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The trade-off between the energy allocation to maintenance and repro-

duction in striped hamster is independent of temperature

ZHAO Zhijun
(College of Life and Environmental Science, Wenzhou University, Wenzhou 325035, China)

Abstract: The present study was aimed at examining the energy budget during lactation in small mammals, within which
the factors limiting maximum sustained energy intake ( SusEI) and the physiological mechanisms underpinning the limitation
would be further explored. Body mass, food intake, litter size and litter mass during lactation were determined in striped
hamsters raising natural litters (Con) , minus 2 =3 (Minus) and plus 2 -3 pups (Plus) at 21°C, 30°C and 5°C. Basal
metabolic rate (BMR) , nonshivering thermogenesis (NST) , cytochrome ¢ oxydase (COX) activity of brown adipose tissue
(BAT), serum Ty, T,and prolactin levels also were measured. Females increased food intake, but decreased body mass
throughout lactation, during which the differences between 21 and 30°C were not significant. Maximum asymptotic food in-
take averaged 14g/d, and it was lower by 20. 3% and 18. 6% in Minus group than Con and Plus groups, respectively. The
effect of temperature on food intake was significant. Food intake was increased to 16g/d at 5°C, which was significantly
higher than that at 21 and 30°C (by 14% , P <0.05). Litter size decreased significantly in Plus group, but did not
change in Con and Minus groups throughout the lactation. Mean litter size was 4.5 +0.3, 2.6 £0.3 and 4.6 £0.3 in
Con, Minus and Plus groups, respectively, at weaning (P <0.01), and no difference was observed between Con and Plus
groups. On weaning day, litter mass was not different between Con and Plus groups, but it was significantly lower in Minus
group (33.9 £3.8) g than Con (50.9 £2.2) g and Plus groups (49.0 £1.8) g Mean pup body mass was (13.7 =
0.7)g in Minus group, which was higher by 17. 9% and 24. 9% than that in Con (11.6 £0.5) g and Plus (10.9 £0.6)
g groups (P <0.05), respectively. BMR, NST, BAT COX activity, serum T, , T, and prolactin levels were significantly
higher at 5°C than 21°C and 30°C, whereas no differences were observed between 21°C and 30°C. Tt suggested that SusEI
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was 5 X BMR in striped hamster raising different litter size at 5°C , 21°C and 30°C. Cold-exposed hamsters were able to in-

crease energy intake to cope with the energy expenditure for thermogenesis, showing a trade-off energetic budget between

maintenance and reproductive output. The finding provided support for the “heat dissipation limitation hypothesis” , but was

also consistent with the prediction of the “peripheral limitation hypothesis” .

Key words: Basal metabolic rate (BMR) ; Energy budget; Litter size; Reproductive output; Striped hamster; Tempera-

ture; Thermogenesis

RS AE & A (Sustained energy intake,
SusEIl) FEPLE YRl A B A3 A . AEAEE N . B
BN Dy A EEE L, BRI 00T 52 2RI
(Hammond and Diamond, 1997; F E 1114, 2000;
Speakman, 2007; #7245, 2009) , Z5E /N
WL 3N P AR TG Y E B B, W BURE B OR R
1o, WL e A R R S e e (RN, B A
P BRAKF-, St 2L sh )2 I TF5E Sus-
EI BRI 2= A AE BALH (Speakman, 2007; Wu
et al. , 2009; MEZEE, 2009),

PS8 U BRI 7 5 A% 80 5 Wi 7L
RER IO FEZE N R . Kl 2L Swiss /N EUAHIE
FRE (Sigmodon hispidus) % T Il 50 14 i
%, H SusEID ol 258 & R ¥ hn ( Hammond et
al. , 1994, 1996; Rogowitz, 1996) . 4} J& R il R
i INHAMNAH L R gR B IHFERE R DV ARE T, AL
RIEIRE ST . BHEIRA T 2R W FLRE ST . MR
T WL ARG AR ZL (BAT) By™= ke ) 55
FR# T SusEI ( Hammond et al. , 1994, 1996; Zhao
and Cao, 2009) . {H I ZL WG 2 88 19 MF1 /MR
AlE s A A0 SusEL, DU e R A S A E
SRR ERE R K, AME FRBIHETCEE 1A 2
BYfE B (Krol and Speakman, 2003)

