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ABSTRACT

The purpose of this studys was to investigate the effect of pre-exercise
diet on the performance and metabolism on long distance runners. ‘

The subjects took mixed or high carbohydrate diet for 3 days. Then
they were subjected to eat newly prepared high protein or high carbohy-
drate diet just 3.5 hours before prolonged running after over night
fasting.

Prolonged running were carried out on the treadmill at the speed of
65 % or 80% of \'/'02 max. Oxygen uptake, CO, output and heart rate
were measured. Performance time was also recorded. On the other

hand, venous blood was sampled every 30 min for determination of glu-



cose, lactate, NEFA and hormones (catecholamines, cortisol, insulin).

1) Metabolic Response to Controlled Diet

The level of glucose was higher in case of high protein diet than the
case of high carbohydrate diet at rest and during running. By raising
work load, glucose increased significantly during initial 30 min particu-
larly when high protein diet was administered. On the contrary, lactate
was lower in case of high protein diet. The concentration of NEFA was
higher in case of high protein diet and increased significantly by raising
work load.

2) Hormonal Response to Controlled Diet

The level of catecholamines, cortisol and insulin showed significant re-
sponse to the change of food constituents. The response was exaggerat-
ed by loading exercise and the high protein diet induced high catech-
olamine and high cortisol level as well as insulin. However, one subject
(AI) showed completely different response. i.e. low catecholamine, cortisol
and insulin levels by administration of high protein diet.

Performance was significantly affected in every case except for Al by
administration of high protein diet, that is, they showed short perform-
ance time.

The results indicate that food constituents, particularly the constituent

of diet taken just before exercise, have an important role in the efficien-

cy of prolonged exercise.
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%1 Dietary composition and calorie intake

Total kcal P : F : C

Test 1 HCD period (kcal/day) 2,656 8.1: 6.5:85.4
Pre-HCD (kcal/pre-HCD) 749 7.6: 5.9:86.5

Pre-HPD (kcal/pre-HPD) 710 60.7 :23.7 :15.7

Test I HCD period (kcal/day) 2,712 8.1: 6.3:85.6
Pre-HCD (keal/pre-HCD) a 927 8.0: 7.1:84.9

} b 882 8.2: 7.4:84.4

! Pre-HPD  (kcal/pre-HPD) c 602 54,1:40.9: 5.3

‘ d 560 54.1:40.7: 5.3
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# 2?2 Physical Characteristics of Subjects (Test 1)

Al 160.0 50.2 29 3.38 67.3
TI 169.8 55.0 23 3.97 T2
SR 167.3 54.0 20 3.90 1.2
NS 171.5 60.8 21 3.84 63.1
KH 163.0 44.7 20 3.77 69.2
HA 162.0 56.5 19 3.67 64.9




Test I
Day 1 2 3 4
:';Kg‘i;:ed High-carbohydrate diet

y

16km-running

Pre-HCD /

i Prolonged
Pre-HPD running
Test II
Day 1 2 3 4
Mixed
diet High-carbohydrate diet
a; Pre-HCD Prolonged running b; Pre-HCD Prolonged
or or running
¢; Pre-HPD d; Pre-HPD

Pre-HCD : Pre-exercise high carbohydrate diet
Pre-HPD : Pre-exercise high protein diet
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%3 Physical Characteristics of Subjects (Test II)

Subject| TSt | VG| age | TS |
Al 160.0 50.1 29 3.16 63.2
TI 169.9 55.5 23 4.14 74.6
SR 167.3 54.0 20 4.12 76.3
NS 171.5 58.6 &1 3.95 67.4
YO 157.9 58.0 21 3.79 65.3
FK 168.8 59.0 18 3.81 64.5
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# 4 Physiological parameters of dietary controlled subjects

