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Effects of eight-week oral conjugated linoleic acid
supplementation on muscle glycogen synthesis in
exercised human skeletal muscle

Abstract

Conjugated linoleic acid (CLA) is a group contained eighteen
carbons and unsaturated fatty acids with two double bonds. CLA in
animal studies enhanced fatty acid oxidation rate and reduced body
fat. Purpose of this study was to demonstrate whether eight weeks
oral CLA supplementation can increase glycogen synthesis in
exercised human skeletal muscle. Twelve male subjects completed a
single bout of exercise at 75% VO3, max for 60 minutes and accepted
subsequently eight weeks oral CLA supplementation (4.0g/day).
Immediately after eight weeks CLA supplementation, all subjects
finished similarly a single bout of exercise challenge again.
Subjects were asked to 1ingest a high carbohydrate meal
immediately after cycling exercise (2g carbohydrate per body
weight). Muscle samples were taken by needle biopsy immediately
after exercise (0 h) and 3 h following exercise. Blood and gaseous
samples were taken every 30 minutes till 3 h recovery after
exercise. Lower responses were found in circulating non-esterify
fatty acid (NEFA) and glycerol levels after 8 weeks CLA
supplementation. Area under curve of glucose and insulin
responses were higher response after CLA supplementation (P<.05).

However, no significant increase in glycogen synthesis was shown



after 8 weeks oral CLA supplementation in exercised human
skeletal muscle. But CLA supplementation attenuate muscle
glycogen depletion during the exercise challenge at 75% VO3 max
for 60 minutes. In addition, GLUT4 protein expression was
up-regulated by CLA supplementation but no similar finding on
expressions of P-AKT and glycogen synthesis. No significant
influence of respiratory exchange rate (RER), rates of fat and
carbohydrate oxidation were found after 8 weeks supplementation
based on evidence by gaseous exchange methods. The present study
demonstrated that eight weeks oral CLA supplementation
attenuated level of glycogen depletion during a single bout of
exercise challenge. However, CLA supplementation cannot benefit
on improve in whole body glucose uptake and insulin sensitivity.
Therefore, there were no evidences to support that eight weeks oral
CLA supplementation enhanced glycogen synthesis in exercised

human skeletal muscle.

Key words: ergogenic aid, RER, insulin sensitivity
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- ~ & * #&H % & (maximum oxygen consumption, VO3 nmax)

BF ERBEEANREE BTN Y EET RS R
£ daxmy Y I AL PHIRAEIIFFHET > TH
B F 0 1.0kg B0 & 2 A 4 H 4 05kg EHFE R
EOF W 4 & 4 en 0] Y 2 ml/kg/min BF oo & P oRE R R 5
A LS T LG R EE R R E
Z ~ e B-T—Fg;%);:

AR e p ST EE R R R X R & s R E R e g
N F oHcE B F F o (umol/g wet tissue) d Bl B & df o
Z ~ X % & B # i (conjugated linoleic acid, CLA)

N~ 7 WA A 2 101 (cis-9, trans-11 e trans-10, cis-12)
o) e gl & R & CLA > R 5 95% CLA = & » 2 % § 13
A B 4 g/d A E B X R H R* (Eyjolfson, Spriet, &

Dyck, 2004) -
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% Jr i P& (conjugated linoleic acid, CLA)&_ % 4 2
i

Nt
A

TR L MRS PR 2 A - B R BR A
B AF Hhge g o g ? F M (Jiang, Wolk, & Vessby,
1999)- CLA #. - # 2 3 X F HE O L frid i 5 5
BAR Y 5 IS BRE A B LB AR L B bR
B B F s L fr b B (linoleic acid, LA)e LA 0 f 4
= E = p -COOH = ¥ 4= % 9 2 &% 12 5. F % 3 "% 8 #
(cis form)(Kelly, 2001) ; CLA eh 4t = % P % L = A 7,9~
A8, 10~ N9, 11~ AN10,12~ ANT11,13 + » B P - @ g4 5 F 3
% 1 (trans form)(Lavillonniere, Martin, Bougnoux, & Sebedio,

1998) » 4 B 2-1

12 b

— L MH
Limobeic acid W

11 9

cis-9. trans-11 CLA vmmw CiMOH

1 i

tram-12,cle-12 CLA Mwl S

W 2-1 £ % & Fo it LA R #4548

(Bhattacharya, Banu, Rahman, Causey, & Fernandes, 2006)
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c9,t11-CLA 5 & 2 % v % R &2 H F 5 t10,c12-CLA ¥ % 4
Woh F TR R 3 3 R ¥ (Henriksen et al., 2003) o = ﬁ kS|
b & p CLA Z & 85~90% - H & CLA &2 4 + 214 10~15%
(Kritchevsky, 2000) - 2 @ # 7 # =i % § 2 ¢9,t11-CLA -
t10,c12-CLA 4 F ¥ & #7 @ = w8 & CLA & 5 ¥ 4 #
(Gaullier, Berven, Blankson, & Gudmundsen, 2002) -
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(m)x L R PSS EE PG
FABF R HEEY LT R 4 xR E CLA & - f
t10,c12-CLA & » % ® ] & a # #&# » & B > (Park et al.,

