2009	

Systemic	Metabolites	(Bran)	

53%	 51%	 50%	 75%	
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66%	

InhibiQon	of	NeoplasQc	Prostanoids	



PGHS-2 (COX-2) 

arachidonic acid gut metabolite 

Russell et al Nutrition and Cancer 2008 

Bioac2vity:	Receptor	Binding	

Russell et al Bioorganic and Medicinal Chemistry 2008 



Research	Summary	

•  dietary microbial metabolites are associated with disease 

•  macronutrient composition impacts on natural product bioavailability   

•  HPLC diets deliver ↓ cancer-protective and ↑ hazardous metabolites  

•  type of fibre important 

•  gut metabolism has implications for systemic health 

•  adequately fibre critical in ameliorating the long term risk 

•  metabolism plays an important role in human health 



Commercialisa2on	Examples	

• 	Tomato	extract	reduced	aberrant	blood	clofng	
• 	Provexis	Limited	(founded	1999)	to	commercialise	Fruihlow®	

• 	Provexis	plc	listed	on	AlternaQve	Investment	Market	(2005)		
• 	Technology	substanQated	by	the	EFSA	13(5)	in	2009		

• 	Licensed	to	DSM,	Launched	in	Europe	(2010)	and	US	(2011)	
‘Helps	maintain	normal	platelet	aggrega-on,	which	contributes	to	healthy	blood	flow’		

• 	Commensal	bacterium	blocks	inflammatory	and	pathological	effects	of	pathogen			

• 	GT	Biologics	(founded	2008)	
• 	4D	Pharma	Research	Limited	(2015)	



“when all people at all times have (physical and economic) 
access to sufficient, safe, nutritious food to (meet their food 
preferences, prevent disease) and maintain a healthy and active 
life” 
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