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Effects of Feeding Pattern on the Energy Sources of
Rats’ Physical Activity

A ZH*-fFEESB™.-5 g
Akira YamMaMoTo, Masao INAGAKI and Kenji TANI

(FAFI 60 £ 10 A 11 H2 )

Abstract

The purpose of this study was to investigate the effects of feeding pattern on the
energy sources of rats’ physical activity. Male 5-wk-old rats of Sprague-Dawley strain were
divided into ad libitum-fed and meal-fed groups (animal having access to food for a 1-h
meal twice a day at 08-09 and 20-21 h). Rats were housed in light-dark cycle (darkness from
20-08 h). After 3 weeks, rats were killed at the following times : 20, 00, 03, 06 h. Serum
glucose and FFA concentrations, tissue glycogen content and adipose tissue lipolytic
activity were measured.

The results obtained were summarized as followed :

1. Serum glucose concentration in ad libitum-fed rats was significantly higher than that
in meal-fed rats at 20-06 h. :
2. Serum FFA concentration in meal-fed rats was significantly higher than that in ad

libitum-fed rats at 20-06 h.

3 . Glycogen level in the liver in meal-fed rats was significantly higher than that in ad

libitum-fed rats at 20 and 00 h.

4 . Glycogen level in the soleus muscle in ad libitum-fed rats was significantly higher than

that in meal-fed rats at 06 h.

5. Glycogen levels in the gastrocnemius muscle and heart in meal-fed rats were similar
to those in ad libitum-fed rats.
6 . Basal lipolytic activity of the epididymal adipose tissue in meal-fed rats was

significantly higher than that in ad libitum-fed rats at 00 h.

These results suggested that feeding pattern was important to consider the effect of

nutrition on physical capacity.
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WE—RTHY, ThoidHAY XA %2R, BAERCHEIBEINE Z e REsh Ty
B50% 7, KRS Y a—7 VEROESDIESRE L EELRBRSH 2723 TR L, M
FFABEZ2BLV ANV L CEE 2T R, SRSV a—7 v olgEsHRsh Ty
ZZEBWEIN TR0

L2307, BEBAOENE, ChoDEBHDZANF—FEOLV_RNMVZEVEBSL,
EEREIC LB R Lo THHEELEL, FOLS REBEREBNT 2 Z LEgEI2E
WEDICHANTHELEN) L RESERFOBRR T —<D—D2ThH3 I,

ZZTEENZ, 2O LT IERNMRE2B2EHNT, WOTHHBHECERTE34H
TEHELZ7 v b (Adlibfed #) Lt b OBABRIGEW 1H2E, Zh2h 1RHE72 O
RENWIBREEZFLLFETHEL:ZS v b (Mealfed ) 2HWT, v bOEEHCH22
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REREERIL TS EEX SN2 FIRABIHEMBO in vitro TORRMHMRGEEOZL R TN,
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HEZ 17 RFCERE S 72,

LEoOZXMCHEE 3BEATR, mMEELThEA ST D, 20, 00, 03, 06 ERCKTEERL
720
2. MEOSELIMES N2 — X, FFA BEOHIE

WrEERR, BRI ERE L, 4°C OWEEICH 1 REKER, 4°C, 3000 rpm T 15 £
BOLLUTMERZMEEL 7o, 702 — AL, MTESHEE b ICBERE (Glucose B-test Wako)
ko THIEL, FFAREIR, ME%—40C THEREL B ICHTE Y0 FETHIEL
726
3. BIZBAMREBRO A v F aR—v a v FEk

PRERIMIKE % $RANER, =R TR L, FISALEIHEAERE L, 37C, 0.9%&EKTHREL,
AETKBEREL CREL 12, BRR, MEEZBREL, 25TH 100mg OEBHE2 2L D,
ENFNFIDARAFa—LErZ AN, —Fi2id 1.9ml @ KRBA Buffer (3 %Bovin serum
albumin, Krebs Ringer bicarbonate, pH7.4) & 0.1ml DREAZEHEML, b5 —HI2ik 1.9
ml @ KRBA Buffer £ 0.1ml DT E3x7 Y VK (10 ug/ml) 2HEML, H@BENY I T5
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sD Lwks rats (40)

Age, wks : 5 _ 6 : ? :
Meal-fed rats g————————  Meal-fed twice a day —_
Ad lib, rats e Ad 1ib. —
Time of day,hr. 20 r212 i olo : 0‘2 105; 016 |o|8 ‘ 1?ﬁ 1]2 . 114 16 : 1[8 .2?.
I:ighting cycle ST PArRRee eSS ST
Meal basal diet ’ - .