1997) % {5 7 5 % 3 ) 8 5§ % t10,c12-CLA & %3 % 4 & » %

7

i pro-opiomelanocortin(POMC) 3 T & " # *Xx (neuropeptide



Y, NPY)A Fl & B & » ¥ B> 236% a H+ %> & - 5 7 % F
R E Y - BT H R TARE LR E CLA oS
NPY -~ ] & *x & F1 4p B ¥ 9 (agouti-related peptide, Agrp)ir
A PR R 5 (Cao et al., 2007) > Fl ot a3 3 & H F % % 5 F
F CLA ¢ #8¥ THr 8453 & 47 &3R50
% (So, Tse, & Li, 2009) -

ek
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yoebol R&E T #F A L CLAF Y 42 % > ) R &£ 7 %

@22 E RS S EE g 2 (Terpstra et al., 2003) 0 & % 7
CLA B > Hp s x 2t @ik dg 5 o & % > o
(= )CLA # 4 it £ ¥ # 018 #1
S ) B SR R S SR R R A N A - B S A L AN S
e WAHNHT £ R KF B F FHFEFT CLAE T d H &
PN e A B LS s gl S

AAAHE S mE o Rd R Ry
S oot CLA A L& 3 5 h @)

ol BB & CLAF m ' M p % E 5 50% & &5
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B F B 4 (Terpstra et al., 2003) -

b- k£ F{RF CLA% 17 0 S b HFE 4 (body
mass index, BMI) > 3 * Ao # & 5% - & 5 & F W N A A S P
(Steck et al., 2007) = ¥ ¢ » 4 3@ # F # o B & F 9
(uncoupling protein 2, UCP2)» + &4 & 5 ¥ 4p M £ > & 3 45
FE g M LR L CLA #9 ¢ % %44 5% UCP2 #
o _E R Op A AN B M 4 sw £ ) 42 (Ealey, EI-Sohemy, &
Archer, 2002); H & & ¥ &2 7 A %5 % & BB B4 F R - &
B4 @ H &t t10,c12-CLA » ¥ ¢ %5 %% p ’ﬁ( LB A

(carnitine palmitoyl transferase, CPT) ¥ v % I & H 4 » I 4



AR I A D S L S B AR
(LaRosa et al., 2006)> # # 7 % % 4 Evans ¥ 4 (2002)- & >
ip I t10,c12-CLA $# % F 3T3-L1 ] K& %5 % w % > 3 3 4 g
L F LR o Mg T ox dp o A 2 CLA ¥ O 4 B oW B
o yep fo i+ 85 UCP 2 R fv f 5 it iv * (Ribot, Portillo, Pico,
Teresa, & Macarulla, 2007) -

SN E T R T kRS WAl
& 4 4§ % > Blankson ¥ 4 (2000):® & 60 = % = % BMI
o 25~30 kg/m® £ Bl K o A F S5m0 AN %A 9g/day A

=5

(placebo) ~ 1.4 g/day CLA ~ 3.4 g/day CLA ~ 5.1 g/day CLA

7
& 6.8 g/day CLA ¥ H 12 3% > CLA »= LI A ﬂfr' placebo ‘&
ipve P B ORS H P E XS 3.4 g CLA™M & § g% o ¥
- g 0 # 20 =k ¥E 6 R LM F £ 4 #k(body mass
index, BMI)> 25 ¢ % jpl % > A & § 24 5= % 2 5@ £4a &

¥ 1.8 g@® & CLA {r placebo 4 = o X il  * F B = 3 &

b

ABoF F T 3 90 A BE B L G fod B YR R

~=h
3
Ak

A oce 12 % 8 CLA g %% P & » BMI o 88 &£ P &

)
=k
5

% (Thom, Wadstein, & Gudmundsen, 2001) -

Fooho AR E T NEE G RELER DA E LR A
CLA # ¥ %8 &= = 2 5 - 180 & =% Bl & & % & 3 & » & u 4
% 4.5 . CLA-FFA(% % 80% FFA)-~4.5 & CLA-TG(% 1 76%
TG)™ 2 4.5 5 & @ (Placebo)» 4 & fr 2 F ¥ f ¥ 2 3 =
#1 o A L 12 % * {4 » CLA-FFA 2 CLA -TG & % > §8 7y ¥ g
SX 2 kg ek B4 0.7 kg X O W &= M g W 4 0.2 kg

e £ OB & M 4 o Ap 2 T CLA &= 8875 % P & F 5 (Gaullier



et al., 2004) o ‘t/:,"_"_p ,_ﬂ_rjiL,(F ﬁ;@

’QL" %\»

2-1 -

CLA % % # " %% £ 2 4p

MO g

F2O2-14 AR & X L o B AR MY
4 < iR (N) # £ (g/d) CLA & » 7 %

BMI(kg/m?)

Blankson et al(2000) N=52 3.4 (g/d) 50% t10c12 LRV
BMI 25-35 x 12 50% cot11 P OBE R

Thom et al(2001) N=20 1.8 (g/d) 50% t10c12, LR
BMI <25 x 12 weeks 50% c9tl1 2N 2

Mougios et al(2001) N=24 0.7/1.4(g/d) 51% t1012, LERV
BMI <30 x 4 weeks, 49% c9t11 AR

respectively

Smedman et al(2001) N=53 4.2 (g/d) 50% t10c12, LER Y
BMI 25 x 12 weeks 50% c9t11 2L