PRFE R i A I 2L SusET 52 HE A RE
AIRR, AR R A S YA e = 7oK By 5,
WEFTRE 1 AR EE A BR ], AMIEVFSh 3 s &
P AR FL, 530 SusET 125 i il 32 3
(Krol and Speakman, 2003; Speakman and Krol,
2005) o ARSI, Bl PR IR EE T, B
REIZBHIZy, BRI SusEI FE A . 5% iRAH
o, A B me iR T i FL A MFL /N B (Kol and
Speakman, 2003 ). fi K H [
brandtit) (Wu et al. , 2009) FIRRIMEF 4 ( Lepus
europaeus, Pallas) (Valencak et al. , 2010) F Sus-
EI, Rt EABFLAE R SO B m, SHRGEHR
MR BER I — 2, Wu 55 (2009) K& A [ iR

(' Lasiopodomys

FFECR A5 TG H B BE T AN R PR, AR IR T
W H KGR R R SusEL, 3L AE & 4 B A1 iR AT
R EMTEIRM, FFAFERRBIES, i
B/ NRAFECEEAR ) SusET F1 %51 i 11 5 % 4l T 22
5, AFPEZARE I, I FLI SusET 1y FR
Tl R AT REAEAE RN B 22 5, WA 5 PRI 3 P
PRI SR i B A G

Mk FR ( Cricetulus barabensis) J&J 12 43 Afi
T IR E T T7 A b DX 1Y) 32 S B R i A 25 )
FpZ— o ZEARAIBCN, REEERA RS, HEEE
WSl A7 30 8 IR B Y S E 2 (Bao et al. , 2002;
Song and Wang, 2003; Mi##r%E, 2003; Zhao et
al. , 2010) . BRRPT 2 %AE, WFLHRER LS
JEAFECA 6 (ZFERS, 1989; BEF5F, 1996;
BfE RS, 2001) o ASCEE I FLI R G AR 5R T
AFEAERE (5°C, 21CH 30C), FFATIHM
FEHE SRR, 8 e LY SusEl 5 %
G, B R R B SR I B AN, TRA
Pifg SusEL R A PR AL

1 R %

L1 SEEEhY)

BALAROR A EN SRR RN KR E3Y
g E, MR E R 21C £ 1C, SER N
121:12D) . gh¥ynl A IRE (0B B )k
AR A AR 0 b o BURDEL) FROK . B3.5 -
4.5 FIBIERMErERRL AR 179 H (B b L i) ,
P8 (29 cm x 18 ¢cm x 16 cm) fAFE, S4ERHHIT
(8 Tl B TRC X o AR e B A o 1 7 A o LA R S 0
BIMER . A 75 FOMERUAEIR . 7RS35 Y HORERE L
MG ARFEHL 53 L 3 4, 73 & 68 T 21°C £ 1°C,
30C + 1CHISC £1°C, EWiFl, H—RE T3
YIFERENL Y R 3 2. XFREZH (Con) WHFL A 4R MRAT
o WG (Plus), A RSN 2 -3 4>
ik PR (Minus) , i R 2 -
3R, TEE—MREEFMT, EH AR RT
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AL B A A T IR R A2 0, B sl si /b
NEAFECZ T, BHA ARG IR FEORIL . P 3l
PIAEMR LIS 19 RWTFL, 035 58 hon 4 & 8 R A
AR,
1.2 fRE RIS G

WHFLIISE 3 REWFL, & HWERAAE, 53
JRAFEC R G Ar B & (LA AR 6 A7 BRI iR AT
) o LABS I RDENE R S F R 5 — R F A 1 A 5%
FENFRE I E G H R, WELE 16 - 18 K
TR EF A R U LI R R B
(BE%, 2011), SusEl = i KIFLLIEE & x BY)
TP x EYE (17.6 kl/g) .
1.3 FZakfCi#i% (Basal metabolic rate, BMR) #l
BSR4 F= 44 ( Nonshivering thermogenesis, NST)

