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The Secret Killer Is Inflammation

— This was the cover of Time Magazine
back in February 2004
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Chronic inflammation is linked to human diseases—

S

Neurologica Alzheimer’s disease
disorders Parkinson’s disease

Chronic

Human cancers

ST———— Inflammation

Igtél(;?i%g%ry diomase: Cancers Atherosclerosis

Chione pancreas Cornariiei o
n ammatory owe el i .

disease (IBD) Chronic inflammatory B rdiovascular gg%it Jra#yggathy

diseases diseases

Fatty liver disease

Cardiovascular disease Heart disease

Type 2 diabetes, Obesity i Type 2 diabetes

Hypertension M_etabO“C Chronic Kidney disease

Fatty liver disease disorders

Cancer Rheumatoid arthritis
Bone, muscular & Osteoporosis

skeletal diseases \_) Osteoarthritis

Studies show that chronic inflammation is linked to wide range of progress diseases, including cancer, neurological
disease, metabolic disorder and cardiovascular disease. (Pan et al., 2010)
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Mechanisms and molecular events that “
characterized the transition to colorectal cancer‘/

Normal Aberrant Early Intermedi Late
epithelium crypts foci adenoma adenoma adenoma

I
b

D-N:Ianoca. Metast"a Sis

- p53
mnmn' p SMAD4 mutation
\ ulant mutation
4 » Kras I_l
v Tissue APC mutation EGFR TGF-p
tl amage P utation l ;...
Axin H
ytokines I"APC"GSK-:; KRHb e SMAD2/3 :
~ {TNF-a,ILs) :
&, KR&S ' sDP PlaK :
p-Catenin (Inactive) SMAD4
s Ras e
NADPH e Akt = u i
Ny <8 oxidase | = B A l ‘ : .
l Raf Loss of growth = . .
e + mTOR  Inhibitory : f
COX-2 INOS ROS MEK effects H
of TGF-p g ,
yclin D1 ¥+ :
c-myc % ERK v H .
Loss of - g v
Proliferation  Cell survival differentiation Apoptosis Metastasis
Whnt signaling K-ras TGFp response Loss of p53 Expression
activation mutation inactivation function of MMPs

(Pan et al., Mol. Nutr.Food Res. 2011, 55, 32-45) 3



The 10 leading causes of death in Taiwan, 2014
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Cancer — leading cause of death in Taiwan, 2014
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Chronic injury

» Viral infection

* Alcohol

* NASH

* Autoimmune disorders
* Cholestatic disorders

* Metabolic diseases

/

* Genetic polymorphisms

* Epigenetic marks

» Cofactors (such as
obesity and alcohol)

Normal
liver

| » Inflammatory damage

* Matrix deposition
* Parenchymal cell death
* Angiogenesis

Resolution

|

5-50 years

Early
fibrosis

. Rfemo@l of underlying cause
* Anti-fibrotic drug or cell therapy

¢ Disrupted architecture
¢ Loss of function
* Aberrant hepatocyte

regeneration

Regression

AN

e Liver failure
* Portal
hypertension

Cirrhosis

Nature Reviews | Inmunology

(Pellicoro et al., 2014)

Liver
transplant
A

Hepatocellular
carcinoma
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Liver fibrosis

« The most common wound healing response to chronic liver injuries

« Excessive accumulation of the extracellular matrix (ECM)

A
Normal liver
Chronic
liver injury
B
Liver with

advanced fibrosis

ﬂ.ﬂ.*\.
, .,.. ‘
, o
~Q
9 -
..;.‘. =
@ -
- %
. :
J
7 e ®
2 9

Hepatocyte

Hepatic stellate cell

Sinusoidal
endothelial cell

Kupffer cell
Sinusoid lumen with

normal resistance to
blood flow

Infiltrating lymphocyte

Extracellular matrix
proteins

Apoptotic hepatocyte
Activated Kupffer cell
Sinusoid lumen with

increased resistance
to blood flow

(Bataller and Brenner, 2005) 18



Hepatic stellate cell (HSC)

« Predominant cell type in the development of liver fibrosis

 The resident perisinusoidal cell type that stores vitamin A and the major
source of ECM

TGF-p1

Liver injury /\

P |
€=

ECM deposition

>

transformation

Quiescent Activated
HSC HSC
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Compound Source Title Journal ::i:f:
Epidioxysterols (EDS)  Freshwater Clam  Ppolyoxygenated Sterols from Freshwater Clam Helvetica Chimica Acta. 1
2011, 94: 892-896.

Epidioxysterols Hard clam Apoptosis-inducing active components from Corbicula Food Chem Toxicol. 19
fluminea through activation of caspase-2 and production of 2006 ;44(8):1261-72.
reactive oxygen species in human leukemia HL-60 cells.

Ethyl acetate fraction  Meretrix lusoria Induction of apoptosis by Meretrix lusoria through reactive Life Sci. 2006 9
oxygen species production, glutathione depletion, and 15;79(12):1140-52

caspase activation in human leukemia cells.

Freshwater clams 2.5 Kg

Crude extract 900 g

Extracted with Ethanol (2.5 L x 3)

at room temperature (Crude extract 1 k
Flow chart ol )

1. Extracted with Ethyl acetate (900 mL x 3)
at room temperature (Crude extract 100 g)
2. Silica gel column chromatography, eluted
with n-hexane and Ethyl acetate
(8 x 70 cm, Merck 40-63um)

[ [ [ [ [ |
Fr.l Fr.2 Fr.3 Fr.4 Fr.5 Fr.6 Fr.7 Fr.8 Fr.9 Fr.10 Fr.1l Fr.12 Fr.13 Fr.14 Fr.15 Fr.16 Fr.17 Fr.18

(2.79)

Silica gel column chromatography, eluted
with DCM and Ethyl acetate (400:1)
(3.5 x 40cm, Merck 40-63um)

Fr.l1 Fr.2 Fr.3 Fr.4 Fr.5 Fn.6 Fr.7 Fr.8 Fr.9 Fr.10 Fr.11

(1.89)
HPLC, eluted with n-hexane and Ethyl acetate (2:1)

C-18 column (Phenomenex Luna 5 mm,250mm x 10 mm)

TNHD
(trans-2-nonadecyl-4-(hydroxymethyl)-1,3-dioxolane)

TNHD was recently isolated and characterized from freshwater clams.

