Functional Foods - linking
nutrients to disease.

Professor David Cameron-Smith
Chair in Nutrition

Liggins Institute

University of Auckland

New Zealand

’ LIGGINS INSTITUTE
THE UNIVERSITY OF AUCKLAND
NEW ZEALAND

Te Whare Wananga o Tamaki Makaurau




Functional/Dysfunctional

e Will the real functional food stand up?
e Dysfunctional food
— Too much, too often
e Fats - form, function and physiology
e Sweetness and light
e The ORIGINAL SUPERFOODS
e Antioxidants — yes/no
e Why eat rabbit food?
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Atherosclerosis




How we spend our day....

' ' |
| | | | | | | |
Breakfast Lunch Dinner 0:00am  4:00am Breakfast
[] Postprandial B Postabsorptive [] Fasting

Monier L. Eur. J. Clin. Invest. 30(suppl 2): 3-11, 2000



We eat...often

Percent of Americans engaged in activity

50 — Primary eating and drinking

— Secondary eating
40
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20

10

- Secondary drinking
- Any eating or drinking

a.Im.

p.m.

Note: Data include civilian population age 15 and over.

Source: Bureau of Labor Statistics 2006 American Time Use Survey and ERS 2006

Eating & Health Module.




That's quife an cxplosive
suicide pelt you've got
f'[mr'e, (r*a'tg,.




The emerging role of Inflammation
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THE SECRET

HEARTIATIACHS, CANCERS
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Dietary Fats and CHD
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Based on a meta-analysis of 4 prospective cohort studies (for TFA) and a
pooled analysis of 11 prospective cohort studies (for SFA, MUFA, and PUFA).




The REAL Mediterranean Diet




To make it tasty......




Trans — Fatty Acids
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Industrially generated trans FA

Oleic Acid Elaidic Acid

O Carbon
(O Hydrogen

O Oween

Cis double bond — Trans double bond —

Mozaffarian et al, N. Engl. J. Med. 354: 1601-1613, 2006
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Polyunsaturates
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Simopoulos, AP. Am. J. Clin. Nutr. 70(suppl):560S-9S,
Data from Eaton SB & Connor W
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Eicosanoid Products

Omega 6
Linoleic acid

v

Arachidonic acid

Cyclo-mygenasea

Omega 3
o linolenic acid

v

Lipoxygenase
Omega 6 derived eicosanoids Omega 3 derived eicosanoids
2 series prostanoids 4 series leukotrienes 3 series prostanoids 5 series leukotrienes
TEA,, PGE5 PG4 LTBy,LTC4-LTE T&A; PGES PGl LTBg, LTCe-LTE;

Fro-inflammatory

Din et al. BMJ 2004; 328: 30

Anti-inflammatory
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Omega-3 fatty acids
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(n-3) Fatty Acids Alleviate Adipose Tissue
Inflammation and Insulin Resistance:
Mechanistic Insights’?

Nishan S. Kalupahana,®*® Kate J. Claycombe,” and Naima Moustaid-Moussa®*>"
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Resolution of Inflammation

(a)
Dietary essentially fat
Omega-3 polyunsaturated fatty acids
l Y
Docosahexaenoic acid (DHA) Eicosapentaenoic acid (EPA)
Aspirin 15-lipoxygenase COX-2/Aspirin
COX-2 (Type-l) or cytochrome P450 AT-RvD1
17(R)HDOHE Y ¥ &
5-lipoxygenase 5-lipoxygenase 5-lipoxygenase
Y Y I HO
| OH
AT-RvD1 RvD1 RvE1
v NN g
RvE1
TRENDS in Neurosciences

Ru-Rong J et al. Trends in Neurosci. 2011; 34(11; 599-609)



SUPER foods and drinks




Sucrose = glucose + fructose

Blood glucose {molfL)
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Satiety

