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Relationship between reproductive output and basal metabolic rate in

striped hamster ( Cricetulus barabensis )
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Abstract: This study was aimed at evaluating the relationships between reproductive output and basal metabolic rate
( BMR), energy budget and sustained metabolic rate (SusMR) during lactation in striped hamsters ( Cricetulus barabensis )
body mass, food intake, BMR, milk energy output (MEO) and body composition of the females, as well as litter size and
litter mass were measured. Body mass decreased by 15.0 £0. 8% throughout lactation, but food intake and gross energy in—
take increased significantly and the maxima were 13.9 +0.3 g/d and 222. 1 £5.3 kJ/d, respectively, which were 121%

higher than during early lactation and 288% higher than in non—reproductive controls. MEO was 62.4 +2.3 kJ/d during
peak lactation. BMR was 49.7 1. 1 kJ/d at weaning, and litter size and litter mass averaged 4.7 +0.2 and 50.5 1. 6 g

BMR was higher by 48% in the females during late lactation than early lactation. The correlation between BMR and the
gastrointestinal tract was higher in lactating hamsters compared with controls. BMR was significantly positively related to lit—
ter size, litter mass, weight of mammary glands and MEO. It is suggested that the limitations on SusMR are set at a level of
4.47 x BMR in first lactating hamsters. There might be a “trade-off in energy relocation” between BMR and reproductive
output, i. e. the magnitude of increased BMR during late lactation was reduced by a decrease in body mass, which would
be in favor of reproductive output.

Key words: Basal metabolic rate; Energy budget; Reproductive output; Striped hamster ( Cricetulus barabensis)

I KRR 20 % ( Sustained metabolic rate, FEE 4, 2000; & &4, 2009), SusMR BR il
SusMR) FEYEI P M ER 4> A . AEAFIE b, BOH RS M A MY A By RS A X
RN A Ty T A 2 X, BRI 2AE 00T 32 2 BR il ( Speakman ,2007a) , Hammond Fl Diamond ( 1997 )
(Hammond and Diamond, 1997; Speakman, 2007a; FLEE T 50 FREHESh Y A I B (B R R A

BEE&WMB . BEAKRESLTEYTE (30800130) ; Wik K= iR #H)E gh 54 (31805); IWARAHE/THHE (JOILCT0)
EEET . BEE (1973 - ), B, WL, A&, EZENHEIY EHESER.

ris BHEA . 2010 -04 -27; fEE BHHA . 2010 - 09 -21

# 1l IAE#H , Coresponding author, E - mail; zhaozj73@yahoo. com. ¢cn



70

i3

%

¥ i 31 &

R/ FAE AR % ( Basal metabolic rate, BMR, Sus-
MR/BMR) , & B FLIGIAEM ) E B (Acomys cahi-
rinus) M) SusMR/BMR & 6.7, /NEl ( Mus Muscu-
lus) A 6.5, MR (Spermophilus saturatus) Hl
hififi 2 AR B ( Peromyscus maniculatus) M 4.6,
75 “ SusMR BR " Al 68 B A7 Fh J&§ 22 5% (Ham-
mond and Diamond, 1997),

/N LS W AR TR S B B, By
BCRE i R By, 7R L v W S T 2 0 e R AR EERE
WIS AR A (Kirkwood, 19835 Weiner, 1989;
XUBFSE, 2001), F S5 4EHF (B BMR) | 47 1% 3h
L R BOAE W e S ny FEIR AL Ho,
BMR 2 3¥) 4k 47 1F % A B 30 09 S5 /D AR A R
RSN B R EE N R Z — CRENIH
EfEAE ) 2002) AL I FL IS BE B AR S
MR ERE (WHARS, FLRSE) MREET K,
VP2 YL BMR W, a1 MFL /MR, I
FLI BMR 8 ZFATH M T 119%  ( Johnson et al. |
2001a), 7 SusMR FR&| B ATEE T, BHK S EL A
SRR RE RSB T A A B i R
A N BUR B D | A E A R
ik (Rogowitz, 1996) . T Al K| HI Y fE & & A R
1), S R IR SRR A X R, TR [ MR B
HIIRE IR GE & 3 BC b A7 A= BRE RE LA B e fE |
AR W e KAk, BDAE B2 “BUA (trade-off )”
(Mills et al. , 2010 ; XkifF#e%E, 2007), RH EF
Wi BMR (9 =20 R, 3 g R A A4 i T o I o 7L 40
BMR, 41 KM /) FLIAR T AR 1. 5% , BMR 34
moe6% (B ZE AFE, 2010 ); WA KOH R
( Lasiopodomys brandtii) Wi FL ] & & AL 25 30%
BMR {34 M%) 19% (Zhang and Wang, 2008) . {H
A o B I 23 1S I B A SR T AU, 7 BEAR (R
H . BMR FIZFH fi th 22 (8] A] G A7 7E & - Fh AU OC
%, H KRR 3h % i AU X3 3 vl BEAS TR ( Rogowitz,
1996) .,