Wil ok, MIEREZE (2012) fAMI5%,
AT AL (Sable system, USA) 5 £
& BMR FI NST, W 0% = S 4R i 8 N 650 -
750 mL/min, MEIRE R 29°C +0.5°C, BMR FF
ZEME 2.5 h, LLS min PYIESLEEE 09 i (AR 0
REPERIEM S BMR (mLO,/h) . LA BMR (kJ/d)
= 20.9 x BMR (mLO,/h) #Ef7R0 {4 ( Weir,
1949 ; Speakman, 2000) , NST [l 5 i J& & 25°C
+1°C, SR BT 55 2l Hy 1A J AR R 7] ) 25
B ERZE (NE) 5, HH NE J5 £ 22 0 &
60 min, LAS min PIEZERRE 1Y B g 46 SR R
PIEAES NST (mLO,/h) ( E A FI EFEAE,2006) ,
L4 il T, T, MHEFLR

NST 7€ 5 , Wi kb sE sy, I, H AR EEHE 2 h
J& , B0 (3500 r/min) 10 min, BTG , FRAF T 0K
R ( =20°C) o IO 1 B e 0 5 350 & 0 5 it
H Ty T, JAEFLR & & (bt b7 A W R o5
JIT) , At AL TR A B2 R R BN T 10%
1.5 BAT Hifg, Zebi{RH & w A COX JEH:

ALBESN ) 5 PE o B IR IS BAT, BT H#A
o, MRRIAE S . A M e e, 1R
BAT £ R ik & ( Wiesinger et al. , 1989; Zhao
and Wang, 2005) , >R ] AR 125 0 5 SR HE 1
W, DI &E A AR (Lowry et al.
1951), COX iGM-R A A B M ( Oxytherm Elec-
trode System, Hansatech 72y &) U & ( Sundin et
al. , 1978; BAEAL4E, 2008) . S AR iR BE 25°C,
SRR 2 mL, Hrp g4 10 L A&, 30 pl 40

fifa & c A1 1.96 mL £ i (Zhao and Wang,
2005; BAEZESE, 2008)
1.6 SEitorth

Hedla sk BEoR ] SPSS 13,0 B4, i L IR
B EEE . IRHPECRIG A E AR AR T B A
Ti 2ok (RM - ANOVA) #4530 il AR
HFEo A, aw. B8 RiFE. BMR f
NST, DARfis Ty, T, fEFLER . BAT Zokifh &
Fra A COX My 52 M LAXUA 25 7 22 (ANOVA)
wf W3 75 2 53 ik (ANCONA) #4720 #r, W5 2
ﬁj\*ﬁuﬁgiﬂﬂfj}ﬂiﬁi, 2H 1] 25 5 LA Tukey’ s post
hoc test HEA7 0. AT B 5 IR A BRI & A
KAL) Pearson ARG Hr o B s8R 11
B + ¥R (Mean + SE); P <0.05 TmER
BF (WK, P <0.01 REFWREE.

2 #XR

2.1 fkHE

21°C7F Con 4 ML 4 AT & K, MIHZL
Wi (30.1 20.7) g BEEWIFLAT (25.2 £0.6) g
(FEML T 16.4%, F\5 ;6 =68.96, P <0.01, [¥
1A) . Minus 271 Plus 2 {4 8 25 B A, WLt
R LA 3] 23 ] A T 8. 7% A1 16.5%  (Minus
H, Fig 144 =26.49, P <0.01; Plus 4, Fi5 o =
94.59, P <0.01), WHFLHIHIATELH | 2 5 A %
(d3, F, , =0.44, P>0.05), % 16 RZEWr7l,
Minus 2H & & i 2 = T Con #H il Plus 2 (dl6,
F, 4, =3.26, P<0.05, K 1A), 30°C TR M
5 21°CHRL, 56 17 RZEWFEL, Minus K
F5 T Con 410 Plus 41 (d17, F, , =5.04, P<
0.05, I1B), 5CF Con 4. Minus 2 il Plus 2H
Wl I A B L FL R0 4 B BE AR T 19.2% |
20.4% 1 14.7% (Con, F; o =50.99, P <0.01;
Minus 4, F o = 49.65, P < 0.01; Plus 4,
Fi o=18.21, P<0.01, K 1C), REH %R
KREB%E (43, F, , =0.15, P>0.05; d19, F,
=0.51, P >0.05) . i X5 K 5 0 52 m R i 2%
(d3, F, =0.63, P>0.05; d19, F,  =1.11,
P>0.05),
2.2 fHEH

