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Evaluation of lipid metabolism
using in vitro and in vivo systems

In VItro in vVivo

HepG2 cell A model of OLETF rat Because of appetite

hepatocyte which retains many hormone receptor mutation, they
normal hepatic matabolic become obese and reveal hyper

functions, including these of lipid lipidemia.

metablism.

LETO ; Long Evans Tokushima Otsuka
2008 (Wild type of OLETF rat) »

OLETF ; Otsuka Long Evans Tokushima Fatty
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Effect of CLA Isomers on apoB100
secretion in HepG2 cell

(W1 01 9% aAIRIaY)

LA 9c, 11t 10t, 12c

CLA
10t.12¢c-CLA reduces VLDL fromobhuman liver.




CLA Inhibits apoB100 secretion
and hepatic MTP activity

e Yotsumoto H et al., Food Res. International 31,403
(1999)

10t,12c-CLA reduces apoB secretiion in HepG2 cells.

« Wang YM, et. al., J. Oleo Science 52,129 (2003)

CLA inhibits hepatic microsomal TG transfer protein (MTP) in OLETF rats.
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CLA OLETF
TG

WAT weight Serum TG Liver TG

g/100g BW mg/dl mag/g liver
120 30

80 20
40 10
0 0

Control CLA Control CLA Control CLA

*Significantly different at p<0.05.
Nutrition, 17, 385-390 (2001), Nutrition, 19, 652-656 (2003), Food Res Inter. (1999)



Abdominal white adipose tissues
(9/100g BW)

1 Control

Perirenal Epididymal Omental
* Significant differenca at p<0.05.



CLA WAT

WAT weight

(g/100g B.W.)

30%

Con 9ct 10tc
OMENTAL PERIRENAL EPIDIDYMAL

cont 9ct 10tc cont 9ct 10tc cont 9ct 10tc



CLA

B- OLETF rats
FAS G6PDH CPT
nmol/min/mg protein
15 150 10.0
7.5
10 100
5.0
5 50
2.5
0 0 0.0
Control CLA Control CLA Control CLA

*Significantly different at p<0.05.

FAS: fatty acid synthase, G6PDH: glucose 6-phosphate dehydrogenase, CPT:carnitine palmitoyl transferase
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CLA MRNA
OLETF

FAS mRNA SREBP1 mRNA

120

80

40

0
Con 9ct 10tc Con 9ct 10tc
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The Comparison of the effect of
TG-CLA and FFA -CLA
. lipid, leptin, glucose and insulin

Rahman SM., et.al., Nutrition 17: 385 (2001)

Wang YM,, et al, J Oleo Sci., 52, 121 (2003)
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Peri-renal Epididy m al Omental
g/100g BW

a

Control TG-CLA FA-CLA . Control TG-CLA FA-CLA ' Control TG-CLA FA-CLA

Carnitine palmitoyl transferase activity

Leptin
BAT WAT ng/ml

nmol/min/mg protein

Control TG-CLA FA-CLA Control TG-CLA FA-CLA

] a
1 b
b
Muscle Liver
b _l_b
T a

Control TG-CLA FA-CLA 16

0

Control TG-CLA FA-CLA Control TG-CLA FA-CLA




Effect of CLA
on energy expenditure
INn obese animals

2008
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CLA

Carbohydrate

+

CeH1206

Lipid .\
CH3(CH2)14COOH

Energy production (KJ) f
= (2.96 x VCO2 /VO2 + 2.49) k|,
X VO2 x 4.1897 *




CLA

L/day/100g BW KJ/day/100g BW
55

* *

50

45

40
CLA CLA

*Sign ificantly different at p<0.05.



Conjugated Linoleic Acid Reduces Body Fat
In Healthy Exercising Humans

E Thom, J Wadstein and O Gudmundsen
The Journal of International Medical Research 2001; 29: 392-396

—O— CLA (1.8g/day)
—@— Placebo




THE 10trans,12cis- CONJUGATED LINOLEIC ACID PROMOTES
ENERGY METABOLISM AND
IMPROVES OBESITY AND LIPID METABOLISM
IN OBESE OLETF RATS

Nagao et. al., Nutrition, 2003
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CLA
Zucker rats

J. Mutrition 2005 135 9
and unpublished results
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Biochem Biophys Res Commun. Arterioscler Thromb Vasc Biol.
1999: 257, 79-83 2000: 20, 1595-9.




Plasma

Insulin
(nmol/L)

*

[

CLA

Control

Plasma Adiponectin
Adiponectin MRNA in WAT
(nmol/L) (arbitrary unit)

500 200

*

375 150

250 100

125 50

0

CLA Control CLA

Control



ZDF

Plasma Insulin Hepatic TG
ng/mi g/whole liver
160 8
120 6
80 4
40 2 *
0 [ ]

Control CLA Control CLA

TG: triacylglycerol, *p < 0.05



CLA TNF-a TG

Zucker (fa/fa) rats

Muscle TNF-aa  Muscle Triglyceride

(ng/g tissue) (mg/g tissue)
30
20

10 I
0

Control CLA Control CLA

*Significantly difierant at p<0.05



CLA
Zucker (fa/fa)

IU/L IU/L
90 ( ) 700 ( )
Control Control
CLA 525 CLA
350
175
0
AST AN LDH ALP

AST: aspartate aminotransferase (GOT), ALT: alanine aminotransferase (GPT),
LDH: lactose dehydorgenase, ALP: alkaline phoshatase, *p <0.05



Dietary CLA altered
MRNA expressions In skeletal
muscle of Zucker (fa/fa) rats

(arbitrary unit)

