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Changes in thermogenic properties of brown adipose tissue and liver dur—

ing postnatal development in Brandt’s voles ( Lasiopodomys brandtii)
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Abstract; To understand the postnatal development of thermoregulatory ability in Brandt’ s voles ( Lasiopodomys brandtii) ,
we measured the mass as well as mitochondrial protein contents and cytochrome c oxidase ( COX) activity of brown adipose
tissue ( BAT) and liver at day 1, 5, 9, 17, 21, 33, and 41 respectively. BAT mass and COX activity ( per g tissue)
during postnatal development increased markedly. On day 5, COX activity ( nmolO, - min ' - gf1 tissue ) in BAT
(923.11 £45. 47) and liver (728.40 +28.52) was significantly higher than day 1 (718.40 +28.8 and 651. 56 +13. 95,
respectively ). Our data show that postnatal changes in thermogenic properties in BAT and liver mitochondrian are consist—
ent with their thermogenic ability in Brandt’s voles.

Key words: BAT; Brandt’s voles (Lasiopodomys brandtii) ; Brown adipose tissue; Cytochrome c oxidase; Liver; Post—

natal development
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i R H . (Lasiopodomys brandtii) J&— Ff fiL 7Y
AT B EURY B JR AR, RO BB ( Crice-
tidae ) . RFWAF (Awicolinae) ., & £ H K &
(Lasiopodomys ) ; FEE 5340 T F R 4 52 iy 7T 5t 52
i LR AR i g Sb DU R R B i DX, A8 X A [
H B AR S B DA B S, W & IE LR
(Pei et al. , 2001) . F=#HLIL (FHEHSE, 2003; K
HNIFEAEAE ) 2003)  fEEACBIARE 09T (22
PRIS R R PG, 1994, 19955 K i Wl Al T 4
2001; Li and Wang, 2005a, 2005b; Liu et al. ,
2003; Zhao and Wang, 2005, 2006) %%, {HGT ik
T RE R AE KR R B U M= o 38 KA A £
8 (2005) EMTFE R, A G R i A B R
RUGHRA, WA B RS, S0 i AR TE R
FERARES (4n23°C) ARedifrfEe kiR,
JERE R, WA IR T AS W ISR O 8 4K
o BCARY TEIR BE 7 o FRATTTIUIN A [G Bl 447 PRy
TER AR AN 5 BAT I 55 45 B 1Y 7 VB8 0 — B,
ARSI I S A T BUG R & B O B BAT A
A ZORLIRER 1 i DL B R o A AL
(cytochrome ¢ oxidase, COX) WGPESE, DA T fiffi (K
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& (30 cm x15 cm x20 em) 183 T A EH B2 B o)
Ymit o i il 3% s (WL BE SR 23 £ 1°C, BRI h
12L:12D), &3 ~5 1, B& s & fs 24
M, B YR LA bR HE S ORL R RE B (db s B
B BR A ), A HERERIROK, AT
2004 4 4 ~6 HE AT, BUAE 40 ~ 60 g filt B AL
ARG TCH B, AR AR R IR OGR4 R AN
A5 TEMERUIRTET L RN R, S T EURE R
Rk, BAT FFIE A9 B TR — &5 b (IR AT %K
LN 6~10) BEMLIEHC1 ~3 Ry, Fr 4k
MEMES -, 270 H
1.2 BAT T

ANTR) H % B S PR BRI J5 AR BE , TR 4 B8 2K 1Y
JHRE K JA B (B) RS R B BAT, 47 4050 Bk BAT J&
FELAY B I 4120, g 43 T JFF I 4L 2010 1 e
FRE (KEHEI mg), BPASIM4XTE & (mg).,
X ER (mg/g) NALLNEHEESHYIKEZ

e, 1~9 HESA MK BAT m% 4, A A
%2 ~3 Hahikny BAT & 3, B 5 FF 5 S2 B BCA
WA, RIEHB R - 20°C KA hIRAF
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f1£90. 1 ¢ BAT 5%0. 5 g/FBESY %, 1 A0.5 ml
B A (250 mM sucrose, 10 mM TES, 1 mM
EDTA, 64 uM BSA, pH 7.2) 2J%  fBIA1.5 mE
LT, A mIBRER A 43 2 R pPE; 12096 ¢
B0 10 min, 3 BV, 1 mlEHUK B (250 mM
sucrose, 10 mM TES, 1 mM EGTA, 64 uM BSA,
pH7.2) B¥%, 950 ¢&.0010 minFFULHE, W L7
T — &0, 8740 g 010 min, FF BV,
1 m$2HUK B &%, 8740 g& 0010 min; 3 [,
HHN ER 11 89 e 4RO C (100 mM
KCl, 20 mM TES, 1 mM EGTA, pH 7.2) & ¥
(Sundin et al. , 1987; Zhao and Wang, 2005; Li and
Wang, 2005) .,
1.4 BAT FFJUE B4 2k A 8 1 o B2 K 40 L €2 3% e
S AT R

