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Effect of fur removal on energy budget in lactating KM mice supporting

. .
additional pups
ZHAO Zhijun’
( School of Agricultural Science, Liaocheng University , Liaocheng 252059, China)

Abstract: The aim of this study was to understand the factors limiting maximum sustainable energy intake and metabolic
rate (SusEI/MR) during lactation. Maternal body mass, food intake, litter size and litter mass throughout lactation and
basal metabolic rate ( BMR) and thermal conductance during late lactation were measured in dorsally shaved KM mice sup—
porting additional pups. BMR within the thermal neural zone of this species was determined using a closed-¢ircuit respirome—
ter. The present results showed that there were no significant effects of litter size on the maternal body mass, food intake,
thermal conductance, BMR and litter mass during lactation. Shaved mothers had 13. 8% higher asymptotic food intake ( P
<0.001), 18.1% higher BMR (P <0.01) and 30.8% higher thermal conductance ( P <0.01) than did non-shaved
controls. However, furwremoval had no significant impact on maternal body mass, litter size and litter mass. Litter size was
significantly positively correlated with litter mass, but negatively correlated with mean pup body mass at weaning. There
were also positive correlations between BMR and maternal body mass and litter mass. It suggested that SusEL/MR during
lactation was constrained in KM mice. Fur—removal significantly increased the capacity to dissipate heat, but had no effect
on reproductive output. The current study provided support for the “peripheral limitation hypothesis” but argued against the
“heat dissipation limitation hypothesis”

Key words: Fur—removal; Litter mass; Litter size; KM mice; Reproduction; Thermal conductance
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78 HEAN RE 38 3 14 05 i LAl R a3l A LU 1Y
REHE TR, BEEBATREZINHILRGE MR . H
LR ICRE FT Rl 2, B < Ao BRI 5

SR, AR IR 9046 1 i FLIH MEFL N EL (Ham-
mond et al. , 1994 ; Johnson et al. , 2001a) . W%
i B ( Sigmodon hispidus ) . 1 J& R ( Peromyscus
maniculatus) (Hammond and Kristan, 2000) FIAf
FRH B (Lasiopodomys brandtii) (Zhang and Wang,
2007) HEREERE B, W AL AR RE ) o — 2P
Haag , IR D BRI R U, X S 2 R 5l
VI B IR AR, W7 FLA gh AR R F A
W Ve 75 5% S W) AN BR A i WA L 1] A AR SR AR B 2
i, DU A A B FE Ve FNE B A KOR B R L fiE
#77K  (Rogowitz, 1998), Wi LI K Frstig &
WS ml g sz 2 TR W FLAE IR BR &, BE < Ah
FREMER UL, S, —SpFsuEse 7z, iy
fim MF1 /N B AKX B ( Cavia porcellus) Wi & W IR AT
B, B BEE AL 50 W FL LA S SR R E
oK, B FLI 4 K R AR (Hammond
and Diamond, 1992; 1997; Johnson et al. , 2001b;
Speakman, 2007) ,

{3 Krol il Speakman (2003a, 2003b) FL#H AN
R E T MF1 /N BRI 7L RE R S/ A, 5
i (21°C) M, KR4 (8°C) MAEEEA
FZEHE il W E G, MR (30°C) i BB & 4%
N RIS a2 AR, PR RBEART S b
OBRE” MRUE, ISR “APRBRE T R, T
JEHEINARG Il 25 S R ARS8 N RE T 0K, MR AT Tk
RE A RR, T T AL R R BERRE A
FLRALA R WFLAE ), B AR S AR
s T N B ECEARE ) rT RE Sz B 2, R
BRI 7 5 22 g & B A S 3 A B B AR
“HRAEHCBR " R UL (Krol and Speakman, 2003a;
2003b; Speakman and Krol, 2005; Krol et al.
2007) . MFLIAMIEME MF1 /DN B & 2 MG E B
EHM (Krol et al., 2007); HI BB T LR
( Phodopus sungorus) FIEJFEH R ( Microtus pennsyl—
vanicus) EEEA R I, izl i mi
MFF (Kenagy and Pearson, 2000; Kauffman et al. ,
2001), Zhao Fll Cao (2009) HJ Swiss /MR EE T
Krol 55 (2007) Y S5, & B L 3 40 6 A9 B ff
Pl TR | SRR R EW N, EAIEREEE WA
HERRAFE, X S0 A B, A
“IRFEHLFR W UL, MR EARAFS, Zhao Fl Cao