Colakoglu et al(2006) N=44 3.6(g/d) B & CLA g A E
BMI <25 X 6 weeks 2 2

Froer it BR R L R BT NG % MMy KB

WA A AR F g e L R CLA G o

F X & K & 2 5 1.8

2001) » & % # & 5 6.8 »n - H

3. (Thom, Wadstein,

LA N S B N I

5. (Blankson et al., 2000) > # ~ & 7 # & X & =%

CLA -
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¥
Bl

(peroxisome proliferator-activated receptor, PPAR) » X
PPAR # & %] 3 & ¥ 7 & %y W B & "y W R T 4

7 & PPARa # % # v f H o kK & F B i3 R ¥ DL
B F] CLA & PPARa 49 3 (7 % ¥ & 32 % 7 2% p & %9

oo B E M

& & > E 3 % E % § & SR ot % (Moya-Camarena, Vanden

Heuvel, Blanchard, Leesnitzer, & Belury, 1999) o

Powot SEF AL AR E G RS2 oLy R
¢ 3 »c (Lambert et al., 2007) > # R & X & & Fr o B % § %

L
[E Fu e 22

m
R R R R

- HAREEFTRABRBNL ERRRE AR F

()@ 2R & X2 F L o S A% RN
-t R P AT o R CLA¥M Y § 3 a5 7
BhRmE s i FAapERhipHn R EAI g ooe . A
LR ROHE SR L BPBRRLE o SEY @ LR S CLA
(3 g/day)#& F 83 » % | " M 3% § 2 A p o F &d v R F
ot ARl % A %t CLA € # 4o 2 i BER > &H &3
el

7 Homeostasis Model Assessment (HOMA) #r 2+ & O

Insulin Resistance (IR)# & ~» ¢ 3 4 (Moloney, Yeow, Mullen,
Nolan, & Roche, 2004) -
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¥ ¢ > Thrush & + (2007)# 3 9 ¢+ # £ & £ ~ X 3 # %k
i e X R "ﬁ » HE X R & CLA (4 g/day)# § 12 5% » % B n 7
fod fevep CLA 7 & P B W 4c 5 & % ¢ % B % > %] 3 (tumor
necrosis factor-alpha, TNF-a)k & {v *; % % (adiponectin)

AL F o R R SRR £ F e o H ¥ E B LR D

\.ﬂ_ﬁ

A AN GRS RS FNL T HRRENI R LR %
5 F Tl g AKT F-9 fr 5 v 0 " 0 F B oeid & Z 1) § § 4 0
fl* F > @ TNF-a ¢ A Smieé o &a il 4% § %
fe # (Straczkowski et al., 2004) e CLA 4  {¢ » = & * TNF-a

P gV a7

R OT LG % o F R v g ¥R R g
BE R R A
2 (
Zethelius, 2004)» 7= 3 ¥ "5 8 % & L % > F 0 4 L CLA ¢
oh R RCR B e R F TR
EHaowe ki BP - -t EFEL 8RB L

CLA > A R % a9 ¢ 4 Sk i £ 8 4 > 3 &0

oA g AR A d D

%
Riserus, Vessby, Arner, &

il
N
A

R
&
EEN
e
2L
[

¥
e
H
=
=
A
;‘J
L 3
&
EIES
e
&
~

a2 g . (Thrush et al., 2007) -

() 2R EEF T HhABRBB L ARBELRLG B P

¥ % Smedman £ Vessby (2001)%f & & 7 4 {o ~ {48
i & CLA (4.2 g/day)# 4 12 % » % % 3 % % 8 4 2 15 o 2
L My ARG R 0 T H R T o AR RE KRR
i o o ¥ o H i E X R H M v & CLA (6 g/day)#F & 1
£ oom 2% EFRF P EGFRE S BRBARELE F G oE

\

-

o4t A 2@ CLA S » i 4Bk B P B A 40 » & 2 (5 chp 2
AT R G R R M F I H RS 1288 8 RE S HE ok
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Fl & £ 0 # % (Whigham,

s

G o 1 E o R %R T N R
Watras, & Schoeller, 2007)
Medina % A (2000)% & & * & 7 30 % f# 4 3 v
4 ERE e AMH LR E CLA(3 g/day)s 40l & & % |
FB(F T )FYF 64 = > %25 CLA 2% § 2 &2 0 23 P &

<)

R o T E R A T o d R F R E EE S TR

It

(Z)H 2R & X F L F BH % F R 2
Eyjolfson & % (2004)% & 4= i £ & % 2 & 9 £ jp

§ oA
%8 & CLA (3.9 g/day)# & 8 & » % % % % % % § %

|

% d % § % At B R dp # (insulin sensitivity index, IST) » & &
AR & CLA # > 10 =% @l % & F 6 = ISI @& 3 4 » v %
e s Toan AR R FF B WAL R

% ¥ Lambert & A (2007)m 2L 9w 3k v 2 3F & § 4 2 & 4
S F%H R M R 24 CLA & # 73 (3.9 g/day)# & 12 i >
A E Rk BT A Y 128 > £ kA A E 0 30 60
90 ~ 120 A & frd B ¥ R T G fF X F oA T L kR
0~ 30~ 120 4~ 482 5 2% > & Mg F & 04 30 4 482

—=\
w4

c®oM B A OGTT Rl M~ 2 Rl & CLAX® S 120
Gk A ERP HERS  BX A TR EFRS R
2ot R & CLA M L W% § F ahfp M A § 404 2-20

