;W FE M R

Zoological Research

2013, Dec. 34(6): 574581 CN 53-1040/Q ISSN 0254-5853

DOI:10.11813/j.issn.0254-5853.2013.6.0574

FEH PR B FIE R B X/ NRIRE .

REEL MIE?, R ¥ B2

REE WS R E R RN

1 BINRE ey BB A e

2. WK EE AR%BE, AR W 252059

WHT M 325035

E: MY EMER T (SFR-Re) B FHARTE “AMAMERK” AEBEHLE], Z3CN5E T SFR-Re JIHLH) KM /) AE = £
AN BRSO DL R S5 R o, BENLPR G oA 35 AR, MR e ARSI e TR ALK -F- Jife s
Jri» SFR-Re YL/ EERRARIE A 1G I, 7 BB, B EIRITAZY (BAT) 3 ¢ Sl (COXD IS PERIMREMRILE M 1
(UCP1) 7K Bag AR, FRAGE. W ALSMIRE Iy B2 T Bl R o AN R (EIs R 5K P AL 2 A
RIZE B DI E & AT R el S sk ) B R B4 RE R SR A AN AL R A S R W AL A BE I A, I T 3 SRR L /)
CHMEPER”, RN, R R A EAE %I R R A AR

KEER: T/ REEURCC PR EE; DR R

hESES: Q493.8; Q494 XERFRERS: A XEHRS: 0254-5853-(2013)06-0574-08

Body mass, energy budget and leptin of mice under stochastic food
restriction and refeeding
Zhi-Jun ZHAO"", Wen-Tao WEI %, Ming-Zhen LI %, Jing CAO"?

1. School of Life and Environmental Sciences, Wenzhou University, Wenzhou 325035, China
2. School of Agricultural Science, Liaocheng University, Liaocheng 252059, China

Abstract: Periods of restricted food intake that lead to lower body weight are often followed by rapid regaining of the lost weight
after ad libitum refeeding, an event generally known as the “compensatory growth”. To explore the physiological mechanisms
underlying “compensatory growth”, we evaluated a series of energetic parameters (energy intake, energy expenditure, body
composition and serum leptin levels) of adult KM mice subjected to three cycles of stochastic food restriction following by ad
libitum refeeding (SFR-Re). The results indicated that animals lost their body mass after stochastic food restriction and then regained
to the control level after refeeding. After the final cycle, SFR-Re mice showed higher basal metabolic rate, lower nonshivering
thermogenesis, and their cytochrome ¢ oxydase activities, as well as uncoupling protein 1(UCP1) contents of brown adipose tissue all
decreased compared with controls. Meanwhile, higher energy intake and digestibility, as well as heavier fat pads also were found in
SFR-Re mice. But, serum leptin levels showed no difference between SFR-Re and control mice. On the whole, these findings
indicated that when food is resourceful, SFR-Re mice are under rapid “compensatory growth” by increasing their food intake and
energy storage efficiency, meanwhile, decreasing energy consumption in thermogenesis. Moreover, leptin may be a possible player in
the regulations of energy budget and thermogenesis during “compensatory growth”.
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A A 1) AR PR S b B A, AR E AR
RT RSN SCH I R M. BEAAR S % (basal
metabolic rate, BMR)\ FEEiH} 7 # (nonshivering,
NST) FNEZhAT A 72 At B S H B 24 s, H
%)% R % 0 (Hambly & Speakman, 2005 ;
Speakman & Mitchell, 2011). AN[FEZY% R & 914k
N A SE AR, HA5Eh PRI R 75 % (kR
BFERL. FRELI S MM =SS K. #iln,
P 80%M1) MF1 /) EURTBR £ 40%~50% (1) 55 56K
U BMR MG BIAT A W 2% FEAIK (Alvarenga et al,
2005; Hambly & Speakman, 2005). BEHLFR 1K)
KM /MR AR ZEG i (Cricetulus barabensis) ji53))
17093870 (Cao et al, 2009; Zhao & Cao, 2009;
Zhao et al, 2009a, b). HEME)E, AEmECHIFK
B RYMHTAK, RIS S H & YA AR {2
BN R U B R BE R SR 2 —, SR,
ZANAESN YA TE MR R A
ANTHAE .