(2009) #H, YA SusElL/MR 7] BEREAF 1“4
JEBR S, Xz “HORBE S BREIT, 3 Ay BRI K
SERTREANTR] AT, sh R R R 4 il i S PR I
(RN AN —5, HEBAEMEBZER, M
HE— 2 B HIE

KM /B A H R o Iz 0 525G
B, ERREA W RES Y, % B EAT I N
PR RN B 7 S R AL, RO 23R 100% , P
FEAFECH 11 5, 38 A 1R R WF o8 258 1 B KAF g
s S PR B A BRAL I BSR4 O,
2004 ) , AHFZE I E T 0 LI BE 0 B AT ECRTR) B Y
KM /NEAE, s, A% (basal meta-
bolic rate, BMR) ., #/&L S, LIS 7L & iR A7
BMBRAFEN A, S TIRE, 85, BMR,
JEAFECRIGAT B Z M A C G R, B B KM /)
S FL I Rk Rk L Z FUMR W FLRE ST (I BR 1, IR
S ECRRE TR ; X B MR,
T T L0 R 2 Rl e S PR 1% R 2 AN AR BEAILEE

I AR %
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KM /NI B AR KL g s Prrb o (4770
AfE 5. SCXK (£ ) 2003 — 0004 ), H % 1A 37
(29 em x 18 ¢cm x 16 em), JGHE 12L: 12D, & ¥
23 +1°C, HHEE (bR J kA R A F
AR N BB R K 9 ~ 10 JE i Bk A 52
Ao, 11 dfE o dERL, MRS RENLs R 3 A (1)
JEREXIA (NS, n=17), E®WHA; (2) FE
F B MBI AL (NS + Pups, n =21), 77i%Y4
HIGmAGfrE, A ZmE 5 ~6 M4k, (3)
FEHIMBSAF B (S + Pups, n=20), 424 H
I, AR ZHE 5 ~6 M4k, fEmRZL
557 KW REIRTS MBI L (0.3689 +0.0067 g), T
FLES 17 RWrgl, Wizl e 5 e Bk A E | 3RE
i JRAFBCRIG AR E, WrEL Bl 2 BMR RIS &
1.2 BMR gyl &

LA 17 K, DL 3t S R s 07 I 1 e
¥ B AR 8 R ( Gorecki, 1975; Wang et al. ,
2000; Zhao and Wang, 2005; #&X &ZE4E, 2009b) .
MR s AR 3.6 L, LA KOH 4 ik Jie 4 1) e g i
W28 N CO, FZK 4y, BMR I %2 3R FE N 30 = 1C
(PR P X B, sk HRILAE, 2007), KIFEIR
(£1°C), MERSHPILE 5 h, AP %8 N
1 h, fFahPiae 5 IFiRic 5%, MM S min 5% 1
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1.3 AL F e

A C (mLO,/g» h- C) = MR (mLO,/g* h)/
(T,-T,) (C) IHaEH#ET, Hph ChafEs
(A& 78 R RKELH) 5 MR AU, T, BRI
(C), T, NHEEHEE (°C) (McNab, 1980; Song
and Wang, 2003; &8 # 1 T FE4E ) 2004 ), LAK
B BTN E PR B ORI 2 0.1°C) 5 Aldbat
U 2 Fl ma A A T A = R B AR IR T A B
3 emAb, WE 60 s BEHUEME (B E0.1C),
L T B R R AR
1.4 St

K SPSS 13. 0 3K AT B I ge it o b, 4
BB MBS R E | BER, 8. kiF
#H . BMR, R AL T 00 52w DL 2R 7 2 47
Brik (BB x JAFEO #E17 gt o, HE2ZE 5
KH Tukey 2 LWALHAT 4081, WHZLEIE (K | %
i, MR EORR AT 3 A A8 Ak DL SR 52 0 A ik R AT 4
Mo BRAFECS BAr A4 IR ¥R E DL & BMR 5
K . IRAFEOM G AT 35 22 8] i) % 2 K ] Pearson #H
FArHT . SCHEE TR UL E + FRifE IR (Mean
+SE) F/n, P<0.05 WZEREE, P<0.01 I
ERETE N