M B (Cricetulus barabensis) J& ) 12047
TR b 5 A J XY e AR T A 2 ) b
—, XZRMERAEREC A2, W
£ 1 BMR ( Bao et al. , 2002; Song and Wang,
2003; MI#IHAEE ) 2003; Zhao et al. , 2010) . 5l
MK EHRIE (FEHFS, 1989; B EF 45,
1996, 2002; #Iffi%4 %, 2001a, 2001b) K &5
(EBUAE, 1992 B A 4F, 2001b), HK Fi%
B B I 1Y 4R S8 B B U SO R WL AIGE , SusMR Y

ARV [ AT 2 o AR SCINE 1 oy 2L 300 A A S5 7 )
MEVERRZ G AR | SRR . BMR ALEH AL AL,
AR LI AR A7 R IRfr A FLAE R SO, B
TER IR R M HH S BMR MC R, BRI%
Yy b L B Sus MR FR A A4 7K -, i T % 2 7L 3
e RIFEERE W SO SRR A, FRATTIRE, BE& R
R TR 7L 30 i K R 2 e o W S 32 B PR A, BMR 5
e N AFAEALT 8 M AR ORI 4> BMR Y
ST R, AT A A T S A e

1 M5

B4 BT 2008 A4 AL A IR EH A H
(21150137, db 4 38°127) , fE W K2p 52 56 5h
Yp SR, B 23 £1°C, SR 120 12D, MR
PhAt 5B BB T 4 Rk A BR 2w AR 7 A o BR ) R
(BE R 17.6 kI/g), il A BE fixok, H
TR HEN LN ER, 3.5 ~ 4.5
A M B R 39 B (b i),
R (29 m x 18 m x 16 em) , 54F #4 A T 19 HE
FRBCHT , 4 O M BRL 4308 1 o0 g e B, 2B 18 B
FUE R GEUR . ik A FLI0sE 19 RIBrzl,
VERNHFLAH (Lac, n = 18), HAeREIRMEE N
AEMEFL X BB (Con, n = 21, LAF fai FK N X} BR
4, SRR EE IR AR RS L AE A
1.2 REMEEE

LIS 3 REW R, 9 e A KE,
GAF BRI IR AT B (AR R AR . iR AT BOR iR AT
), LAk e S R A K b 4y R 3R
FENREREITRE S H B E R, WAL 16 ~18 X
BEEEERALE (F16~18 K, F, ,, = 1.51,
P >0.05, VAHAFSE AR L6 BRI FL I &5 R FF
SR E R, FREifEE B A (Sustained energy intake,
SuskEl) = R E&E xBYN TY R & & x B9 #E
(17.6 kJ/g) »
1.3 BMR

Wizl , A3 P X0 A R g N W 0 Bl 1
BMR ( Gorecki, 1975; Wang et al., 2000; Zhao
and Wang, 2005), FFIRE AR 3.6 L, L KOH
WP E N CO,, AT MR RE WG UK 4. BMR
DE B R 30 £ 1°C (PP B 27,5 ~
32.9°C, Zhao et al. , 2010) , KEHEE (£1C),
MERT YLV 4 b, EFIENIERN 1 h, fEahd)
FoE)a, B S minid 3¢ 1K, &L E 60 min,
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PEHL 2 AN 22 A8 e 1Y f IR 115 BMR (mLO,/h)
IR ERNFRHERE T (1 AKSE, 0C) (BE
G, 2008) , MRIEFEFFIRETZ % T 1 MEN T, 3
PIE#E 1 mLO, 1Y fE i 32 558 T 20.9 kJ, # BMR
FA7H mLO, /h #:58 kJ/d (Weir, 1949; Speak-
man, 2000; Johnson et al. , 2001b)
1.4 WILMWEERE ZH (Milk energy output, MEO)

DL R RE I 32711 MEO  (Krol and Speak—
man, 2003), RP{ER & 4R BCE kAT, A 54
R ATomiEsh A K k& MR e ik A B
FL, GRS RE TR TRHAW ZL R
AL .