98 25 O I 10 AL 236 BRI 23 1) £ 1 2T
#, CEREFIRE AU IR AR B Y b R A
(Friedman & Halaas, 1998; Zhao & Wang, 2006).
HUASE 22K I T a7 A7 &L (Friedman &
Halaas, 1998; Wisse et al, 1999), [RfrifSkH
NG SEBRAR A [RI S, I3 98 28 7K1 2 25 kA
(Wisse et al, 1999; Gutman et al, 2006; Zhang &
Wang, 2008). P& B HHCE 5 A4 FIE 7 SO )
[N, A Bl A I 98 27K P 2 25 T (Wisse et
al, 1999; Zhang & Wang, 2008). K, 7£RE A1
HMEHFHAE “AMEMER” Wi, R
ReZ H R ARSZH Y.

KM/ ERAE R I, eI RE S H 1 A 3
GENPET (Caoetal, 2009; Zhao & Cao, 2009;
Zhao etal, 2009a, b, c¢), TEEYHRIHSIE, N
WA “AMEPESS K" (Zhao etal, 2011). R
MM, ARE “AMEMEIE” R b R TR A S )
A S A AL AN IR . ABFTUR KM
SUNAE TS BEN LR £ A EME & (SFR-Re) LA
€ HAR Er . BMR. NSTLL A (Al 2028 (brown
adipose tissue, BAT) 4 il (4 2 5L (cytochrome
c oxydase, COX) W PENIMRMEELE 1 (uncoupling
protein 1, UCP1) . AR, SFR-Redfb )5
()78 B Sl G AR & &, JFFIKBMR. NSTA
BTN, RIAKTER) ARG, [EI, I
TR eSSz B b Re G ) A B Y .

1 #MR57F%

1.1 XEHYEIRAHR

TP KM /N (8~10 JEIES ) T 1 1L AR K2 SE TG
Syt CEFFYFRIIES : SCXK (48 2003~0004 ).
FUEREFE, 6 120:12D ORI 8:00—20:00), i
fE (2321 C, HWEE AustBREY kAT B
Oy wlhRE RURE, IR 6.2% FLER 1 20.8%. M
PEYRR A4 23.1% BRUEVEHET4E 12.5% Koy
10.0%. REMH 17.5k)/g). shBENL S x4l (H
HECEE) (Con, n=20) Kt HLBR )5 F M2 fr 4l
(SFR-Re, n=23). #f—EBENLIEI 1 d FFH B HE
T, Ha 6 d BHLAMEIL B 1 0% 20%.
40%-+ 60%- 80%F1 100%, % —J&PKE A HH & (R
FREWEET), Wb FRA—k SFR-Re (BUFEHLR fr—
JA+EM D, mE 3R Ghe &, K 1),

T O fr R
e bead) Ioiboding [dbye ¢ g fya) refeeding [e fiby g ae,d| kit ;1J
7 14 28 35 42
i T) Time (d)
Kl 1 KM /Ml SFR-Re 5080 7 %
Figure 1 Timeline showing which days stochastic food restriction occurred in KM mice

a,b,c,d, e AN HHEBEEER 0%,20%,40%,60%,80%F1 100%; g: H HELE .
a, b, c,d, e, f: 0%, 20%, 40%, 60%, 80%, 100% of initial food intake; g: ad libitum feeding.

1.2 FKES5ERE

R 16: 30 — 17: 00 W5E /) Bl EAIEE fr =,
FMR PR ], AR =Y. T
HOE A A T s R, IR A A
MRS 20%. 40%- 60%- 80%F1 100%1E A i}
Y H YR .

1.3 {TAIN

7655 3 Ik SFR-Re YL #Erdr, T 18: 00—22:
00 JHIZ L /M5 Sk (SONY, 420 TV line) MiZ)
WAT R, B A sl T S HAHE VAL, @
[R50 Mo HRF Speakman et al (2001) ) /512
BT 42k () — ST A, IR3MLER
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FRIENAT A ZEEFBRER S (2) BEAT N, TR
TMEARROK; (3D BT A, Faah¥m A &EM,
WIERTRZ B (4 ARBAT R, RIS ST N
(Speakman et al, 2001; Zhao etal, 2009a, b). it
S PAT IIFFSINA] Cmin), FFUELERRT N
o AU B[R] 4 T 6