BAT il JIE & i 4k & 1 & & 1) A bR iy 12
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4366 BE it (Beckman 2], %5 DU 800) 7E
500 nmi K BORE

KA B ( Oxygraph electrode system, Han-—
satech 2 &) M E COX ¥ M ( Sundin et al.
1987) , JNARIEEE 25°C, WA ml, H
FLAFE10 wlkEAy | 30 pIZAE @R C A1 96 mlH i
(75 mM KH,PO, , 3.75 mMPUIRIILEZ, 0.3 mM TMPD,
pH7.2) (Sundin et al. , 1987; Li and Wang, 2005b;
Zhao and Wang, 2006) ,

COX TRM R 3 FhriRon: 1) B E
# COX ItE (nmolO, + min '+ g 'tissue); 2)
ERFEE HER COX WM (nmolO, - min ' -
mgil mitchondrian protein) ; 3) BAT i iE & COX
W (nmolO, - min ) o
1.5 Seitiek

Holln e 1 SPSS Ge itk F ik A7 o AT AN
BAT # %) H 4 76 A [F] H % )9 22 5%, LUK EE 9 Py
AR AT HN T 2530 (One-way ANCOVA) . AT
FFIEAN BAT BRI S8 BT E L2 BAT Zkiik 8 1
TR COX VPR A H & ARy 22 57, B & IE
B AKR R R BN R T 208 (one-way ANO-
VA) FIZHE L LSD 5, 412k Jr 2 K H PR
P, N £ & Lk A Tamhane 7, 4 3CEUE L
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2.1 BAT FJH I & 1922 1k

1 B B AARTE 1 ~41 H I 2 e Ak HBE & 7
BWGI (1), Iy 250 W], BAT HE&1E
AR H & 2Z5FWEFE (Fos =4.522, P =
0.001), BEAAR K FZE WG (£ 1), AFEH
B4R BAT MARXT B A RN (Few) =
9.729, P <0.001), HAEFEFHM, (H9 HRE

X1 HEKHRBELZE T

+ SE) o, ZREFES  LEFLL (K1)

UNGRER RN DO i = AT
(Flow, =4.742, P=0.001), 1 ~17 HiZ ] K 21
~ 44 H % 2Z 18] 2l Py R A0 4 0 H a2 S N

\%$M4Hﬁ2@m%3%§#;%%ﬁ%%
X AR AR AT A W FLET (17 H A7) AL
JEWIABY B, W RL S I A 4 X J e I R TR EL
B (R 1), ANEH L0 T NE A A X 8 a5 22 7
F (Flou =6.621, P <0.001), 75{k#$Tg B i
Fiml (R 1),

fusa

TR BAT FARFAE EEM EWL (n =8, mean £SE)

Table 1  Changes of BAT and liver mass during postnatal development in Brandt’ s voles ( Lasiopodomys brandtii)
JiT R
H % 1A BAT Liver
Age Body mass o X A A o ) VERORE S <y
(days) (g) Absolute mass Relative mass Absolute mass Relative mass
(mg) (mg/g) (mg) (mg/g)
1 2.87 +0.06' 17 £1° 5.84 +0.44°¢ 124 +5° 43.29 £2.05*
5 5.77 £0.29° 36 1" 6.30 +0.50° 217 +21° 37.12 +2.22°
9 8.16 +0.39" 88 +4° 10.97 0. 85" 331 15" 40.62 £0. 70"
17 12.05 +0.45° 128 8¢ 10.77 £0. 78* 483 +45° 41.05 4. 74%¢
21 13.4 £0.54°¢ 183 +16°¢ 13.64 +1. 00" 806 +78* 59.29 £4.33%®
33 29. 15 +0.43" 366 +19" 12.54 =0. 62 1489 £59° 51.15 £2. 14°
41 33.92 +1.37° 421 +54° 12.80 = 1. 98" 1582 +67° 46.94 £2. 2"

Bobs GEt I ik o B I 22504

[6] — 1 5 A5 b oA A T R A O 22 S 3

Data analysis uses one-way ANCOVA. Different superscript letters represent significant differences among the values in the same row

2.2 BAT &RiiRE A& & & COX It fk

AR H & Z (8] BAT RLRE & & 25 5k D
% (Fuw =21.322, P<0.001), Zhiki £
BAT ki PR H (& il e, 75 ~17 Hid s
BEAKF, S HIEBEMO HIRA N 1 HIB K 3.5 %
(P<0.001), MIFZEEHEML (£2),

ANIE H W 2Z 18] BAT 07 28k /K 2 4 & & COX
WEEREE (F, o =20.683, P <0.001), H

NERRIARTE 1 R COX Ih Mk B A, I
ﬁ%%w%kﬁﬁkﬁﬂm,ﬂﬁﬁaamﬁﬁm
= (P<0.01; F£2),

ML BAT S COX I MEAEA [A] H % 2 1] 22 5

W E (Fiow =5 183, P<0.001), 761 H &
fefik, 5 HiRETHE (P <0.01), HSHEES

Ja R Z (e oA E AR Ak, RS Bl s 4 A
fii. BAT B COX 1 PRI m MK (%2).