MEO = [ (7.28 + 0.71 LM) CF,, + LMI
GE,.,. ] 100/ din

LM. W5 14 RIWIBAFE (g); CF... KIE
FE1.4, UKIETEIT A RER M, LML H
WRRATFE (g), BPMERLEE 14 X513 K& RirE
wZ#, GE,.... IEHEEME (K/g BE); dow:
FLIT A TH AL (96 % ) ( Oftedal and Iverson,1987)
Wisikb s 4 R4k, BT 60°C M, MT =
&, RE (K E1 mg), PAZEE PARR 2 F 4
) PARR 1281 4 i I e SRl
1.5 BRAR

BMR Wl W H, WrHihseshyy, J6nets @
fEWi¢H 4y (Brown adipose tissue, BAT) , #RJ5 /&
HALE (H. /Np. RKBMEW), 05N IS
B, MO W), EESEILRA
41, FRE (EEJEEHN0.020 ~ 1.800 g, HULK
M2 0.001 g); KR LARHFEFERE (FEawEH
F13 ~ 28 g, MUK EO0.1¢), fENAKER
(Zhao and Wang, 2006; #®XE44, 2009)
1.6 Sitathr

B kb H R ] SPSS 13,0 #PF 4o, R L A
e E . BRI E N AR R
MM (RM - ANOVA) #4740 41, K&, 5
B AL ) 22 5 DA ST FEAS o K38 64750 7. BMR
B R B LL 7 25 (ANOVA) BB 5 22 4» #r ik
(ANCONA) #E47438T, W7 2253 #r LUK sl Il {4
#Ho A . BMR 514K &E | GAfF 5. MG fF &
MEO ., FLAR4H AU E & DL K 4% B K 20 10 Y 4 6 ¢
Z VU A 5C 43 B 5 (Partial correlations ) #1748 11
A3 BT (25 B AR s IR T s ) B AR R
FEYIE + FRUEDR (Mean = SE) ;P <0.05 %R
LR WE(WBKE),P<0.01 FRESFWDZE,

2 #Xx

2.1 (REMEERE

FLIHEE 3 K, X R 2L Fn i L 28 44 7 45 51 ok
29.5 + 1.0 g f130.8 + 0.5 g(t,, = 0.3,P >
0.05) . M 2L 4 zh ¥ i 4 & 76 i 2L 2 R G
(Fio.2n = 95.3,P <0.01) %8 19 K 3 KFEAK
T 15% (RM - ANOVA,P <0.05) ., MiFLBI% 15 X
ZWrFl B E T XA (5 15 K,y = 2.2,P <
0.05;%% 19 K ,t,, = 3.1,P <0.01;® 1A),

AL E R R WM (Fio.n=99.1, P <
0.01), MiFLE 19 REH 3 RN T 121% (RM
—~ANOVA, P <0.05), mAK&FEHEEEN 13.9
+ 0.3 g/d, SusEI H222.1 + 5.3 kJ/d, MiiFL 4
B E TR, 53 K19 K4 e T g
H 78% M1 288% (5 3 K, 1, = 15.3, P <
0.01; %19 K, 1, = 24.8, P <0.01; E 1B),
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Fig. 1 ~ Changes of body mass and food intake during lactation in
striped hamsters. Body mass of lactating hamsters was significantly
higher than that of controls. The lactating hamsters had significantly
higher food intake than did controls over the period of lactation. Con-
trol: control hamsters that were not in lactation; Lactation: lactating
hamsters; * P <0.05; #P<0.01.
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99.0 + 2.1 mLO,/h, J5 # W 75 & BN T 48% 3wl
(Fi w=226.7, P<0.01; [ 2), ¥ A0)5, = =
L 40 BMR & 49.7 + 1.1 kJ/d, GEI/BMR = 5; ®
4.47, BMR SAT BB EHIE (M4 = 0.73, 2"
P <0.01; MFL4l, r= 0.61, P<0.01; K 3A), e
FLA A RE S BMR W EAHL (r=0.57, P< L WiFL4L
0.05), X BRZL = HOMI etk K A5 B K (r = Gontrol - Lactation
0.24, P>0.05; & 3B). B2 M RUMTLMAERL (R R W LAl BMR 5 T