1.4 KRR EIEGEHE~#

YL R )G, T 102 00—16: 00 LU A
AR 7 REIR - 5 BMR T NSTC K Z [ Wang
et al, 2000; Zhao et al, 2009a, b). BMR Jll5E i
JEoh (30+1) °C (B XL, Zhang et al, 2007).
YL 4 h GNP TSN 1 h, frshiiese n
FFEGIER, RS S min 0% — IR, ELENE 60 min,
TR AN 2 A8 8 s IR T3 BMR. NST K H]
B RS Wk A N RS LT LR R
(NE, F#ARFHIAFREAA, 5. 111102) 3
F (Heldmaier, 1971; Wang & Wang, 2006), NE
F A A NE (mgkg) =6.6xMb " (g)
(Heldmaier, 1971) 14, MWEEEN (25¢1) C
(Wang & Wang, 1990), I3 J77% 7] BMR, 3% 4Ll
JE 60 min, KBRS SLFE e M B s THE NST.
1.5 jE1LAE (digestive energy intake, DED) FiE{k

K (digestibility)

7t SFR-Re YL 555 — M, LAEEH- P e
DEI FIi§4bZ (Zhao et al, 2008). & jiES%
Grodzinski & Wunder (1975) } Zhao etal (2008),
FEANBE I TD=TH RN (/7)< EWIHE(E (kI/g);
DEI (kJ/7d) =GEl (kJ/7d) —#fEHE & (g/7d) xF¢
fEREME (kI/g); WALE (%) = (DEI/ GED x 100%.
1.6 MEERFFEH S

Y s, Wisnkbseshy . i, HREE
#£2h, 3500 r/min &0 30 min, WRHUIMLTE, JE4H
f£1-20 CHH. fePrattmiidesete, e
SRl AL AEEARE T, 650 e i
RS, SZIG LR AUE B R U kAT, ik
PRI AR S R B <10%. 438500, iy JH. 5
R, DIBRMAE S 46 02, FRE ORI 4 1 mg).
Iy, s N KgREl, 25N
Y, WE CEMZE 1 mg). /B AR H
TR AL B R RN, A IFFRE CREf A Tmg).

1.7 BAT COX #1 UCP1

PRI SN B H A BAT, ‘& T WA, $#2H0 BAT
Zekifk [ (Zhao & Wang, 2005), F4r 6T
T8 LR & 8. COX Ih M K FH 40 L b v2:

(oxygraph electrode system, Hansatech, UK) l|3E
(Sundin et al, 1978; Zhao & Wang, 2005), UCPI
KH Western blotting HARM &, AR 10 uL.
LK &5 e B 2 1 e B R AR 2T 4k 22 I (Hybond-C,
PALL, Gelman, USA), I A—#$i(Thermo Scientific,
USA), Sl E 2 h i, IR A BEbRic
TP CERRAEVEARDIFHD, EHEE 1 h. XK
H ECL 26K & (ECL, Amersham Biosci-
ences, England) £l UCP1 &5 %8647 (Zhao &
Wang, 2005; Zhao etal, 2008),
1.8 Fitoh

HAE AR SPSS 13.0 # 4. SFR-Re JI
W R TP AR L B AT S B AR A L
I TJT 25 53Tk (repeated one-way ANOVA) il
3HT. AREE. $RErE. DEL. ik, MiHE .
BAT COX i% Ll K UCP1 5 541 ) 2 5 LU B
A K5 HE4T 43 H1 . SFR-Re %f BMR. NST LK &
MR 15 LU R R P 7 2250 HiTik CANCOVA)
BEAT 70 M, DAAREE sl IR AR = 0 P AR o Hidla 12 L
mean+SE #75, P<0.05 hZERW#, P<0.01 7%

R .

