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Yang, Tsung-Jen (2009). The effects of carbohydrate and

exercise on postprandial lipid metabolism. Unpublished master

thesis, National Taiwan Sport University, Taichung.

Abstract

Ingestion of high insulinemic index carbohydrate induced
high insulin response and reduced fat oxidation. Consequently,
it might increase the risk of cardiovascular diseases.
Moderate intensity exercise has been known to be reduced
postprandial lipemia effectively. Low glycemic index
carbohydrate induced less insulin response and less
suppressed fat oxidation during subsequent exercise.
Therefore, exercise and low glycemic index carbohydrate
might be reduced postprandial lipemia. The aim of this study
was investigate the effect of different carbohydrate and
exercise on postprandial lipid metabolism. Eight young, male
college students participated in this study. Subjects
completed 4 experimental trials which were fructose +
exercise (F+E), fructose (F), glucose + exercise (F+E) and
glucose (G) trials. Subjects were ask to consume either
glucose or fructose 30 min before either rest or exercise at
60%V0O2max for 1 hour. Thereafter, subjects were asked to
ingest oral fat tolerance meal (1.2 g/kg fat, 1.1 g/kg
carbohydrate, and 0.33 g/kg protein). Blood samples were

collected for observing plasma triacylglycerol (TG), insulin,



glucose, non-esterfied fatty acid (NEFA), glycerol, lipase and
3-hydroxybutyrate (3-HB) during 6 h postprandial period. The
results showed that there were no significant differences
between trials in TG, insulin, glucose, lipase during
postprandial period. The current data suggested different
carbohydrate and exercise did not alter postprandial lipid

profile.

Keywor glycemic index, triacylglycerol, postprandial

lipid metabolism
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wE TR AR &%~ B 5§ §# 2 (Glucose, G)~ % #

(Fructose, F) ~ % & # +3F # %2 (Glucose+Exercise, G+EX)
2 5% # +3 % & (FructosetExercise, F+EX) - g -k i* & ¥ &
304~ & (e @d s EH A~ L) FFE R PR E

EARL 1 )o@ RSKRL L) 304 40k 4P

B4 v JRPa9s @ X (29 % (Oral Fat Tolerance Test, OFTT)
Bl R E T ERRBFENRFEP R L OFTT B2 %
g w BFXREF T HKEPRBELE 6 )FN e Rk T
At A4 E R e F R AR B o

FHT L EXFHRBATRLI LIRS > RS
laxfmAFTHPE - F X FF T RE 7 1 % & &4
Bph F e B (¢ & ~8 &)X 8 B E i F RIS 12 ) BF o
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3Rk L F B R
B o mRRFFEEY PR FEOR KT G PR R T
oA % k3w 500mle Bk & F kR F F B (Wako
Pure Chemical Industries, Ltd, Osaka Japan.) -~ %

\

(Shimakyu’'s Pure Chemicals, Japan) -

o~ fgya £ R % (Oral Fat Tolerance Test, OFTT)

G e R AR E N8 4P N~ B R = A
1o w0 3 1.2g/kg %5 s 0 1.1g/kg Bk v & % - 0.33
g/kg =9 F - # € 16.5 Kcal/kg- & B ~ }Ele Hardman % 4 (1998)
B R A B g h G Ak R BT

TEERESOREESY O RERF XSRS R ET RS
@R 2R E S RS e (8 W R
& = °

e & pEBHESAHIZLEERLAET E

P -BHEARE

fI * % % » 47 & (Vmax Series 29C, Sensor Medics,
California, USA.)» # £ 2 @F F £ 1 o ¥ & f § 8 & @
¥ (Medtrack ST65, Quinton, Seattle, Washington, USA)*
Rl BB EARF A dd R R LA 801 9.0
km/h-» 2. & i % 4 % 4 3 4 1.0F 1.5 km/ha# B - £ 4
B e b2 R A - A4 i f il VO 3 48 VO,

T
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T R R agd Rl 1@
H Rl B VOomaxe ¥ 3 4 0 A R B2 KBRS B ER
Bod 3.5%4 4 > & 3 A~ 4 4 2.5%H B > E Fl RSB o T B
S AR S 1@ﬁ_ﬁ§%§’i"§}:)§%§§$ﬁ R BEF R K
i ohs 1 iE # o

I & FHRBERFEEBRAN

F % 7 Al * F 8 ~» 47 &k (Vmax Series 29C, Sensor Medics,
California, USA.) & # a If & ~ & 2> 2 F LK It & 5 12 304
15% 48 ~ OFTTrs £ (30~ 120~ 180~ 240 -~

