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Background 

� Antioxidant
� Anti-inflammatory effects
� ↓ Cardiovascular Diseases 
� ↓ Cancer 
� ↓ Obesity
� ↓ Diabetes

� Grapes
� Berries
� Cherries
� Apples

� Plums

� Natural organic pigment

� Plums
� Red cabbage
� Red onion

� To investigate the effects and molecular mechanisms of cyanidin-

3-O-glucoside (C3G)
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(muscle stimulation) � Berries containing C3G regulate lipid and glucose metabolismsBerries containing C3G regulate lipid and glucose metabolismsBerries containing C3G regulate lipid and glucose metabolismsBerries containing C3G regulate lipid and glucose metabolisms

* RXR: retinoid X receptor

PPRE:  peroxisome  proliferator hormone response elements

Peroxisome proliferator-activated receptors (PPARs):– Nuclear receptors– Containing 3 isoforms: PPARα, PPARγ, PPARδ/β

PPARα:– A major regulator of lipid metabolism in the liver– Fatty acid uptake (fatty acid transport)– Fatty acid utilization (fatty binding and activation)– Fatty acid catabolism (peroxisomal and 
mitochondrial fatty acid β-oxidation)– Ketogenesis– Triglyceride turnover– Ligands:– Synthetic ligands include the fibrate drugs 
(hyperlipidemia) – Endogenous ligands include fatty acids and various 
fatty acid-derived compounds

AMP-activated protein kinase (AMPK):
− An enzyme plays a role in cellular energy homeostasis 
− Consists of three proteins (subunits): α, β, and γ 
− Three subunits together make a functional enzyme

AMPK: 
− Stimulate:

− Fatty acid oxidation 
− Ketogenesis

− Inhibit:
− Lipogenesis
− Triglyceride synthesis
− Gluconeogenesis



Experimental design 
� Molecular targets of C3G
� BIAcore Surface plasmon resonance (SPR)
� Time resolution-fluorescence resonance energy transfer (TR-FRET) coactivator assay
� AMPK activity assay

� Animal/cell experimental design

� HFD: High fat diet (45%)

HepG2 cells

Lipid-loading for 24 h Treatment with C3G for 24 h

• Lipid contents
• Fatty acit oxidation/synthesis
• Autophagy analysis
• Gluconeogenesis 

� Physiological relevance & molecular mechanisms of C3G
� Body & organ weight measurement
� Plasma lipid, glucose, insulin & hormone measurement
� Liver & adipose tissue histology & analysis
� Liver lipid concentration measurement
� Oral glucose tolerance test (OGTT)
� Insulin tolerance test (ITT)
� Autophagy pathway analysis
� qPCR & immunobloting

� HFD: High fat diet (45%)

� FF: 100 mg/kg body weight of 

fenofibrate (FF)

� C3G: 100 mg/kg body weight of 

cyanidin-3-O-glucoside (C3G) 

• Sacrifice
• Sample (plasma & 

organs) collection
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K values and EC values of C3G and positive controls

C3G induces PPARα coactivator activity via direct binding to PPARα

Surface Plasmon Resonance (BIAcore SPR)
Time resolution-fluorescence resonance 

energy transfer (TR-FRET) coactivator assay
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PPARδδδδ/ββββ/GW0742
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KD values and EC50 values of C3G and positive controls

C3G Positive controls

PPARα PPARγ PPARδ PPARα PPARγ PPARδ

GW7647 TT GW0742

SPR 456 nM 1.36 µM 4.96 µM 13.2 nM 377 nM 102 nM

TR-FRET 1126 nM 10.8 µM 31.05 µM 26.9 nM 82.3 nM 10.25 nM

KD, the equilibrium dissociation constant ('binding constant');
EC50, Half maximal effective concentration
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� C3G directly activates PPARC3G directly activates PPARC3G directly activates PPARC3G directly activates PPARαααα and AMPKand AMPKand AMPKand AMPK



Plasma triglyceride
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AST, Aspartate Aminotransferase;
ALT, Alanine Aminotransferase



Fatty acid oxidation
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ACC, acetyl-CoA carboxylase
CPT1, carnitine palmitoyltransferase 1; 
LPL, lipoprotein lipase;
HMGCS2, 3-hydroxy-3-methylglutaryl-CoA synthase 2