®2 HREARKEAEIERP BATRHEEASEN COX BEMENL (n=8, mean SE)

Table 2 Changes of protein content and activity of COX in BAT mitochondria during postnatal development in Brandt’ s voles ( Lasiopodomys brandtii)
COX {ftE Activity of COX
H it S A R ,
COX
Age Mitochondrial protein content AL SRR 4 ifﬂ {ﬁ =2 HATH R R COX G
1 (nmolOj, * min~ -+ mg~ 1
(days) (mg. g~ tissue) (nmolO,. min ~'. g ~'tissue)
mitochondrial protein)
1 5.1+0.5°¢ 147.35 +9.86° 718.40 £28.85°
5 18.7 1.2 50.34 2. 84" 923. 11 £45. 47"
9 18.7 1. 8" 56.59 5. 61" 1008.26 +73.06"
17 16.1+2.8% 70.89 = 14.63" 942.17 +34. 62
21 9.8 £2.0% 125.44 +20.92° 1019. 15 £36.87"
33 4.6 £0.2°¢ 198.16 +16.83* 885.29 +41.92%
41 6.9+0.6" 149.41 +12.60° 989. 09 + 62. 66

Bobs Gt O ik o B 705 28 0

6] — FU AR AR b Aw oA B AR [ 7 Bk B O 22 S 3

Data analysis uses one-way ANOVA. Different superscript letters represent significant differences among the values in the same row
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15 I H B4R BAT &4 COX I PE7E AR H i 2
) 2% S5t @ #F (ANOVA, Fi.) =34.174, P <
0.001, WHZEAHFRMYE, fH Tamhane £ H L
By, M1 333 Hi BAT & COX {EMEREE & K&
BMBEW I, H21, 33, 41 HR ZHEZER AR
F (K1),
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B A G IR S & &0 E BAT & COX I PRy 22 fb
(n=8, mean * SE); LA A& AT 28 5 3%
Fig. 1 Changes of COX activity in total BAT during postnatal devel-
opment in Brandt’ s voles ( Lasiopodomys brandtii) . Different super—

script letters represent significant differences

2.3 JFMEZRREE B E R COX TR My AR 1k

ENGIRER LN s AN S Rl S R 2
(Fis 1w, =26.819, P<0.001), JF Kbk 5
TR HIREHEL, SREZE®HTHE, 21 HR)E
BB R TR K (£3) .

JHF I B, 25 b A B 1 B 2 COX 1 MR A TR H
Wz 2250 E (F,., =21.768, P <0.001) .
SR AT PR 26 k7 R R T B COX I PE 1 H i i
B (P<0.01), FESNEMERRIGZET R
B (£3),

ANTR) H s A EG R I 41 21 F i COX I
WEFBE (Fow =11.695, P <0.001), 1 HIE
B AL, B RM & B &8 THE, JF4E 17 B itk
e mfE, RIEHEA T (£3),

ANTE H B 4K IE 2 coX E M2 R B E
(Fiou) =119.143, P<0.001), 1 ~33 H#B4 KN
JIE#5 B A COX IG B Wi 7+ &, 33 fil 41 H % Z ]
ZRAWE, k33 HIRE IS E B COX ihPE
IR B e K (E2)

®3 HRARKERXRELRERPBERNEEZE BN COX FHMEN (n =8, mean £SE)

Table 3 Changes of protein content and the activity of COX in liver mitochondria during postnatal development in Brandt’s voles ( Lasiopodomys brandtii)

COX &Mk Activity of COX

H i LKA EA GE , ,
PA AT 2R T = C ek
Age Mitochondrial protein content i /i*\/lggﬁél%% LOXﬁ fﬁ e S ERE COX TR
(days) (mg g ~'tissue) (nmolQ; + min me (nmolO,. min ~'. g ~tissue)
mitochondrial protein) -
1 7.07 £0.41¢ 94. 06 +4.95' 651.56 +13.95¢
5 9.68+0.31° 75.68 £3.41° 728.40 +28.52°
9 12.43 £0.55" 61.73 +3. 40 758.94 +35. 08"
17 12.84 0. 53" 71.88 +3. 441 910.77 £23.40°
21 15.68 +1.27° 56.08 +4. 77" 840.06 +27.62"
33 16.52 +0.70° 50.28 +2. 82 817.50 =15.53"
41 16.69 +0. 73" 44.97 + 1. 28" 745.70 £25.01°