&

4 -~ F F o& R4F
3004 48 )% fc B 4 M- = > B E Bk F oM A EG 12 o FF
Pl B oFMER LA KL ERIESSEPN PG R
B AR F WA RE TS Ll EVO, VCO,
B fm P E ki &P F i F 2 gk F v F (Frayn, 1983) 0 H

v

>l F = -\ ¥
El R -t

CHO ¥ i & (g/min) = 4.585 x VCO,; - 3.226 x VO

Fat % i* % (g/min) = 1.695 x VO, - 1.701 x VCO;
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$AE L REAHERALSH

T o R BE AR ELALS N ERR LD A
o B oA chow ¥t 2 OFTT Bl 2 & 14 30 » 48 2 Pl % (4
A Y mAE L EE N RREES L2ml aE R A
AoEE o Rl RS E Y BRE RN R AT AR
# < % (Eppendorf 5810R)*® 12 2500 rpm & <~ 20 4 48 > 7 ¥
LIRS 3 O L S O A L

w ok Wk R E P & 3 = phH @ "5 (Triacylglycerol, TG) ~ ¥
% # (glucose) ~ % § # (insulin) ~ D-3- 5= X = @® 7
(D-3-Hydroxybuty- rate) ~ » & *; % @ (NEFA) -~ H
(glycerol) ~ #; f2 fis (Lipase) - x ;& 2 it & & 5 4 °F

% ~ Z B4 @ "5 (Triacylglycerol, TG)s & 2 it &
w K4 TGk A & * F ¥ # A4 & (WAKO, Osaka, Japan) »
mop # 4 v & 47 ik (Hitachi 7020, Hitachi Science systems,

Ltd, Lbaranki, Japan) 4 47 » =% %k & & £ 600 nm - & & & 700

nm:-> i+ 2 F & R = 4o F

$ - %3
GK
ATP ADP+glycerol-3-phosphate (G3P)

GPO

Glycerol-3-phosphate Dihydroxyacetone

phosphate+H,0,
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*}
I
F
-

Lipoprotein

_ _ Lipase _
Triglyceride + 3H,;0 » 3 Fatty acids+ glycerol

GK

Glycerol + ATP ADP+glycerol-3-phosphate (G3P)

GPO
Glycerol-3-phosphate —, Dihydroxyacetone phosphate+H,0;

Peroxidase

H,O, + 4-aminoantipyrine + HDAOS — Blue complex
F -~ % §F % (Glucose)k & & & 2 * &
I 31% ¥ 5 Bk R #H * Quick Auto Neo Glu-HK 7 # #

Al = (SHINO, Tokyo, Japan)> = p # 4 it & 37 ik (Hitachi 7020,
Hitachi Science systems, Ltd, Lbaranki, Japan) 4 7 » ¥ % &
A & 340 nm > g A £ 450 nm> v B K B R I 4o T

G-6-PD
Glucose + ATP » G-6-P+ADP

G-6-P+NADP* = * 6-Phosphoglucoin acid + NADPH+H"
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% ~ % & % (Insulin)}k B & & 2 f* &

I T]’i‘ P b 2 kR B Y B % 2 # 2 (Roche Diagnostics,
Mannheim, Germany) » # *  Streptavidin & g ¥ F+ &
Anti-insulin AB-biotin~ Anti-insulin AB-Ru(bpy)s?"> & #
g 4 % > v T F it F 4L k& 4 £ ~ 47 &k (Roche Elecsys
1010/2010, Roche Diagnostics, Mannheim, Germany ;
MODULAR ANALYTICS E170, Roche Diagnostics, Mannheim,

Germany) = 7 o

e
E

2 -~ D-3-% & 7 p (D-3-Hydroxybutyrate)k & = & 2

I Jf: v D-3-Hydroxybutyrate kR
3-Hydroxybutyrate reagent 7 * ¥ & 2 (Randox, RANBUT,
UK) » m p ® 4 1 & 47 & (Hitachi 7020, Hitachi Science
systems, Ltd, Lbaranki, Japan) 4 4 > =& % & & £ 340 nm > it

B FrFERIE AT

3-hydroxybutyrate

3-Hydroxybutyrate + NAD » acetoacetate + H"+ NADH
dehydrogenase

20



L~ M3y » B (NEFA)E B & 2 4 @&

g “ﬁi‘ PR AR R MR R RAEREF R
& ( Wako NEFA, Germany ) # ™ > p # 2 i* & 47 ik (Hitachi
7020, Hitachi Science systems, Ltd, Lbaranki, Japan)# #| -