&

I

12



% 2-24# L R

L
v

I

7~

L e R H AWML G R MR

BE A A

3 2 gk £p¥ wn
Lambert et al N= 64 R L& CLA 44 CLA 2% 120
(2007) MR B 3.9(g/d) NG AR P
X 12 weeks Eg s b
Eyjolfson et al N=10 A & CLA W5 R AR ik
(2004) B g A 4(g/d) (IST)*% 1 o
x 8 weeks
Raff et al. N=38 B & CLA S S LA
TR A = A . ./’)‘14;'=
(2008) B 5.5(g/d) § o
X 5 weeks

Syvertsen et al

N=118

i & CLA 3.4(g/d)

'

T " #& ~ insulin

(2006) R 2 x 6 months R o
o AL 4 0§ 4

Thrush et al N=9 A & CLA 4.0(g/d) w A SRR
(2007) EE AR R 12weeks B4 L § R

S s
PR s CLA # 4 #% g 2 g g faopi 7

A U e BB AR R & CLA 3 ik« 7 3xaw k2§
U RpEEF% b Fag2Lr tso BRE CLA HE
o bk 2 4 R B E R E L R AR A R ook o F]
T - B R B LR L CLARE & 54 Lkt 25K

TEE N S N C N T
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NN

¥ r & S FE LT RABRHER L R2LEE

po# § M CLA $# & 4 2 fr ¥ 3 5 > Pinkoski %
£ (2006)% 76 & X K 0 %A 6% CLA &4 35 » & 2
5% CLAR X F& ¥ @ @F & F 33 hid 20m g
B4 2l ) B AT L CLA eéhs s » % % CLA % M »p &
0 (-0.8 kg)¥r B Fp s % o e A R kot o % K v KA R

WEF oz RER LR LG EEL
T o- AR %k o 41 Rl F A A E R +CLA
(n=12) ~ CLA (n=11)~ # & (n=14) ~ £ 4] 2 (n=7)% = & o iF
fr g% L FFREF 3K F K 304 BFBESR 0 CLA 5%
5 R & CLA(3.6g/day)» ™ + v 2R % % #FH 6 » b %

& &
B FH AR PEFER o K F R FTCLA 2 FOFE R R AL EH

sl

AR RO F A e TF RSB ARAT v g CLAF &

v CPT1 & it 4o B 3 it » Fl gt B 4 g R I F > F & B 2
e R EE G B o kA S A 7 B 0 CLA & ¥ i F M 4 oAt 4
EhoA IR T ow AA R E R IR A O~ rig & (Colakoglu,

Colakoglu, Taneli, Cetinoz, & Turkmen, 2006) -

AW v R P HFH LS CLA & & @ H 4 R £
Hea P E o 2 BALB/c £ B % 4 0.5 % CLA 4 3 #
Bk @ h Y ER
gt R A E o R H S F P R R AL BBERE R

I R T R S SR AR OO I S TR

T
v
i

F 1% > W8T AE N E

14



g 39 Py f& p* (lipoprotein lipase, LPL)e & & > f’r-fg WL
i A CLA4r 4% % m 8 p %3 % & 30 B 4o v i )Ry B % R
fr oo E_E E BB R R e ey b s K BE R AT DR B
X R W 4 B & PF A £ B pr B (Mizunoya, Haramizu,
Shibakusa, Okabe, & Fushiki, 2005) % + #r it ;2 & CLA %t
Fh AWM AP M T AR 2-30
2 02-34 AR A EF L A BHEER LR OREAT
£ 40 TR e 5%
Pinkoski et al N=76 B £ CLA 1. % 73 % B > 0.8kg -
e g
(2006) f’;ﬁ % . iggévde)eks 2. E‘ ;S s;ﬁ £ 4 o 3
®2 F
Colakoglu et al N=41 M & CLA 1.3 & & 4 » & 4 2
(2006) T E AP )3( g(fv/ede)ks # 2 oat 4 R L R o
2.4 % CLA ™ M & # o
Mizunoya et al B Bk g a v 3 1.3 4 B & 5 A 42 B
(2005) BALB/c % & (C):.I?Z)iﬂ & 2= A
2.% M p5 H B R eEoex
T F e
FEoroerat s B ARMF KM LR E CLAH R > &#H IR
Moo R AER LRGP HEE TR LER N ks
BONAM B AP o BB PR KRG ERAfFRT o FRE
PO MR S o AR EREREFER o k- R
ZAM LR & CLA B HAHERFNKBHIp FEH Y HEF D
B o
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»
q
9N
(.0
*
N
¢
>
1‘.’.
=
3
(\s.
=
EXN

PEXE 83 " %k 5 F R PF LR B KR MR R E®PE A
EREFEHNT DN E R Y s F R R E R DL R
EEFor R P ER P YRR E P o E R R R R HE
A = A SR P I S o= O T A o N/ A A S

if%rz’flsé’ééf;—g@%ﬁmﬁwpm#Wg%w«ﬁfiﬁ#‘%ié‘_’
R T IELEE B S A

%, § % e §| % (Goodyear, Hirshman, Smith, & Horton,
) E B SRS X A h 2 BRSPS
B & 2 o ¥ - EIFREERESY TG
RIg L B F 0 F1E B 5l A2 F§ F M F k-9 (glucose transporter,
GLUT4)# = 2 WP W+ > 3 Sevvlm e ¥ § F pF ool 8 1 @
* o N F F O -6-# i (glouse-6-phospater G-6-P) ik B #
Aoz ove g dno b H L F ST R MM 4 (Ivy, 1998) 0 Fl gt s Hi
2t 3, § % & 4§ ¥ (insulin-independent phase) » A F # & § ¥
FoORBESFRERE E S 0 o E R

e e g L F AR B2 FHEET e 0 R
A EE e s E M > F PR E s iF* (Wojtaszewski et al.,
2000) » g+ iF F T OHE O 24 ) BFSA 3 oy R R
AV SRR L A 0 R E Sl R