New compound

TNHD
AP &l

Bz i nfesr s v d o g % 1370747 -



DMN (10 mg/kg) - + + +
TNHD (mg/kg) - - 5 10 25
Hepatic Stellate AN | <—  p-smad2 (55-60 kDa)
Ce.“S-T6 04 1.0 10 10 05
-— - <— a-SMA (42 kDa)
TGF-B(1ng/mL) - + + + +| + + -_— e e e «= | <— [(-actin (43 kDa)
EtOH-FC (ug/mL) - - 10 - - - -
EtOH-FC-EA (ug/mL) - - - 10 ~-| - - DMN (10 mg/kg) - + + + +
TNHD (ug/mL) - - - - 5| 10 25 TNHD (mg/kg) - - 5 10 25
[ ewemen e s [ p-smad By - o-SMA (251 bp)
[ - ~ % |<~— o-sMA <—TGF-[3 (527 bp)
I..--d-- <~ B-actin Nl -— Co'lagen o1 (618 bp)
<— Collagen a2 (736 bp)

TNHD strongly inhibited TGF-B-induced phosphorylation of smad2 and
expression of a-SMA in stellate cells.

Oral administration of TNHD markedly suppressed DMN-induced liver
fibrosis in rats.

0.6 1 0.7 0.5 0.4
| actin (200 bp)

350 4

*
|

300 -

250

200

150

100 |

50 4

Liver hydroxyproline content (ug/mL)

0 -
TNHD (mg/kg) 5 10

DMN (10 mglkg)

25




Separation scheme of the apoptosis-inducing\SubstanE;e"

from Meretrix lusoria

The fresh pieces of Meretrix lusoria (4.5 kg)

1. extracted with ethyl acetate (4.5 L x 3)
at room temperature (8 g)

2. Silica gel column chromatography, eluted with
n-hexane and EtOAc
(5 x 45 cm, Merck 230-400 mesh)

99:1 19:1 9:1 8:2 7.3 5:5 3.7 1:9

fr. 1-3 fr. 4-6 fr. 7-11 fr.12,13(1.2g) fr. 14,1516 fr. 17 fr. 18 fr. 19

Silica gel column chromatography, eluted with
n-hexane and Acetone (10 : 1)
(3 x 45 cm, Merck 230-400 mesh)

fr,. 134 13B 13C 13D 13E 13F 13G 13H
(210 mg)

HPLC, eluted with n-hexane and EtOAc (8 : 1)
Merck Lichrosorb Si 60 column (5 ym, 250 x 10 mn)

a mixture of 5a,8a-epidioxy-24(S)-methylcholest-6-en-38-ol and

©)

P 9

o
FCOOD

CHEMISTRY

50 pg/mL HC-EA 50 pg/mL EDS

5a,8a-epidioxy-24(R)-methylcholest-6-en-33-ol (32 mg)

25 | | @22 10ug/imL
B2 25ug/mL
S 50pg/mL

Nitrite (uM)
o

[$)]

3 Spg/mL

N

Epidioxysterols (EDS) were recently isolated and characterized from hard clams. °

(LI SSSSS
3
X

HC-EA DS

LPS (100ng/mL)



Objective

Freshwater clams9 \ Freshwat | 9
reshwater clams
» / DMN

HSC activation

') ")



Introduction
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In vitro study In vivo study
]

| | Pure compound Crude extract
Hep G2 Hepatic Stellate
P Cells-T6 -~ TS 4 Male SD rats
. — '\l
DMN induce liver fibrosis
x| x 2

| | | | | | |
1 I2 I3 |71 Is l6 17 (days/week)

A A A A A A

EA-FC-EtOH TGF-B induce liver Given daily for four < IP. DMN (10 mg/kg)

fibrosis consecutive weeks A P.O. ddH;0o0rFC
crude extfract Hydroxyproline assay

e MTT:Cell viabilit
Cell viability | ———— Morphologic H&E stain
| Flow cytometr features Masson stain

PUI"ifiCGTiOH Western Blot : a-SMA] Western Blot : a-SMA. Biochemical analysis :

—practin P-smad2 - L B-actin. P-smad2 | LGOT. GPT.TCHO.T6

| Anti-fibrosis and fibrosis chemoprevention 25




Introduction
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Extraction

Freshwater clams 65Kg (Chang Hua, Taiwan)
1, Washing
Fresh pieces of Freshwater clams 27.7Kg

y Hot air dryer 45C12 C
Dry weight 2.5Kg

v
Extracted with 95% EtOH (1:1)

y Filtration
Concentration 1.2Kg

v
freeze-dry 1Kg

I
v v

The sample calls FC-EtOH 100g FC-EYOH :Water:Ethyl acetate (1:2:3)
partition Using Sepatatory Funnel extract

The sample calls FC-EtOH-EA

27



«,.g,ﬁExTrac‘rlon and isolation

Extracted with Ethanol (2.5 L x 3)
at room temperature (Crude extract 1 kg)

Crude extract 900 g

1. Extracted with Ethyl acetate (900 mL x 3)
at room temperature (Crude extract 100 g)
2. Silica gel column chromatography, eluted
with n-hexane and Ethyl acetate
(8 x 70 cm, Merck 40-63um)

Fr.l Fr.2 Fr.3 Fr4 Fr5 Fr.6 Fr.7 Fr.8 Fr9 Fr.10 Fr.11 Fr.12 Fr.13 Fr.14 Fr.15 Fr.16 Fr.17 Fr.18
(2.79)

Silica gel column chromatography, eluted
with DCM and Ethyl acetate (400:1)
(3.5 x 40cm, Merck 40-63um)

Fr.l Fr.2 Fr.3 Fr4 Fr.5 (l-;r\';é) Fr.7 Fr.8 Fr.9 Fr.10 Fr.11
.89

J/ HPLC, eluted with n-hexane and Ethyl acetate (2:1)

C-18 column (Phenomenex Luna 5 mm,250mm x 10 mm)
28
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FClh