Bl Gevt ik W ROy 2 e T — B bR AR S S MR R O 22 S

Data analysis uses one-way ANOVA. Different superscript letters represent significant differences among the values in the same row
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P2 A G H BUR S & & R PO IR AL COX YR T i R 1k
(n=8, mean = SE); FArH AEGHEFTH N2 REF
Fig. 2 Changes of COX activity in total liver during postnatal devel-
opment in Brandt’s voles ( Lasiopodomys brandtii ). Different super—

script letters represent significant differences

3 itk

BAT (¥ 34 45 ) 76142 36 N A9 3 #2 p BAT 7=
AR = L AR IR A Y B oA 2k
KRR A BF R AR B 2R 1 (UCP) 3R 1Y 3 i &5
(AR M ZE 25 08, 1994), FRATHIBFSE Won: R
FEAEKERES R, i KH B BAT & & FLE
TG PR, R R B R IE

BAT & =4 NST B EZE48'H, BAT M AW
ERKHREBEYTHEESRPEAERE
M, Newkirk % (1995) 58 T IKIKE LR ( Pho-
dopus campbelli) F RATIL K BAT W EE, KM
11 A1 12 HES LR BAT T 0 35 i {4 g )8 1



278

ill:3

%

¥k

26 &

YIS, B R A K RV RERR G & & oo 72 o
BAT HE i ANWT G N, 24 A4 i BAT b ik 2 H
Mo AL, R W TR, JFEE 10 H ik B 52
FasE K (ZERZEZE, 1991) , KE 4K BAT & &
R ARE A SR B R RS, &
RAREOSE 1T RS 15 HREWI S (PR
L 1992) A I H R HS AR I ok AR R S g
ik, 765 H 5 RY Ik 20488 & ke /K5 [l B4
HEVEH & BAT B9 COX i M tuik 2R & 0y K F, H
W — B R I KF SR G BB BAT 77 7E
JRIEREWE, 165 HIR A BT s, 760K
S b, MEREEE BE i 30°C FE R 23°C B, A B R
GRS BRI F B 7 B E R e N (GR
PRAE A E4E4E | 2005) , HENEX S BAT WG AE
BLAAH K

ol o BAT AP RS IR A & R 7E R 5
RESE DA BERRE, BAT bR & &
w1 HIRRAL, SRR T & IHTES ~17 H i 4E+r
B, N 21 H I R R R B % iR BN
TR, 7633 f41 HEFERRAMKE, BAT 1)
BERNFL P AR T AR 5 S, X7 4 i 5 Rk
1 (Cannon and Nedergaard, 2004), KL T
IR b R BE B 22, W IO S BAT 11 31
o 21 HIRJE AR K H R4 R mE RV 2T %
, PRAABE TR SRR R R R (AR IR
AR T AEAE ) 2005) , DIRXT BAT 7= #E F A4K 51
Wil 50 0 32 8 K B LT ALK

A G H PR R TR R AR s 1 i
B A%, SRIEEH T = I F 21, 33 f41 H b4 Fr
FEAE X 0 KT PR RS 2 A 7 AR
M HA B A I ae, WRE & I A7 A i 6 45
SR X e BRI E A RE BT R, AR AL ZU 2ok
REASTEANEE T E M — R ER S KT,

VEZWFoE 20, 1 R 3 4 1640 A 2 B SR
HEE AR 2, (BT ] XA R B B — e
= BE S (Taylor, 1960; Hill, 1992; MacAr—
thur and Humphries, 1999 ), iR K4 f1 T 7 4
(2005) A IAG K H @A FRAENRE .,

Sl a= RG] D A LN TR R VS 3 TR N =
Him COX {GMEA TR, Lk i iE 4k ik 4 A
TRNZEHTE, T 21 iR JE k8 B ma En
K- BTG IG k& ) I 4 % B 3 S DR 4
i, FFREE COX TG HEAIZE Wi 7= . BAT & COX i
PEAR AL AN ARAL, 7606 J5 & B 1 8]t 3% i 4 v

HAE 33 fir41 H k85 &K, 53k
IEAREPR N 1 H 2 Wi & IE 7E 33 HR IR 8 s
KA —

Bz, MIKHBRAEREET SRS BAT 1 #h
A, B R L B % B AR JIFIIE AT BAT 77
PR (0 AR 4k 5 S i i 7= R SRR BE I 2 B
H—3K,

Brift: HON Ak Ko7 2% 51 [F] 278 S5 P 45 DL
By, v EREE B sl W wE 5 i AR BRAR 2SS T ST 2 A A
JI B AR SR B R D A B, R R
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