� CCCC3333GGGG reducesreducesreducesreduces lipidlipidlipidlipid accumulationaccumulationaccumulationaccumulation viaviaviavia increasesincreasesincreasesincreases
fattyfattyfattyfatty acidacidacidacid oxidation,oxidation,oxidation,oxidation, ketogenesisketogenesisketogenesisketogenesis,,,, whereaswhereaswhereaswhereas
inhibitsinhibitsinhibitsinhibits fattyfattyfattyfatty acidacidacidacid synthesissynthesissynthesissynthesis



p-AMPK/AMPK
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Autophagy
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� CCCC3333GGGG reducesreducesreducesreduces lipidlipidlipidlipid accumulationaccumulationaccumulationaccumulation viaviaviavia
activatesactivatesactivatesactivates hepatichepatichepatichepatic autophagyautophagyautophagyautophagy pathwaypathwaypathwaypathway



Plasma glucose
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Gluconeogenesis

0

50

100

150

200

250

a
a a a

a a a

b

ab ab

cAMP   -     +    -     -     -     -     +    -     -     -

Metformin   -     -    +     -     -     -     -     +     -     -

A B

C3G reduces gluconeogenesis

Metformin   -     -    +     -     -     -     -     +     -     -

Compound C   -     -     -     -     -     +    +    +    +    +

C3G   -     -     -    10   50   -     -     -   10   50

CE-TOF & QqQMS：Selected component analysis



p-AMPK

AMPK

p-CRTC2

CRTC2

p-HDAC5

HDAC5

HFD FF C3G

β-actin

C3G reduces gluconeogenesis via increases plasma adiponectin
concentration & inhibits FOXO and CREB activity

A
p-AMPK/AMPK

H
FD FF

C
3G

0

1

2

3

4

a

b

b

F
o

ld
 c

h
a

n
g

e

p-CRTC2/CRTC2

H
FD FF

C
3G

0

1

2

3

4

5

a

a

b

F
o

ld
 c

h
a

n
g

e

p-HDAC5/HDAC5
H

FD FF

C
3G

0

1

2

3

4

5

a

a

b

F
o

ld
 c

h
a

n
g

e

PEPCK
G6Pase

CRTC2HDAC5

X

mRNA expression in liver

H
FD FF
C

3G

H
FD FF
C

3G

0.0

0.5

1.0

1.5

PEPCK G6Pase

F
o

ld
 c

h
a

n
g

e

a

b b

a

ac

bc

0

50

100

150
400

600

800

A769662 (µµµµM)    - 100  -   -        -   -  100 -   -

Foskolin (µµµµM)    -   -    -   -        - 100  -   -   -

C3G (µµµµM)          -   -   10 50       -   -   -   10 50

FOXO
activity

CRE-Luc
activity

* *** ***

***

***

***
***

L
u

c
if
e
ra

s
e
 a

c
ti

v
it

y
 (

%
)

B
Adiponectin

H
FD FF

C
3G

0

10

20

30

a

b

b

µµ µµ
g

/m
L

FOXO1, Forkhead box protein O1; CREB, cAMP response element-binding protein; HDAC5, Histone deacetylase 5; CRTC2, CREB regulated transcription coactivator 2; 
PEPCK, Phosphoenolpyruvate carboxykinas; G6Pase, Glucose 6-phosphatase 
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� CCCC3333GGGG reducesreducesreducesreduces glucoseglucoseglucoseglucose accumulationaccumulationaccumulationaccumulation viaviaviavia
inhibitsinhibitsinhibitsinhibits hepatichepatichepatichepatic gluconeogenesisgluconeogenesisgluconeogenesisgluconeogenesis



C3G reduces body weight, visceral fat weight & adipocyte size
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A

C3G increases energy expenditure via induces thermogenesis gene 
expressions in brown adipose tissue (BAT) 

mRNA expression in BAT
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PGC-1α, Peroxisome proliferator-activated receptor gamma coactivator 1-alpha; 

UCP1, uncoupling protein 1

� CCCC3333GGGG reducesreducesreducesreduces bodybodybodybody weightweightweightweight viaviaviavia increasesincreasesincreasesincreases
energyenergyenergyenergy expenditureexpenditureexpenditureexpenditure andandandand thermogenesisthermogenesisthermogenesisthermogenesis inininin
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Conclusion  

C3G

C3G

Fatty acid 
Fatty acid 
oxidation

Energy 
expenditure Autophagy 

Gluconeo-
genesis

Fatty acid 
synthesis Insulin 

sensitivity

� ↓ Body weight, visceral fat weight & adipocyte size
� ↓ Lipid accumulation in liver
� ↓ Glucose & insulin concentrations in plasma
� Improves insulin sensitivity

↓↓↓↓AAAAtherosclerosistherosclerosistherosclerosistherosclerosis
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