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Seasonal changes in thermogenic properties of brown adipose tissue
and liver in Mongolian gerbils Meriones unguiculatus ™
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Abstract Mongolian gerbils are non-hibernating small mammals that inhabit the deserts and typical steppe areas of the
Inner Mongolian grasslands in China. In order to understand seasonal changes in cellular and molecular thermogenic prop-
erties in male and female gerbils, we measured body mass, brown adipose tissue (BAT) and liver mass, mitochondrial
protein (MP) contents and cytochrome ¢ oxidase (COX) activity in BAT and liver, as well as uncoupling protein 1
(UCP1) contents in BAT in the fall (late September) and winter (late November), and spring (late March and April)
and summer (late July). No significant sexual differences were found for the above mentioned parameters except that the
body mass of male gerbils was higher than that of females. Both body mass and BAT mass were higher in winter than in
summer> while liver mass was higher in summer than during other seasons. MP contents, COX activity in whole BAT
and liver> and BAT UCP1 contents all showed the highest levels in winter and lowest in summer. These data indicate that
increases in thermogenic capacity at both cellular and molecular levels in BAT and liver are important physiological adjust-
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ments to cope with the cold stress in wild Mongolian gerbils [ Acta Zoologica Sinica 52 (6): 1034 —1041, 20061].
Key words Mongolian gerbils; Meriones unguiculatus, Brown adipose tissues BAT, Cytochrome ¢ oxidase; Seasonal

change; Uncoupling protein 1

RIS, BN 4Z (Brown adi-
pose tissues BAT) S ik iy /I 714 0y L 2 9 3 B 1 7
AR E AT (Cannon and Nedergaards 2004)
AR T, FEIEACH ™ $Or] A 7 FUs B 25%
(Schmidt-Nielsen, 1997). £k kLA 8 1 7 & F1 41
7 ¢ AAMBE (Cytochrome ¢ oxidase, COX) V& JJ
T 4 MK B A RE ) (B IR 55 4,
19950 fi# A8 B 28 1 1 ( Uncoupling protein 1,
UCPD) &P AL LB BAT Zobi fA A B A7
TEM =G, e i A S BT T E Y, B
G PR BT AR BT BR R AR S B AL A
fift 8L (Cannon and Nedergaard, 2004).

JE AR RN 531 £ 6 SR 3R 5 14728 (Sundin
and Cannon, 1980; Rial and Nicholls, 1984; Abe-
lenda et al.» 2003) MENYILsY), WRLEL
. C Phodopus sungorus ) ( Klingenspor et al.
1996; Praun et al.» 2001) 55 (13 WA 7 S b BE 2E
T T Z W IE, AHN B A2 2 ) (R T 5 J0)AH ) 45
b, HEEER TR (Wang et al. > 20005 4=
P25 5, 2001) A ] (Kronfeld-Schor et al.
20005 Zhao and Wang, 2005, 2006a, b) 5 J5
o &40k, AT, RT/NEELEhY)
PEARRE ) 2 ARG R AR A 7 LR, AT 4
W9 (Klaus et al.» 1988; Kronfeld-Schor et al. s
2000; Li and Wang, 2005a; Wang et al., 20006a,
b, A5 miA—3. Hl, Klaus et al. (1988)
B (¢ Clethrionomys glareolus ) BAT & Fi &
HEAM UCPL RIEAEX T3 I L1 T 70%
13009, 10 AE =AM TR I 55 AF T, Al K
( Lasiopodomys brandtii > BAT "] UCP1 % &
BRI ZFPEZE 5 (Li and Wang, 2005a); fi
FeRE R 2E AT I B (Zhao and Wang, 2005) F
MBI B CAcomys cahirinus) BAT 1 UCP1 %
=M, ARSI B (Meriones unguiculatus)
(Zhao and Wang, 2006a) 4 M E K CAcomys
russatus) (Kronfeld-Schor et al., 20000 W JG 50 o

D Bl — ol gt 20 08 s P B o, AN AR
KTz B B AR, 32 A R A
(Wang et al., 2003). JEARERZRE (FKFH,
1984 BT H (Agren et al.» 1989a, b). %l
R CRRIRAE, 1985; XIfE%E, 20040 FIFH 5

AL TP L0 5, 1982: J4 K R 45,
1985) S5y X oA B Nk (R 9E, BT F N4
2 NS0 = N PR B AN, 6 T AR R A b
(Wang et al.» 2003). FEAMEILZAE T, KR
T A2 1 AR AR R N RE B BN K P (Li and
Wang, 2005b) LA K& BAT & kifh 8 A1 & & (52
PASE, 1998a) #im T H ZF. (H{EE A& T,
KL HAEL R, . AT
FOR AT E T B AN AF N KM B BAT R AT
LR PR R S A COX BTG 11, LA BAT H
1) UCP1 17284k, DLRE— 0 B A L= P AR 3
TN SRS