2 4 R
21 K =&

SEI RSV MA TR R) ZE AN B2 (A0, 15,=0.3,
P>0.05, 2A), WAk I A R ZE )N B AR TR R s 1

K (d 1~42, Fy13=113.0, P<0.01), 1fij SFR-Re #
AT B A), BEHLPR A R 0 BRI, AR
H (29.440.7) g, fRTXIHE4L 26.6% (d7, 1,,=10.2,
P<0.01), FEMEEAEREWEIN (d 1~42, Fy a0
=183.0, P<0.01). JIMLE5d 55 41H SFR-Re 41
RS HIN (46.0£0.7) g A1 (46.9+0.7) g, 4liRZ%E
FARE (d42, t,=0.9, P>0.05, K 2A).
22 EEE. DEIFGELE

SCG R 41 A SFR-Re A& &0 N0
(5.8+0.2)g/d F1(5.9+0.2)g/d(d 0, t,;=0.4, P>0.05,
2B). SFR-Re 41 /)~ [ 71 5 M £ 3 1) 5% £ o 40 5%
wamn, s RN 13.7 g/d, mTNIRA 123.5%
(d22, t=11.7, P<0.01), M5 14k B
|95 4% A0 /K SF (d 42, t5,=1.0, P>0.05). SFR-
Re 2l DEI =T X #8420 49.7% (1,,=9.6, P<0.01, K
3A), HIHARA R T X A (1,=7.6, P<0.01,
3B),
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Figure 2 Body mass (A) and food intake (B) changes of KM
mice subjected to SFR-Re

Con: THiZH; SFR-Re: BALHL €Al Mg fr4l.
Con: control mice; SFR-Re: mice subjected to three cycles of stochastic

food restriction and refeeding.
*: P<0.05; **: P<0.01.
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K3 SFR-Re %I KM /Ml DEI (A) VLA (B) (500
Figure 3 DEI (A) and digestibility (B) of KM mice subjected
to SFR-Re

**. P<0.01.
23 1TH

XA, SFR-ReZl/N RAEEIT . 4
o ABFR BAT N BRI E R GE3)), Fog1=
372, P<0.01; ##fr, Fg §=58.2, P<0.01; 1&1fi,
Fs. 5:=6.3, P<0.01; /RKEL, Fg 5=6.2, P<0.01) (€4).
20%- 40%H160% MR B AEVE AN AT 8 G, AREAT
h i FEAIK (Post hoc, P<0.05); 80%A1100%R

BAEWIE ST AR EAT A (Post hoc, P>0.05).
ERE GG AT B 5 T 4] (Post
hoc, P<0.05).
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Figure 4 General activities (A), feeding (B), grooming (C)
and resting behaviors (D) of KM mice subjected to SFR-Re
Con: X f4L; 0, 20%, 40%, 60%, 80%, 100%: 43 HIACFIENE [ & i
) 0%, 20%, 40%, 60%, 80%, 100%; ad: H HHLF; Re: M, A[FHF
BRI 2R B (P<0.05).
Con: control mice; 0, 20%, 40%, 60%, 80%, 100%: 0, 20%, 40%, 60%,
80% and 100% of initial food intake; ad: ad libitum feeding; Re: refeeding;
Different letters indicate significant difference level (P<0.05).
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24 BMR. NST 1 BAT COX UK UCP1 &€ 300 OCon M SFR-Re
Y4k 455, SFR-Re 4111 BMR 3 1 T X6 "
4 (Fy, 177289, P<0.01, Kl 5). NST. A% =
FAEFE (F 177289, P=0.2), {H SFR-Re #iff] E 200 -
NST & T4 841 31.9% (Fy 17=12.1, P<0.01, & 5), g g
R AE R X, BAT ZRRAAS A5 & K2 AN T 5T w*
% ((t;5=0.4, P>0.05, & 6A). SFR-Re 41 COX & & 1o
PEAG T-0F HRZH, (20 ) 2 AN 5B 3 (tg=1.9, P=0.07, §
Kl 6B). SFR-Re 1] UCP1 & B EL x4 e
(t;5=3.1, P<0.05, K 6C, D). 0 : -
2.5 %Wﬁkﬁ*ﬂﬂ;‘%@% BMR NSTmax NST
SFR-Re ZH 1 i J0i 75 & e 15 B4 46.7%, ATHE K5 SFR-Re %f KM /il BMR. NST,,.. Fl NST (50
E%E%%{ﬁ-ﬂﬁgﬂ, g‘ /J\Eﬁﬂ]‘é:ﬂ ﬁ%u%ﬂ:;ﬁ Figure 5 BMR, NST,,, and NST in KM mice subjected to
2 29.7. 63.0 Al 33.7%, T LI 8 22 (g 41 ] 25 57 . cycles of SFR-Re
AR (R 1D, T
2 6r A 120 - B L5 - C
2]
T @ =Y
£ = o L e
% i, 4| é g g 1.0
g ; 2+ ﬁ % 5 05 -
# 2 5 € =
£ 3 =
& 2 2]
= g 0 0.0
= Con SFR-Re Con SFR-Re Con SFR-Re
= D