Pulse Sequence: s2pul

|

i S

"—'"l

()
5.22

2.53
.96

Fig 1. NMR spectroscopy of TNHD

i

et

71.05

.66
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Co3H4s03 m/z 370

Fig 2. Chemical Structure of TNHD
(trans-2-nonadecyl-4-(hydroxymethyl)-1,3-dioxolane)
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(=3
o
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*kk Kdek

o *EE s T

I ***I

Cell viability (%)

-
o
1

20

EtOH-FC EtOH-FC-EA EtOH-FC-6

EE control
1 25 pg/mL
B 50 pg/mL
1100 pg/mL

* %%k

*kk

EtOH-FC-6-6

Fig 3. Effects of extracts from FC on growth of cancer cells. Cells were treated with various
concentrations of different fractionation of FC as indicated for 24hr. viability of the cells
was determined by MTT assay. Cells were treated with 0.1% DMSO as vehicle control. The
values are expressed as means = S.E. of triplicate tests. *P < 0.05 > **P < 0.01 and ***P <
0.005 indicate statistically significant differences from the FC-treated group.
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e e €
8 S 8
o 3 o 3 o
T 3 : T 3 . 3
o 4 e A s | o S s | o - \
10? 10! 102 10° 104 10? 10! 102 10° 104 100 104
FL1-H FL1H
—  CON:96.77 = CON:96.77 e CON:96.77
e TGF-B:218.95 e TGF-B:218.95 m— TGF-B:218.95
= 5 ug/ml TNHD:107.07 = 10pg/ml TNHD:92.27 = 25 ug/ml TNHD:83.60

Fig 4. Induction of peroxide in HSC cells by TGF-B (1 ng/mL). Fluorescent probe DCFH-DA was
used for monitoring peroxide generation following application of 10 ng/ml EYOH-FC, EYOH-
FC-EA and 5, 10, 25 ng/ml TNHD. HSC cells were treated with 10 ug/ml EYOH-FC, EtOH-
FC-EA and 5, 10, 25 ng/ml TNHD for lhr and with DCFH-DA for a further 0.5 h and the
fluorescence in the cells was immediately assayed by flow cytometry. Data are present@®as

log fluorescence intensity.



TGF-B (1 ng/mL

EtOH-FC (ug/mL
EtOH-FC-EA (ug/mL
TNHD (ug/mL

N N’ e e

'
+
+
+
+
+
+

1
1
il
o
1

1

1

1
-
o

5 10 25

-

0.7 1 1.1 1 1 0.8 0.7

- - - '

0.8 1 1 1.1 0.6 0.6 0.6

<—— P -smad2 (55-60 kDa)
<— a-SMA (42 kDa)
« B-actin (43 kDa)

Fig 5. Effects of EYOH-FC, EYOH-FC-EA, TNHD on the TGF-B1-indeced a-SMA expression
in HSC-T6 cells. Cells were co-treated with TGF-B1 (1 ng/mL) and different
concentrations of TNHD (5-25 pg/mL).
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b

TGF-B(1ng/ml) - + + + +
TNHD (ug/mL) - - 5 10 25

<«— o-SMA
~— TGF-j

<— Collange 1a1

<—Collange 102

Al

<——f3-actin

Fig 6. RT-PCR analysis of the expression of a. -SMA ~ TGF- 8 - collagen 1al and collagen 102 mRNA.
Cells were treated with 1 ng/ml of TGF-b only or with different concentration (5 - 10and
25 pug/mL) of TNHD for 1 h, and total RNA was subjected to RT-PCR with the primers a-
SMA - TGF-B - collagen 1al and collagen 102 with B-actin as internal control. The PCR product
was resolved in 2% agarose gel.
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In vivo study




500

400 -

Weight (g)

100 A

300 ~

200 ~

450

400 -

350 A

300 -

250 A

200 A

Weight (g)

—e— control
—8— DMN (10mg/kg) 150 -
—v— Silymarin (50mg/kg)
— — 20 - FC (20mg/kg) 100 - —&— Control
—&— 50 - FC (50mg/kg) —®— DMN (10 mg/kg)
—=&— 100 - FC (100mg/kg) TNHD (5 mg/kg)
—&— 200 - FC (200mg/kg) 50 4 | —&— TNHD (10 mg/kg)
—— TNHD (25 mg/kg)
T T T T T O T T T T T
5 10 15 20 25 30 0 5 10 15 20 25 30

Days Days

Fig 9. Effect of Freshwater clam on the Change of Body Weight. DMN was intraperitoneally given at a

dose of 10 mg/kg on three days per week for 4 weeks to each group except control group. DMN,
DMN alone; (A)20-FC, DMN with 20 mg/kg/d Freshwater clam by oral gavage; 50-FC,DMN with 50
mg/kg/d Freshwater clam by oral gavage;100-FC,DMN with 100 mg/kg/d Freshwater clam by oral
gavage; 200-FC, DMN with 200 mg/kg/d Freshwater clam by oral gavage . (B) Pure compound
(TNHD) , 5-TNHD, DMN with 5 mg/kg/d TNHD by oral gavage; 10-TNHD, DMN with 10 mg/kg/d
TNHD by oral gavage; 25- TNHD, DMN with 25 mg/kg/d TNHD by oral gavage. 37



(F) 100-FC (6) 200-FC
Fig 10. View of organs from Sprague-Dawley rats:
(A)normal group ;(B) animals treated with DMN ;(C) animals treated with Silymarin and DMN ;
(D) animals treated with 20-FC and DMN ;(E) animals treated with 50-FC HD-FC and DMN ;

(F) animals treated with 100-FC and DMN ;(G) animals treated with 200-FC and DMN. 38



N L s RE 7 A o e TR
(©)TNHD 5 ma/kg (D) TNHD 10 ma/kg  (E) TNHD 10 mg/kg

Fig 11. View of organs from Sprague-Dawley rats
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able 1. Relative organ weight of DMN-treated rats with or witr

Relative organ weight (g/100g of bw)