21°C A1 30°C F IR A7 Eook 8 & B 1y 2 e B 2,
Minus 2 i Z K T Con ZH Fi1 Plus 240 (d19, 21°C,
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Fig. 1  Effects of temperature and litter size on body mass during
lactation in striped hamsters. Con, females raising natural litter size ;
Minus, females raising litters minus 2 — 3 pups; Plus, females rai-
sing litters plus 2 =3 pups. Values are mean = SE. % P <0.05,
#% P <0.01
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ZH A1 Plus 41 4> HIA% 18.5% F1 15.8% (F, |, =

8. 11, P<0.01), 5CT, WLy 45 & o 21 7] 22
SEE (6, F, ,=4.19, P<0.05), [fi%i7-18
KM ZFRILB R EAKFY (47, F, ;=3.41, P
>0.05; dI8, F, , =3.24, P >0.05, [ 2C),
Con 2, Minus 24l Plus 21 fr RAFLEHEE & 5050 R
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0.05) . W L0 1 i BE X 48 1 5 Y R e R I 3
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Fig. 2 Effects of temperature and litter size on food intake during
lactation in striped hamsters. Con, females raising natural litter size;
Minus, females raising litters minus 2 =3 pups; Plus, females rai-

sing litters plus 2 =3 pups. * P <0.05, =#x P <0.01
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F, 5 =3.16, P <0.05), Wizl m iy se it &
S B, 5C 41 T 21°C 41 30°C 4
(F, ¢ =8.02, P<0.01, post hoc, P<0.05),
2.3 Jintra

21°CH130°C T Plus 2G50 E R, Wizl st
NEAFECS W FLRT AR LLREAR T 36. 2% (21°C , F 4 10
=17.85,P <0.01) F1 36. 5% (30°C , F,s 4 =10.91,
P <0.01), WEZLIAMGAF £ ] 25 55 1 25 (21°C, d3,
F,, =51.67,P<0.01,d19,F, , =11.94,P <0.01
Kl 3A;30°C,d3,F, ; =21.24,P<0.01,d19,F, ;=
4.98,P <0.01,[& 3B) ,Minus 4 i 2% T Con 41 H1
Plus 2H ( post hoc, P <0.05) , i Con ZH I Plus £H iy
FF &AL (post hoc, P >0.05) . SCRIHFLIIZ 3 -
8 KRB m 2R E (&8, F, ,=8.66, P<
0.01, E3C), 9 KREWF, dAMERARE
(d19, F, ,; =1.82, P>0.05), ifi X i1 i)
B KK B B E KR (43, Fy g =0.23, P>
0.05; d19, F, =0.29, P>0.05),
2.4 JiffyE

21°CFI30°C T IpfrEdlinl 22 7 W3, Minus 4
BEMLT Con 411 Plus 41 (21°C, d19, F, 5, =
12.00, P <0.001, K& 4A; 30°C, d19, F, ; =
4.97, P<0.05, K 4B), WFLIIW Plus 4157 &
BFEET Con 4 (d3, post hoc, P <0.05), {HES
5 KREMF AN EZRALE (19, post hoc, P >
0.05), 5CF, MiFLHI% 3 -8 K Con. Minus
Plus HiffrEZ R B F (d8, F, =387, P<
0.05, Bl 4C); 25 9 R EWrzLdlm 2 7 A %
(d19, F, 4 =2.27, P>0.05), AT R E
XFGAF B 1Y 52 R AR G5 B B F K (d3, F, 5, =
0.69, P >0.05; dl19, F,,, =2.06, P >0.05),
WLt Minus, Con Fi1 Plus ZH {434 {4 5 43 51 Sl
(13.70.7)g. (11.6£0.5)g fl (10.90.6)g,
Minus 2 . Con #H 1 Plus #H 43 %] & 17.9% Hi
24.9% (F, s =4.26, P<0.05), 5 B X 4 A S
VAR B2 ARG B 1 K (F, 5 =2.46, P =
0.09) .
2.5 SusEI, BMR #i SusEl/BMR