Pre-high carbohydrate diet Pre-high protein diet
Test I % of VOpmax 65.3+ 6.0 68.3% 3.6 p<<0.001
Heart Rate at rest 60.7+ 6.7 58.8+ 9.0 NS
Prolonged running 151.6+11.1 157.8+12.9 p<0.01
Test II Performance time a 88.5+25.7 ¢ 59.1+31.7
b 98.5%23.7 d 76.2+30.5 NS
% of VO.max a 78.6%+ 5.0 c 80.7+ 4.2
b 80.7+ 3.2 PO® | 4 g15x 57 NS
Heart Rate at rest a 69.8+10.3 c 58.8%f 7.2
b 65.84% 7.2 d 59.0% 7.2 b
Prolonged running a 169.2* 6.7 ¢ 170.6% 9.6
JI b 169.1+ 3.9 d 170.1% 8.3 Sk

a, ¢ ; precedings mixed diet
b, d ; precedings high carbohydrate diet
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%5 Concentration of Blood Lactate, Glucose and NEFA (Test 1)

Pre-HCD 5 Pre-HPD
|
Sub. | Rest | 30 60 90 120 | Rest \ 30 [ 60 l 90 [ 120
AT | 079 | 1.38 | 0.65 | 0.55 | 0.78 | 0.74 | 0.71 | 0.79 | 0.82 | 0.87
| TI 0.77 | 0.72 | 0.55 | 0.40 | 0.33 | 0.57 | 0.61 | 0.43 | 0.51 | 0.52
£3| srR | 121 | 1.33 | 0.67 | 0.92 | 1.13 | 0.51 | 0.90 | 0.85 | 0.77 | 0.88
$E| NS | 113 | 1.26 | 0.75 | 0.60 | 0.76 l 071 | 1.02 | 1.07 | 1.11 | 1.78
~| kg | o0.85 | 1.010 | 1.13 | 0.86 | 1.02 | 114 | 0.99 | 0.78 | 1.25 | 1.05
HA | 1.4 | 1.52 | 1.33 | 1.05 | 1.50 | 0.65 | 1.70 | 1.48 | 1.16 | 1.28
Al 87 93 88 93 75 76 88 87 85 81
o 77 67 80 80 76 73 85 03 87 87
23| SR 84 78 85 8s | 75 | 108 | 121 | 114 91 | 113
(3]
2 g Ns 7 96 94 87 86 79 86 80 72 69
KH 87 | 102 97 87 | 113 83 o1 01 83 96
HA 83 87 87 92 04 83 84 85 85 68
I M RO e B S i R e e
Al 0.15 0.18 0.21 0.50 0.77 0.37 | 0.29 0.41 0.99 0.85
T1 | 012 | 0.17 | 0.21 | 0.21 | 0.32 | 0.19 | 0.36 | 0.55 | 0.61 | 0.83
=3| SR 0.21 | 0.24 | 0.24 | 0.33 | 0.63 | 0.24 | 0.36 | 0.36 | 0.65 1.05
B2 Ns | 0.7 | 0.21 | 0.8 | 1.04 | 1.22 | 0.18 | 0.49 | 0.63 | 0.97 | 1.05
| KH | 0.20 | 0.09 | 0.20 | 0.48 | 0.76 | 0.20 | 0.33 | 0.32 | 0.35 | 0.47
HA | 0.16 | 0.20 | 0.390 | 0.51 | 0.88 | 0.20 | 0.48 | 0.86 | 0.91 | 1.07
BITHE S EHEOZEILEIRT . ERIOES, £EHA2AF LT EHMEEIED
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# 6 Concentration of Blood Lactate, Glucose and NEFA (Test II)