Meal-fed rats O 0O
Ad 1ib, rats [ |
Experiment 2|0 ﬁ212 : OlO I012 IOll+ 06 i 08 10 12 ll; |l|6 . 1‘8 . 2‘0
Kill time
Meal-fed rats(5) A A A A
Ad 1ib, rats(5) 4 0 A 1

Fig. 1. Experimental Schedules.

Far—bLll, 4 VFar— Mg, 5HHEKPTHALTRKIGEZ LY, 7 b THREZR
KLl —EEoD7:u— b THBL TRFEBHE 2REL . RIGHKIX FFA O340
T % % T—40°C THIERTF L1, BB #REIX FFA BEHETRb L7z,
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Bz, Lo PO FERIZX VfTo7,

HEHHYALEE X Student O f-test 12 & - 72,

# R

1. BARROBOBEENENES X UERRECRIZTEE (Table 1-3, Fig. 2, 3).

1AE X, Adlib.-fed B TREFTHRTIZIZ—EOHES THML 7248, Meal-fed # TI3fEE
HBE—-BEEA L, 2HEBCOMHEEEREL, DBIEFZ—E0EESTHEML:, 184k Dk
EIEINE3 Adlib.-fed B2 R T Meal-fed B TERK (p<0.001) €<, Meal-fed HEDBRK
5513 Ad lib.-fed D 80% TH o 72,

BREIX Adlib.fed BT Meal-fed HTHEIZ (p<0.001) AL, 7v bOKEY
7D OBERETHEROBRTH 12,

B LBHOBEES K T2 L, Ad lib-fed EHETIZHE® 09—21 Ric bR THEHH O
2109 D BEENE L { Eh o723, Mealfed HTI2 08—09 B & 2021 EDBARE LD
MZERZA&oRE P o, %72, Adlib.-fed BT, fEE 10, 12, 14 B H® 21—00, 00—03,

03—06, 06—09 FEDIWARH 21—09 DO 2 1o, Zheh, 31.5 20.8, 39.5, 8.2%TH-
720
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Fig. 2. Body weight change of ad lib. and Fig. 3. Variation of food intake in ad lib.
meal-fed rats. Each point represents rats. Each line represents mean and SE
the mean for 20 ad lib. or 20 meal-fed for 20 rats.

rats.

HAEPEEROKENNE L BAE - Oficix, Adlib-fed BTREESHERZONE P>
7243, Meal-fed ECREEZ (p<0.01) HEITED shlz,

2. BARROBOMIME S VI —X, FFABEICRIZTEZE (Fig. 4, 5)

M7 N 32— APEE X Ad lib.-fed Bz HaR T Meal-fed BB CE@E 2R L, 20 1, 06, Z L
TABEOFHETERE (p<0.01) BFEDSI Iz, Adlib.-fed BT 20 RCEEZRL,
00 BRICIXEEIZ (p<0.01) WAL, 06RCiz0oRBMNT 2ERA%2R L2, —7F, Mealfed B
T 0B EEERL, 00 i3 EREC (p<0.05)HPL, 0B BYT2HEHAZ R,

Mg FFA BEX, 7N a—REEE L iz, Adlib.-fed BT Meal-fed B CEE 25
L, 20B%% 06 B (p<0.05), %L T4EEDPHE (p<0.01) THEELSRD SNl Wl
LY 0B CEEE2TRL, 00BCEERI (p<0.01) AL,

3. BARADROHEIZAEIFEB ORI EECRIZTEE (Fig. 6)

ZEAR7 Y VERNTCORBELREIT 3R2RE, WIhoRRE b Ad lib-fed Bic
AT Meal-fed B CEEZRL, 00 RFCREHETEREZ (p<0.01) B ohiz, LaL,
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k72, TER7 Y VERIITOREEREHE & i FFA B L oM ZEE R (p<0.001)
EAHEBED sShizs, TEAT7Y YHEMbEVIRIEA 7Y VRIEEOIEREHE & g




BERROEOSE T v N OEBIO L ANV Rt RIZTHE

Table 1. Body weight gain and tissue weight of ad lib. and meal-fed rats.