Groups

Liver Kidney Spleen
Normal 3.7210.36 0.94+0.09 0.21+0.01
DMN 3.2810.49% 1.21+0.15% 0.37+0.10%
Silymarin 3.3410.62 1.15+0.18 0.32+0.11
20-FC 3.3610.21 1.09+0.06* 0.39+0.09
50-FC 3.34+0.23 1.01+0.20* 0.38+0.07
100-FC 3.3410.47 1.10+0.10 0.40+0.10
200-FC 3.50+0.37 1.16+0.12 0.35+0.08
Relative organ weight (g/100g of bw)
UGS Liver Kidney Spleen
Normal 4.25+0.46 0.95+0.17 0.19+0.00
DMN 2.17+0.11# 0.89+0.11 0.49+0.11#
TNHD (5 mg/kg) 2.4410.03 0.61+0.02 0.29+0.09
TNHD (10 mg/kg) 3.1310.38 0.98+0.05 0.36+0.02
TNHD (25 mg/kg) 2.8210.27 0.7810.04 0.31+0.00

1. DMN was intraperitoneally given at a dose of 10 mg/kg on three days per week for 4
weeks to each group except control group.
2. The data represent the mean + SD of 8 rats. # Significantly different from the control

group.

40

* Significantly different from the group treated with DMN alone, p<0.05



2. Effect of FC-EtOH (TNHD) on activities of serum GOT, GPT and in rats treafé

Activity
Groups
GOT (U/L) GPT (U/L) TG (mg/dl) T-cho (mg/dl)
Normal 108.71t22.74 51.1419.30 29.1419.48 80.57+6.63
DMN 196.57+55.97# 121.14+39.73# 68.57+17.61# 71.14+11.74
Silymarin 143.43+27.57* 120.001£24 .49 57.00+11.50 68.57+13.67
20-FC 138.71+20.20* 111.001£48.81 45,2916 .68* 61.57114.19
50-FC 134.43+31.51* 94.29+16.25 49.43+10.63* 54.7119.98*
100-FC 153.29138.66 117.71£35.89 46.71+14.76* 61.4318.32
200-FC 141.00+16.92* 103.00+17.66 49.86118.53* 62.29+10.03
Activity
Groups
GOT (U/L) GPT (U/L) TG (mg/dl)
Normal 91.5+2.12 97.510.71 127.018.49
DMN 168.0+4.24%# 201.0+12.73% 67.011.41#
TNHD (5 mg/kg) 205.0+45.25 232.5+71.42 89.5+28.99
TNHD (10 mg/kg) 103.0+20.20* 105.510.71* 105.0+6.68
TNHD (25 mg/kg) 118.5+10.61* 154 5+17.68* 125.0125.46

1. DMN was intraperitoneally given at a dose of 10 mg/kg on three days per week for 4 weeks

to each group except control group.

2. The data represent the mean £ SD of 8 rats. # Significantly different from the controgroup.

* Significantly different from the group treated with DMN alone, p<0.05
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Fig 12. Representative photomicrograph of rat liver sections from the DMN study.Hematoxylin/eosin

staining.
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Table 3. Effect of FC on fatty change, bile duct proliferation , necrosis and
inflammation scores of rats in each group.

Injury of score
Groups Bile duct

Fatty change Necrosis oroliferation Inflammation
Normal 0.5+0.6 0.0+0.0 0.0+0.0 0.0£0.0
DMN 0.0+0.0 1.0+0.0 # 2.040.0 # 3.040.0 #
Silymarin 0.5+0.6 2.5+0.6 " 2.040.0 2.5+0.6
20-FC 0.0+0.0 1.040.0 1.5+0.6 1.5+0.6 "
50-FC 0.0+0.0 1.040.0 1.0+0.0 ” 2.0£0.0"
100-FC 0.0£0.0 1.5+0.6 1.5+0.6 2.0£0.0"
200-FC 0.5+0.6 1.040.0 2.0+0.0 2.0£0.0"

1.5cores: 0 = no; 1 = trace ; 2 = weak ;3 = moderate 4 = strong.
2.The data represent the mean £ SD of 8 rats.
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Fig 13. Representative photomicrograph of rat liver sections from the DMN study.Detection
collagen using Masson's trichrome staining. 44



Table 4. Effect of FC on liver fibrosis scores of rats in each group.

Groups Fibrosis Scores

Normal 0.0+£0.0
DMN 3.5+0.6%

Silymarin 3.5+0.6
20-FC 1.5+0.6"
S0-FC 1.5+0.6"
100-FC 2.0+0.0"
200-FC 1.5+0.6™

O= means no collagen;

1= means the existence of collagen but no septa;

2= means the existence of collagen and septum, but no connective tissue;
3= means the existence of collagen with a few thin connective tissue septa;
4= means the existence of collagen with thick connective tissue septa.

The data represent the mean £ SD of 8 rats.
45



DMN (10 mg/kg)

Silymarin (mg/kg) 20
FC-EtOH (mg/kg) - = = 20 50 100 200
G S S R <— o-SMA (42kDa)

0.3

1.0 0.9 0.9 0.7 0.7 0.4
D SN Sy SN SN D W ( <— (-actin (43kDa)

() DMN (10 mg/kg) - + + + o+
TNHD (mg/kg) - - 5 10 25
A R | =— P - smad2 (55-60 kDa)
- . | <—— &-SMA (42 kDa)
;;;;-o:- <—— B-actin (43 kDa)

Fig 14. Inhibitory effects of FC-EYOH on DMN-induced a-SMA expression in rat liver.DMN was
intraperitoneally given at a dose of 10 mg/kg on three days per week for 4 weeks o each group
except control group.Liver cell lysates were analysed for a-SMA expression by western blotting.
The values below the figure represent change in protein expression of the bands normalized to
B-actin.
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(A)  DMN (10 mgikg)

Silymarin (mg/kg)
FC-EtOH (mg/kg) = - - 20 50 100 200
<— o-SMA (251 bp)

BRI — oo

<— [-actin (200 bp)

(B) DMN (10mg/mL) - + + + +
TNHD (mg/mL) - - 5 10 25

(| <—— o-SMA (251 bp)
e | <— TGF-B (527 bp)
ey < Collange 1a1 (618 bp)
=y - Collange 102 (736 bp)
X [<—— f-actin (200 bp)

Fig 15. Inhibitory effects of FC-EtOH on DMN-induce a-SMA - TGF-  in rat liver. Each rat was
injected infraperitoneally of DMN 10 mg/ml once a day, three days a weeks, for four week. And
each rat P.O. drugs everyday. Total RNA was subjected to RT-PCR with the primers a-SMA -
TGF-B with B-actin as internal control. The PCR product was resolved in 2% agarose gel.