Pre-HCD Pre-HPD
Sub. |  Rest 30 | 6 | 9 | 120 Rest | 30 | 60 | 90 | 120
Al a:1.31 | 1.06 | 1.35 | 1.53 | 0.80 | ¢ :0.48 | 2.23 | 1.80 | 1.80 | 1.77
b:1.06 | 1.64 | 1.44 | 1.53 | 1.48 | d:1.94 | 2.01 | 2.04 | 1.63 | 1.93
TI a:1.48 | 1.40 | 1.71 c:0.38 | 2.50
b:1.14 | 2.57 | 2.53 | 3.10 d:0.33 | 2.16 | 1.81
25| gRr a:0.8 | 5.60 | 4.16 | 2.36 € :0.49 | 3.52
g3 b:1.19 | 7.35 | 5.63 | 4.56 d :0.55 | 4.20 i
SE HS a:1.22 | 3.76 | 3.3¢ | 2.87 c:0.32 | 2.02 | 2.09 |
= b :1.07 — | 2.30 | 2.71 d:0.53 | 2.25 | 2.01
Yo a:1.67 | 4.60 | 3.50 | 3.08 C:0.67 | 2.45 | 2.14
b:1.67 | 5.17 | 4.10 | 3.35 | 3.51 | d:0.98 | 3.12 | 2.19 | 2.52
FK a:1.32 | 4.43 C:0.84 | 3.13
b :0.86 | 4.10 d:0.46 | 2.83 | 3.98
Al a: 120 110 | 115 77 72 | c: 97 179 | 177 120 85
b: 84 79 98 94 91 | d: 131 | 145 | 186 144 | 112
TI a: 106 99 98 c: 75 | 134 125
b: 68 80 84 94 d: 93 | 102 91
T~ a: 8 81 83 79 c: 113 | 115
g3 SR | pioo3 | o2 | 10 | a4 d: o1 | 120
GE| gg | a: 69 | 106 99 95 c:102 | 117 90
b : 115 == 98 104 d: 97 | 125 91
Yo a: 52 80 90 90 ¢t 101 91 70
b: 93 104 | 104 113 | 125 | d: 88 91 86 82
FK a: 51 119 c: 93 83
b: 67 92 d: 84 97 85
A a:0.13 | 0.34 | 0.36 | 0.58 [ 0.13 | ¢ :0.38 | 0.37 | 0.58 | 0.91 | 1.79
b:0.19 | 0.20 | 0.31 | 0.36 | 0.63 | d:0.43 | 0.58 | 0.71 | 0.55 | 1.23
TI a:0.20 | 0.27 | 0.36 ¢ :0.28 | 0.81
b:0.20 | 0.30 | 0.27 | 0.55 d:0.22 | 0.3 | 0.35
<5 | gr a :0.22 0.25 0.59 (=) C :0.54 1.12
g b:0.18 | 0.37 | 0.48 | 1.13 d :0.30 | 0.50
ZE| gs a:0.18 | 0.23 | 0.3¢ | 0.56 €:0.35 | 0.95 | 1.14
~ b :0.18 — | 0.32 | 0.59 d:0.38 | 0.81 | 1.02
yo | 2:0.24 | 0.37 | 0.68 | 0.80 €:0.34 | 0.64 | 0.87
b:0.14 | 0.16 | 0.20 | 0.26 | 0.3¢ | d:0.23 | 0.42 | 1.03 | 1.43
FK | 2:0.16 | 0.31 c:0.34 | 0.99
b :0.17 | 0.31 d:0.3¢ | 0.97 | 1.05
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R DB AREH O THbR TV S, AWK
T2, CLUAERMNICERD 3 ~ 4 BRAFTICEI
SE-aF (HRAETF) ONEDEIC L 2EEKY
WE (EHRI~NOFEE) O, RFBISEDOE
LR EEMBEE LTI L. 2R, B%
oL, BYBEE KA S DREE NI BT
PREFORN - HiRS, REGEE2ECTE
DX ICEBRENICHET 2 0ICET 2HRNE
BELA.

TAVF -RHEEYERE OBEE TEELIFR
Rk, ks, ILEL, NEFA, ke vigco0T
EZTHED.

(1) mekitic>nT (H2)

IR H L DE B E 4 5 &, EEBEE R, &

s Pre-HCD * Pre-HPD

bl bicEBEARIROEAIC, MWMEEZRLT
W3. ThR, HEESEECEEZFELUTED
TEHEERBRY SO LTI 05 MROET
bb.—F, &g vy 4B TG NEFA
DS, R HESNI VO T, RIFERIRT
BILANF— RO BRENKEL L >THEH
B0 rEZohB.