23

Ad lib.-fed Meal-fed

Body weight _
initial (g) 77.0 = 0.64 (2.85)* 77.6 * 0.63 (2.82)
final (g) 233.8 + 2.45 (10.96 ) 184.7 £ 3.33 (14.89 )***

Weight gain (g/rat/day)
1- 6 day 5.91 =+ 0.12 ( 0.53) 4.72 & 0.16 ( 0.71 )***
6-11 day 6.52 + 0.16 ( 0.71) 4.79 £ 0.13 ( 0.56 )***
12-17 day 5.93 + 0.13 ( 0.56 ) 4.62 + 0.12 ( 0.52 )***
17-21 day 5.43 + 0.15 ( 0.67 ) 3.75 + 0.27 (1.19 )***
total 149.6 =+ 2.61 (12.22 ) 111.8 =+ 3.14 (14.42 )***

. Tissue weight (g) .
Liver 11.37 £ 0.23 ( 1.01) 8.16 + 0.19 ( 0.83 )***
Heart 0.83 = 0.01 ( 0.06 ) 0.61 £ 0.01 ( 0.06 )***
Soleus 0.17 = 0.02 ( 0.08 ) 0.12 = 0.00 ( 0.01 )***
Gastrocnemius 2.63 + 0.03 ( 0.15) 2.05 + 0.05 ( 0.20 )***
Epididymal fat pad 1.06 = 0.05 ( 0.22 ) 0.71 &= 0.03 ( 0.15 )***

Tissue weight (g/100 g b.w.)
Liver 4.73 + 0.08 ( 0.35) 4.35 = 0.04 ( 0.20 )***
Heart 0.34 = 0.00 ( 0.02) 0.33 = 0.00 ( 0.20)
Soleus 0.07 = 0.00 ( 0.01) 0.06 + 0.00 ( 0.01)
Gastrocnemius 1.10 = 0.01 ( 0.06 ) 1.10 + 0.02 ( 0.08 )
Epididymal fat pad 0.44 + 0.02 ( 0.09 ) 0.38 = 0.01 ( 0.06 )*

% Values are means+SE (SD) for 20 ad lib. or 20 meal-fed rats.

**** Significantly different from ad lib.-fed. (*p<0.05, ***p<0.001).

Table 2. Food intake of ad lib. and meal-fed rats.

Food intake Ad lib.-fed. Meal-fed

total (g of 2 rats) 970.00 + 7.74 (19.77 ) 686.00 £23.71 (62.73 )***

(g of 2 rats/day)
1- 5 day 32.90 £ 0.42 (1.71) 22.40 £ 0.62 ( 1.85 )***
6-10 day 42.36 + 0.55 ( 1.66 ) 33.30 £ 1.29 ( 3.87 )***
11-15 day 48.90 £+ 0.88 ( 2.65 ) 37.42 £ 1.15 ( 3.46 )***
16-20 day 53.71 £+ 0.66 ( 1.98 ) 40.33 = 1.38 ( 4.15 )***

(g/100 g b.w./day)
1- 5 day 17.8 £ 0.4 (2.2 ) 13.2 £ 0.3 (1.4 )***
6-10 day 155 £ 0.2 (1.4 ) 14.1 £ 0.2 (1.3 )**=
11-15 day 13.9 = 0.1 (1.0 ) 12.7 + 0.2 (1.0 )*=*=
16-20 day 12.7 £ 0.1 (0.8 ) 11.8 =+ 0.1 (1.0 )***

® Values are means*SE (SD) for 20 ad lib. or 20 meal-fed rats.
**+  Significantly different from ad lib.-fed. (p<0.001).
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Table 3. Food intake of ad lib. and meal-fed rats during experimental period.