47



. *kk
350 —

300 -

*k%
*%x%

250 -

200 - R
*

150 -
*k%

100 +

50 -

Liver hydroxyproline content (ug/mL)

Control DMN Silymarin 20-FC  50-FC 100-FC 200-FC
Groups

Fig 16. Rat liver hydroxyproline content after 4 weeks of DMN injection (10 mg/kg)with or without 4
weeks of simultaneous portal collagenase perfusion DMN, DMN alone; 20-FC, DMN with 20
mg/kg/d Freshwater clam by oral gavage; 50-FC,DMN with 50 mg/kg/d Freshwater clam by oral
gavage; 100-FC, DMN with 100 mg/kg/d Freshwater clam by oral gavage; 200-FC, DMN with 200
mg/kg/d Freshwater clam by oral gavage. The values are expressed as means * S.E. of triplicate
tests. *P < 0.05 > **P < 0.01 and ***P < 0.005 indicate statistically significant differences from

the DMN-treated group. 48
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Global + Obesity
= Globesity

(Global Health Issues)
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Obesity prevalence in Taiwan
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Definition of obesity in Taiwan

T
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IHME
W oo 2014-05-28

Country Data Overweight and Obesity Viz

[E]Gverweight and obesity prevalence in 2013

f’*j'"

Taiwan: 33.6% (31.6%-35.4%)

I
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Show obesity only (BMI>30)
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* Obesity «—— Disease .......

CNS inflammation
Dementia

Sleep apnea and hypoxia

Immune dysfunction
Thymic involution

Respiratory infection
H1N1 influenza

Septicemia ;
Ast‘;ma Vaccination failure ——>» Atherosclerosis
. . lipidemia
Liver disease Hyssp
Fatty liver Diabetes, insulitis,
Cirrhosis pancreatitis
Adipose-tissue leukocytosis
Dysbiosis Inflammasome activation

Inflammed veins,
; blood clots

‘QT— Arthritis
N "9,
' v' |
‘ |

«— Insulin resistance

Cancer \ /

Breast \
Uterus

Colon )
Esophagus

Pancreas

Kidney |
Prostate |
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Xanthigen Suppresses Preadipocyte Differentiation and
Adipogenesis through Down-regulation of PPARy and C/EBPs and
Modulation of SIRT-1, AMPK, and FoxO Pathways

Ching-Shu Laj,+ Mei-Ling Tsai,Jr Vladimir Badxnaevﬁ"" Miguel _]imenez,"‘ Chi-Tang Ho,®

and Min-Hsiung Pan*®"

;_Depa.rh'nent of Seafood Science, National Kaohsiung Marine University, Kaohsiung 811, Taiwan
¥PLThomas Corp., Morristown, New Jersey 07960, United States

“PoliNat Inc., Canary Islands, Spain

®Deparlrnent of Food Science, Rutgers University, New Brunswick, New Jersey 08901, United States
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HO

Differentiation DMEM [
(5 pg/mL insulin)

DMEM(FBS)

OO0
VAT

HPTS
FCS:Fetal calf serum

FBS:Fetal bovine serum

e days

Differentiation DMEM (0.5 mM
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Possible molecular mechanisms of Xanthigen on suppression of 3T3-L1

adipocytes differentiation
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Xanthigen potently reduced lipid accumulated in 3T3-L1 adipocyte in a dose-dependent manner.



The pathology of obesity

— Adipose tissue secretes various humoral factors (adipokines), and its shift to
production of proinflammatory cytokines in obesity likely contributes to the low-level

systemic inflammation.

- Cancer

Hypertension
Type 2 diabetes
Insulin resistance

Cardiovascular

disease Leptin Resistin IL-6 TNF-a

MCP-1 Adiponectin IL-18

Fatty liver
disease

Adipose
tissue

Obesity

Chronic low-grade
inflammation

{0y Monocyte El‘o‘: Macrophage O Adipocyte * _ Blood vessel

B Many studies document that obesity
Is significantly associated with a
chronic low-grade inflammation.

B As the lipid content increases in

adipose tissue, adipocytes synthesize
TNF-a and several cytokines (IL-1
and IL-6) that change the number and
size of cells, influencing lipoprotein
lipase and increasing the
inflammatory state.

Mehta S. et al., 2007; Nishimura S et al., 2009



Strategies for anti-obesity

ESITY

OB

i

— It is widely accepted

that dietary control and
physical exercise are
effective for the
prevention and
treatment of obesity, but
many people find it
difficult to achieve these
goals, in particular
changing their dietary
behaviors alone.

m luggin’ it

Although many drugs are
mechanistically designed to
treat obesity, they usually fail
due to limited efficacy, lesser
success in long-term treatment,
and concerns of side effects

and safety.
Kim GW ET AL., 2014; Misra M, 2013

Regarding the safety of anti-
obesity drugs, bioactives in
functional foods have become
an innovative approach for the
management of obesity, and
Interest in these compounds
has been rapidly expanding in
recent years.