(2) MmEEEoZE&IC>VWT (B3, X5, 6)
MEEOEBERS &, HICERITR, B
AEME LD bEF ¥/ 7 (SRR D 5%
WIBEEZR LTS, Ldd, ZOXSI0RE
REHFROHIEOTEEFHEF PR T W 5.
IR KED BHEaRS (3 900kcal) O#FE%
WMETEE, LEXARI~4RFAREER SV



A, ERIEE V%7 &% O MEE S E A A%
OMBEE LY bR LS &0 D BB BRICHE L
BELATHD. TOXHRHHMNIMEE LRI,
SHEALZ3HEEN U/ BICRICRREE £ v°
TRICEZBZLEICXYRI-TEEZEZLNS.
DN Z NI, REICERICKETELL, I8
LHHEOBHRREEZ DD LIEKERTHD &
WAL BERSOAMBE/LMBA I LR LEL
T, WERBCRILEZ SR LTOIDH
b L.

(3) HEoESNcOWT (B3, %5, 6)

ML OBEICOVTHRIT 5 &, VO, max
D65% DEBETTTIZ, AFRO=RKIBHRBEEKL
(PFC N5 v2) O ZERHY x5 iIKEHDNT
Wi, LaL, EHEFORSVERI TR,
MEEMHOZE L EMNIC, ERiEEaRicELL
BALTWHAS. :

COZALBOHBICKBLTEB Y, FLEEZ
FiC = 2 V¥ —IRE UTHA T %0888 b R
MICBTHWZCEBbhs. BRlEZ V78
HEKICLBR O MBS RN TR, E4
vy BIRBICILEE D S OFiAEOMNSEC -
TWalcwtEZONS. BF 7¥7 A%kiIcE
FIRIBICIE - TV BV EDOEBELE L S 0
5.

(4) NEFA oZEicounT (B2, 3)

NEFA OBBELE S5 &, BE V78D
Bad, SHEA%EHATED BROR S E DS
HBE D, TO®RKEOZE LS NEFA %
BEATWVS. Tbh, EHATSENEOE
BEALCRELTOVBLEEI DBDEEHOD
Ths.

EHEHLEED L | v/ 0 BREARR
P NEFA [ LREOENKE LY, —F
TEs /NI ABOROETFTBROINE DS, Ik
JioRIIC L B A vF —HBABEALTETY
bEEAONG. ERITR, COFERMLT

BRBERER XUMNMARKCEBR SN, LML
ERITI, coxd>5BELIIR NS, NEFA
DF LB BREOFAEE T2 b LIRRER
LB IT RO TORNRIICIE > TNB L
ERXBEEZDOND,

Bl o0 W A VR 50, BEDS o L]
i@ < IRl BER LD @ Xic K 5% b EX D
s, LbL, FRZREOEHELTLHIE-
XD LIEnEuds, ZoftoRT, ik
EYOHIENEEEES.

Maughan'®, BergstrOm!’ &3, HE4 ¥/¥7 5
felif% 3 HR#EE UcRICGERRET =2 5 2 5
&, NEFA BBIRLUTL 2E8E L TV % 28,
MEEEICD2OTR, RERICE T 5 &) SR
BARBRRERE L TR0,

COXIBHRER, EHAFTEL SR b
I % Anic @ iE A B IS Lo AR DS, 2R
BERIZENSEE EZOEICHBTET,
ZNBEBEOR PV RELTHW LD EEZL OGN
5. WOhINE, AvEVREOHREBCLLE
{t.38%2 (Catabolism) D{E#ELAE LT &kET
SNIBRTHLEELONS.

(5) FvEVYOEEICOHNT (B4)

—WOWRBETHATIA—NTI Y, ANF/—
W, A VAY YOBEBICOWTHXIZDT, £0
PIEZRTERLDEBDTHB.

#E SR. TR, B v/ AR h7a—
WNTRY, aNFV-NdEEERL, FER#EIC
BOTERANVNEYTHAEA VR YEEKICE
WEERLTVS. #hE AL OFEAIR &<H
T, AFa—nTIv, aNFV—i, 4 VR
YOTRTHBEE V) RO BTEEARKICHE
NTENEZRLTWA.