250%

200%

150%

100%

50%

0%

W \Water

GLP-1

B Glucoze

Py

AUC

B Fructose

Shrelin

W Aspartame  MWAcesulfame K B Sucralose

B00% -
500%
400%
300%
200%
1003

0%




il ‘j\'

al- ’
M ® Chronicle Festlures, 1982

—



IF YOU DlET

YOUR BRAIN MAKES DOUBLE THE
DOPAMINE RECEPTORS

 PANCAKE SPECIAL
SOLVES THEPROBLEM ,




Back to Superfoods
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INTESTINAL MICROFLORA

10"*micro-organisms, >500 differentes species

Lactobacilli

Streptococci
Lactobacilli

Enterobactena
Enterococcus
Faecalis
Bacteroides
Bifidobactera
Peptococcus
Peptostreptococc
Ruminococcus
Clostridia
Lactobacilli

and....

!
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Stomach

Duodenum

Jejunum

lleum

Colon
with
appendix
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Eubiosis Dysbiosis

{(balanced flora) {imbalanced flora)
Main Flora Satellite Flora Residuzl Flora
(>90%) (<1%) (<0.01%)

p

) <— J

.

i . . - i
Bacteroidaceae E. coli E. coli,
Peptostreptococ- Enterococcus Enteropathogen
cus . Clostridium Proteus, Bacte-
Eubactenum o L
propionibacterium Staphylococcus ricides fragilis
L actobacillus Pseudomonas Serpuling/
Bifidobacterium 10% - 108 g Brachyspira
10% - 10 / g Salmonella,

Campylobacter,
Yersinia, Candi-
da, < 10* [ g

lactic acid and disease causing
volatile fatty acid infections, toxins,

producing bacteria cell damage etc

Figure 1: Bacterial genera and their influence on the host



Untreated

Ampicillin
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Phylum Class Order

Taxonomy

Other Taxonomy Bl
Unciassifed Bactona Il
Conchocteciacese Tl
Entoccbactovincoac
Unclassifiod Bactercideles
Undlassified Bacterodales Tl
Unclassfiod Fimicutos
Unclnssifiod Clostr
Clostridiales tncortes Sedis XIV Il
Clostridincoae 1l
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Poptostreptococcacess [l
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Bacittales Staphylococcacean
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Eryspelotrichaceae Tl

Actinobacteria ALt i Corlob ialos
Proteobactena  y-pe e in Er DRCI0 e

Bacterodetes

Bactoroki

Clostrigu Clostncaaes

Firmicutes

Lactobacllnles

Erasipciotrichs  Erisipelotrichales

Vancomycin Ampicillin Recovery

Vancomycin Recovery
— =

Ubeda et al. (2010) Journal of Clinical Investigation 120:4332.



Suppression of Control of Control of
endogenous Irritable Bowel Inflammatory
pathogens. Syndrome Bowel Diseases
eg. antibiotic- Alleviate
associated diarrhoea v food
Balanced allergy
immune symptoms
7 response in infants
" Normalised f [ —
Colprt;sabon ‘ intestinal Strengthened
resisiance microbiota i innate
composition Immunomodulation —»| imm unity

4
Suppression of \ /
exogenous
patt\t?age e?f.;,s' Lower serum
3%5@3’33 Probiotics cholesterol

Bile salt
deconjugation
Supply of SCFA
and vgam;ns <4— | Metabolic effects /v and secretion
(eg folate) to the
colonic epithelium J \
Lactose
l Lower level of hydrolysis
toxigenic/mutagenic
reactions in the gut
Reduction in risk /
factors for colon Improved lactose
cancer tolerance




Prebiotics and Health
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Plant Secondary Metabolites

1 1
No. of natural N
products N N
With N N CHs
1. Alkaloids 12000 0 2 H 3
2. Mon-protein amino acids 600 c o M. _.NH N
3. Amines 100 o NH: NH, 2
4. Cyanogenic glycosides 100
5. Glucosinolates 100 4 ol 5 S~ Gluc
Without N N N No-so,
6. Monoterpenes 1000 N H
7. Sesquiterpenes 3000
8. Diterpenes 2000
9. Triterpenes, Saponins, Steroids 4000 7
Tetraterpenes 350 0
10. Flavonoids 2000 oY !
11. Polyacetylenes 1000 6 o . o
12. Polyketides 750
Phenylpropanes 1000
8 0.0
9 o o
OH
10 OH OH o6 oH c=0 3 ° -
U 1 HO
"o © OH "6 oo ™
ou H5C CH;
OH O 12 © 11 OH