F R & R oo N

Acyl CoA Synthetase
NEFA+ATP+Co0A > Acyl CoA+AMP+PPi

Acyl CoA Oxidase
Acyl CoA+0O, > 2,3,-trans-Enoyl-CoA+H,0,

Peroidas
2H,0,+TOOS+4-AAP ———» purple adduct + 4H,0

B~ 4 @ (Glycerol)k B & & 2 v &

2 5’]{”" H4 0@ Pk R 0 MR EFAMEFTEITLE |
( Randox, Co. Antrim, United Kingdom) » # m > g # 4 it &
7 & (Hitachi 7020, Hitachi Science systems, Ltd, Lbaranki,
Japan)# Bl o F BN B m® o N

GK
Glycerol+ATP —» Glycerol-3-phosphate+ADP

GPO
Glycerol-3-phosphate+ O, 5 H,0,+DAP

2H202+DCHBS+4-aminophenazone —» ACSB
POD
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£ - 7 j2ps (Lipase)ik B & 2 4 v &
Sk R B ERE AR TR

.

7

( Roche Lipase colorimetric assay, Indianapolis, USA ) # 1
> p & 24 i & 47 tk (Hitachi 7020, Hitachi Science systems,

Ltd, Lbaranki, Japan)# # - 5 & ;& k = o {

1,2-O-dilauryl-rac-glycero-3-glutaric acid-(6-methylresorufin)ester

lipase
_

1,2-O-dilauryl-rac-glycero+glutaric acid-(6-methylresorufin)ester

_ _ _ spontaneous
glutaric acid-(6-methylresorufin)ester >

decomposition

glutaric acid+methylresorufin

& ¥ RT e HTE

R BEC - SN - S-S AN S L A =
LB R BT G 0 B R 10 BB R B H
B o 3 E OFTT R E R B ¥ &7 o f > & BRI D2 F R
*OZOE A R O e D N B | T O 4 g oa

(Increamental Area Under Curve, IAUC)(% v Baseline™” T w

F)E & & T & f (Area Under Curve, AUC) -
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£ R A

R H A RE R R e T By T T Bkt
L AT oo & 3 R AL E ok (Two-way
ANOVA) > m T 2 e w ;, 2 T @@ | 2 p %3 > A4 72 F
Eoul B OOFTT & 6 B ¥ B & o ikt Rl & 9 &

- "3 % B B AT
Lo o

g HFF % EELT R ERET 2 YW s F

FHE R FYRT RN 0 M By o T Bkt

¥ -k % pl 2 Bonferroni 2 & 7 ¥ {8

i

£ 4 2 7 0 X HE R 3 O% R A T E o OF K E OB M
Bonferroni  i¢ 7 ¥ & &> S B ¥ kK # % 3 p<0.05 4

o8 ¥ o 2 @# ¥ SPSS 15.0 3 A A 47
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SR AAFTHRIELZ > AF LR RE R 8 8
% 23.1+0.7 % > £ % % 174422524 > 44 & % 68.9+2.0
27 > BMI 4 22.6 * 0.4 kg/m? > VOomax & 47.7 + 1.6

ml/kg/min o
¥ 2R dEALAN

% ~ % & % (Insulin)

Aokl W &g R P2 kR o g Insulin
B R RN W e Bl - o ow] ok & (p=0.001) > = ou & pE R L S
» & (p=0.002)E 8 ¥ - 2 F & W chdp b PF & 2 Insulin & & >
B F R Rk L f5 90 A 4 F+EX 2 K ¥ K F- G &
(p<0.05) » G+EX 2 & % % * F-~ G & (p<0.05) > OFTT ] 2 %

3 B & Insulin;‘fé&i-%%&ﬁvd"fs,é{‘fi\gf—ﬂcaﬁ&r}g]: e
W K F LR (p=0.001) F & wchd BB 4d 8R4

B ORT R s ffF OB F LR (p<0.05) -

;> = B4 W %5 (Triacylglycerol, TG)

I SR ST - B - - ] G LIS U O+ £ A Pﬁfﬁﬁ&ﬁ;ﬁﬁfTG%&
g 0 d S 4e B = o & ou ok i i B ¥ (p=0.018) - B B ot
(p=0.001):% & ¥ - ‘& % &2 pF ¥ >z 5 £ ¢ ¥ (p=0.001) - # F 2
Bleh bR B TG R R PR KM E F S 60 4 4 FHEX
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F i (p=0.026)> # & @ M B 5 & & ¥ £ 8 - OFTT
53 ko TGHE R-F R id 8T H 4o ff 4o Mz o