Cancer Is a Preventable Disease That
Requires Major Changes in Life Style
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Anand P, Harikumar K and Aggarwal BB; Pharmaceutical Research, 2009



Obesity induce metabolic syndrome

»High-calories intake and/or less exercise are the important
factors for metabolic syndrome. (G.D. Kolovou et. al., 1998)

Hypertension

Triglycerides
' We) Diabetes
Metabolic

syndrome
Impaired HDL-
fasting glucose cholesterol

Hypertension

Fatty liver

(F. Lei, 2007)




Lipid distribution and accumulation

»Obesity, abnormal lipid distribution and blood lipid disorders are highly

related with metabolic syndrome.
(G.D. Kolovou et. al, 2005)

TG

Adipooytes

Hep?:ic Srtec):tosis ~\ @\? ? - sy

Gu! g
il Yy
f+ :

NEFA

Hyperglycemia,
hypennsulinemia

(Cancer, Disease, Heart Health, 2012)




Fatty acid de novo synthesis

/

“» Previous studies had indicated that de novo fatty acid synthesis is related with the

onset of hepatlc steatosis . (Ide T, 2005; Postic C et.al., 2008)

mitechondrial . > ATP citrate . cytosolic
acetyl CoA Citrate lyase acetyl CoA
[ ACC1 J[ ACC2 ]
malonyl CoA

fatty acid

synthase
palmitate

elongated saturated unsaturated
fatty acids fatl:)ur acids

(Janel Suburu et. al., 2012)

63




Dietary polyunsaturated fatty acids (PUFAS)

N-3 and n-6 PUFAs are potential modulators of the de novo fatty acid

SNSRI RIS
(Jump DB et. al., 2008)

Furthermore, n-3 and/or n-6 PUFAs could improve lipid metabolism and
decrease levels of triglycerides and cholesterol .

(Zuliani Get.et. al., 2009)

Indeed, PUFAs are able to reduce both the expression and the activity of
key enzymes involved in this anabolic pathway, such as the cytosolic
acetyl-CoA carboxylase (ACC) and fatty acid synthetase (FAS), thereby
leading to a net decrease in the level of newly synthesized fatty acids
inside hepatocytes.

(Zuliani Get.et. al., 2009)
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The common of the PUFA

Superba \
krill oil




Superba krill ol and |

= Fish oil (FO) contain EPA and DHA and it had preventive and protective activities of
cardiovascular diseases.

(Eslick GD et.al., 2009)

= Superba krill oil (SKO) shows some different characteristics FO.

(Kolakowska A et.al., 2009)

1.The ratio of EPA and DHA is higher in SKO than in FO.

Table 1
Diet ingredients and fatty acid composition.
co? FO KO MO SO TO
Fatty acids (mg FA/g diet)?
-6 PUFAs
Linoleic acid (LA, 18:2 »-6) 64+09 544038 0.5+£01 0.2+£0.1 0.5+0.1 0.24+0.03
Arachidonic acid (AA, 20:4 ©-6) ND ND 0.23+0.04 0.16+=0.01 0.22 +0.01 0.3+0.1
-3 PUFAs
Alpha-linolenic acid (ALA, 18:3 ©-3) 01001 146121 021004 02001 011001 011001
Eicosapentaenoic acid (EPA, 20:5 »-3) ND ND 132428 55+04 10.0+0.7 2.6+03
Docosahexaenoic acid (DHA, 22:6 ®w-3) ND ND 46+19 20+02 1.9+0.1 29402
EPA:DHA ND ND R 301 501 1:2
0-6:0-3 73:1 1:3 1:33 1:48 1:23 1:12
Abbreviations are CO, corn oil; FO, flaxseed oil; KO, krill oil; MO, menhaden oil; (Alessandra Ferramosca et. al., 2012)

SO, salmon oil; TO, tuna oil; ND, not detectable _



SKO peculiar charac

2.Most of EPA and DHA contained in SKO are esterified in the form of

phospholipids, whereas in FO they are incorporated into triglycerides .

Amate L et. al., 2001
Table 4, Fatty acid composition (mol%) of mitochondrial membrane phospholipids. ( )

14:0 16:0 16:1 18:0 18:1 18:2 183 20:4 20:5 226 Ul

Control 06 220 05 230 74 200 ND 120 0.2 27 113

Week 0 HF

HF+KO

Control 06 240 04 250 95 210 ND 150 04 25 129
Week 4 HF 08 270 03 29.0 130 112 ND 130 02 25 99

HF+KO 03 00 04 80 120 99 ND 90 04 97
Contrdl 05 240 04 250 130 198 ND 150 03 27 131

Week 6 HF 07 280 01 290 130 11.0 03 150 ND 29 13
F atty ac I d HF+KO 04 290 03 29.0 110 130 04 123 06 123
Control 05 21.0 03 26.0 83 189 0.1 11.0 ND 22 103
Week 8 HF 03 300 01 31.0 125 86 ND 135 05 25 86
HF+KO 03 280 04 320 96 104 02 121 01 106
Control 06 250 04 230 90 200 0.1 136 ND 27 120
Week 12 HF 04 210 02 299 148 9.1 ND 114 02 25 95

HF+KO 05 350 04 21.0 92 100 02 130 01 119

(Alessandra Ferramosca et. al., 2012)

3.SKO is particularly rich in the antioxidant astaxanthin which increase its
stability . Ruben B et. al., 2003




Superba krill

= Hepatic lipogenesis, one of the anabolic pathways modulated by
SKO, is characterized by a complex series of reactions starting in the
mitochondrial matrix and continuing in the cytosol.

(Ferramosca A et. al., 2012)

| |

ACC FAS iy :
C —> Acetyl-CoA —>»—> Palmitic acid

Carnitine
Acyl-CoA

Adipogenesis

C : citrate
CIC : citrate carrier

| _ (Ferramosca A et. al., 2012)



Xanthigen

B Xanthigen (Xan) is made by punicic acid and fucoxanthin derived from pomegranate
seed oil and brown seaweed, respectively.

@ [ ] - [
"o =
Adipocytes N
Decreases differentiation of fat cells X o
Adipocytes

Genes
Decreases expression of adipogenic genes

Reduces white adipose tissue

Metabolic
Energy Balance Reduces secretion of triglycerides and
Increases resting energy expenditure Apolipoprotein B100

(Funcare company)



Xanthigen

Insulin

B Recent researches also demonstrated
the anti-obesity ability of Xan by
suppressing adipocyte differentiation in
vitro and decreasing insulin resistance
in HFD induced mice.

Nutrition, glucose,
calorie restriction

(Jeon, S. M. et. al., 2010)

Fatty acid
synthesis

B Dietary intake of Xan has been found to
promote weight loss, reduce body and
liver fat in obese women.

