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Abstract

The behavioral rhythms between senescence-accelerated-prone mouse (SAMP) strains and the SAMR strains,
senescence-accelerated-resistant mouse postulate to differ from young age since physiological: psychological
characteristics and lifespan are distinct from two strains. Under LD cycle, we studied the differences of circadian
rhythms in food and water intakes and spontaneous motor activity (SMA) between young SAMP1 (P1-EX) and
young SAMR1 (R1-EX) with spontancous wheel running (SWR) or without SWR (P1-CONT, R1-CONT). Food and
water intakes in P1-CONT exhibited sigﬁiﬁcant increases during the Hght period (p<0.01) and decreases during the
dark period (p<0.01) compared with those in R1-CONT. The percentage nocturnal activity on food and water intakes,
SMA counts and SWR revolutions in P1-CONT were significantly lower than in R1-CONT (p<0.001). During SWR
exercise for five days, the percentage nocturnal activities of SMA counts and food intake in P1-EX and the activity
of the SMA counts in R1-EX were significantly higher (p<0.001-0.05) than those in P1-CONT and R1-CONT. The
average VO2 throughout SWR exercise during light period and the percentage nocturnal activity of VO2 in P1-EX
was sigpificantly higher (p<0.05) than that in R1-EX. These findings indicate that P1 mice has disorders on
behavioral rhythms of food and water intakes and SMA circadian rhythms from young age compared with R1, whiie
SWR exercise improves the food intake and SAM rhythms in P1 and the SMA rhythms in R1 mice.

Key words: Food intake, SAMP1, SMA, SWR
BYEBENE. ZEERETTI VA, EXEE. BELERELEH

=402 5]

ZRUOEL EER, EENARBcEINEESE
TIRAEYEVAIERECEEEOT - AF4 7 >
UXLQENRBT S (12, 18), ELRBEET N
T A SAMP RFIIEEZLLD SAMR Z#HLDF

mtE <. EEEMN. LEZEN (KRR, Bl
. TS bE<EBRoTWAEED. HBHEY
RRICEREQ) XLOENDB S EENS S,
£z, Iy MR ETIEERNHE LiES (BT, SWR



EH) BEZLIDEROEESRIMHAEN TN S,

B, Solberg &iZ. SWR BX KNV 25 v N OEH
UALERESIRDZZEZREL TS (14, #
T, KEBRTIE SAMP1 Y9 X & SAMRI ¥ A
ZERL, AREAH (LDY1 7)), 12:12) oF
THEICEHXEHE (SMA) Y-A5F4 7 UX
LARBWARD LsHh, BuddNEEhid sWwR
THEINZNICDODVWTHRSL =,

MER IV FE

EREYITIIHED 45 HE SAMP1 7 R (0=10; XX
TP1 &EBET). HED 45 Hih SAMRI 7 A (0=10 ;
T Rl EET) 2HAWR, SUAMELIZTI A
Fowhr~IURIZHEEL. BRI 24+ 1CIICEE.
ROEREMIITAs MM FESRETE L,

ER 1L ‘
14KE, BY) - KOEREIL 4595 H&E THET 8
BF-8 B 30 9 UVEE 7 B 30 98 BoER ZHE
E U7, SWR EEBNIFEHE. BAKAEUNAFERE
& (B8 245em) 2b0R7SAFvor -9
(L5x32x14em) A TiTh iz (FHEIEERE .
LCM-10, HEEHE). ZOB. AEMO SWR EE)
(PL-EX, RIE)EfTo 2B & SWR EBEIOREH
(P1-CONT, R1-CONT)D Z 15 DED E 2T o 7z,

2SWR #BELTD SMA AU hDY—HT4 T~
1) XD gk,

SMA BIBiCil FEoEHEREEBEZFEALE.

ZOEZBEOREIL SWR E#NE< SMA QAT
MIEBZ2EZRNEVWS &R SMA AV ME
BTHD FE)., 2L, 29— 3 A

2 A0 s AN RW-DRIERENMHENONR
RTH%. SWR BERE sMA o4 U2 bEKIEE
B = ToHETRGEI N~

R 2.

1.LSWR BRLOBEEOFEMA SMA AU MDY —
HF 47U X ADHES,

COBIEHESE (Scanet-SV-10, EEEX) X 144 &
D H—2BFE=200 SMA RO TRIFT
&%, T7RHB. SMA1l (5em DLEOEIZER DY
~). SMA2 (10cm LA EDEEZE 7> R, SMA3
GLEERDEEZEAT N T3, COESR
(56x38x60cm) WIC LEROTSXAF v o —Th
SERERERZLDEITLAF-JELOTY
ZEANT,. ABH. =+42EET SMA AUk
#ic&k L7,

28WR ZE L TOHMR SMA U FBRIUER

BERE (VOOH—-AT 47 U XLDHE,

SWR H=D® SMA AW MNZEZZHRERE
Uiz, ZOEBORMIT SMA2 Tid SWR 872354
E SMA QAT NIEEBESZRWH. SMAL &

SMA3 12X SWR EED SMA hU > RoHmEn
%, £l P1 & Rl CRBOBLAHENEINZE

HBEDHIT VO ORIEEMAZ, TOERTIE,
SMASWR & Vo2 AlRBICHIE SN, WTNo
HESAE”fTHN. 25 B0 XARKREN
7=.