# )  10-30 % (Price et al., 1994) > & F A &
Bk B o A M e s
A S e A
1991) e d o 7 Fv o ve g SFpE ik R fo § §

FH 30-60 » 45 o

¥ A o

™
R PR 4
=i
A
in}
~=b
S
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Bl AN R AP M A Rk S PR bR E
/\qggam,;g n:—ﬁ%ryﬁﬁqﬁ_‘g £ 4 o

PA B Ak EFEBEBERHTREL S LM G

023 SR
BE 7R v SERE o AP B 3 B OIE f oo VU @ OF 5 AR R 9k EE
FE B e N H W g R SRR R KRR A
LR SFBE R R B R RO > Fvp SRR R
mt 4 #H 4 B, 5 £ & (Hermansen et al., 1967) o

ok g A e B E HE B KR MR
AR E LR E R TFE o H AR P o5 G F o FR

MRS R S E W A o v gy M E B 2 T A 15 g

Th B BB ZfEEE 0 L M T

CHO/kg + i # 15 4 & A o] Prad o gk it & $ F { 4 chrv g
R L& R st % 0 F v R Mm% % % h E ST R O B 4 (Lvy,
1998) « ig ov 2 #b > & h Lk M & B Ak g g
i ia & = st & f_ - & 3 (Tarnopolsky, Gibala, Jeukendrup,
& Phillips, 2005) -

R ofoouw BS ) AT LR E S
& % 5 (Ivy, 1998) $ v 3 pp £ 5 @
30 ~ & p RN (S h 4-6 o PF o0 B

£ RS 50 % M pE R
bR oA o5 o0 E B
2

f

O

=4

o 0.6-1.0 g
$ T g g g
E % R R K E S iy v F 5 1.2 g CHO/kg/h

CHO/kg/h i& # # % » ¥ L & i "5 L

"

(Jentjens & Jeukendrup, 2003) » F] pt 2= 3% F & {8 = T H L g
kg Py f ARET K 46 FR o HFFEHR LR KT E P
FE e v g B Ao 5 % 9% pE M 4R (Tarnopolsky et al., 2005) o 4
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2. 0 B (8 T PE & = Ps o E 2 (Wojtaszewski et al.,

)
{

2000): ™2 %2 % § % At B 1 4k 2 (Holloszy, 2005) » = % 3% B
Bk L LR R R T A kO

A o &% .
% - & N

i

Bk A P A A e SRR P E R KRR e B A
B e B KT E A e R RS 2 T F G (%
*ehet Foogd 2 gt B CLA & el g i fg R R
BOUORg 9B R GE O~ Fp B Mw PR > 3 BA T RR MR Fp p & A o FRom o

% CLA$E® 2 Reh PP B F F % > 42 CLAV

p
BA a4 @ h A0 AAFTHEFEFR L~ CLA> > § =

@‘E'%*"L"%%;$%ﬁi’ﬁf"€#;’?ﬁ”i,j/ggsanﬁﬁ;;%}iﬁiﬂ_%i
EAF RS O ERF IR 2T PR U E BN
U VI L S 3 U TR A B
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$4% EI-RaKD
- % B %%

S HB RS- L RELE R RE TR RS

K X T 2R kBN AT LLEA

¥ 28 R HRRIENE

5
A
o

-

AFE TR R AAER: BT ER A E LR
FARA(C L R ITELE- ) TR
g K D FEEERER RS

R M A ) e

F_*
\\\Xr
1%

%k

B o
|
ER
e
i@
\“ﬁr

g
o+

il

&

pul e -&Nj
—_

:3?

s

AR R AR AW R

i
o B # O &E = X R "F’i‘ B * # 3 ¥ (maximum oxygen
consumption, VOz max) * # 5 % R § F & 2 & & % & o )
KPR RET - A FHRHLNFREC
oo ok D K FE KR R A N TR E CLA K (4g/d)> & & F %
e = B 7 cF % w - &3 10| > F %% X5 F ~ B3
%R EXHEL o AEREL S S S EFT TS5 % VO max ¥H P
B 60 & 48 0 FE YR LF PR D RHR o AA X BEHK T KR
% A i 5 (0h) > T e FA L R AR F {4 B e B oA

%

=

Fr AR 3PN 1L EEE S 104 BF A F 30
B Pn A FRBAY TRE VR Lo § M

7O PR OB A W 7R A A o
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Fe¥L 212 PR RIE A N E S EA R RR O XFER

L# s - (2 ~3® g CLA® + skt g p): &2
,\_L’tlflg CLA = » @f‘?ﬁii 75 % VO2 max %Fﬁfd;ﬁ@
Boo60 A4 TR B S R T e

Rk B oo

2.9 B - (A % o~ B & CLA # +p ki &%) & & A
¥R L X BT R oW OB (F A 3 ¢9,t10-CLA

-

t10,c12-CLA * & 5 1:1)> & (7 E =x 75 % VO3 max %"
Bd @ H 60 A 4 0 BEFHEEL RESCR TN

