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Effects of food restriction on energy metabolism in male Eothenomys miletus
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Abstract: We investigated physiological adaptation under conditions of food restriction in Eothenomys miletus inhabiting the
Hengduan Mountain region. Adult male E. miletus were randomly assigned either to a control group (food ad libitum) or a
food restriction group (80% of calorie intake relative to control) , and body mass, resting metabolic rate (RMR), nonshiv-
ering thermogenesis (NST) , body fat content, serum leptin levels, liver mass, brown adipose tissue ( BAT) mass, and
morphological parameters of the digestive tract in male E. miletus were measured. The results showed that body mass, body
fat content, RMR, NST, BAT mass, liver mass, large intestine length and small intestine length in the food restriction
group were lower than those in the control group. In contrast, caecum content mass in the food restriction group was signif—
icantly higher relative to that of the control group. In addition, serum leptin levels were positively correlated with body
mass and body fat content. These results suggest that E. miletus apply physiological adjustments to adapt to reduced food a—
vailability by reducing body mass, body fat content and energy metabolism. Serum leptin may participate in the regulation
of energy balance and body mass in E. miletus during food restriction.
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A0 H At A= B 3G 25 ( Hammond and Diamond, 1997 ;
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/NS FL BN, e R A A i A AR R A A%
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XA F) T 98X 68 B 1Y 4 X TR K i ( Nagy et al.
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(Klingenspor et al. , 2000 ; Rousseau et al. , 2003 )
BV 22 3h Wy ht BR & 90 19 52 v JF A 58 4 — %, e
BREE 20% H9 MF1 /I B 2o B IR 1R AU (Rest
metabolic rate, RMR) F17% 3174 1Y BE & 2 H 7k #b
R R A A B, 4E 718 E MK HE (Hambly and
Speakman, 2005) . 1fi R & 50% 19 & @ il & K
(Acomys russatus) ) RMR A & I 3 K ( Gut-
man et al. , 2006) , XLEHFIT G5 R, YRR
B il ot 2 4y e s AR B 2 R [R) AT e S W BRI
B FE E A5 & ( Zhang and Wang, 2008), i %
(Leptin) J2& 1 Jig 107 40 B 73 W6 ) — Fh 2 F 28R
HAT 40l 5% &, 2 7F 77 BOR R AR R AR
(Friedman and Halaas, 1998) . HNitt, #HiTEY R
il 25 A1 T Sh W% W 1B = 1 3 1 X R LA B i v o R
SRemWCCME R, A BT I B AR /NI L 3h P
PR A T LI, — D A A A S
19 BT 1L Jpk 4k ot b B 5 ARTE B R X R AT
Ab & GBS RS AT RO R AT T (R
fEH A T AR, 1985), WFLaW MK FE, FA
FPEFI E R L B @Ry, W& S DUZS vk 3 3h
PragmexERT” (I AEEEAE, 1986) ., BT ILARERAY
by 5 b 35 R0 B 5 T B 45 2 A 8 b e Sl b M A
1k, TTRES T e T 0 /N BY R L 3l ) B SR
TRAAE AR & RRE . KRB (Eothenomys mile-
tus) J& T HBIERE (Arvicolinae) SRR, ) iz
At T3 [ 2= B AR T L b DX, R B L X
A7 e S AR (AR 1993) , ZAE K]
T3, EHRERZNEA G, DLEE ST
Ry Y (PEHAE, 2000), X TR
gk B BIF 5% 3 A DR 28 B AR TR R Y R 7 R AR
(EBCRAE, 1999; E g, 2006) ., iH 11 il
RACH R = P2 (RJT 45, 2009, 2010)
KGR (Zhu et al. , 2011) FIIREEH EE (Zhu
et al. , 20105 A7 5% B %, 2012) X H Ak AR i 45
fiE Y52 W, R 48 B AR B PP 1 X ) RMR K P 45
w, AMUE TV 2 AU RIS X AR S, s
M ( Microtus pennsylvanicus) (Iverson and Turne,
1974) . B H B (Microtus ochrogaster)  ( Voltura
and Wunder, 1998) 45, TiH & T 0 T EHIX
FIAR FH B ( Microtus oeconomus) ( FflEAe R T AH
2000) , X AT BESE d TR DB LU bkl D AU B 3 T
25 B2 AR [A) ) IR HE SR IX, A Z= B ) o i RN I B
R (E#ES, 2006) . BT LLA S5 7E LR F5E
Feif b, DE A M IRE A MR A (W E R