2.3 JRfFEC. TRAFEMFLARER S (MEO)
WFLEE 3 RIGHECN 4.9 = 0.2, RiFHEN
16.0 = 0.6 g, WiFLita A4 FING 475 5350 R 4.7
+ 0.2 f150.5 = 1.6 g, LI (75 8 258 n
(Fio.n=381.7, P<0.01) (K 4),
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Fig. 2 Basal metabolic rate (BMR) during lactation in striped ham—
sters. BMR of lactating hamsters was significantly higher than con-
trols. Control: control hamsters that were not in lactation; Lactation:

lactating hamsters; #P <0.01.
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Fig. 5 Correlations between basal metabolic rate (BMR) and liter size (A ), litter mass (B) and mik energy output (MEO, C) in lactating striped hamsters

X1 HIAKXBEZECRNBEALEE

Table 1  The weight of organs during late lactation in maternal striped hamsters

X BB ZH Control T #L4l Lactation P (41 Group) P ({KE Body mass)

1A T Body mass (g) 30.1£1.1 26.2 +0.6 #
i & # Carcass mass (g) 20.7 0.7 17.7 0. 4 0.09
BAT (g) 0.130 £0.007 0. 089 +0.002 # #
A Liver (g) 1.424 £0.048 1.431 £0.032 # #
> Heart (g) 0.160 +0.005 0. 165 £0.005 # #
Jifi Lung (g) 0.204 £0.008 0.222 £0.004 # #
JIt Spleen (g) 0.038 +0.002 0. 037 £0.002 0.07 #
¥ Kidneys (g) 0.401 £0.016 0.357 £0.013 ns #
H Stomach (g) 0.349 +0.009 0.373 £0.010 # #
/N Small intestine (g) 0.775 £0.021 0.796 £0.015 # #
KW Large intestine (g) 0.262 +0.008 0.267 £0.004 # #
H W Caecum (g) 0.249 +0.008 0.253 £0.007 * #
L Mammary glands (g) - 0.529 +0.041

BAT: #W G NI HE; ns: AMERARE; XA, BT IEEM MM MER;, MALH . & TWlIL L. « P<0.05; #P <0.01.

Control: Control hamsters that were not in lactation; Lactation: Lactating hamsters; BAT: Brown adipose tissue; ns: Non-significant difference

between two groups; * P <0.05; #P <0.01.

®2 FEEH (WR4E) BLEeRNFEHLAEES BMRME XY
Table 2 Relationships between BMR and organs in non-actating striped hamsters
BMR WE A E BAT i L i i 54 H /N PN Hn
BM Carcass Liver Heart Lung Spleen  Kidneys Stomach SI LI Caecum
BMR 1
k& BM 0.74* 1
I 4 Carcass 0.77"  0.9" 1
BAT 0.15 0.67" 0.74" 1
JF Liver 0.17 0.8" 0.88"  0.15 1
> Heart 0.69" 0.83" 0.86" 0.45 0.22 1
Jifi Lung 0.23  0.79" 0.74" 0.43" 0.23 0.37 1
I Spleen 0.38 0.70* 0.63% -0.13 -0.12 -0.39 —0.55"* 1




74 SR 31 %

245 3R 2 Continued form table 2
BMR thE  RikE T L i i =1 =) N K =R
BM Carcass Liver Heart Lung Spleen  Kidneys Stomach SI LI Caecum

% Kidneys 0.01 0.9* 0.90" 0.14 0. 14 0.19 0.24 -0.1 1

B Stomach 0.23 0.80* 0.72* 0.14 0. 05 0.14 0.22 -0.07 0. 39 1
/N St 0.17 0.90* 0.88" 0.15 0. 07 0.06 0.08 -0.12 0.17  0.65" 1
K g Ll 0.17 0.64" 0.58% 0.46" 0.04 0.50° 0.33 -0.17 0.06 0.48* 0. 56" 1
B % Caecum 0.04 0.67" 0.59* 0.14 0. 16 0.19 0.38 -0.32 0.15 0.62% 0.49* 0.65% 1

BMR: JERCIHA; BAT: WEARNIHL,; RPBMERMELRE (),

#* P <0.05; #P<0.01.