1 MERTE

1.1 A%

TSI AT PN 52 B bR s ) B ORA T S JE Sk 52
BN (115°17°E, 41°58'ND, ifF4k 1 300 —
1 800 mo %D J F-U At KBl Pk o 41 335
1.3C, 1 ABKFERE - 18.0C, 7 A1k
JE17.8°C, Wi e AR S5 — 34.4°C , B o e
J& 32.7C; FBEIKE N 404.9 mm CFF 8,
1988) . ZHh X Ay U 1l 5 AR FH A7 1) AR AR AL i
X, FERIEMOFENE (Triticum spp. )~ %
( Avena nuda )~ 7+ 7% ( Fagopyrum )~ M %
( Brassica spp.) FMARE CGHHRE (Linum usti-
tatissimum ) 55 AHAPE LI 3 B RS A KK S
( Artemisia sieversiana )~ “F % ( Aneurolepdium
chinense )~ & B ( Xanthium sibiricum )~ % &
(Artemmisia commutata )~ 3 B3R (Salsola colli-
na) MHREE (Seraria viridis) %o
1.2 LR

S AT B2 3l T 2003 FERKZE (9 TR
DL & (11 H R 2004 FHEZF (3 HIK —4
AN M= (7 3R WA S50 KA
BREFE T, SADFW MR LAE 9 - 11 em.
PRELAE 34.6 - 59.4 g Z [AI A HERUATME B O 4o
FlIEFRA T ERNAFEH D) & 8 Ho ML
MR AR, WRELRAREY) Rk, &R Z= LU/
TN, HERR IR T ALK, DA
(Elymus dahuricus )~ FEFILEIREPNREGY N
tr, RN E T sl A iRk, fE 3 d
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W, I ERANSFHERF Ah s g = . 5 TR A SEEh ),
W A I TE] BAT AR NE, 5 Br &5 4 2 )5,
BTWERTRAR 75, Al B IO &5
A 4 d WS A, JERE LIS IR s ERE
FRESRETIT, ARAET — 55°C BRI VKAR T, £y
A RAah5
1.3 BHE . EASEN UCP 1 & & 1E 77 ik
BAT ZeRiAA ) COX ¥ 7l & H 9 [ Hansate-
ch A AT BR 2w A2 77 () AR AR FE R — AR A AT
& (Zhao and Wangs 20050 K MNAAEFN 2 ml,
A5 10 pl FFIFES, 10 pl QA Z ¢ (0.6 mg/10
pD F11.98 ml AR EE O (7.5 mmol/L BEIR —
24, 3.75 mmol/L JTA MR, 0.3 mmol/L P4 H
SN N, pH=7.4). BRLAGHR K, N
A IR BEORFFAE 25°C « 8 11 FE B 4% Folin-phe-
nol ¥ (Lowry et al., 19510, LAAFILiEEE (500
pg/mD AEAPRMER E, K BAT MUH 2R 48 A
G35 1:100 A1 150 Mk e, A2 R W e e v
(Beckman 2], 5 DUS00) (500 nm) Ll & o
UCP1 13l 52 K H western blot, AN ¥k 1 i
10 ul BES (15 g SR D, — 506 R
UCPL FUE (1:5 0005 B, i 28 B 5E A8 K27 2k
VR ERAE, 0k BRI A A G AR
WHIFESR Ig G (1:5 000F8E), LUBE 59tk
MRAFIEL M UCPL ) B ik &, H Scion Image
for Windows (Beta 4.0.2) #AFEAT 504, LAAHXS
A7 (Relative unit, RU) %78 UCP1 & (Li and

Wang, 2005a; Zhao and Wang, 2005).
1.4 Hdgilobr

H SPSS for Windows 10.0 #6247 ZE 1 43
Mo £ Kolmogorov-Smirnov £ 4%, T A5 £ 4 # &2
BRI A AT by W A% & 0 R 25 Wy 7 22 20 b
(Two-way ANCOVA) Ziil 8 I (8] BAT FJH A &
HEIPER AT 2 . AR ETT 25 (Two-
way ANOVA) il A &, J5 I ) BAT A B IE
COX [P 3% JJ Fl 26 ki ik 8 3 % &, L& BAT
UCP1 & s [ PE R 24y 22 50 0 o1k ) 22 S R 40
PEREAT G IR BE, 3 — 2 ] DA EE S W A8 B 1) L DA
FEW 7 Z M (One-way ANCOVA) B HL K 25 5
Z M1 (One-way ANOVA)D 1] LSD post hoc £
BB SHARRFNT RN 2R SCREME LA EIE
+ AR (Mean + SE) R, P<0.05 WK
5 kA EREE,

2 4 B

BROREE (MfEME: 44.4+0.8 g, MEME: 46.8 +
0.8 g Fi,56=4.826, P<0.05) 4, H'& %Dt
PR ¥ T Sl 22
2.1 f&HE

HMERAA AR X T, MRERSMAS R
s HEAE R FERAL (Fy s =4.574, P<0.05)
(B D, HEEMMZERREELALZTAER (Fj s
=3.987, P<0.05).
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Fig.1 Seasonal changes of body mass in Mongolian gerbils

Different letters means significantly different.