B 80% ) MEVE R SR AR E | b AU R
FEBRE = IREET  RIR S R RS R
HESEE | B ORI E R | HAEE S B
B, B T RN SRR T L D DX/ 2R 0 3L 50 0 %o
L S B P S5 ) B R SR A A A AL

1 HtR 7 *E

WF5E X A SRR L
SEEG R S5 BT 2010 4F 6 Al A =& &)1
B AR 2 590 m fR H i L XA F =06 11
ki rRER (SRR WrL ), dbds 26015 ~26°457, R4
99°40" ~ 99°55', 35 N i = Mg F P L (K
4295 m), MFEEER, WWhkmdbEm, R
9.1°C; 1 HVP¥EARRER N -4.0C, 7 A P&
BV 24.1°C , X FRIZGE R MIX , SRR
R T b S RAAR I TR Z 40 B, SR B
AR XA RE ( FEERA, 1994) .
1.2 shiykt

ST S b e B IR B K R R, s
T R Rk = (R s im =,
3R T E /N EE SR &N (260 mm x 160 mm x
150 mm) , JCHLA; MELL/NRARAERRL (R B B2
BerEr=), 100 kg BECRHANTS . £K 37 kg, #
%k 25 kg, SLMI27 kg, MM T kg, BB 2 kg,
1 kg, # 0.15 kg, & ¥ &M 100 g, HAMR
200 g, ZFh4EEZE 50 ¢, BUARR 100 g, AT A
50 ¢, BME M 14.16 kI/g (MG ©4E, 2010b), H
FECE FIROK . SE8 2/, X s bt PR 0 i &
SCE, SRRV A HIERE TR RN A S
R O(REKFE), B REnr, 80% Ko IR
EHTARIET, HIRETHEE,; 70%45ET-RK
KE48% , BET- R LK, BCRH 80% B & K-
TR g, ok B B RS R 14 H, P8
RE R (41.42 £1.55)g, FECHE R 120L: 12D, iR
H25C £ 1CIEAMET, W 2 5 E K&,
RMR #1 NST, 1E4 0 d., FEb ok # iR H & 9°F
ik (Rosenmann and Morrison, 1974) , W &R A
SR EE R, it s d, gnER (H—X
11:00 ~13:00, ¥ 9.5 ~10.5 g) hshy g,
WHWCE, FREFREY (8 R ICE 7
11:00 ~13:00 #17) . BEEYEETA s 734 A B EL
BT (n=6) FHEERE 0% MIREL (n=
8), iR E—— XN BEEERE.
1.3 QiR E

1.1
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FHIF ik =0 1% 4% ( ADMIS70 %!, 8 K A7)
e 3 W 1) & ok 1S % (Rest metabolic rate,
RMR), R 3 rk S KR B (2008)
Mg 2% 25 B R 500 mL, FEWE % SO N
200 mL/min, A TAf46 45 6 52 39 WA (SPX-300
A, R ET RS, BEES £0.5C),
AR R E IR BE S 25°C £0.5C (KRG A Ak
X, RITIHEE, 2008), 00l F 0d, 7d, 14 d,
21 d, 28 dillE RMR, WER 0.5 h ¥ 34 AN
Wz, P5E 1 h, BEFE 1 min ids% — WA, BEHL
10 4™ 3% 22 W i IR (E T3 RMR,,

M E RMR J5, BB sh ¥y, & FESE
'S LR &K (Norepinephrine, NE) , 7E 25 °C il
A e K AR BB 72 #8 (Nonshivering thermogenesis,
NST) . 5 NST 1Y NE &4 0. 8 mg/kg, NST
FERFIE] R 30 min, 3 18] HH B0 09 d5c KRR S48 S B Ll
S NST (HIENFA FZERTF, 1996)