32107 A

Kl 6 SFR-Re XI KM /)Myl BAT Zbirfk i (% & (A, COX ¥Rt (B) FUCPL & (C, D) M
Figure 6 BAT mitochondrial protein content (A), COX activity (B) and UCP1 content (C, D) of KM mice subjected to SFR-Re
*: P<0.05.

&1 SFR-Re Xt KM /R B pL 4 F0 00 i 8 F oK T A9 820
Table 1 Body compositions and serum leptin levels of KM mice subjected to SFR-Re

Con SFR-Re F P
Ji Vi 4t Fat pads (mg) 989+122 1449£114 8.1 *x
BAT (mg) 10945 10144 0.9 ns
JFFIE Liver (mg) 2511+70 2940+100 8.4 ok
M Heart (mg) 211£6 22448 2.0 ns
JiliflE Lung (mg) 25117 280+10 3.1 0.09
J§AE Spleen (mg) 129+11 12345 0.1 ns
¥k Kidneys (mg) 63125 613x17 0.1 ns
H Stomach (mg) 30712 399+13 24.1 o
/M Small intestine (mg) 1483+117 2418+131 25.0 ok
KW Large intestine (mg) 468+35 49920 1.5 ns
H % Caecum (mg) 253+17 338425 5.4 *
3% % Serum leptin levels (ng/mL) 2.3+0.2 2.5+0.1 1.0 ns

ns: P>0.05; *:P<0.05; **:P<0.01.
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3 it i

PRTETS2 aT R H HEARA e, BR AL
VF 22 3 W) 10 AR JE R T 7 5 & W 25 PR AIK (Sohar &
Sneh, 1973; Weindruch & Sohal, 1997; Yang et al,
2013)0 ASCAR A BLBEHLBR £ KM/ A4 2 2% [
. BEAh, PRES50%F175% 1 K B4 Tt 2 2 B AG
(Hill et al, 1985; Sucajtys-Szulc et al, 2008). #A1f],
Pl £ 80% [ MF1 /) [ 4 B K F£{K ( Hambly &
Speakman, 2005). AJ WLRR X AN [F] Pyl i) 44 5 52
A E 4 —3 (Hill et al, 1985; Sucajtys-Szulc et
al, 2008), ZhA0S BREC I SN AT BEAFLE R 22 57,
WA RS R EBEA S, —BEN T, ™ Ryl
AT YA FRARIEBE B K (Cao etal, 2009).
WAL FE KM BRARTE S, B P82 400t FRALK
RIARE) MR, 5 IRATIRIETE 45 A
Lh, SFR-Re X FUAH IR “HMPEG 7, g
PKE XA K (Cleary, 1986a, b; Szepesi &
Epstein, 1977;). SBAASS 73 #1 KL, 3IXSFR-Re
DI 5 KM IS BURR i J07 T R A T T
BIlw 2 m T A, Bosgh ammEshs, £ay
DR RN, SR RGN S AR 10T ) RE R AR . T
M TE T2 38 P 15 DA AT A0 D REAH G 4% B T
N RESE I, BRI REG R, AR
Perm, EBPRE “AMEMERACT AT RE IR L

A AR R 28 Y U 7 2 ) B L B0 ) B h
IRBE AR ) B A A7 g (Hambly & Speakman,
2005; Zhang & Wang, 2008). FATARIL, KM/
WS B R R E G, Ry
IR HAL2. 265 . BASCHIFTEE AL, 256 )a
HIR R KM Bt 2 2 i fr i (Cao et al,
2009; Zhao & Cao, 2009; Zhao etal, 2009a, b).
(1) 7 B 5 7P R M o Aol 2 26 Kl ik £ Y 2 1
(Cleary, 1986b). FREr50%HI4 M B RAME A
AR G A E N (Gutman et al, 2006).
XEESURR, R E AT, s
RS InEE R yRAMR T PR REEIRAANL, BUR
Pk R RE WSO (Gutman et al, 20065 Zhao et
al, 2009a, b). SFR-Re/5 KM/ DELE 2 & T
STHRAL, AR B EWIN (Zhao etal, 2009a), [F]
FE, SFR-Re Y4k Jo # OK B A6 & 1 18 2% 48
(Archambault et al, 1989). Bl EWBIEFEEN, )
Pl s ikt 3R A AR N K RE

A, XA et SRR E AR “AMEPEE K7
MWHEENEZ —.