Adipogeneic gene

: (FAS)
gi, ArERgR. .J.: BT AR a7
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(Abidov, M. et. al., 2010)

(Lai,C.S et. al., 2012)



C57BL/6 mice
(male, 5 weeks-old)




Outline




In VItro

Superba krill oil ~ Xanthigen (0~ 5~ 1025+ 50 - 100 ~ 200 ug/mL)
(MTT assay)

Treated free fatty acid (0.33 mM palmitate and 0.66 mM
oleate) within or without SKO or Xan stained with oil red O,
quantification by ELISA reader




In VIVO
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|
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C57BL/6 mice

(male, 5 weeks-old)

[ ] Control diet

5] HFD

] Xan (2.5%) + HFD
I SKO (2.5%) + HFD

Sacrificed at the end of 10t week

 Liver * Kidney

« Epidiymal fat * Inguinal fat * Mesenteric fat

+ GOT > ERT » TE » HDIL

* Liver H&E stain
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Effect of SKO or Xan on Hep G2 cell cytotoxi

In vitro
120 1

Cell viability (%0)
3 3

N
o
1

20 - —@— SKO
—O— Xan

O T T T 1
0 50 100 150 200

Concentration (ug/mL)

Figure 1. Effect of SKO or Xan on cell cytotoxicity. Hep G2 cell were treated with 5, 10, 25, 50, 100,
200 pg/mL of two compound, SKO and Xan, respectively, for 24 hours. The cytotoxicity of
cell was determined by MTT assay.



Effect of FFA with or without SKO or Xan

treated in Hep G2 cell

In vitro

FFA - + + 4

SKO 50ug/mL  SKO 100pug/mL  SKO 200pg/mL
. e - “F o7 JTY b e -',"'«"ti

Xan 200pg/mL

[ FFA

100 1| pmm 50 mg/mL

Figure 2. Effects of SKO or Xan treatment on Hep G2
cell. Hep G2 cell were incubated with FFA
(0.33 mM palmitate and 0.66 mM oleate),
with or without SKO or Xan, respectively,
for 24h. When there was a significant of
differences among control, FFA, SKO and
Xan groups were further analyzed by two-
way ANOVA and Duncan’s Multiple Range
Test and results were indicated by different

Control ) sKo Xan letters a, b, c, d, e.

FFA (0.33 mM palmitate and 0.66 mM oleate)

[ 100 mg/mL
N 200 mg/mL
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Effect of body weight treated with SKO or Xan on the HFD

In vivo
40

—&— Control

—O— HFD

—v— SKO 2.5% + HFD
35 1| —&— Xan 2.5% + HFD

> 2 €— HFD

= ab €— Xan

S
= 307 bc €— SKO
2 ¢ €— Control
=
=)
S 25
(a]
Control SKO 2. 5% + HFD Xan 2.5% + HFD
15 T T T T T
0 2 4 6 8 10

Weeks

Figure 3. Effect of SKO or Xan on body weight in HFD-induced obese mice. When there was a
significant of differences among control, HFD, SKO and Xan groups were further
analyzed by two-way ANOVA and Duncan’s Multlple Range Test and results were

R A |nd|cated by dlfferent Ietter.a., b, c s

b P ——




Effect of weight gain in mice

In vivo
Table 1. Body weight gain of mice fed HFD and supplement of Xan or SKO
Control HFD SKO 2.5% +HFD Xan 2.5% + HFD
Initial wt (g) 208 + 0.4 188 + 1.1 192 +1.1 189 + 1.3
Final wt (g) 28.3 + 1.1° 354 + 2.6 29.7 +2.1" 323 +28%
Wt gain (g) 75 + 0.3¢ 166 + 1.6° 105 +1.4° 134 +1.7°

When there was a significant of differences among control, HFD, SKO and Xan groups were further analyzed by
two-way ANOVA and Duncan’s Multiple Range Test and results were indicated by different letter a, b, c.

20 ~

15 A

—o

10 A

Weight gain (g)

Ho

Control HFD SKO 2.5%+HFD Xan 2.5%+HFD




Morphology and weight o

In Vivo

Control HFD

1.8

1.6 1

—%
—

1.4 1

1.2

1.0 1

—

Xan 2.5% + HFD

Weight (g)

0.8 1
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0.0

T T T
Control HFD SKO 2.5%+HFD Xan 2.5%+HFD

Figure 4. Effect of HFD and supplement of SKO or Xan on liver weight in C57BL/6
mice. student one-way t-test



Photograph and weight of epididymal fat

Epididymal WAT

(intra-abdominal depot next to the i

testes)

- High glucose/lipid metabolism

- High stress resistance protein
levels

- Low protein content

- Large adipocytes

Inguinal WAT

(subcutaneous depot in the groin
region)

- Low glucose/lipid metabolism

- Low antioxidant protein levels

- Low protein content

- Small adipocytes

In vivo

Retroperitoneal WAT

(intra-abdominal depot behind the

kidneys)

- Variable results for energy,
glucose, and lipid metabolism

- Low protein content

- Medium-large adipocytes

Mesenteric WAT

(intra-abdominal/visceral depot

lining the intestines)

- High ATP generation

- High antioxidant protein levels

- High lipid transport

- High blood flow/blood vessel
density

- High protein content

- Small adipocytes
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Figure 5.

Control HFD

Effect of HFD and supplement of SKO or Xan
on epididymal fat weight in C57BL/6 mice.
When there was a significant of differences
among control, HFD, SKO and Xan groups
were further analyzed by two-way ANOVA
and Duncan’s Multiple Range Test and results
were indicated by different letter a, b, c.
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Photograph and weight of Inguinal fat

Epididymal WAT

(intra-abdominal depot next to the
testes)
- High glucose/lipid metabolism
- High stress resistance protein
levels
- Low protein content
- Large adipocytes
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Figure 5. Effect of HFD and supplement of SKO or Xan
on epididymal fat weight in C57BL/6 mice.
When there was a significant of differences
among control, HFD, SKO and Xan groups
were further analyzed by two-way ANOVA
and Duncan’s Multiple Range Test and results
were indicated by different letter a, b, c.
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SKO or Xan reduced body weight, Lee’s index and visceral index

In Vivo

Body length Body weight Liver weight

Lee’s index = [body weight (g)]¥3x103/body length (cm)
Liver index = liver weight (g)/body weight (g)x100
Adiposity index = white adipose tissue weight (g)/body weight (g)x100

. . ) ) ] (Peng Pu et. al., 2012)
Table 2. Effects of SKO or Xan supplementation on obesity and organ weights in mice.