MEREL S, B v BBROERO FHKE
WIBEEZRLTCOA. 2oL REERHE, <
FNF -—RBICBY 2 —-RECHRWIE S VvE Y
JOEE, WRICEAZ, FcaBE, AL A



500 - Al
. 400 /
&
Y
£ 300k
[:+}
=
=
=
L 200+
=
<
100} %
| o 1 L 1 J
Rest 30 60 90 120
Time in min
500
SR
_ 400}
E X
2
— 300} /
o
B
=
=
& 200+
=
<
—
100} _/
0 L -
L 1 1 1 J
Rest 30 60 90 120
Time in min
20r
= Al
=
e
="}
2
210 P
& \x-—-—"*
()
oL
L 1 | L J -
60 90 120

Rest 30
) Time in min

Noradrenaline (pg/m!)

Noradrenaline (pg/m!)

Cortisol ( ug/dl)

2000

1000

(=]

2000

1000

30

20

10

Al
r
;7\3
L
Rest 30 60 90 120
Time in min
SR
/
i X
.—--...__'
) L 1 1 1 I
Rest 30 60 90 120
Time in min
SR g
K\.“\
S\_‘_“x/
) L 1 L L i
Rest 30 60 90 120

Time in min

Insulin{ xu/m!)

Insulin( gru/mi)

15¢
Al
10
x
51 \
\\x----x;—--x;
oL
Rest 30 60 90 120
Time in min
15p
SR
X
10
5k SNt
R L e |
0 - .
Rest 30 60 90 120
Time in min
e Pre-HCD
#* Pre-HPD
B4 Changes of hormones

in response to dietary
change



X9 B RS2 DBREEBERLTNS.

&2 vy HBRIC X > TR C 2B EBNER O
BEbZERLIINER LY. BEBNERO
REDAN=ZXLDVEDELT, IREDIGE
KE-TBI&RIINBZFY Y 25 viriRoREE
BHEINTHAEY®Y, Gz v BBERNEBOE
BEfiic b7 2 MBEE © LRI S EBrIfER 5
EDORERELTVED, K, Z0EHENE
ORI R NEXNBEDLSLEETHS.

ERI& D # > Performance ic 39 2581,
EHENE LFRCLCE>T—RBHD &2 &2
5. bbb, EHAFEREN L 2 & & (E
I;65% %R ; 80%) &, RHOEE L~
TOZECHIET 2BBENBOHKB R 5 i
V. Zhid, zavF-R#ERE, $bLER
DOFREESRBI > TR EERLTVS. T
DX ERHFHLEDORERZ, A PV AEFRICK
# @D impairment QFEERERL TS,

LiRoX IR HOBEIL, EiaRElETik
Hhed LT bArADCLE, HEAEEICET S
EERERICOHET 52 REL TV S.

mMELKER

&Y, aRPicaTh oY, BE, 5 Y7
BO=ZRFHEFLHBBR L (PFC x5 v2) i3, =
AF-REOEBEORE L EHETBERED
> T3,

AR TR, EBHBER (3 ~4BHEED o
BHO PFC ~5 vy 22 RE{EHIFEZ LK
X 2 EHHE I OELE LT Z OB ORHBIGE DB
REIC DWW THRET L.

SHEEER T LY EATHE LciRA
EARE LTHBEREcREE vy aeRET
L, ROKDBEBBEShL.

1 R#HEE

ER#Es v/ BRBOMBEER, EiEER%
LXOENMEZRL. B2 v BEIBRORE

IEmEEES P b S, &UALAEBIIERL
1 s

EHAMERNT 4 &, S oicmbEEsEEd
D ENBESNI. COXHRIBI, HOF
RREESE 2 v/ 7 SRRBCET > T3 T &
ERET 5.

M PLER L Rl &g AL E R L, BREA
TEl, BE VI RTE(E »TW 5. Th
i, FFCBOTHE» S OREHENE 2 v 7 &
BICHMALTWETEBEALOND.

NEFA @@z v 7 athic|w <, REOHE
(lipid mobilization) KL TS T EEZRL
TWha.

R DL, BEAX &L v &
OFBENMEERLTHAS. UL, BREOBE
OEELEBRLTA S L, EHENRES LT
BAICIS U BRI E 0L LI R 5080,
C ORI, HANBLAROREEZRRLTO
5.