% >~ % % ¥ (Glucose)

7o u B BRI S E A R oL :Pf: Glucose
kR OB M4 M 4o B T o BFORF st B (p=0.01) ~ X & B
(p=0.008) > % | & PF ¥ 2 3 »c o A E E B F o 7 F 2 8 4
P B 8. Glucose JE B > & #EP> 2 B R K & 45 (5 2 B F/F
2% & ¥ £ % o OFTT Rl # & 84 2 F 2 % Glucose Kk & -

Boend T b s B 0 fERE REFLE

B -~ ¥ 3 %5 %% B (NEFA)

PN EERRRDL S E DT R RFRF L ;“ffg NEFA Gk
B % v ¢ M 4 B - o & u % B (p=0.001) > B B x B
(p=0.001) 5 = % & p&F & 2 3 »c Ji5 (p=0.001)F & ¥ - 2 F 2 4
didp b PFR 2 NEFA E R > P 7 F R K TE & F 18 90 4 4
F+EX 2 % ¥ 3 F-G & » G+EX 2 ¥ ¥ 3 *» F-~ G =
(p<0.001) - 120 » 4 F+EX %2 % ¥ % ** G 2 (p=0.037) - 150
A4 F+EX w2k ¥ 3 % F 2 (p=0.042) > &> @k * & $ 15
210~ 270~ 330 » 4 F = & % K * G+EX % (p<0.05) - OFTT
Bl FEE 272 F 2w NEFAE AR -FRF 4 R T 6 ff 40 B ~ o F e
WO T G ff B OF MY F+EX & 2 G+EX & 0 G & B OF M0
G+EX & (p<0.05) -
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i ~ D-3-% & 7 B (D-3-Hydroxybutyrate)
R T Tt S SR L G A LN N A A S
D-3-Hydroxybutyrate k B % i & % 4o B 4 - 2 W 3% B
(p=0.022)~ p& A »c fiu (p=0.001)> % & 22 @& & 2 3 »c fi (p=0.001)
E B ¥ o2 F 2w ek PF R E 3-Hydroxybutyrate 8 B > &
#FP 2 R oRLKTY & P18 390 4 48 F e GHEX &2 i g ¥ 4 B
(p=0.035) > 450 ~» 48 F+EX =2 F = & ¥ ¥ £ 2 (p=0.018) -

£ >~ 4 #® (Glycerol)

PR ENEEERRRD S EDT FREFRF L in Glycerol
kR ORIV RAR oo E N s BRI E B EF R
5 ook o i B ¥ (p=0.001) - *t & BBk & 3 15 90 4 4 F+EX
2R FFF-GCGE2 G+tEX 28 ¥ 3 % F~ G &2 - 120 » &
F+EX & G- G+E = & ¥ % £ B (p<0.05) - 450 4 4 F+EX &
2 Feid ¥ 4L 3 (p<0.05)-

$

~ *y f# g& (Lipase)

PR om o g ROk & B B PR L R Lipase
KR RS AW e W - PR ko E
(p=0.011) - O 4 4 F+EX % & % K % F . G & (p<0.05) - # &
SRR B AMTLE -
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W

M Fe om % S Py v ETREHLELP
H - = ehwt 4 3 &4 v FROF 0L G ke R
Aldred % 4 (1994) ™ &% * # § & 30% 5 iF #
Al o REgL ¥ B IRET  ER e TG
kR BRI FlEM TG 2 FF Y AT o 36 R4 ER
31% - Koutsari & Hardman (2001):i = 3 =% & 3 % # fe f| #

Ao BRBFRE MR gL EFHEBPSER AL DR R

%t % % B High-CHO+ex &= e £ 2 4 "9 F B3 B ¥F T
L= S

Raod 3 F A ER S R 2B R kR
R F B P o4 Burns F A (2006) v H - o4 i B4~ {3

LR

T

2 "F—%%%iﬁu’gaéﬂ.jﬁ TG ER EPFRFY RT o f
sl e R & F o ¥ § & ¥ Pettit ¥ < (2003) 7 7§

53
&
*
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FER SRS F R U AR K - S E R 16 ) B
LA g a X R B E PR RIS FR DR B
kR F R EHE s A8 0§ ER e TG R R BB
Bd /T 6 ff > F 0 F 02 RS 6 TG ERERER
WA Y B E R o] e s 2 % o