Control HFD SKO 2.5% +HFD Xan 2.5% + HFD
Number 6 6 6 6
Body length (cm) 9.10 = 042 9.63 £ 0.21 952 £0.15 948 £ 0.17
Lee’s index 311.47 + 7.78° 339.54 + 13.43% 319.55 + 3.53" 326.42 + 3.86°
Liver weight (g) 1.14 + 0.17° 1.47 + 0.07 143 +0.12° 1.37 +0.24°
Liver Index (%) 433 + 0.79° 4.78 + 0.38° 4.86 +0.27° 454 +0.85%
White adipose tissue (g) 1.16 + 0.09 3.16 + 0.70° 1.84 +0.38"™ 2.07 +0.432°
Adiposity index (%) 425 + 0.39° 9.59 + 1.39° 6.46 +0.97° 6.74 +0.90°
g When there Was a sngnlflcant of defe,rences gmong contrq_‘#FD SKO and Xan groups were further analyzed

Test and results were indicated by different letter a, b, cg




KO or Xan improved HFD-induced liver parameter

In Vivo

GOT
GPT
TG

Table 3. Effect of SKO or Xan on activities of serum GOT, GPT, TG, HDL in fed HFD of C57BL/6 mice
Control HFD SKO 2.5% +HFD Xan 2.5% + HFD

GOT (U/L) 80.8 + 6.08 62.3 + 1531 82.0 +9.49 70.3 +9.00

GPT (U/L) 160 + 1.15° 290 + 2.58° 28.5 +2.08 26.8 * 6.55°
TG (mg/dl) 25.99% 122.3 + 20.27° 88.3 + 3.69" 108.0 * 16.19%

When there was a significant of differences among control, HFD, SKO and Xan groups were further analyzed by two-
way ANOVA and Duncan’s Multiple Range Test and results were indicated by different letter a, b, c.




In Vivo

SKO and Xan supplementation both improve HFD-induced lipid
accumulation in liver

Figure 6. Histological sections of liver tissue. H&E stained
sections of liver tissue (200X) from each group.
BL ; blood vein
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Metabolized of polyphenols

(phase |l & Il enz.)

(metabatism) W

(microflora)

Dietary compounds

(or food)

Portal vein <&
( )

Cells or Organ

Orally administered dietary
compounds are absorbed
and metabolized in the
stomach and intestine.

Recent research has
demonstrated that
metabolites from dietary
polyphenols might have
more profound biological
activities than their
precursors.

(Food Funct, 2013, 10.1039/C3FO60370A)



Complex microbiome of various locations

* diverse
 dynamic
* 1 to 3 Kgs

The Scientist 2014
Science 2010 3301768

* |In total, at least 1500 species

* Each person at least 160 species
e 100 trillion (10%)

* 3 million genes

Nature 464(7285): 59—65 (2010)
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| Nature 489: 242-249 (2012)




Cardiovascular disease

Tissue injury
(M1, stroke, |

renal insufficiency)
Atherothrombosis and Pathological
progressive CVD remodelling

Early tissue

dysfunction Target organ

damage

Oxidative and A
mechanical stress . End-organ failure
Inflammation (CHD, ESRD)

Risk factors Death

CHD: coronary heart disease; ESRD: end-stage renal disease; & T
MI: myocardial infarction Sl B8 e St an) Ll &
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TMA formation

Gut microbiota

.- TMAO
. HP

Global effects

tReverse
= cholesterol transport

ANFoam cell formation

Food Intestines Liver Artery ) Atherosclerosis
Nutrient sources Modulation of Alteration of bile Macrophage foam A Major adverse cardiac
of TMA formation cholesterol and acid pool size, cell formation events (death, stroke, MI)

. bile acid transport composition, and Inflammation
: carnitine transport
Tang,et al.,2014

Trimethylamine (TMA)
Trimethylamine-N-oxide (TMAOQ)

Flavin containing monooxygenase 3 (FMO3)
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Microbial enzymes that generate TMA,
using carnitine as substrates

Acetylcarnitine  Carnitine

Acylcarnitine hydrolasel lCaiT
OH O Carnitine TMA lyase activity
L Rieske-type carnitine
N'\)\)l\ oxygenase/reductase (CntA/B)
~
l Camitine © *
\ / \N{
rIlH FMOs o 100
TMA TMAO
Choline TMA lyase activity
& Glycyl radical enzyme (cutC/D) )
Nlr
Choline
AChE TChT
Acetylcholine Choline Tang,et al.,2014

CaiT (carnitine transporter)
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Microbial enzymes that generate TMA,
using carnitine as substrates

Acetylcarnitine  Carnitine
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CaiT (carnitine transporter)
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CONCLUSIONS

Chronic inflammation is linked to numerous human
diseases.

Increasingly epidemiological and experimental studies
demonstrate that modulation of inflammatory response
by dietary natural compounds plays an important role
in the prevention, mitigation, and treatment of many
chronic inflammatory diseases.

The anti-inflammatory activity of dietary natural
compounds is seen through several mechanisms
involving the modulation of inflammatory signaling,
reduction of inflammatory molecule production,
diminishing recruitment and activation of inflammatory
cells, regulation of cellular function and their anti-
oxidative property.

Neurological
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‘DIETARY \
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CONCLUSIONS

® Chemoprevention studies are generally well received by the nutraceutical research
community, but the long-term safety and tolerability of any chemopreventive compound
(natural or synthetic) for human consumption must be considered, since it is likely that the
agent will have to be consumed/administered for a long period of time.

W Currently, the application of natural phytochemicals with preventive potential and therapeutic
efficiency on human diseases is an attractive theme. Therefore, a major hurdle for potential
clinical trials in chemoprevention is defining a minimal dose that remains clinically beneficial,
while also avoiding any adverse effects.
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