2.2 JE A BAT 5= #URFIE
BATWERBALX TR Em THEFY, EF
BAE (F5,5=100.617, P<0.05) (K 2A), HE:

MAMZENHEGLZHAEM (Fy5 =5.343, P <
0.05). BAT kA& A &5 (K 2B) Al COX
PRGN (20 WHEX T, EEHMK (4%
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BATHWEEE A ZRE &, HFERM (Fis=100.617, P<
0.05), 5&PEREATE (F;5=8.375 P<0.05). 41
2 FALEEM RIS ) (Fy55=23.456, P<0.05) FEMHELE

1 (F5,,=3.502, P<0.05) HRFHRMLEIME.
P + iR (0 =165 UCPL & 8: n=8). #E L
FREARFI R R Z 3 B3 . BAT: WOEIRNIA2. MP: Zikifk
HH. COX: M ER ¢ Ebiii. UCPL: RBIEA 1.

Fig.2  Seasonal changes of brown adipose tissue ( BAT)
mass (A), mitochondrial protein (MP) content (B) and
cytochrome ¢ oxidase (COX) activity (C) in whole BAT,
and BAT uncoupling protein 1 (UCP1) content (D) in
Mongolian gerbils

BAT mass showed significant seasonal variations with the highest
value in winter, lowest in summer (Fj 55=100.617, P<0.05).
Similar variations were also found in MP contents ( F3, 55=8.375,
P<0.05) and COX activity ( Fs, 55 = 23.456, P < 0.05) in
whole BAT, as well as UCP1 contents ( F3, o3 = 3.502, P <
0.05). Values are expressed as Mean £ SEM . Sample size is 16 and
for UCP1 detection is 8. Different letters means significantly differ-
ent.

=

PR EATE: Fiss=8.375, P<0.05; COX
MIRE T Fy 55 =23.456, P<0.05), HF
TN EHRAL AR (BRE R Ea &=
F3,55=5.245, P<0.05; COX MR JI: Fj 5=
9.664, P<0.05). UCPl & &AL TRMm, HIF
BA& (F5,;=3.502, P<0.05) (K& 2D), {H5)
MEFLEAZTAEH (F3,;=0.703, P>0.05)-
2.3 HFMER = AREAE

HEEREAEEFEES T HE =2FT1
(F53,55=26.722, P<0.05) (K 3A), {HH5 A=
WM ERL TR (Fy55=1.622, P>0.05). HFIE
GRiARENSE (B3R Al COX MEE (H
30) MIEA TR, MFELR, EFEAM (KK
HEEAGTE: Fy55=4.314, P<0.05; COX [
B ) Fy55=6.058, P<0.05), E5IFIZE575%)
SRR EATELLHAER (Fy5=0.183, P
>0.05), AX COX M &WE N AL HAEH
(F3,55=3.308, P<0.05)-

3 U w

3.1 PRERFEAR

KM B R4 T, BERG, XS
K2 BN U 3 B 1 R B 1) 22715 AR A AN [F]
VF 22 /N U] L300 40 £ T i 40 R a0 3 74 R 00 s
DI, — AR A R A A/ B RE RS AR,
. e ¢ Clethrionomys gapperi ) Fl4x th
B (Mesocricetus auratus)  (Klaus et al.» 1988;
Merritt and Zegers, 1991; Concannon et al., 2001)
o AH A — 2B, WK B CDicrostonyx
groenlandicus ), PREARBAEAL, w4k T,
XATREL AT HIHAT K (Nagy, 19930, &A1 —
YY), AREIEABEE Z= T AR A, KR
Wit CApodemus sylvaticus) (Klaus et al., 1988)
o FMTNK, KN RAERNFETIETRESL 3
MRFEAR: — 25K KL 1T 8
AT AR L RK R P I PR A ) b BR R KB A
Ko AWIFRW], KIND EAE—F RIEHRATE LT
SR LT AN, AR E Y R,
AR S A O] R I AT T AN I B AR
(EBFESE, 1998). HAERIMUME S T FIFHE)
MG Tt A AMRAHEE Ja VA2 % SJ 1A K.
REZ RSN TR AR AR R R AL, (HAC b
BT A R PRS0 B B R AR, HLAM s B A ]
IS, RE MR RAETIE N, XA AT
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K3 KRPEEER (A, dRikaEAasE (B
At 3 ¢ FAIBMEE T (O A