1.4 fREE | IRHEF B AR 2 R

ST 0d, 7d, 14d, 21 d, 28 d &Kk
(K2 0.1 g). %5 28 d 438 zh¥, SRIm vE4T @
Wl aEhE . Nm. KIEREW, HBEHREN
DA 2R oAbl 80, SFR AR RKE, A2
P, WEHKE (B#E 1.0 mm), J#H 5
VWD), A Ko vhveN sy, Higa+
M, PREEETE . PR B AR B R, W aRgiAl
21 ( Brown adipose tissue, BAT), FRE#H (15 # =
0.1 mg), SR 44120 M a5 CE B A N
(60°C) MtEMEE, frmTH (FEMEEMTEHE,
2000) , & R Soxtec 2043 32 4525 B I AE
W5 2 5 PRI R AE (2 i 105 2 LR s IR AR (Il ke
FRIIEIEEE) BT 60 CHtF P TR EE R, M
INRUR BRI RRIR A 5, PR 2 o 22 v B iR S IO A
At TP 22 4R 30728 W 2E P2 Y Soxtec " 2043 5 41 2% N
SENG I E &, AR AT LA E 6 ANFE ., RPEA K.
g H (%) = BRIEE & (o) /AT E (g) x
100 % ( 5K 558 Al EfE4E 2006)

1.5 I i 8 2 A e

WAL AE S, WM, 4°C F#E 1 h 5, 1E4C
TLL4 000 r/min &0 30 min, W L ZIMEET
- 80°C MR IRIKAE N ORAF . Mg R F ik R
WO AT IR & (5 Linco 2w 4:72) J5E
1.6 St

K SPSS16. 0 A4 4 3 47 5% 5 B8 1Y 423t
R 2 0k TS0 A0 BT 255 MR R 0, A G 28U

k. S ik E . RMR, NST 5 &%) Y16y i
[] 5 2R 24 % ] B DR R B A2 6 J7 22 43 BT ((One-way
repeated measures ANOVA) Fudw, sk E | &
BR i, RMR, NST 15 R 41 pl iy 4 ) 22 5 3% 2%
FHMSEAEAS ¢ K550, 1068 2R & i 5 IR E R A 5 &
Y C Rk H Pearson A G . 45 R W LLE 8
fH + A5 UEIR (Mean +SE) /R, P<0.05 H2ERF
B3, P<0.01 HEFHDE,

2 #Xx

2.1 REE AR RNV 2k

SCHGHT, YRR FIBR B RAURIAE R AR
F (1=0.803, P>0.05), £ 21 d W54 sh iy
RELFEWMBE (1= -4.112, P<0.01), REH
P BRZH A T 15.59% ; 75 28 d B & 5 i &
(t=-4.381, P<0.01), BREHHLXIBARET
17.26% ., B2 BR £ B (8] 04 386 i, X B8 41 h 9 i
TR EZ (F=1.835, P>0.05); FREHIEK
FERFEEML, FE21d 50d i EREE (P<
0.05), O dIEIKT 13.04% , 28 d 50 d i 25
Wi (P<0.01), FEIRT 14.75% (E 1), KX
Y RN 98 2R B B 5 0o R A I T A I 3 O A Ok
A (r=0.892, P<0.05), 5MRE4AELERE
EAMEXEZR (r=0.733, P<0.05) (E2), BRE
HE PR R &l B EALT XA (R & i,
t=-3.08, P<0.01) (K3), KRRIME™E
P S xR R IR & B2 B EMH R (r =
0.864, P<0.05), SMREAMKIEE &2 ¥ 3¥E IEMH

KXKFH (r=0.798, P<0.05),
48 -

—o— XTHR4 Control

46 1 —O— PR Food restriction

44

42

38 -

A& Body mass (g)

36

34 4

32 T T T T T
0 7 14 21 28

l4kB5}18] The time of acclimation (d)

P L B X PR RGN A (Y SR (Mean + SE) . & AN ] F
B R 2 e B

Fig. 1  Effect of food restriction on body mass in male Eothenomys
miletus (" P <0.01). Different letters in figure showed significant

difference
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35 4 * [R4 Food restriction .