HO



An Assortment of Alkaloids

CHg O

HC
Clﬁil"‘tf

H

) caffeine
huperzine A

Chinese herbal medicine study
nootropic )
5y A
,/‘j\ | \ }
L g .
“‘hll - nicotine
H coniine tobacco
hemlock Black Leaf 40
ants, Socrates L

OCH;
21~
—Orh

D-tubocurarine
arrew poison, muscle relaxant for surgery

CHz0

—

Coffea arabica

CHs
| OCHg
N
N};. OCHs
CH30; ook, 0L
reserpine

Indian herbal medicine
antipsychotic

N

H
D@
CLA

vinblastine — strychnine
Madagascar periwinkle © Strychnos nux-vomica
antileukemic rodenticide

N
CH20
N saxitoxin
quiniﬂe deadly algal toxin

chemical warfare agent

Cinchona tree, antimalarial
ClA suicide pill



Phenolic acids

Representative compounds

Major food sources

Hydroxybenzoic acids
R, Protocatechuic acid: Red fruits: strawberries, raspberries,
/>~—\ o R;=R;,=0H, R;=H blackberries, blackcurrants
n—yl N4 AR,
\TEEY G ] Gallic acid: _
= o R,=R,=R,=0H Beverages: tea
Vanillic acid:
R«|=OCH3, R2=0H, R3=H
Hydroxycinnamic acids
Coumaric acid:
/ ':-‘;\ R1=0H
-/ Caffeic acid:
| R1=R2=0H
Example of an ester of Ferulic acid: Large variety of fruits: kiwis, blueberries,

hydroxycinnamic acid:

R,=0CH;,R,=0H

Chlorogenic acid
(5-caffeoyl quinic acid]

plums, cherries, apples, etc.
Vegetables: artichokes, potatoes, eggplants

Beverages: coffee, cider






lon ANA

channels [
Enzymas |
Cell mﬂml:rranE
Cytoskeleton Post-transiational
Actin, microtubu protein modification

Fig. 2. Summary of potential cellular targets for plant secondary
metabolites. Mito, mitochondrion. (Adapted from Wink, 2004.)



Enhance Nitric Oxide Synthesis

Pomegranates Olwe oll

Soy beans : Fish oll

w «@,, E® -
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green tea

Grapes and 08,
berries ST, -
Endothelial NO T
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THE FUTURE OF BUSINESS

18 LEADERS AND LUMINARIES TELL YOU WHAT'S NEXT ®aGE 44)

WINE

AND

LIVE

LONGER'

The exclusive story of the
biotech startup searching for
anti-aging miracle drugs. saees
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UNSTABLE FORMS OF OXYGEN -- OXYGEN FREE RADICALS

Singlet Hydroxyl Superoxide
Oxygen Radical Radical
AT GEMNERATES HYDROGEN
T DMNA, FERCHIDE, RELEASES

RSN & < OPPER

ENZYMATIGANTIOXIDANTS

[Froduced Maturally In The Body From Frecusars 2inc, Manganese, Coppeaf|

Superoxide
Catalase Glutathione Dismutase
| DIETARY. ANTIOXIDANTS-"""'"-----..____.__.._.____,_ |
o p; ; y > ! &; ; \ - o &; g \
Vithmin A Vi’rq‘f'nin c Vi’rq%in E
Carotenoids Bioflavonoids Coenzyme Q10

Beta carotene, lutein, lycopene, astaxanthin

(MOZ»rP>® 4Z»p0-X0—=Z» 4Z»0U-X0:0727 |










life Is

short

eatl
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