2 #X

2.1 Kk

Wi 3L A0 B0 B AR R E 4 ) 22 B R W (NS,
51.5+1.1 g; NS+ Pups, 52.5+1.2 g; S + Pups,
50.9+1.0¢g; #FE, F 55 =1.13, P>0.05; Jiaff
B, F. =0.38, P>0.05, K 1A), WLl NS
HMS + Pups AR E R W FHFZH (NS, 1 ~
17d, Fio 5 =1.31, P>0.05; S +Pups, Fi, v =
0.84, P>0.05); T NS + Pups ZH Wi L i & & Lo
AW FEAE T 5.3% (1 ~17 d, Fi o, =2.55,
P <0.01) . 35 F0 3G I e A7 B0 i 2L 300 44 & 1Y s
MR E (58K, NS, 51.5+1.1 g; NS + Pups,
52.6 £ 1.1 g; S + Pups, 51.4 = 0.7 g; #E,
F, =003, P>0.05; JAfF%, F, s = 1.04,
P>0.05; %17 KX, NS, 51.2 £1.2 g; NS + Pups,
49.86 + 0.8 g; S + Pups, 50.3 + 1.0 g; #|FE,
Fi =015 P >0.05; Mfr%, F s =0.98,
P >0.05),
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Fig. 1 Effects of fur removal on matermnal body mass (A) ,and food
intake (B) in KM mice supporting additional pups. NS:non-shaved
controls; NS + Pups: non-shaved females supporting additional
pups; S + Pups: shaved females supporting additional pups. The ar—

rows indicate that female mice were domsally shaved on day 7 of lacta—

tion. *" significant effect of fur removal on food intake( ** P <0.01)

2.2 HEE

ML AR A A I, SELAS 1 RAH L,
WiFLBF NS, NS + Pups fl S + Pups 4 A5 & & 57
I 86.2% . 66.5% F1 85.4% (1 ~17 d, NS,
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P <0.001, B 1B), #IEH, HEEAHEZESF AL
F (BeXR, $IE, F, s =0.23, P>0.05; Jiaff
B, Fi.ss=1.40, P>0.05), $IFEJ5, S+ Pups 4
BEER N, EWILE 13 K2Rl mimE, Bl
EBARMEEREESTIEMNEL (F.s =
16.05, P <0.01; %5 17 K, F, ;s =12.96, P <
0.01), 7ERAMEFLE, BE R 2850w
BEEW (1K, F =1.33, P>0.05; %17
K, Fi.ss=1.16, P>0.05), MfiFL w0l 7 245
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BEAZMEMZN S, #EBHLIESN EAS
13.8% (NS, 21.1 £0.4 g/d, NS +Pups, 21.2 +
0.5 g/d, S+Pups, 24.0x0.4 g/d; $IE, F s =
19.52, P <0.001; fiifr%L, F..s =0.59, P >
0.05),
2.3 JRfFBCR iR AT

NS NS + Pups 1 S + Pups ZH /) H A G -5 (56
0 R M11.1 £0.6.11.2 0.4 F111.0+0.5
(FIE,F 55 =0.13,P>0.05; JBF 8, F s =0.07,
P>0.05, 2A) . AFERAFEUS, A A,
NS + Pups 1 S + Pups M JRAF 5 3 2 T NS 4
(%51 X ,NS,10.9 +0.5,NS +Pups,16.0 £0.4,S +
Pups,16.0 0.4 ,F, ss =61.09 P <0.001 ;%5 17 X,
NS,10.0 +0. 4 ,NS + Pups,13.8 +0.3,S + Pups,13.3
+0.5,F, 5s =41.43 P <0.001) . $| EX} JE1F 50%
W AR E (17 d,F, s =0.98,P>0.05),
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<0.01)

Fig.2 Effects of fur removal on litter size (A) and litter mass (B) in
KM mice supporting additional pups. NS: non-shaved controls; NS +

Pups: non-shaved females supporting additional pups; S + Pups: shaved
females supporting additional pups. The arrows indicate that female mice
were dorsally shaved on day 7 of lactation.  significant effect of fur re—
moval on litter size or litter mass (* P <0.05; =*:* P <0.01)
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S +Pups,87.0+2. 1 g, #FE,F s =0.97,P >0.05,
SAFHC,F, 5 =0.67,P >0.05), WiZLof NS, NS +
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Fig.3 Correlations of litter size with litter mass( A) and mean pup
mass(B)during late lactation in shaved KM mice supporting additional
pups. NS:non-shaved controls ;NS + Pups :non-shaved females supporting

additional pups;S + Pups:shaved females supporting additional pups.
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BHRIE A BMR FI#E S WM (R 1), NS+
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Table 1  Effects of fur removal on basal metabolic rate and thermal conductance during late lactation in KM mice supporting additional pups
NS NS + Pups S + Pups P
n =12 n =12 n=12