1% B & & Serum leptin levels (ng/mL)

0.0

32 34 36 38 40 42 44 46
AE Body mass (g)

P2 P K BRI T B R A AR O
Fig. 2 Correlation of serum leptin levels with body mass in male Eo—
thenomys miletus
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R4 Food restriction
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B Wi B Percentage of body fat (%)

10 A

0

B3 B Mt Rk IR D & & 00
Fig. 3 Effect of food restriction on body fat content in male Eotheno—
mys miletus (** P <0.01)

2.2 RMR. NST

SEHGHT, XF BEZH R R 2 K 40 B RMR Al NST
5% (RMR, t=0.191, P >0.05; NST, ¢ =
0.182, P>0.05), 7E21 d BF P4 3% B RMR Fil
NST ¥ 22 % W % (RMR, ¢ =2.637, P <0.05;
NST, t=2.649, P <0.05), FRE 4l RMR F1 NST
e HRZH A3 SRR AR T 11.32% H1 21.42% 5 7E 28 d
BFW 43 ) RMR 2 5 W 2% (RMR, ¢=2.974,
P <0.05), NST % S & # (NST, ¢ =3.326,
P <0.01), BREZ RMR Al NST H X} HE 20 43 51 A
T 15.57% 1 30.56 % ., Fifi PR £ B [a] 09 ZE K, X i
Hah ¥ iy RMR Al NST JC 3% 48 fk (F =0.247,
P>0.05; F=0.447, P >0.05); FREH YK
RMR F1 NST Ffi FR & B [6] (9 2 4 3% W 3 B G
(RMR, F =3.405, P <0.05; NST, F =2.843,
P <0.05), 7£21 d if RMR 1 NST 2+ %16 0 d &A%
T 14.54% 1 21.5% , 1£28 d if RMR 1 NST 4351

FL O d BEMKT 19.09% F129.58% (K 4),
507 -e— —y— X84 Control

-0- — BRE4H Food restriction

4.5 4

40 -

35 4

3.0 A

25 A

2.0 ~ ¢ be

Rt % Metabolic rate (mLOz/g-h)

abe

1.5 T T T T T

Y4kiHE] The time of acclimation (d)

B4 BRExhdE RHUE RM FINST 9 52m . &
RER BF
Fig. 4 Effect of food restriction on RMR and NST in male Eotheno-

PNCER:

mys miletus("P <0.05,""P <0.01). Different letters in figure

showed significant difference

2.3 BiRH

JI A4 ff FF RN AR A B 4 4 ) 22 5 g 2 (A
W, = —2.243, P <0.05; ik T &, ¢ =
-2.236, P<0.05), FRE 24 & 5 {4 T 8
Fb Xt BEZH IR T 22.45% F1 35.04% , #6805 i 41
HERLREE (1= -2.630, P<0.05), REH
e RE i 2 i X B BRI T 45.31% . /I
MAmKEARNH EZREE (MBKE, ¢ =
-2.538, P<0.05; KImKE, 1= -2.839, P<
0.05), FREH /Mo MK K BE X BAREMRKT
15.89% f115.40% . B NEWEZFRE (1=
3.024, P<0.05) REHEMHNEY E XA
BT 100.79% (% 1),

3 Wik

VE 22 /N B L 3h W 1 A T A2 B W) 5T DR Y R
(Hill et al. , 1985; Alvarenga et al. , 2005 ; Sucajtys—
Szulc et al. , 2008 ; Zhang and Wang, 2008 ), H: %
SE PR RE FEUC SRS (MG R AR, 2010a)
YRGS, Sh ik n 22 IR R R Y
M, A IRE R EE RN, ZhY el DL B s i Ak
1 W ORI N RE B B A, 38 L A A R AN B
o R s, DT 2 5 fi o V- i AR E AR
( Sucajtys-Szulc et al. , 2008 ;
2008) . FRE 20% /)N BURIT 30 % K B 14 3 15 %) Bt 201
FHEL A B 89 A2 L ( Gusoy et al. , 2001;
Hambly and Speakman, 2005) , #R1i 24 [R & 2 3 1