2) HEvOZA

MpAFa—n7Iy (240 BXUA VR
JV, avFS = NDOEREORBERZNLEDE
LbDaHoh, BMAZBKEL, #HRrEOA
BEPR b v RICHd 2 B2, B RE &
B%. VFRICEX, HilEs V7 RERIERE
BABENOEALPIBY R > ek ve VEEE
FIESECTCERMOHTHD, RBIEEOZEAL
bchiciiRkTab0EFEA DN S, WHHMEE
o L5, 42 ) v EFRBERFEICP7RET
»5.

APFEDRERD S, MEERNIC & 5 BHOD PFC
NS Y REBEICEZL B &, performance TR
DOEEBHLLENBPLLER 1.

mgh o7 ¥ vk, 2K, NEFA oZ{tdX
ke vBECHT 2MRD 0, MR, &
vty ADENEFNICERORBISE, kvEeY
ISERHYD, TNOOIRERD, BRIROEEE



WG B EERRT BRERER.
o 3

e vyOERICELTR, AELOMFEET
BHEIENARTEETH - 7D T, WiBHEKHERZ
BUT, EEASNAAFIANTET ) —KiICEH
BEOLx. 20, iEotEREEL»oBE
BCHEREBROTH %8I, TR BH
DEEET .

x M

1) Bergstrém, J., Hermansen, L., Hultman, E.,
and Saltin, B.: Diet, muscle glycogen and
physical performance. Acta. Physiol. Scand.
71, 140—150 (1967)

2) Bergstrém, J., and Hultman, E.: Muscle gly-
cogen synthesis after exercise. An enhancing
factor localised to the muscle cells in man.
Nature 210, 309—2310 (1966)

3) Christensen, E.-H., and Hansen, O.: TI. Arbe-
itsfahigkeit und Ernahrung. Scandinav Ar-
chiv. 81, 1—12 (1939)

4) Galbo, H., Holst, J.J., and Christensen, N.J.:
The effect of different diets and of insulin on
the hormonal response to prolonged exercise.
Acta. Physiol. Scand. 170, 19—32 (1979)

5 Gollnick, P.O., Piehl, K., Saubert, C.W., Arms-
trong, R.B., and Saltin, B.: Diet, exercise and
glycogen changes in human muscle fibres. J.
Appl. Physiol. 33, 421—425 (1972)

6) Hermansen, L., Hultman, E., and Saltin. B.:

Muscle glycogen during prolonged severe
exercise. Acta. Physiol. Scand. 71, 129—139
(1967)

7) Hultman, E.: Studies on muscle metabolism
of glycogen and active phosphate in man with
special reference to exercise and diet. Scand.
J. Clin. Lab. Invest. 19, (Suppl) 94, 1—63
(1967)

8) EAEEE : RAANOXKERER L#H, F1
HR (1979) '

9) Maughan. R.J., and Poole, D.C.: The effects
of glycogenloading regimen on the capacity
to petrform anaerobic exercise. Eur. J. Appl.
Physiol. 46, 211—219 (1981)

10) Maughan, R.J.. Williams, C., Campbell, D.M.,
and Hepburn, D.: Fat and carbohoydrate met-
abolism during low intensity exercise: Effects
of the availabililty of muscle glycogen. Eur.
J. Appl. Physiol. 39, 7—16 (1976)

11) Rennie, M.J., and Johnson, R.H.: Alteration
of metabolic and hormonal responses to ex-
ercise by physical training Europ. J. Appl.
Physiol. 33, 215—226 (1974)

12) Saltin, B., and Hermansen, L.: Glycogen stores
and prolonged severe exercise. In: Textbook
of work physiology (ed. Astrand, P-O and
Rodahl, K.), 483—521. McGraw Hill. New
York (1978) _

13) REFHHE : & v BOREBIIEROBIE,
REUKREE 4R, 24, 51—61 (1972)

14) KEFHME, HPRE : 2 V2 HOBRHIE
RO, WKLYy vRY 9 A, 11, 126—
221 (1971)



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10
	page11
	page12
	page13