AT Body mass (g) 51.1+1.6 48.7 £0.9 49.11.1 ns
R body temperature (°C) 36.4+0.1 36.5+0.1 36.3+0.1 ns
FRAFHK Liter size 9.9:0.5" 14.5 0. 4° 13.5£0.7° P
BEAFE Litter mass (g) 83.9+4.1 88.4 £4.5 85.8+1.7 ns
FER LR BMR

(mLO, /h) 127.6 +3. 3" 125.8 +3.7" 150.7 +4.2° Pl
(mLO,/g+ h) 2.5z0.1" 2.6+0.1" 3.2:0.1" P
# % F Thermal conductance b b a o

0.39 £0.01 0.40 0. 01 0.51 £0.01 P

(mLO,/g+ h- C)

NS: AEHITZH; NS+ Pups: AEHIEBIEIMIGAF £ ; S +Pups: B BIGIMIG AR . Py HEIMIGAFE, Po. BIE; " P<0.01; F—1T A

A EARFR KR 2ZE R B E (P<0.05)

NS: non-shaved controls; NS+ Pups: non-shaved females supporting additional pups; S + Pups: shaved females supporting additional pups. Py, :

Pups; P_: Shaving; ** P <0. 0l. Different superscripts in each row indicate significant differences (P <0.05)
= 200 200
< 200
5 A B c
s e $° 3
E e
© 150 4 A 150 rr/—/.'ﬂ i . A
5 o a A g 10 ANy
2 A o8B - - A 3 0.0 A &V—-’ o
: 0406 4 s A oBBG0 o B8R A
= A © A A A - /'A/ A
2 100 100 1 °o 100 0o
) ANS R?=0.19, P <0.05 ANS  R°=008,P>005 ANS  R=015 P<005
% O NS+Pups R2=021, P<0.05 © NS+Pups R?=034, P <0.05 O NS+Pups R?=045, P<0.01
= ® S+Pups  R2=0.27, P<0.05 ® S+Pups R?=0.17, P<0.05 ® S+Pups  R2=037, P<0.05
50 T T T 50 T 50 T T T
30 40 50 60 70 5 15 20 50 80 110 140
#AE Body msss (g) B Litter size BAAFE Litter mass (g)

Bl 4 KM /N RT3 R AR RS B RR T (A) . a8 (B) AUIRATFE (C) AYMEHE . NS. FEMIE4L; NS +Pups: EHIE B is

R S+ Pups: BB NG A4 4.
Fig. 4

Correlations of basal metabolic rate with maternal body mss (A ), litter size ( B), and litter mass (C) during late lactation in shaved KM

mice supporting additional pups. NS: non-shaved controls; NS + Pups: non-shaved females supporting additional pups; S + Pups: shaved females

supporting additional pups.
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A B sh YR i F R B m I, BRAT
WA 2 BT B B4R g IR A KR
B HBATRI, WEli KM /R A R & 4E R e
BE i W, LRI Y 45 e L FL A S Y
T A%, WFLE A H O SRR 21 g,
5 Hammond 1 Diamond (1992, 1994) K Zhao #
Cao (2009) H3H &5 RAHPL

G BRI FLIH R R R 1) EE R Z

—, VFZ /NI L 3h ) il L A0 Y e B8 A B IR AT AL
Baom i #% K ( Hammond and Diamond, 1992,
1994 ; XUESE, 2001), WAE VML B ( Psammomys
obesus) WHFL 1 ~3 H & km, L aEHE n 85% ,
4 ~5 HEHEN 118% , 6 ~8 HEFHEJin 138%  (Kam
and Degen, 1993), {HIRATA B, EhnGHEORGE
HE— 2B R KM /MR &, SIRATAYHF 5845 R
ARARL, IR AR, BE SE A L I S8 O B 4
Swiss /N B % & & ( Hammond and Diamond,
1992, 1994) . H7E W FL WK/ B2 &8 TR R I
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BEEEZEM (Hammond e al. , 1994; Johnson
et al. , 2001a) , 1K 5% &5 o {0 2L 5 04 3 A W B
M. A2 (Hammond and Kristan, 2000) #14fi
[CH B (Zhang and Wang, 2007) 5 P&
fne MR AFECS KM /N BRAE B =0 5% oA 1 3
EA) B i & i W GE O (Roxh B AL T
13.8% , P<0.001), HESEMHFLY Fe KRR 2L AE L
SCATREAS 32 W A 2R Ge 3 B0, T AN W Wi RE ) A Tl
2y, ARG BRSO AR A2 LR W EL
RESIAIR &I, ik KM /NERBUSNHE 5 ~6 DAIEK,
FCB B AL R AR R L e R A H R
B WL I A AR SR R R O OG ) RIIG ARl
K, JEACH P35 A BN, X SRR 5 45 R R B
KM /)N ERAS B3 o 8 s L 0 2 40 S0 4 AR i A Kk
", AWM ELE AT REZBIRE, 5 “HER
il UL B T — 3% ( Hammond and Diamond ,
1992, 1997; Johnson et al., 2001b; Speakman,
2007) .