TEEXT SusEl B4 % (F, s =8.06, P <
0.01, FI5A), 5°C 4 SusEI 3 & T 21°C M
30°C4 (post hoc, P <0.05), [fj21°CH130°C4i[H]
ZRAEE (post hoc, P>0.05), SuskEl 57 i {F
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Fig. 3 Effects of temperature and litter size on food intake during

lactation in striped hamsters. Con,females raising natural litter size ;

Minus, females raising litters minus 2 —3 pups; Plus, females raising

litters plus 2 =3 pups. #* P <0. 01

MBI R (F, o =10.04, P <0.01), Minus
20 i FH K F Con 4H A1 Plus 2H (post hoc, P <
0.05), {H Con £H#il Plus £ [A] 22 5 3k 5 g 2 /K-
(post hoc, P>0.05, KI5A), iEEEXT BMR 5200
B3, SCHBE® T 21°CHM0CH (F, o =
5.61, P<0.01, post hoc, P <0.05, [&5B), Tfi
21°C F1 30°C 41 M) 22 5 K & % (post hoc, P >
0.05) . 4Bt BMR (1 5% i oK ik 3] B 2 /K F
(F, ¢ =0.53, P>0.05), Con Z1F0 Plus 1 7E R[]
VL EE T Y SusEL/BMR H7 4.9 F15.0, J5BE 1520
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Fig. 4 Effects of temperature and litter size on litter mass during
lactation in striped hamsters. Con, females raising natural litter size;
Minus, females raising litters minus 2 —3 pups; Plus, females rai-

sing litters plus 2 =3 pups. * P <0.05, =*x P <0.01

BEREKE (F, =014, P>0.05, & 5C),
B A7 %0 %) SusEl/BMR () 52 M) i 2%, Minus 5°C |
21°C Fl 30°C 41 SusEL/BMR 43 5l 24 4.2, 4.3 Fi
4.4, BFEMRT Con 4LHI Plus 4 (F, o =4.30, P
<0.05, post hoc, P<0.05, K 5C),
2.6 NST, BAT FMIFAEZ kAT A COX {5
MREEXT NST s it 2%, S°CF NST B3 T
21°CHI30°C (F, ,, =41.74,P <0.01) , {HJEAFECR
NST By 5% A B3 (F,,, =0.511, P >0.05, [&

Pis, = JRAFEURE I B3 (P <0.05), #xP<0.01

Fig. 5 Effects of temperature and litter size on sustained energy in-
take ( SusEI, A), basal metabolic rate (BMR, B) and SusEI /
BMR (C) in lactating striped hamsters. Con, females raising natu-
ral litter size; Minus, females raising litters minus 2 — 3 pups;

nnnnn

perature (P <0.05), %P <0.01; Pg, * effect of litter size (P
<0.05), P <0.0l
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F & A COX TR A2 AR A ) B EKF (&,
F,4=0.28, P>0.05; kiikEHM, F,y =0.17,
P>0.05; COX, F,,;=0.08, P>0.05),
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Fig. 6 Effects of temperature and litter size on nonshivering thermogenesis (NST, A), BAT mass (B), mitochondria protein content ( C)

and COX activity (D) in lactating striped hamsters. Con, females raising natural litter size; Minus, females raising litters minus 2 -3 pups;

Plus, females raising litters plus 2 =3 pups. P, , #* effect of temperature (P <0.01)
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Fig. 7 Effects of temperature and litter size on serum Ty (A), T, (B), T;/T, (C) and prolactin (D) in lactating striped ham-

sters. Con, females raising natural litter size; Minus, females raising litters minus 2 —3 pups; Plus, females raising litters plus 2 —3 pups.
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