B WA AR S oo

S R HEF E (Vo) 2 R EH B R KT

2 % F f 7 % g 2 & # (Monark 834E, Vansbro,
Sweden) » #  + £ F 0 5 ¥ & v @ &N F oM L 7 R
(MetaMax3B Cortex Biophysik, Nonnenstrasse, Leipzig,
Germany) « F & B 4 0~4 A 4 > 2 2§ 25 H @ 60 # @
(revolutions per minute, RPM) ~ e 4 # ZF % 0.5 kg 138 & >
Z i 24 @Y 2 #5405 kg (% 3-1) E 3 X A
Wi OREgE

LR AR S R m s R T BT R L EFH
B A 0 @ ) 3t 2 ml/kg/min s ¥ OPF RF o K (respiratory

exchange ratio, RER)* * 1.15 (Williams, Powers, & Stuart,

20



1986) » ¢t p# 5 X R F & *~ #3 £ > H = ml/kg/min - & ¥ {I
FFAM AR A VO P E Mt ooty = ax + b(y= 2
T x=VO02) 0 RF a (A F)fe b(REE) > T ipd b ot REE
R Ak R TS % VO e h D Tl TR R R

T &Y EF 604 & HE B R R

Z23- 1R EXFZFH B Y #Es % E2LEE R

TR - o

(min) (kp) (rpm) (watt) (kg)
1 0~4 0.5 60 30 0.5
2 4~6 1.0 60 60 1.0
3 6~8 1.5 60 90 1.5
4 8~10 2.0 60 120 2.0
5 10~12 2.5 60 150 2.5
6 12~14 3.0 60 180 3.0
7 14~16 3.5 60 210 3.5
8 16~18 4.0 60 240 4.0
9 18~20 5.0 60 300 5.0
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T ERER L FY RT R R
IDEEC IR TR CEE S ol - A S S N I SRR T RS

R R S R R S N I

Mo - T ARSI L %4 AT 5 ff (Wolever, 2004) -

1

St

RS SRR RN
F R AB AL E S THE QLB K SRR G
B doe HF 3 F P (0.86 g/kg) s K g @ W (3.50 g/kg)~ v 4

)

(1.15 g/kg) ~ ¥ ¥ % %?(0.29 g/kg)~ ¥ 5 #k (1.80 g/kg) ~
k(8 g/kg) (Kallen & Lazar, 1996; Wu, Nicholas, Williams,
Took, & Hardy, 2003) - 8 & % 8 ¢ & = » % L 'f & = -

= ~ CLA % & & # &

A7 O® YA A A LB E CLA P ZF 95 % CLA =& i >
el A1 1(cis-9, trans-11 v trans-10, cis-12) > 5 %% & 7]
i (Stepan lipid nutrition Manufacturing, Maywood, New
Jersey, USA) - ¥ 3 ~ & 3 ?‘L]?J%EEIEJ_ A L A B 4 g B oA F
% % # F JR* (Eyjolfson et al., 2004) -
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I~ R &R

A Carbohydrate meal

Control trail & CLA trail
60 mins cycling exercise
l at 75% VO3 max

Y

l

e e ettt e e e et ot e e e e et e
o o P e o e e e P e el
B B L o

455

Time(min)-60 0
Biopsy
Blood A A
Gas

B 3-1 %

ST )

7

=
o

# W oAt R OB kT

15 30 60 90 120 150 180
A A A A A A

® ® ®
SRR B E N

Aoph ok B

A R~ B R E R R A
30 A A EF o8 R R oo

@ FH W Ak S

10 » 4 7 § 8 & % o

60 & 4 :

(%
o
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¥ =& FHRETEE LA

1

- FHEAFAREEE LN
RAFRFEERBRBLPEHESH L= FPF 604 4
A ow F O F M A~ 47 R (Vmax Series 29C, Sensor Medics,
California, USA)4c & 10 ~ 4 5 % > * » {7 % 5§ © %2 - 3§ i
kR Iy v F PR A E Rk By 0K

(Frayn, 1983) » 2 3% 4o T

LORCK R A B F R k(R A )
VCO, — 3.226 x VO, (I/min)

X

=4.585

2. PR B E Ui (A )

=1.695 x VO, — 1.701 x VCO, (1/min)

I~k R EARE S LS
Moo B o2 o R A% 3 77 A S B (EDTA) # & F

T\4
Py

R0 ME (S 2 74w (3000rpm/10 min) 0 Bw R FR A O R
IR A B SR

(ﬂd\

&

Lo B o~ 2200 k45 oo m R R B FE P

s R LR H b o A 5 3 gE 4o T e i

(- )i # A 47 > 2

® T OF opEoF Ovopy > E o @ % RANDOX F |
(Laboratories Ltd., Ardmore, United Kingdom) » & »

SmartSpec Plus spectrophotometer(Bio-Rad Laboratories,
Hercules, CA)i#& + )k B B £ o ™ p & 4 v & 47 &k (Hitachi
7020, Ibaraki, Japan)4 5 » = %k & & £ 340 nm > & A & 450

24



nm> * & F g kR E 4o T

Glucose + ATP G-6-PD . G-6-P +ADP

G-6-P+NADP+ _6-6-PDH | 6-Phosphoglucoin acid+NADPH+H+

()% § % A 45 % 3

I Jf: P,k %2 o B R B O+ B ¥ 3 & =& (Roche
Diagnostics, Mannheim,Germany) » @& * Streptavidin 7 fig
+ 2 Anti-insulin AB-biotin » Anti-insulin AB-Ru(bpy)s>" >
A4 0B L k@ 7 F B F X 4L E A 7 &k (Roche Elecsys
1010/2010, Roche Diagnostics, Mannheim, Germany ;
MODULAR ANALYTICS E170, Roche Diagnostics, Mannheim,
Germany)~ 5 °

