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Effect of consecutive decreases in temperature and reproductive experiences on
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Abstract; Effects of temperature and reproductive experiences on the energy budget of striped hamsters ( Cricetulus
barabensis) during lactation were examined in this study. The hamsters were exposed to a gradual decrease in the ambient
temperature , from 30°C to 0°C throughout three bouts of lactation. The temperature was decreased from 30°C to 20°C during
the 1" lactation period, and similarly, from 20°C to 10°C and from 10°C to 0°C during the 2" and 3" lactation periods,
respectively. For each bout, the energy intake and energy expenditure of female hamsters were measured during the peak
lactation. Furthermore, resting metabolic rate ( RMR) and nonshivering thermogenesis ( NST) were quantified using an
open-flow respirometry system, to indicate the rate of oxygen consumption. Cytochrome ¢ oxidase ( COX) activity of brown
adipose tissue ( BAT ) was determined polarographically with oxygen electrode units. Serum thyroid hormone ( tri-
iodothyronine, T, and thyroxine, T,) and prolactin concentrations were determined using a radioimmunoassay method. Total
body fat was extracted from the dried carcass by ether extraction in a Soxhlet extractor. Body mass of female hamsters
decreased significantly during lactation, and body mass measurements between days 7 and 17 of lactation decreased by

12.4% , 12.3% , and 13.5% in the 1", 2" and 3" lactation groups, respectively. The sustained energy intake during the

EETA . HEKARILE B H (31270458) , I K2EHE LR = A0 H (14SKS51A, 14SK52A) 5 Wil vh 47 28Rk 3k AR BT H
(pd2013374)

75 B H#5:2015-01-16; ¥ £& tH kit B 81 :2015-00- 00

# IAAEH Corresponding author. E-mail; zhao73@ foxmail.com

http ://www.ecologica.cn



2 S % 36 &

peak observed in the 3" lactation group was significantly higher than that in the 1% and 2" lactation groups. Litter sizes were
4.4 +0.1,4.4 =02, and 4.3 = 0.4 in the 1™, 2™, and 3" lactation groups, respectively, among which no statistically
significant differences were observed. In contrast, significant differences in litter mass were observed among the three
groups. Litter mass in the 1" and 2™ lactation groups decreased to a greater extent than in the 3™ lactation group by 15.1%
and 18.2%, respectively, on day 7 of lactation, and by 24.5% and 18.6% , respectively, on day 17 of lactation. Significant
correlations were observed among the sustained energy intake, litter size, and litter mass. RMR and NST were also
significantly different among the three groups, with the females in the 2™ and 3" lactation groups showing higher RMR and
NST than those in the 1" lactation group. The sustained energy intake during peak lactation was positively correlated with
RMR and NST. Neither wet nor dry carcass mass showed significant differences among the three lactation groups. Fat content
in the 2" and 3" lactation groups decreased to a greater extent than that in the 1" lactation group, by 12% and 28%,
respectively. BAT COX activity in the 1" and 2" lactation groups increased to a greater extent than in the 3" lactation
group, by 139.7% and 65.5% , respectively. Serum T,concentrations were significantly higher in the 3" lactation group than
in the 1" lactation group, whereas the differences in T,concentration were not significant among the three groups. Serum
prolactin concentrations also did not show significant differences among the three groups. These results suggest a trade-off
between the energy allocation to thermogenesis and offspring, in female hamsters under successive decreases in temperature.
Cold exposure induces a significant increase in thermogenesis but a decrease in reproductive output. Furthermore, striped
hamsters may perceive a decline in ambient temperature and consequently decrease reproductive output. The findings of the

present study are consistent with the prediction of “the seasonal investment hypothesis.”
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1.3 #IEfCI 2 (resting metabolic rate, RMR) FIHEBIEE = #4 ( nonshivering thermogenesis, NST)

WizLJ5 , LA P A T P sh ) RMR . RMR IS IR R 29 + 1°C (B ik IXTRLE H 27.
5 —32.9C) "™ KB (2 1°C) . MERSIIVER 3 h, MR ZE NG 1 h, FF s e, B 5 min id
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Z (Norepinephrine , NE ) i 5, 24§ NE (mg/Kg) = 6.6xMb "% (g) "/ {15 NE &, W ERE N 25 + 1°¢12
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FIBRHERA T (1 KRAE,0C) o
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2 (RM-ANOVA) #4750 s WIUR V56 2 T 3 IR BFH LA AR $ & T, T, MAEFLER \BAT COX WM Aeli&
A A) 22 5 DL BA IR R 5 2250 Hr i (one way—ANOVA) #E47 4387, RMR 1 NST LB J7 22530 #1#: ( ANCONA )

