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Relationships between Basal Metabolic Rate and Reproductive
Output and Visceral Organs in Lactating Mice

ZHAO ZhiJun CAO Jing LI Lu-Sheng
(School of Agricultural Science Liaocheng University Liaocheng 252059 China)

Abstract:The basal metabolic rate (BMR) was measured in the female KM mice (Mus musculus) prior to
reproduction and at late lactation using a closed—circuit respirometer. Relationships between BMR  reproductive
output and visceral organs were examined using Regression residuals and Pearson correlation analyses. It was
showed that the BMR was 66% higher at late lactation than that prior to reproduction. There was no significant
correlation between the BMR prior to reproduction and reproductive output. However the BMR at late lactation
was positively correlated with maternal body mass food intake litter size and mass as well as the weight of
visceral organs and gastrointestinal tract within which the correlation between BMR and gastrointestinal tract
was higher relative to the other visceral organs. Our data have provided support for the hypothesis that animals
with high BMR during lactation might have a greater capacity for absorbing energy and consequently have more
energy export for reproductive output.
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Table 1 Relationships between basal metabolic rate (BMR) and organs in lactating KM mice
BMR BAT . . Mammary
Carcass Heart Liver Lung Spleen  Kidney Stomach SI LI
gland
Carcass 0.41"
BAT 0.81™ 0.67™
Heart 0.73™ 0.81™ 0.81™
Liver 0.41°  0.33 0.41°  0.40"
Lung 0.66™ 0.79™ 0.85"™ 0.85" 37"
Spleen 0.60™ 0.72™ 0.85" 0.71" 0.50™ 0.73*
Kidneys 0.78™ 0.58™ 0.78™ 0.76" 40" 0.76* 0.63™"
0.80** 0.47* 0.90" 0.68" 0.41° 0.78™ 0.68" 0.70"*
Mammary gland
Stomach 0.79* 0.70** 0.98** 0.81" 0.38° 0.89™ 0.82" 0.83* 0.87*
- . . 0.81"™ 0.69" 0.99" 0.82* 0.39" 0.8 0.84™ 0.82" 0.90"™ 0.99*
Small intestine
. . 0.80" 0.59™ 0.97™ 0.75" 0.34 0.82" 0.78" 0.80" 0.90" 0.97" 0.97"
Large intestine
Caecum 0.81™ 0.67" 0.99" 0.8 0.39" 0.87* 0.8 0.82" 0.90™ 0.99™ 0.99* 0.97*
(R*) . BMR: ; BAT: ;¥ P<0.05 #xP<0.01.

The data was the coefficient of correlation between the variables (R*). BMR :Basal metabolic rate; BAT:Brown adipose tissue; *

<0.05; %P <0.01.

BMR

MF1 }

2~3 8 ~10

5%

BMR
KM

. BMR

(P <0.01) BMR

KM

BMR N

3.7 16

30

BMR

BMR

BMR

0 BMR

0.8

”»

BMR

BMR

BMR

BMR

P

»

2009 44(4): 155 -160.

Speakman J R Krol E. Limits to sustained energy intake

IX: a review of hypotheses. J Comp Physiol B 2005

1751 375 -394.

Speakman J R McQueenie J. Limits

metabolic rate:

The link between food

to sustained

intake

basal



45

metabolic rate and morphology in reproducing mice Mus
musculus. Physiol Zool 1996 69: 746 —769.

Thompson S D Nicoll M E. Basal metabolic rate and
energetics of reproduction in therian mammals. Nature

1986 321: 690 -693.

2002 22: 53 -60.

Harvey P H Pagel M D Rees J A. Mammalian
metabolism and life histories. Am Nat 1991 137: 556 —
566.

Johnson M' S Thomson S C Speakman J R. Limits to
sustained energy intake. II. Inter—relationship between
resting metabolic rate life-history traits and morphology in
Mus musculus. ] Exp Biol 2001 204: 1937 - 1946.
Hammond K A Diamond J. An experimental test for a
ceiling on sustained metabolicrate in lactating mice.

Physiol Zool 1992 65: 952 -977.

2002 48(4):445 -451.
Garton D W Hsu M ] Harder J D. Environmental
temperature and metabolic rates during gestation and
lactation in golden-hamsters ( Mesocricetus auratus) .
Physiol Zool 1994 67: 497 -514.
Selman C  Lumsden S Bunger L et al. Resting
metabolic rate and morphology in mice (Mus musculus)
selected for high and low food intake. J Exp Biol 2001
204: 777 -784.
Wang D H Wang Y S Wang Z W. Metabolism and
thermoregulation in the Mongolian gerbil ( Meriones
unguiculatus) . Acta Theriol 2000 45: 183 -192.
Zhao Z '] Wang D H. Effects of diet quality on energy

budgets and thermogenesis in Brandts voles. Comp

Biochem Physiol A 2007 148: 168 - 177.

2007 28: 18 -20.

2003 23(3): 230 -234.
Song Z G Wang D H. Basal metabolic rate and organ size
in Brandts voles ( Lasiopodomys brandtii) : Effects of
photoperiod temperature and diet quality. Physiol Behav
2006 89: 704 -710.
Hammond K A Diamond J. Maximum sustained energy
budgets in humans and animals. Nature 1997 386: 457
-462.

20

21

22

23

24

25

26

27

28

29

30

31

Zhao Z ] Cao J. Effect of fur removal on the thermal
conductance and energy budget in lactating Swiss mice. J
Exp Biol 2009 212: 2541 -2549.

Nicoll M E  Thompson S D. The energetics of
reproduction in therian mammals: didelphids and tenrecs.
Symp Zool Soc Lond 1987 57:7 -27.

Weiner J. Limits to energy budget and tactics in energy
investments during reproduction in the Djungarian hamster
(Phodopus sungorus sungorus Pallas 1770). Symp Zool
Soc Land 1987 57: 167 -187.

Thompson S D. Gestation and lactation in small mammals:
basal metabolic rate and the limits to energy use// Tomasi
T E Horton T H. Mammalian Energetics: Interdiscipli—
nary Views of Metabolism and Reproduction. Ithaca New
York: Cornell University Press 1992 213 -259.

Poppitt SD Speakman J] R Racey P A. The energetics of
reproduction in the common shrew ( Sorex areneusi) a
comparison of indirect calorimetry and the doubly labeled
water technique. Physiol Zool 1993 66: 964 —982.
Zhao Z '] Wang D H. Short photoperiod enhances
thermogenic capacity in Brandt’s voles. Physiol Behav
2005 85: 143 -149.

Glazier D S. Energetics of litter size in five species of
Peromyscus with generalisations for other mammals. ]

Mammal 1985 66: 629 - 642.

2005 51(5): 830 —839.

2003 49(1): 32 -39.

2009 29(3): 277 -
285.
Wunder B A. Morphophysiological indicators of the energy
state of small mammals / Tomasi T E Horton T H.
Mammalian  Energetics:  Interdisciplinary ~ Views  of
Metabolism and Reproduction. Ithaca New York: Cornell

University Press 1992 83 -105.

2001 21(4): 301 -309.
Kennedy G C Pearce W M Parrott D M V. Liver growth
in the lactating rat. Endocrinol 1958 17: 158 —165.
Krebs H A. Body size and tissue respiration. Biochim

Biophys Acta 1950 4: 249 -269.