Zhang and Wang,
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Table 1  Effect of food restriction on carcass mass, organ mass, and morphology of digestive organs in male Eothenomys miletus
Xt EEZH Control fR & 20 Food restriction P
Hil & Carcass
6 T Wet mass (g) 33.45 £3.22 25.93 £2. 01 0.036
T & Dry mass (g) 17.98 £1.08 11.68 =0. 92 0. 049
JK 4> E Water mass (g) 15.45 £1.26 14.34 £1. 04 0.098
JFIUE £ 5 Liver mass (g) 2.25+0.49 1.78 +0.22 0.352
BAT # BAT mass (g) 0.64+0.18 0.35 0. 08 0. 025
B E % 7 Kidneys mass (g) 0.41 £0.02 0.39 0. 02 0. 37
H Stomach
N %4 T Mass with contents (g) 1.39 +0.31 1.78 +0.19 0.295
T Wet mass ( g) 0.38 £0.03 0.39 =0.07 0.83
T Dry mass (g) 0.10+£0.01 0.08 0. 01 0.18
/N Small intestine
K B Length (cm) 37.5 +1.39 31.54 £1.71 0. 029
M %4 T Mass with contents (g) 0.15+0.07 0.11 +0. 04 0.556
6 T Wet mass (g) 1.54 £0.24 1.62 0. 10 0. 742
T Dry mass (g) 0.31 £0.03 0.24 +£0. 02 0.091
E M Caecum
K ¥ Length (cm) 9.38 +1.83 9.36 £0. 43 0. 994
N %4 T Mass with contents (g) 1.12 +0.35 2.44 +0.27 0.013
6 T Wet mass (g) 0.51 £0.09 0.53 £0. 04 0.851
T Dry mass (g) 0.09 £0.02 0.09 +0. 01 0. 98
KW Large intestine
K ¥ Length (cm) 22.72 £1.05 19.22 +0. 73 0.018
M %4 T Mass with contents (g) 0.33+0.06 0.22 +0. 04 0.569
6 T Wet mass (g) 0.52 £0.09 46 +0. 03 0. 488
T+ Dry mass (g) 0.10 £0.02 0.08 +0. 01 0.216

B FASE A o 4G 50 20 T 0 AR AR fr A 2 DB AR 22 SR, A5OR I DI BIME « ARUE DR (Mean = SE) IR, P <0.05 Jy4 2R ¥

Independent samples t-tests were used to analyze differences between the control group and the food restriction group. Results are reported as mean =+

standard error and P <0. 05 was considered to be statistically significant

hn, A e aE i RE fi B AR S A TR Y ok R AN ER
BHYVR T B Y=, R B kK R
(Alvarenga et al. , 2005; Zhang and Wang, 2008 )
wn, BREE 50% i R R A Lo X IR IR T 40%
AHFELE R, b RSB TE 80% B & IR &
FUET, REARRERTRE, ERE 21 d{AE
BEREAL, MERYERLEWFMET, RERMIE
ERFERE, X—45 815 &I R (Apodemus
chevrieri) B BFFT S5 R — 8 (WIS ® %, 2010a) .
LGSR U, 75 80% BN E&MT, K
Gy B AN RE 38 1 BB 12t 48 A RN S H R IR SR TR AR B
BWEYLZ, NI FBURE AL, LB X s
R4 %F 752K (Nagy et al. , 1995)

TRNE & 1 2 S BR S ) FR RS 1 — A S b
(ZEXTHAF, 2004), BYBEEL=Z 1, S A aE
] b 2 0% Y e T LA 4ESE A B BE e oKk, i sl ]
TR N B A7 1Y RE B2 R IRPUAM I IR BT 45 R 38 (Vol-
tura and Wunder, 1998) . AHWF5E o FR £ 4 M 1K