* A RECGABI R FKFE (P <0.05); #P <0.01.

BMR: Basal metabolic rate; BM: Body mass; BAT: Brown adipose tissue; SI: Small intestine; LI: Large intestine; the data are coefficient (r) ;

*3 WIAKRYPEZECRMWBELLEE S5 BMR MAXE
Table 3 Relationships between BMR and organs during late lactation in striped hamsters
BMR thE ik E BAT JHF L Jifi AL 5 H MNp Kb ' AR

BM Carcass Liver Heart Lung  Spleen Kidneys Stomach SI LI Caecum MG
BMR 1
& BM 0.62* 1
Wi /&5 Carcass  0.55* 0. 94% 1
BAT 0.17 0.65% 0.58* 1
BT Liver 0.33 0.61% 0.50° 0.18 1
> Heart 0.45* 0.78% 0.77"*  0.19 0.44" 1
Jifi Lung 0.38 0.72% 0.76"  0.07 0.42* 0.49° 1
J Spleen 0.29 0.47° 0.59" -0.28 -0.23 -0.53" -0.02 1
% Kidneys 0.37 o0.8% 0.78" 0.07 0.5° 0.78" 0.50° -0.17 1
H Stomach 0.12  0.39 0.36 0.25 0.3l 0.02 0.11 -0.69" -0.31 1
N7 0.43° 0.27 0.11 0.03 0.59° 0.33 0.19 -0.66" 0.08 0.78" 1
KW L1 0.36 0.82"% 0.66" 0.23 0.68" 0.39 0.39 -0.27 0.45° 0.36 0.73* 1
B M Caecum 0.28 0.32 0.27 0.10 0.3l 0.31 0.07 —0.77* -0.04 0.77"* 0.82%  0.36 1
LR MG 0.55* 0.79% 0.66% 0.12 0.53°* 0.40 0.19 -0.36 0.64" 0.04  0.32 0.40  0.08 1

BMR: JHERHCHR,; BAT: #wEMRNIAL,; RPEEIMELREE (1),

BMR: Basal metabolic rate; BM: Body mass; BAT: Brown adipose

data are coefficient (r); * P<0.05; #P <0.01.

3 itk
RO R RE I B AR, B
WO KGN, miE LR W BMR R X R AL B o T

48% , WIVK ZHE I SR B FL I i KRR AR IR
SRl BEFR I 7E 4. 47 x BMR, BMR 55 i 7L 5 04 09 45%
T, PR, IR EMILIRE D A,

R 2L 300 2 /N TR Il 3L B0 2 A0 e ik SR e e 1Y
BB, V52 shi ol ad B v B R T 2 e TR oK
Fosg I, BATEB, BLCRMEE R
FHm, v FL s 0 A T2 B H R L A Y
INTHE 3 A%, — Ak, /NI L 3h i L e 0 A
B RE B A B R AT N 65% ~ 200% , HFE ik
250% ~500% ( XUHK4E, 2001 ), flan, & ER%
( Ochotona curzoniae) ZEIH WM FE 8 AN T

# AHOC RBGRE R FKF (P <0.05); #P <0.01.

tissue; SI: Small intestine; LI: Large intestine; MG: Mammary glands; the

30% , Y B (Myospalax bailegi) N 50% (F
MHEEEE 1980), #HH B (Microtus oeconomus) A
60% ~ 80% ( LEfE4%E, 1996), i [CH KA
120% ( Zhang and Wang, 2008 ) ; Swiss /) & JIj 44
T 4 £% (Zhao and Cao, 2009), MFI1 /) L 3 i
T 4.51% (Johnson et al. , 2001c) . H B AN A K
A R PG A s, TR BRI R B A
Yok FWAEETESI Y, R, HiE L s e
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Fig. 6 Correlations between the weight of mammary glands and liter size (A), litter mass ( B), basal metabolic rate (BMR, C) and milk

energy output (MEO, D) in lactating striped hamsters
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