L ow oy s FR o E P (2006)7 6 2@ E T EH
fo A W A3 L iE B 5 B 50% VOomax i > 60 4 4 08 & & 8 7
Fhoeo s u i 3% R Gl R LK S A OFTT il
HE S YRR AE e M F B RS R OFTT £ t59% § % 3k
B hitPBFAgsakyxid s b TGk RN & 48 ~30 &
4 P > HGI+EX 2 g ¥ i & LGl = » 2 2> 2 pF T 8L % & i ¥
L8 EFE 7 R% TR E BEWi ¥ 8 Gl o% A S
TG # g B & > &g F 8 8 -

AP E A®EE OFTT Bl F e ek § 2 kR & TG k
B @ f @ 2 @ hem i BRLTSaEFLE-Gll &2
(2002)F 5 45 & » 2 38 = F P& 43 = AP L g E o
3% & 60% VO,max i # 90 A 4 {5 » & 3 - = F 5 % B #
2o 7 P E A B 6] FSE S gL EEFRESE TG
kRGN EEN o Ra ABERHR TG LR S B RY
2 ERRF L A FHM TN o 2T o ERRERSE R
FEIL g AEFRLEEMARELE TCER DL E R F o

Mool oMo B R B EE B = s oo 2 oRRE E R
- xR asA X RRFERE S BREFINE IR ERL R
B d#Aapl TS NREELZFY > =2 YR kR
i E e bR H 468 PR A R XFEGHEF MR
e Rk E PR TG & B (Kolovou et al., 2005) - & ¥ §_+d
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é‘f—*‘ﬁ Aldred % +« (1994)4 ! & - = M % K FH 5 B )OPBEfS
BAE T HME 1.2 s R BB E S 6] BB S ALy
R 8RR BER R pled TG KA HF
ARk Bl BIA P ¢ FERNPERE G FRE L
FEARGRIHEFALL BB AR ENLE  EH D ES
PR CKC S P gL FER T E R FCRAE L

>
N
oy
(\x.
(s
g

> 2 NEFA kB & OFTT Bl 3 % & 7 ¥ ¥ 3
ik 4 2 > F % D-3-Hydroxybutyrate )k & »> OFTT | 3 %
6 B ¥ Mm@ ® e o ¥ ¥ & D-3-Hydroxybutyrate-pr &
WA T e N 0 F 2 OFTT BRI #F A # 4 3 B ¥ M3 G+EX
2o NEFA E R ¥ & T 5 ff 2 Fle® Gt ¥ 418 o 8FH

T R R N B R M OB 4 o Fl BV O ERL R R A

—
¢

ol LA T L I = G S B VR N B
D-3-Hydroxybutyrate jk & 3 4 (Gill & Hardman., 2003) - %
piE R o P S B v 8 NEFA Y OFTT Bl 3 £ 18 &2 » 3+
D-3-Hydrobutyrate =k & 4p % + 2 -

v fr ROt S R 4 > oA O B o 3 F %O R

¥ L E L RY LGS LT e N LPLA o2

Kiens et al.,(1989)t B H %r # % s~ 2" 5 8 % (& » ¥ 15 &£ B #
BEob ¥ - K 3 B o4 %0 LPLA B & 3 70% - Seip,
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Angelopoulos, & Semenkovich (1995):& {7 5-13 % 1 3
i x> B % o 3 & 3R F F2yvep LPL mMRNA

117% > LPLA 3 4 7 35%> & & "; % & & p & 2§ B F

CHAE LR ERE RS R R R
# |

i % LPLA kB & LPL mMRNA:» % @ &~ 7 % #
iﬁf&t’ ¢ Lipase k B » R i i H B3 B R k2
 Lipase thik B > ¥ @ 2 @ i R @ e s e g A

f;%‘}ﬂ'é‘ﬁ LPL ;}é)i’ﬁj\ﬁgzm%gfr’:ﬁfgﬁgp\ij&é

¥ &

pE R iE
B B
%éiﬁlir
g ke
Lipase

kR A A Mk X 2P FI AT RS EFR R RK

e

iLé\'*;'lf’:"gﬁé/T%f;’j’;%gf{".%’:‘%gg 6 ] PFOFE OB o ¥
Lipase 0k & & = % 5 o

MDA REH RART S P EER A N B -
BRSPS BT P h A RRRE R
oo A3 ERER AN B E B F BT EREFRE
SV IR SO i Tl SRCAE BRSNS
TR L R N E R Ak A F LR 0 A
ol m R R RKT AR R L R
A FREE -
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