R

£ER 1

1 Fig.l) 1 4595 HEETD P1 & R1 OEHE
REZXBLESDTH S,

A RIZFERICBTHEYBEREIEIHSNIC PI>RI
(p<0.0D) &2 1. B OB TIIHICT RI>PL £785,

COREREFETHBICTALN, P1 TFOUX
LEELTWB I L2HKT S, B 2 Fg2) B&
YEEE D% nocturnal, dark/(dark+light*100 O &%
P1-CONT, P1-EX, R1-CONT B &\ R1-EX D&M
THEBLELOTHS, ZOEMNS PIEX #THX
PICONT H LI D HEICZOEMNEML TV S
®<0.05)Z &b 5, BI5, SWR EBIBEYER
UXLZHRETS, /-, RIBR PLELIVFEC
FDENEF N,

3 (Fig3) IZSWR ZHELTDOP1I & R1 D SMA &
SWR DY —AF4 7 UALERRLEDDTH
%5, ARIEPLERIDSMA WY DY —HT 4
FOURLERT, Rl IIEHORDDICKRERY
—ZERTH, PL TREHOKDHD DGR O
DICBRKOEY-2%b2, 15 P1 ®U XA 12
RFEAEICS 7 FLTW3,B MiZPL & R1 @ SWR

EEgOH-hT4 72U XALERT, R1IIEHD
BOHOIRKERE—-27EZRTH, PL TRREHOKED
EEHORDLD NS HB 0D ITHhUERFD,

=1 (Table 1) KEER 1 TPTBPLERI IS
v % B HARRlight) & FE R (dark) D R BT —F D
ERRIN TS,

=5 2.

K 4 FgHid SWR 2L & SWR HDORIZHBITS
SMA1 O —~AF 47U X LERBRLEDOT
H%, ARIZPL @ SMA1 AT O —HF 47T
YUXLETRT, BHICBNT SWR HDDHED
Aok (PLEX) 12 SWR LOBIIBITFS LY
>k (PI-CONT) 2LEdb 0, HETRHOHER
#77, BREIZRL ® SMA1 AT hOY—HT 4
FoUXLETRT, PL H4, BHOM@EIL RI-
EX>R1-CONTBRE# Tl 0 EM % RT,

B 5 FEg5Hid PL & R1 ® SMA1L Ao D%
nocturnal ZH1FS SWR HEELRT. SWR BL D
D SMAL A > ~EFNhEH PI-CONI, RI1-
CONT & L. SWR B0 OO SMAL 17 hEE
NFEN PLEX, RI-EEX & L. SMA1 AU b D%
nocturnal f % KR U 7z, € O#E5R. P1-CONT< P1-EX;
p<0.05, R1-CONT < RI-EX; p<0.05 &72V. SWRIE
B SMA AU RODXAEWETHIEERL
7z, % 2 (Table2.) I SAM2,SMA3 OBH], HHX
NS D% nocturnal fHZ R L7248 WEFhd SWR



A 0.08 —

0.06 -
o
&
(=]
)
;é 0.04 — light period
et
<
- —_——
- R1
g | —— D1}
W 0.02

0.00 —
B 0.20 -
K 0.15 1
O .
g" dark period
]
- —_—— 1
o ; —— p
[+ 0.10 - i
(=} i
LL

0.05 T | 1 T I L

40 50 60 70 &0 90 100

Age, days

Fig.1. Changes in food intakes between SMAP! and SAMRI. For clarity, data for light and dark
periods are presented on separate panels. Each plot shows the mean food intake per 12 hr for ten mice,
respectively.  A: food intake during light period. B: food intake during dark period.
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Fig.2. Comparison of percentage nocturnal activity in food intake for four days before spontaneous
wheel running activity (P1-CONT; n=10 and R1-CONT; n=10) and for four days during spontaneous
wheel running activity (P1-EX; n=10 and R1-EX; n=10), respectively.
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Fig.3. Comparison of the rhythms in spontaneous motor activity (SMA) with wheel running (SWR)
and spontaneous wheel running revolutions (SWR) activity between SAMPI and SAMRI. Each plot
shows the mean values per hr for ten mice, respectively.