BMR. NSTHIESNAT A I fie 2 5 H A8 g AR
FAARTE R kP FEEAEH (Hambly & Speakman,
2005; Zhao et al, 2008). AMF5H, SFR-Redllfk
[FIKM /) BB AR TNST BAT COXi% 14 RIUCP1 77
i, FHSFR-Re'FHE T~ #1552 25 1%
K. Rifi, FA1AZISFR-Re FHKM ) I BMR &
Fam, R, B N RE R R ST
WA . WFFUER I, IR U3 B () R AU 2K~
J& T ARHNEERS 7, SBMREAT B E I IEAH R
K% (Song & Wang, 2006). it r] WL, B4 hnIBMR
Al e T e RS 28 T I DR

SFR-Re i # s KM/ RUEE0AT 4, ARFR AL
() BB A & B AT R BRI, T ™ g ) BR e A 34T A
WEEIN . HASCEFTEE AL, BB ALK R
(Boakes & Dwyer, 1997). KM/} i, (Cao et al, 2009;
Zhao et al, 2009a, b) FIEZ (R (Zhao & Cao,
2009) WIEEIAT N WEE N, R0, Hambly &
Speakman (2005) A IL80% PR & T MF 1/ i 11175 5
1T BE AR, XL R, SITE AT A5y
PR BT IR SO B AS AR, 0T fig 55 4P ) 2 e 1k N B £
FREEEA G, R4 N, shiynl seidad %
& F S 4R RE S GERBAREER) AT 476 38),
FMERE E A AL (Hambly & Speakman, 2005).
T 4 B I A™ g R RE AL PR B A ik, ]
AE i B I R W R ST A B T AT N, LA
MRS YIRS (Boakes & Dwyer,
1997; Hambly et al, 2007; Speakman & Mitchell,
201> HHHCE G, KM/NRE ST AT 10,
WA, X eI AR 28 P AL R £ (10 M4 A e ) 2 U5
F= 5 WA I R B WE ST . IR B R
Jo A B ) S B AR TR ) R
K7, WH TR S K FIBMRANE BTN -

987 2% A Ak 6 IR U7 A 5 A e ke T
{EH] (Friedman & Halaas, 1998). 57K, R
il A 75 98 FR KA B PR AL, HIRE S B WO
(Zhang & Wang, 2008). #R1fi, A5 K ILSFR-Re
YA KM/ LT R K AR L &k, 5
Ho AR FARE 25 RAS— 5, X ] g 5 A AR
e A FH I R B Ak 3807 SO R AT 5% o 8 S8 T I A 9T
o, B 2 R e LA ) B £ T L L Ak
B, ARJE ST A R (Wisse etal, 1999; Gutman
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etal, 2006; Zhang & Wang, 2008). M{EANFTH,
KM/ B EASFR-Re /5 X9k, Bh0AS G0l £r 4 ot
PR . YRR, 2T AR R
TR B INEE trE, BmEARRI A, LA
P& i N6 AT B R OR AR I Y I (Zhao &
Cao, 2009). % {KSFR-ReJIMLAFKM /N {24
REWE A7, 5 A B o6 IR 2L 3h WA e n T
46.5% (P<0.01). 1fj SFR-Rez4) i I 8 2% AV 48
8.7% (P>0.05), HJH M1 5 2P s Vi ¥ 3 fn
RRWTHEA T, (HIF A 4% Lh A 39 in s 2 10 & Al 43
Wh o 9 B AT A R 1 RE R S 1
(Friedman & Halaas, 1998). FIEfr/5E 2 K2
Bahn, WERILES TR R EIER, gk
VFIAE ) o U5 F N I s fr &t .
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