(2 )M 8% @A 3

= P g e s B ok B O F F ¥ H (WAKO
NEFA ,Germany) i < & iF & & f > ¥ 17 > p & & {7 &
(Hitachi 7020, Hitachi Science systems, Ltd, Lbaranki, Japan)

W Rl e

(z )4 @ & 4 > 2

i ZPJ{’ P W sk R 0 B ¥ 3 & (Randox, Co. Antrim,
United Kingdom)i& {7 #& £ & & Ji » & 1 > p # 4 v & 47 &
(Hitachi 7020, Hitachi Science systems, Ltd, Lbaranki, Japan)
W B e
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S R R AEEFRERE T Y BE S AN

(- )7 F 52 A
don i Boo bR F ARV T T A %
SN
p

- BEHo o REw s Pt e F 4 4
-2

i

=k

Eh R o A A & O ¢h ] v (vastus lateralis)

Ga
I

2

£ F = F T

T

" ofe A~ 1-2ml Fr fF B (2% Lignocaine)i® 7 & % fr ff o #& F
14 sLve g F ] 4 (Temno, McGaw Park, IL, USA)3t 3% # i
PR (T OF ] 0 B B v koA o AR RS2 TR L LB F

MR AR EF Y R FAH R e o

(= )k @k R &

% * p¥ % A~ f# ;2 (Passonneau & Lauderdale, 1974) > 7 &
@ * 1 N 2 & § v 4 (KOH)i3 fa»ep R & » £ % » 0.3M fi&
fe 4 (sodium acetate) & f ak & & > £ FI * Kk b B A fF
(amyloglucosidase, boehringer Mannheim)# " fE &~ & = § %
o B F # % % F i F 4 e & 3 ;8 (Trider Glucose Kit,
Sigma) > & 4~ % & #H & (Beckman DU-600)OD505 nm B F %
5 4k B (glucosylunit)fé » ## @ g 4p & I B F 4 @R > 3+ ¥
TR NS B M AL v EREE R - e R R
R I

(z)F * B & i & 47 (Western Blotting Analysis)

B~ 5 20 mg g oo 0 1:20 ot B0 e > 75 1%
phosphatase inhibitor cocktail (Sigma, P2850) < HES
buffer’ﬁfé*%ﬂéﬁﬁﬁ&%—gsﬂ]{fe“ﬁ@ﬁé—sfFJ{r;‘&_u 100 x
g Mo 15 A& P R s: FY TR AR F9 TR A E
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2X Laemni ¥ %

2 S N

Arbor, MI, USA) - % i 1 - B blocking & » & & # - & & =
=

PR IR A S

fots > B 20ul 2 # 4 > x5 4 SDS-PAGE

[&

i

~‘.

®

# 1 PVDF % (PALL Life Science, Ann

it

s jx,{:rgz E2 %ﬁ%ﬁ?%‘mﬁr‘r 3 o T 4
» Enhanced chemiluminescence (PerkinElmer Life and

Analytical Sciences, Shelton, CT, USA)i% /& & 7 /4 % g ¢ o

403-2 0 F R

N | A Cat. NO. =~ @ o kR
Phospho-AKT #4058 Cell signaling 1:1000
Anti-GS #3893 Cell signaling 1:1000
Anti-GLUT4 NIH 1:5000
Anti-GAPDH A9718 Sigma 1:500
Anti-mouse IgG A9917 Sigma 1:2000
Anti-Rabbit I1gG #4685 Cell signaling 1:2000
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e & FRAZEZRFASK

F ook ot B F A SPSS for WINDOWS 12.0 % % 3+ £ % ¥
Wie A

- J‘!ifﬁfﬁﬁﬂ\t’]ﬁ’{’PLﬁiZ%?ﬁ%ﬁ%’éﬁ‘ﬁ@ﬁ%?‘t‘ﬁ 0-3

G

ORI A R T A I T S T

- o~ NP R R At T L“ﬁiZﬂ%éﬁ%%iE'}‘ﬁ@ﬁ%?é 0x 3

FBER R X F s gk A B kB i

{
L3

Jir

Condp A T3 % B A (two-way ANOVA) - 1 &
o 2 @ 0L 3 )N E 30
O E NN N A I LA N IR I LS

A3 o B EAwE HEF o EFE S ILE R 2 K& o

=
7,
=
—=
g
S
I
2]
“+
\“J\
Jr=r

+ & # % (mean + SE)% 7 » P< .05
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¥ - & RESFEEFAFTHE
o r R B E T E® L 2224 £ 063 K - L F 3

175.23 + 1.83 2 & ~ & # F & 35 % 5 23.35+0.79 kg/m” ~ &
<~ ¥ ¥ £ 5 49.3 £ 2.38 ml/kg/min -
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Fo8 SPHESiE

BEANFEFEL oA e H S e S R AR T L AR o Aok 41 90T 0 A RR B P E (%)
ERE (%)~ #arE (kg) ~ A E (k)82 A A N T (keal/day) ¥ £ B ¥ £ B (P<.05) -