Tablel. Physiological variables during light and dark pericds in the P1 and R1 mice

light dark dark/light % nocturnal
BW, g
P1 29.81 + 0.116 3042 % 0120 1.022. £ 0.001
R1 2860 + 0113 2068 + 0114 1.038 = 0001°
FL, gl/g :
Pi 0.047 + 0.021 0.107 £ 0.001 3.125 + 0.132 7021 + 0.561
R1 0017 + 0001° 0145 + 0002° 9304 £ 034" 8849 + 0482°
W1, mi/g
Pl 0.081 + 0.001 0.204 = 0.022 3.036 + 0.09 7146 + 0.421
R1 0050 + 0002° 0226 + 0002° 5757 + 019%0° 8250 + 0.441°
SMA, counts / 30min . ,
P1-EX 1122 + 806 1413 + 964 130 + 010 5832 + 180
R1-EX 1025 + 1345 2345 = 2603° 234 x 024° 69.94 + 1.91°
SWR, revolutions / 30 min ‘
PL-EX 189 + 2.8 684 £ 7.0 63 * 3.1 780 + 262
c c d d
R1-EX 67 + 14 169.1 * 217 344 + 65 976 + 1.12

Values are means = SE for 10P1 and 10R1 mice presented as a function of dark and light periods between
45 and 95 days. BW, body weight; FI, food intake per body weight; WI, water intake per body wei ght.

3and ? Significant differences between the P1 and R1 mice: p < 0.05and p < 0.01, respectively.

®and ¢ Significant differences  between the P1-EX and R1-EX mice: p<0.05and p< 0.01, respectively,
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Fig.4. Comparison of the rhythms in SMA1 without wheel running (SAMPI CONT and SAMRI-
CONT) and during wheel running (SAMP1-EX and SAMR1-EX), respectively. Each plot shows the
mean spontaneous motor activity counts (SMA1; body movements exceeding 5cm) per hr for five
mice, respectively. A: SMA1 counts between with (SAMP1-EX) and without (SAMP1-CONT)
wheel running. B: SMA1 counts between with (SAMRI-EX) ard without (SAMR1-CONT) wheel
running.
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Fig.5. Comparison of percentage nocturpal acltivit'y in SMA1 without wheel ruuning'(SAMPl-CONT H
n=5 and SAMRI-CONT; n=5) and with wheel running (SAMP1-EX; n=5 and SAMRI-EX; n=5),
respectively. *P<0.05VS. P-CONT, #P < 0.05 VS. R-CONT ' ‘
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Fig.6. Comparison of the rhythms in VO, between SAMP1 and SAMR1 mice during wheel running
activity. Each plot shows the mean VO, per hr for five mice, respectively.



Table 2. Comparison of behavioral \féﬁabigs to SWR in the P1 and R1 mice

light dark ™ " % nocturpal
SMAL, counts / 30 min : _
P1-CONT 1117+275 " 1206180 54.1+86
P1-EX @1+ 43 2450 608° 69.4+4.5
R1-CONT 923+ 137 1813£255 66.0+3.6
RI-EX 504+ o7 26141438 83,6415
SMAZ2, counts / 30 min
P1-CONT - ) 675+87 551492
P1-EX 120+ 23 7 37098 732128
R1-CONT 630+ 147 1289272 67.5+3.9
R1-EX 146% 22 757+164 82228
SMAS3, counts / 30 min .
P1-CONT 88+4.2 158+ 90 61.767
P1-EX 162+49 504+113 69.4+4.5
R1-CONT 58+12 244+ 5.1 81.1+4.1*
RI-EX 19404 693+126 97.2+04*°
SWR, revolutions / 30 min | - - '
PIEX 23.0+738 654+110  7T50%45
RI-EX ] 1.1£0.2° 104.74+ 93° 98007
VO,, ml/g/hr '
P1-EX 4.07+0.04 4643007 5331062
R1-EX 3.45+0.06" 446008  573:089%

Values are means ==SE for 5P1 and 5 R1 mice presented as a function of light and dark periods for 2 days.
SMAT1, body movements exceeding 5 cm; SMAZ, body movements exceeding 10 cm; SMA3, number of sianding positiont
( rearing ); SWR, spontanecus wheel running (SWR) ; P1I-CONT and R1-CONT, mice Without SWR activity; Pl—.EX and
R1-EX fnice with SWR activity. : Signiﬁcaht differences between P1-C_bNT and other three groups. in the SMA1, SMA2 and SMA3,
respectively: p <0.05. “Significant ~differences between R1-CONT and other three groups in the SMA1, SMA2 and SMA3, respectively:

p<0.05 “Significant differences between P1 and R1 in the SWR activity: p < 0.01. ®Significant differences between P1 and R1 in the
VO, p<00L. '
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