SR I AR BT A B WF S AR SRR A R ER R
P, F & Krol Fl Speakman (2003a, 2003b) ¥
AFEFRELRET MF1L /R B RE B3O # 1T T R,
RBBER (30°C) HmEE ERA, Wil
JRAFE RN WARE (8°C) Ak Azl &
WEEHN, Wu % (2009) WA BEZE T (307C)
WL A G H R s Fb FLae il B F LT =
Mg, AR, Krol 4§ (2007 ) Wi FL 1 MF1 /N R
TR E, R BMAEHRE S RERR | FEE
Zoh W, X SRR BRIRE S RY
W > 2 HOREE D B9 BR R, B B A B
i AR, DA IR R R B R, s g
SFHAR SR, TR T HCARE SRR @7, S B
T R B O, XSRS A S A
AE H B ) 5 L 1) T ( Krol and Speakman, 2003a,
2003b; Krol et al. , 2007 ;Wu et al. , 2009) ,

AT & B, 0 2L 15 KM /s B &8 8 &
BMR AR HI BAEM T 18% (P <0.01), #fE'T
WY 29% (P <0.01), 3= WIH|E Al B GE
oo, HRIBH SRR BHW I BAFEALL, 5
BN E A AR (P >0.05), MR
55 W0 7L B S R 7 B R B RORE G . X BB SR
AN, B R AR IAFE R Y 0, (HORRE R W W 3L Y
Res A, IRARENE A E R A RKKLE, W
BEEREFEZEN T A SRR, b,
TETHFL I K BR 5 D W53k 19 Swiss /)y B Y 6 L

A W E A1 (Hammond et al. , 1996) ; Wi F,
WV 2 EE (8CHI21°C) RAEEHE I E AR B A ML
fieimi it (Rogowitz et al. , 1998) , iX BuffF57 45 5
W FF <A BRI R ¥ ( Hammond and Dia-
mond, 1992, 1997; Johnson et al. , 2001b; Speak-
man, 2007 ),

i BIROESE, ORISR B W SRR ) ) B 5T
HiRIFIEE A2, AT N H K ] BELET
(1) ) ¥y Y d5e R A5 22 8 et WA S BR 4l /Y 7K mf
REAFAE 22 7%, QI I BB Y Swiss /1N LAY W 7L ey U
WReE B A AT RERR Hl 7 19 ~ 21 ¢ (Hammond and
Diamond, 1992, 1994; Zhao and Cao, 2009 );
MF1 /N B BR ] 7623 g ( Johnson et al. , 2001b) ;
T A7 TG H BUZE M FL IS 8 ~ 12 R & m4E+5 7
16 ¢/dZE47 (Wu et al. , 2009), f5 K35 4L e R Uk
SCBRA T RERA Al E 22 55 (2) WA ASE A R 3h
Wy B e R AR 2 B 12 WS BR 1 09 PR 3= o ] B 58 4
6], fn MF1 /)N B L3 A R 45 22 BE i ST RE 2
HCRRE RO BR A, SRy < BB RICR R L " (Krol
and Speakman, 2003a, 2003b; Krol et al , 2007;
Speakman, 2007) ; 11 KM /s B0 AT 68 52 3 B ik 3L
RESIBRM, £FE “APEBR$I " (Hammond and
Diamond, 1992, 1994, 1997; Hammond et al. ,
1996; Zhao and Cao, 2009); (3) Zh4¥nl Ak At
% CHUHRRESDT R cwAELAE 17 BYRRE, (B
B BR il 7K S AR ( Zhao and Cao, 2009); X MF1
ANERMTE, “HOCRBE SRR JK-F Al R T < W EL
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R BCE TR ), Wl FL s A B A
R 2 3E O (Krol and Speakman, 2003a;
2003b; Krol et al. , 2007) . Tfi % KM /N B &,
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o, [HZ G R BE G I (Zhao and Cao, 2009) .
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