P4l EREINEIH LR - F A

P Control trial CLA trial P

o35 E (%) 17.26 £ 1.32 13.67 £1.67 0.0001 *
AL (%) 82.74 £ 1.32 86.33 £ 1.67 0.0001 *
7975 £ (kg) 12.98 +1.33 10.40 +£1.47 0.0004 *
28 F (kg) 60.58 + 1.58 63.26 = 1.64 0.0002 *
7 (kg) 73.56 +2.67 73.65 + 2.64 0.869

A AN B (keal/day) 1615.25 £ 44.59 1673.92 +45.24 0.0004 *

“75 #cdp)4 mean+ SE4 7 (N=12) 7%”% 7= 22 Control trial *“ #7 ¥ ¥ £ £ (P<.05)
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¥ = & xR F R

"

oA D T R R A 0 RN R R A
R fs o A B S E — K 75% VO max 8 PR A R
EF O BRZA A FHR LB FLEFRFRLE B
Ao BT RS ER RPN FF B

BMEALARZ(P<.05)GF 4+ R BA4-1) -
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Plasma Glucose (mg/dl)

140

130

120

110

100

90

80

70

—i— (LA trail
B —O— Control trail
*
*
1 1 1 1 1 1 1 1
-60 0 30 60 90 120 150 180

TIME (min)

B 4-1 2 % % F # %k A

W e 2 n R §F HER - Control trial 3 4 %
£ L e w5 CLA trial 2 #& & ~ &% X & & Fr @

o 7% ” % 5 ¥ Control trial  # 7 ¥ ¥ £ £ (P

< .05)° #I & " mean £+ SE% R (n=12) -
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= v ¥ F B d R T & ff (glucose area under the curve, GAUC)
OFEOBEFORY AT R KRR A G F RN

Ehofe on

S

B E s A M®m > & w3 H Control trial ¥ CLA trial
R EAE N 2w o MR A BRR2Z G HF AR T E

oot

2B EE R A EE R R B AR
2 % 5 GAUC (Wolever, 2004) - CLA trial GAUC (5921.25 =+
862.86 mg/dl x min) % ¥ % * Control trial GAUC (3861.28 +

581.10 mg/dl x min) « (P<.05)(3 % & B 4-2) -
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Glucose AUC ( mg /dl x min )

4000

* 1 Control trail
N CLA trail
3000
2000 —‘7
1000
0

Control

B 4-2 ¥ 5 #F ¥ T G F#

BRI E T EFRE RY T 5 F Control trial 3
oo~ K B L o B S CLA trial 2 40 R N~ X B I R
[ 7% 74 7 ¥ Control trial + i & ¥ £ &2 (P<.05) #

™ mean + SEX IR (n=12) »
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= m R R R
Mgk - F G R R BA 0 0 R A N TR LR

oA B e (e o A RS H - X T75% VO, max OB OP RS

>

\
I

Bk g BB T RRG L A h AL BT RLE

Rt

-~

B RS B EEHRER KRR DPI0E004 s 0 %5 F kAR E
%

ok

¥4 B (P<.05)GF %R WM4-3) ¢
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80
—— CLA trail
—O— Control trail

70

60

50

40

30

Serum Insulin (u U/ml)

20

10

O | | | | | | | |
-60 0 30 60 90 120 150 180

TIME (min)

B 4-3 & %% 5 %2 kR

S HE K e ® (82 % 5 B2 kA o Control trial Z 4 %

AR E BT F W g 3 CLA trial 3 4 & N &% £ 5 I Frow
fe & o ” % % 5 £  Control trial & = ¥ ¥ £ £ (P

< .05) #& & ¥ mean £+ SEX R (n=12) -

36



P A & ¥ R T 6 f (Insulin area under the curve, IAUC)

Kk
G AR R BT R kR AN ARRER @

ks

6% E %2 i L A ® s > A w2t H Control trial 22 CLA trial
WA B R L2 G ff MOY R BRG] AN
B e EFER AR AR R fes 7 R

“

-

% % GIUC (Wolever, 2004) - CLA trial TAUC (3405 +
415.06 pU/ml x min) % ¥ % *% Control trial TAUC (1908.33 +

506.57 uU/ml x min) = (P<.05)(3 % & B 4-4) -
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Insulin AUC (u U/ml x min)

8000

6000

4000

2000

[ Control trail
I CLA trail

Control

W 4-4 5 % § & F Bd BT 6 A

W R IE S 2% E FF Y BT G f o Control trial 3
NGEE BT b BB CLA trial 3 A A N i ¥ R TR
o 7% 7”4 5 ¥ Control trial * & 8 ¥ £ B (P<.05) -

M mean £+ SEEX IR (n=12) °
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CER e R R F

AR R R A T R R AR RN E L R
Wog A Lt o A H - X T5% VOo max B PR G R
kv e P s BB IR GRS PERER A2 LR R L
c B R E RS B Rk L R P 302 1804 & o

W or kR ENF LR (P05 R BA4A-5)-
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1200 -

—i— CLA trail
1000 —O— Control trail

800 -

NEFA(mmol/L)
2

400
200
O 1 1 1 1 1 1 1 1
-60 0 30 60 90 120 150 180
TIME (min)

B 4-5 75 3 " ik R
I R s 2 M5 H sk B - Control trial F A b
AR L o Beow s CLA trial 3 4 2 A % 2 & o B
4 o "% 7% 7 # Control trial » # & 8 ¥ £ B (P< .05) -

#ic & Y mean £+ SE% R (n=12) -
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7

~ 4 @ (glycerol)ik B F &
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