Food Vilrltake

Ad lib.-fed. (g of 2 rats)
1- 5 day
6-10 day
11-15 day
16-20 day
Meal-fed (g of 2 rats)
1- 5 day
6-10 day
11-15 day
16-20 day

Time (21-09h)
24.03+0.42(1.26)°
30.73+0.46(1.38)
35.584+0.74(2.22)
40.514+1.12(3.37)

Time (08-09h)
11.07+0.28(0.83)
16.8240.37(1.16)
18.91+0.62(1.86)
18.13+2.13(6.41)

Time (09-21h)
10.2540.44(1.32)**
11.5640.48(1.43) **
13.33:£0.70(2.09) **
13.2440.79(2.36) **

Time (20-21h)
11.4140.36(1.09)
15.64+0.55(1.65)
18.134:0.55(1.65)
20.53+0.75(2.24)

* Values are means=SE (SD) for 20 ad lib. or 20 meal-fed rats,
**  Significantly different from time (21-09h). (p<0.01).
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Fig. 4. Changes in serum glucose levels of ad
lib.-fed and meal-fed rats. Meal ; meal
time for meal-fed rats. Each point and
vertical line represent mean and SE
for 5 rats of each group, respectively.
Significantly different,

(*p<0.05, **p<0.01).
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Fig. 5. Changes in serum FFA levels of ad
lib.-fed and meal-fed rats. Meal ; meal
time for meal-fed rats. Each point and
vertical line represent mean and SE
for 5 rats of each group, respectively.
Significantly different,

(*p<0.05, **p<0.01).
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4. BABRROBOMMEER S Y o - V&R RIZTEE (Fig. 79)
gD 7Y 2—47 v &Rt 20 L 00 B Cik Ad  lib.-fed B2 i T Meal-fed BRI
(p<0.05)BEEFR LTz, L2L, 03IEL 06 RCiX, MBMTERERTAD Shikbh ok,
Ad lib.-fed B3 Meal-fed Bz iR THEIE %R LTz, Adlib.-fed BTk 20 B iEM % RL, 2
DHBRETHIML 7z, Meal-fed BT 20 B EEERL, BRI X VEBNL, 20RFEUED
T2MEmERL :

EFABOTY a—7 U ERIT 20 FERE, W FRORRTY Adlib.-fed #£45 Meal-fed B
CHATHEERL, 06 B CRERETERS (p<0.05) BB >hiz, Ad lib-fed BTk
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Fig. 6. Changes in lipolytic activity of Fig. 7. Changes in liver glycogen level of ad
epididymal adipose tissue of ad lib.-fed lib.-fed. and meal-fed rats. Each point
and meal-fed rats. Each point and and vertical lime represent mean and
vertical line represent mean and SE SE for 5 rats of each group, re-
for 5 rats of each group, respectively. spectively.

Significantly different, Significantly different,

(*p<0.05, **p<0.01). (*p<0.05, **p<0.01, ***p<0.001).
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SHE R OAERME X Ad lib.-fed B4 Meal-fed BEITEERTE M o 7208, ZHIXTEER
OREBEARIGREVSASNZLZEBEEZOND,

Ad lib.-fed HOBAR IR THERICEZ L, L 2HEDY XARRLREYS, Th
RIERDOEHE £ —B L 1219

[ 27V 2 — A BEE I Meal-fed 325 Ad lib.-fed BECHRTE@ERR LIS, ZhETR]
H 1 &% D Meal-fed 228 Ad lib.-fed B R TEEETT 2 L BRES N TR MEK
WBEIC X 5T, TSRS LR T 3OORBHBTO A R Y VEZEHTLET 519> &
DN —ADHHSIIH S W59 OW|EHH Y, SH b EROTEESEL >N b, %72,
Ad lib.-fed BED VY X AIZRERDIRE N L 1FIZ—B L 143, Meal-fed DY XA 1HLIA
#HlD Meal-fed BED Y XA L 3B ) , BRI Z2FERLAZE Do h o7, ZDHE
HIZE S n TRV, BRFEDEBVLBARESEBELTVIDTHS ),