150

(0[0)

50

FAS SCD1 CPT1lb ACCZ2 ADPri IRS1 MCP1
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MCP-1:monocyte chemoattractant protein-1 2008 29
CRP:C-reactive protein
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Effect of CLAs on the development of
hypertension

2008
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Hyperinsulinemia is a risk factor

hypertension in human

Prevalence of hypertension Serum insulin
(%) (pmol/L)

100 120

75 90

50 610)

25 {0)

0 0
Nondiabetic Diabetic Normotensive Hypertensive

(NIPPON DATA 90) (N Engl J Med 342: 905-911, 2000)

Several reports suggest that in humans, hyperinsulinemia is a
risk factor for development of hypertension.

for



Evaluation of CLA effects using
OLETF rats

OLETF (Otsuka Long-Evans Tokushima Fatty) rats

demonstrate hyperphagia and become obese

reveal hyperlipidemia and diabetes
COMPOSITION OF EXPERIMENTAL DIET

Ingredients Control 9ct-CLA 10tc-CLA
%
Casein 20.0 20.0 20.0
Corn starch 15.0 15.0 15.0
Cellulose 5.0 5.0 5.0
Mineral mixture (AIN-76) 3.5 3.5 3.5
Vitamin mixture (AIN-76) 1.0 1.0 1.0
DL-methionine 0.3 0.3 0.3
Choline bitartrate 0.2 0.2 0.2
Corn oil 5.0 5.0 5.0
Safflower oil 1 0.5 - -
CLA (9c,11t rich) 2 - 0.5 -
CLA (10t,12c rich) 3 - - 0.5
Sucrose to make 100
LETO OLETF 1:High linoleic (C18:2 ; 71.8%)

2:9c,11c; 96.0%, 10t,12c ; 3.6%
3:9¢,11t ; 3.1%, 10t,12c ; 95.7%



10t,12¢c-CLA suppressed the

development of hypertension
In OLETF rats

Body weight (g) Blood pressure (mmHg)

340 180

300 160

140
260

120

220 100

180 80

Initial 1wk 2wk 3wk Initial 1wk 2wk 3wk



Abdominal WAT weight loss and
Ssuppression of hypertension were
highly correlated in OLETF rats

(g/100g BW)

170

(=)
T
S
£ 150
% r = 0.634
% (p<0.01)
QO
s 130
'8 .-
3 . O Epididymal
o0 ® Perirenal
110
Perirenal Epididymal 0 1 2 3

White adipose tissue weight

(g/100g BW)



Evaluation of CLA effects using
Zucker fatty (fa/fa) rats

Zucker fatty (fa/fa) rats

demonstrate hyperphagia and become obese

reveal hyperlipidemia and diabetes
COMPOSITION OF EXPERIMENTAL DIET

Ingredients Control CLA
%

Casein 20.0 20.0
Corn starch 15.0 15.0
Cellulose 5.0 5.0
Mineral mixture (AIN-76) 3.5 3.5
Vitamin mixture (AIN-76) 1.0 1.0
DL-methionine 0.3 0.3
Choline bitartrate 0.2 0.2
Corn oil 5.0 5.0
Safflower oil (high linoleic) 1.0 -
*CLA - 1.0
sSucrose to make 100

*Contained different isomers: 46.0% of 9c,11t;
Zucker fatty (fa/fa) rat 47.3% of 10t,12c; 3.2% of 9¢,11c/10c,12c;



Evaluation of CLA effects using
non-obese essential hypertension
model SHR

COMPOSITION OF EXPERIMENTAL DIET

Ingredients Control CLA
%
Casein 20.0 20.0
Corn starch 15.0 15.0
Cellulose 5.0 5.0
Mineral mixture (AIN-76) 3.5 3.5
Vitamin mixture (AIN-76) 1.0 1.0
DL-methionine 0.3 0.3
Choline bitartrate 0.2 0.2
Corn oil 5.0 5.0
Safflower oil (high linoleic) 1.0 -
Spontaneously Hypertensive Rat *CLA ) 10
Sucrose to make 100

*Contained different isomers: 46.0% of 9c,11t;
47.3% of 10t,12c; 3.2% of 9¢,11c/10c,12c;



Systolic blood pressure

CLA

—O— Control

1 23 456 78
Feeding Period (wk)

Zucker rats)

Insulin

o T (ng/ml)
120 —
80 —
40 —
0 —

Control CLA

*Significantly different at p<0.05



I»ACE, Angiotensin , etc L Leptin, TNF-a, etc
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10t,12c-CLA
adipocytokine mRNAsS
OLETF

Con 9ct 10tc Con 9ct 10tc

=
Angiotensinogen = e - oo o e - <+ | eptin
CARDH = &) & sn D D S
Angiotensinogen Leptin
(Arbitrary unit) (Arbitrary unit)
120 120
80 80
40 40
o) o)

Control 9ct 10tc Control 9ct 10tc



CLA

OLETF rats; Nagao K.
Zucker rats; Nagao K.
SHR; Inoue N.

Zucker rats; Nagao K.
2005

et al.
et al.
et al.

et al

BBRC 306: 134 (2003)
BBRC 310: 562 (2003)
BBRC 323: 679 (2004)

. J. Nutrition,135 9
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CLA

18:2, n-6

9cis,12cis - linoleic acid




Dietary CLA alleviated
hyperinsulinemia and nonalcoholic
fatty liver disease in Zucker (fa/fa) rats

Pancreas| Insulin
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Tip for Health

Moderation, Variety
and Balance

Thomas Jefferson once said that
“We never repent having
eaten too little”
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