http ; //www.ecologica.cn



4 A E = 36 &

HEATA3AT (VAR Sy Pp A8 i) o R &  RMR O NST I 140, 16 A7 51 22 18] 19 5C & LU AH G 73 BT 25 ( Partial
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Fig.1 Body mass (A), food intake (B), litter size (C) and litter mass (D) in striped hamsters throughout three bouts of lactation after

being exposed to the decreases in temperature
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Fig.2 Correlations between asymptotic food intake and litter size ( A), litter mass ( B), resting metabolic rate ( RMR, C) and
nonshivering thermogenesis ( NST, D) in striped hamsters throughout three bouts of lactation after being exposed to the decreases

in temperature

2.4 RMR F NST

WrFLir RMR ZH 1) 22 5 35 50 2 0 3 BB 2H 0 3% & TR B2 (F, ,5=15.25, P<0.01,18 3) ., NST
YA AFAE 35 25 55 2 R 3 R BE B A IR BB 2H 53 ) 5 24.1% 71 27.1% (F, ,5=15.25, P<0.01,5K 1),
BEiE S RMR B IEME (R =0.34,P<0.01,[8 2C) , 5 NST AUM &Mt is 3 T 2 F/KF (R =0.18, P<
0.05,&2D) .,
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2.5 BAT COX it T, T, FifiFL R

BAT LU LKA FH COX TG PEALIM 22 5 35 58 3 UCETH AL LWk FIER 2 Y 4 73 51l i 139.7% Fl
65.5% (F, ,=20.66, P<0.01,3% 1), Ifil¥f T,WEELM 2257 03 (F, ,,=5.57, P<0.01,3% 1) %5 3 IREHHLA )
ML T W W B R 2H 75 47.4% (post hoe, P<0.05) {H4 2 YR 541 U A 40 1] 25 5 R 35 5] i /K F (post
hoc, P>0.05) . ILiF T, W LA 22 5 A8 0 3 (HEE 3 BT T,/ T, W3 m TR 2 IWEIA (% 1), 5
IR S LA HLER 2 F0 3 YA A S AL R KR BB b (F 1),
2.6 ARG &

IR EFE 55 2 TN 3 IR ETHAWFLAMA R AR Z R AR E (R D), MERBEMTEARB LR EES,
552 3 BB B A AR D5 B i B I B A S AR T 12% N 28% , AH 20 R) 25 S R G B i 2 K OF (P =
0.07,% 1),

F1 ELEMEEBEMBEEZHTEL SR RMRNST BAT COX &M, & T, T, g ERENEIN

Table 1 Effect of reproductive experiences on RMR, NST, BAT COX activity, concentrations of serum T;, T, and prolactin in striped

hamsters after being exposed to the decreases in temperature

245 Group Lac 1 Lac 2 Lac 3 P
#1110 Resting metabolic rate, RMR (ml 0,/h) 97.1+1.9" 107.4+2.6 115.8+3.6 -
LB 744 Nonshivering thermogenesis, NST (ml 0,/h) 151.4+6.5" 187.9+5.6° 202.2+9.8° *
FR{A Carcass

1B Wet mass/g 17.4+0.5 16.7+0.5 15.220.5 ns
T Dry mass/g 6.6+0.2 6.4+0.3 6.1+0.2 ns
S & & Body fat content/% 27.8+2.2 24.4+1.8 20.1%2.1 ns
BAT COX {ifi# BAT COX activity

(nmol/mg/min) 75.4+7.9 78.2+5.5 94.7+5.2 ns
(nmol/min) 23.822.9" 34.5:3.1" 57.1:4.6° %
FUR AR 2 Thyroid hormone

T3/ (ng/mL) 1.07+0.07" 1.23+0.10® 1.58+0.13 o
T,/ (ng/mL) 38.2+1.8 36.7+2.4 31.3+2.8 ns
T,/ T, 0.029+0.003" 0.035+0.004" 0.053+0.007* o
fEFLZE Prolactin/ (U/mlL) 168.6+7.7 178.3+10.2 182.3+13.9 ns