SR PR RE & WAL AL, R KRS
) AR AR 107 LA X B Wk = 0 IR B8 2548

RMR A1 NST Sz /)N 0 5L 3 49y 35 2 A g 4 52
L TERE &P 6 A Y b R E EAE R (Hambly
and Speakman, 2005) ., V£ sh¥)id o 2k 48 RMR #1
NST 55 ge A, LA B BRBE 45 09 284k ( Me—
Nab, 1986 ; Veloso and Bozinovic, 1993 ; Hambly and
Speakman, 2005; Zhao and Wang, 2007 ; Zhang and
Wang, 2008) . £ ¥ ALK 79742 (R 51 3h ¥
1R e 2 S &K 4 A8 fk ( Veloso and Bozinovie,
1993) . BRE Al h il B, JROBR L /0N BRUFI B A% 110
RMR Fl NST F&{lk ( McCarter and Palmer, 1992; De—
Laney et al. , 1999; M5 €4, 2010a) , FRE 20%
(9 MF1 /B RMR 78 0 BR 4 0 2 5 A 5T
Mk 22% (Hambly and Speakman, 2005) ., A#f5
g, IR AUEE SRR RMR AT NST E X 8
MW FEREAR, 5 NST 284k — 2, PR fif A v K 40
A g i ZHZY ( Brown adipose tissue, BAT)
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FEAK, T BAT J2 /N L 2l H 3 1 1 = #4322
#E (Trayhurn et al. | 1995), BAT MR MKA FlF
WDRERE RS, DL EEERER] ) MRS RAE R
PIgE IR Z (4 PREE i i R RMR F0NST, 6
/DR B S R R A RE B A

98 2302 AR D A B A A ) — R R T R R, H
TEV R E A RE AR S Th AR EEAEN . T8
WRGHPRYER UME S0 TRIEERT T R,
B e 4 ML A Gl D AR s, DR R IR AR
(Campfield et al. , 1995) , Mtk KGR 7E 80% H &
HWRERMT, KERGRLESFRE, KESER
HREAR, TR R W, BARRY 9 R KT fE
ol RYLE S 5, FEEm e &8 A (Friedman
and Halaas, 1998 ), V- fff fit & Y 32 ( Chilliard
et al. , 2005) , VFZWFELE RFEW], W BRE BT
TEm iR E | IR S R, P ABE ) (Zhang and
Wang, 2008; IS €&E, 2010a) F1 M 7408 K & &
( Trayhum et al. , 1995; MacDougald et al. , 1995;
Hardie et al. , 1996; Tauson and Forsberg, 2002 ;
Zhang et al. , 2002) , Y BIKNE & & 5 ML E R
AR BE B IE AH 2 & &R (Friedman and Hallas, 1998 ;
Nieminen and Hyvarinen, 2000; Rousseau et al. ,
2003) , FeATW A, TEBRE KT R i i
Rowm HIEEMARIE S E2IEMC, BLERW, 0
B R REAE N — LIRS 5= 5 R EY
B2 S5 BE BT A Y R T

TH A TE B P 25 25 0 152 Wl 31 W) ) B ) e B 1Y
ARBCHCAS, DT 52 HEA= A7 A G (MG RS
2010a) , V2K MEFSMIEFERY], HALEEE
TS SRR M EY A EE LR
(Derting et al. , 1993) . BR & 41k M K 50 /N 170
KRipKERERTEYEER, HHEESYA LR
LT, REEFEIREAE K, X 52 Y RS
RERA R (Thylamys elegans ) W FT 45 F — 2
(Bozinovic et al. , 2007 ), BR & ff H 8 1k 18 22 /)
KBS RL . X g Ll By BR A A IS R B, PR
RN K (WIS €4, 2010a) , KRS
e LA B xoF BIR B B A [) B e, AT RE & T o 28
B, MR ASEMEHEAFETIER, & s T
WA, WEEhtEsE, DUEYIR TR, R TR IR A
Yy b, X AE H O B B A2 PRI BE R SE R Rk
BUE T HBUERE, W5 3h a8 Sy 22, LUEE O KT e
Vi, MR Z A FEEY, WAKREKENES
(g4, 2006), X AT BT B0 A~ BN 7R A &

Y= IR, AL IR ST BT AR B 3 L HL
B

BZ, YRGS, RO 32
fkfAE . RMR., NST, BAT & &, /NG KJE . KW
KR re S, DL s T B AR R WV A
KRN TE, R GES T R f PR TE
X g AR, g AR 1h B TR A 0 A B Y
PEIE T 2 R GRS B Yk = B SR e
SRR, XAl L R LD DX R Rk B
X

Brigf . RO BT L S R A B O A 2R T
i B e S ST

SE WK
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