i FFA BEX, /N2 — RBE L3312, Meal-fed B8 Ad lib.-fed BEic LR THEE 2R
Uizo BIBALIERARLGRD =¥ 2 7 U V EIRITT O BER5EREE Hi & 4% Meal-fed 3T Ad lib.-fed B
CHARTEEERTEACH -2 2 L2 5, IR 5D FFA O Meal-fed BT Ad
lib.-fed BRIC LR TH WTTBEME S # 2 5 5, Paik & Yearick 13201 H 1 |, 3 BE¥ D Meal-
fed BEDRBRSHEM D &V E VRZH Y /9— PiEHL Ad lib.-fed BED Z NICHARTE B> 72 L]
HELTW?, SHOBREXETI2 D EELSNE S, Ad lib-fed BED Y X A XREROH
M9 L 13 12—B LTz, Meal-fed BTIIBRICIVELIETLLY, ZREHEROMEMI L
FRETH > 7z0

FFigo 7Y a—7 v &g, BHIE Tl Meal-fed 845 Ad lib.-fed BHiIC LR THEEZRL
Jos, ABEEOFHECRHERETCESR LT, FEO 7Y a—4Fvizmb s va—ABE
DHEFBICEERBE 2R L TB O PHEE L D A BAEZE L X VEESEREHD D IPBERIT
ko THAT 2 2 L PSRN T 391920 Ad lib.-fed BED Y X A R HERDIMEINND L 11T —
B L7228, Meal-fed BOBRIC L 2 ML, KD 1H1AFOREELRFLI Eho
Tzo ZOFEHIZ1H 1RO Meal-fed ETRBRAMOSY a—5 Y BELALHBL TW
DIZKL, SEHOD 1H2AH D Meal-fed BT PRV BEEZHE- TR ILCLBZLEEZS
ha,

BRGDOTY a—5 v &BIzit Ad lib.fed B Meal-fed L DEITAE REREL 0T,
Lil, 52 EBESTIRY AAIGELEASNT, COBRIZEL L TIRRVLAY, T
TE*DOBRGDI A T ITEROBDHEILICE20»b LR, BEHEOSY a7k, B
BoZYa—7YrizB2Y, O AN —FEE LTEERBRE2RELLTEY, E
BEH L BERERN D 2 L BHISNT VD, ZORZOVTEERS S TRNT 2 LES
H%3,

DO 7Y a—7 &8Iz Adlib.-fed B L Meal-fed B L DRITRE 2B oz, VY
R LIZERDIRE? r —H L x o leds, MPEREPERLV VR LS OBRSEEL T
Wik rEIOND,

BEDZ s, wOTHHBZBEATE 254 (Adlib-fed) :t M OBRFERITIEL,
1H2E, &2 1EM7ZIERBFINLIEMH (Mealfed) Ti, HEEfomPINVI—X,




BABRORVWES v F OFEBOI AN —RCRIZTHE

27

FFA #E, ki 7 ) 20— 7 V&8, L CRHABECES b 2635 Z Lo i

3 nﬂ:o
70} o—aAd tib. *~--*Meal-fed

60F j ,” ”l
5.0
40}
30}
20}
101

ol

f = *e ]

(mg!g of soleus)

Glycogen concentration

{mg/g of gastre.)
w
=)
T

~

Time of day (‘hours)

Fig. 8. Changes in soleus and gastrocnemius
muscle glycogen level of ad lib.-fed.
and ‘meal-fed rats. Each point and
vertical line represent mean and SE
for 5 rats of each group, respectively.
Significantly different,

(*p<0.05, **p<0.01, ***p<0.001).
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_PFig. 9. Changes in heart glycogen level in ad
lib. and meal-fed rats. Each point and
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Significantly different,

(*p<0.05, **p<0.01, ***p<0.001).
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