BAT COX, B a5 2L M (0 K o SEALREEIG I ; Lac 1.2 F1 3 WIVR B0 45 2 A1 3 RS jns, R AW, = *,P<0.01

3 e

INEUTH L B ) B S — A S R AR R A, Ol 7L 0 2 A BB 0 B e e R e e I B BB, B ) — i ik
Sy FH B AR ) B S Y77 T8 T 1 DA A ST I ) R R R Y AT, L B o R e
BERIN A R, X5 DART AR S 45 AR Bl PR R Y R W L v 0 O PR R R B
BB 7R 10—0°C Z5F T4 3 YR 000 20 i e KAF 248 2 & [ 30—20°C T /IR B4 . 20—10°C 5 2
YBT3 51 15 7.0% Fl1 14.0% , Zhao (2011) & 30, KT (5C) PIR EFE Y R4 & R g L= |
(23°C) MIBZIR F (30°C) A M s 11.4%""% KR 5 55 tho A ey 2L 00 A £Q R R f 2 (1 2 R
( Peromyscus maniculatus )" MF1 /N2 RS R ik — 000, X BERF 545 SR 20, /N IRT 2L 3 ) 1) ol 2L 30
SR A ZIREE IR B A R 25 AR T LA 2 T 0 B £ DN X AR IR 5 T L S AR OB RE
FoR2

WFFE & B, Wil 2 05 T B AR R A1, PR 6 BRUA) e i o B 20/, 56 3 WA (10—0°C) AL i AT LU A
2 REHH (20—10°C) FIHIR EHH2H (30—20°C ) 73 AR 24.5%F1 18.6% , Zhao(2011) W5 &I, % ik 55 AF F
HELE 4 YK BRI PR A R 7LD B SRR AT BB i R & R W AR RO SRR TR A 4 T 1 R LR £ LY
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7 32237 A5 T A 52 e )26 282 R AR PR T T g 2 S B0 B i o 3 R IR 2 2 I, 4R 1T, Kool 4R
PUBZ R (30°C) N ZFH A MF1 /NP FLRE 32 FL = IR AL (21°C) M ELFRAIR T 48% , (IR (8°C ) &1 &k & 14
TIFLRE RS S A IR AR LRGN T 73% , F W B A S PR I R R UG OC R R A ) S A L AR
THREE R BLOR— B BN s B 3—4 Ak A — B0 w23 RV
7 B2 KB — e 9 AT AR 2 WCE R, s Wy b AR B 22 I PR B R Y R R o
gl 28] e BT UL IR BT A /NI 2L 3 4 B A7 B A 0 Y R AR A, A Y
FLEFEAN (R 5, T B B A 5 AR R AR A 2R G 22 BT R A8 A B () 2k B 1 T R — AR, PR 25
IERFR , TR, SR BT REEAZ B PR IR A BRI B, il D a5 Z 0 MR B IR Y
T3, 2P A 0 B AR /NI 7L B B R Ak R BT IR R 1 AR Ak SR AZ i R] 1 2 S T A T X
IEEAMiOE Y Eid i

IR B A S Y RE T RIS, R IBEE PSR B A PR AIL, BR4 & BL RMR FI NST o 3558 56 2 F1 3
UEFH L NST IR EH 453 )5 24.1% 1 27.1% , BAT COX TG PEFIIM A T, /K -t 2 54 m , 2 WRIR T
BB AN, S AT AL, T R ) YR A ) AL U L v O 7 A e IR R
BHH R HA G 15 25 3h 4 5 2 IR B BR IR R ST (4 3 4 AR B, AR B T, an A G R L A R
( Mesocricetus auratus) DL MFL NP kgl B L /NI L Sh W e 5 400 1 i (IR IR A B B | 75 ZEA A Y
REH S, T8, DT 4R 00 22 A AR RS, (X m] B8 80T H T LS AR A0 A & 3 /b | B0 i 1 B
1 3hW B AR5 A0l S RN SR 2 (AR A R R BT AR 3 R A A SRR £ RE
— I R AL R LUK I RE i S A SRR I SRR T BRI A R 2 B
— T O PR T ) B N, PAZR A BT BB A JERSZ IR TR A RRAIG, BRI P A AR IR e 5t e
FEIE o I BE AR Ak JRRAZ e () P 250 P AR Ak, 7R SRR AR A B IR (1 45 1 B R AR B F ¢ . W 5E 45 R SR/
RN LS P A 1« T A B

4 Z5ig

FEIS T B T SRR 251 (30—0°C ) , AR BRI LR B0 3 48, LI R H & i A r 5 2 0
IR W AL, WEL A R A I G E MR IR R 2 . 5B T (30—20°C) T IR BIE
FISIPIA EE AGHR T (10—0°C ) 28 3 WA 4 p 4 £ i 35 38 m, RMR  NST . BAT COX & PEFNIMLE T, K- 2
RN, MWL G AP I R AR, AR R R G BRI ISR IR S FL S A A RE AT R, IR A Y
LA RAL T BB A, 7E F B AR RN S AR BE B 43 O 22 1R A7 AE AU, (PRI T 7= AR, B A A i U
s B2 FRUPT RRIE N AR L 18 Ak, 76 3% S PR IR 1 2 1 S BRAR B 4 0%, A 5« R PR R R U™ 1
Hm
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