BRI R (F3, 55=26.722, P<0.05) EZFE&e, BFH&T
HeEh, ZhikBEATE (F; 5= 4.314, P<0.05)
COX EE ST (Fs3, 55=6.058, P<0.05) {E4FkeE, HF
Ao BELUFBIME + SRR RN (n=16). FE LRI
RARERLFH . MP: LRAAET. COX: AMEHE c Ll.
Fig.3

al protein (MP) content (B) and cytochrome c oxidase

Seasonal changes of liver mass (A), mitochondri-

(COX) activity (C) in whole liver in Mongolian gerbils

Liver mass showed significant seasonal variations with the highest
value in summer (F3 55 =26.722, P<0.05). MP (F3 55 =
4.314, P<0.05) and COX activity (F3, 55=6.058, P<0.05)
in whole liver showed significant seasonal changes with the highest in
winter and lowest in summer. Values are expressed as Mean + SEM.

Sample size is 16. Different letters means significantly different.

F RSO IER R, PHKINDRERTES S
BHEIR S (EAFES, 1998). =& &2 TS 5l
HI2 K 22 BN PRIl ik & B Ol 4R 8 2 SR AN 1K),

&
R D B AR AR B gy 44, 3K AR AT A A 3 il 4
A FE Al e PR B R 2 —

FEREREY, W (EXTHE, 2004) 5%
JCH (Zhao and Wang, 2006a) %A+ F, KN
LR B AN R A W PR, R = AT AL
M RV Bl P A4 B A A 2 )™ T8 2 4 1 T BR AR
(Li and Wang, 2005b), X5 ATHIHF 5T 45 A
[Alo XA BE S LI SR AR R, R RiE
BE 2 | — S ) PR AR, A
BEALICRE . JIMLISh Pk B0 S A 3%, R &
WA REAEAE R S8, ABAE ™ 4275 3040 1 s 1) Ui
JE T LE B AN AT N B, B AR R TE
(R S EE AR E o BBAh,  H T IRATIAE A A XS
B, KT HRFZA N KIND B E R 1 ARl
R, U5 Bt — B ORI 2 (bR & EE 4
AR o ARSI N T HE R BRSNS 7 #Be D) K5
Wiy, T IZe 6 RO E BRSO P AN, M BRSO AT
JEEH W, SRR A ER THER, XIFAGRA
RNARE Z ARV 2 7+
3.2 A BAT /7 #VRHIE I 2= 5 AR AL

KNP BAT MR AL E I, 2 H
A 2 -3 4%, X5 IE N LY R W5
i B AR, AR R (Microtus pennsylvanicus)
(Didow and Hayward, 1969; Prieto-Anderson and
Rauch, 1984 )+ I & W Peromyscus leucopus )
(Lynch, 1973)« SEMEALE CApodemus flavicollis)
AL (Klaus et al.» 1988). @R (Ochoton-
a curzoniae) FMH . (Microtus oeconomus) (F
fhEfe . FAHEE, 1989; Wang et al.» 2006a, b) 5.

BAT 8421 — > B SRR A & bk 1 5 i
I3 (Wang et al.» 19965 Li et al., 2001a). ¥
YA, AR (Tupaia belangerid~ K9
W (Ethennomys miletus)~ KNP A7 K H A
YR W (Spermophilus dauricus) (Li et al.
2001) BAT Zebifk sz (5 B B, COX il
40 25 G0, [RDRE P I 5 1 v Jir 10 R P Bl R sy
JR B CEAEHRAE, 1996) Al iib. w2k
Aef K B IK B (Sundin and Cannons 19805 Rial
and Nicholls, 1984). H££kE £l (Klingenspor et
al.» 1996; Praun et al., 2001)+ A1 [KH AR
Bl BAT 1) UCP1 #1/8¢ UCP mRNA % & 8] &7+
5 (Wang et al.,» 2000; ZFPRZFEE, 2001). fERDG
WA, BT LM (Heldmaier et al., 1985;
Rafael and Vsiansky, 1985)+ A [K H . (Zhao and



6 39 RAE DR A RV Bl M 100 8 117 20 ORI IO 7™ FAVRRALE (1 2= 75 1A 4 1039

Wang, 2005) A1 E ¥ % & il ( Kronfeld-Schor et
al.» 20000 BAT i) UCP1 & i B g5, HK
JNP B (Zhao and Wang, 2006a) F1 4 1 ] & [
(Kronfeld-Schor et al.» 20000 BAT ") UCP1 &%
X R IF AU . Wang et al (1999) X /& JR
SRS AR FE R PR IE TN R, R IR R R T R Y i
BAT bkt A& 5N COX VG g, H P 25 %)t B2
' 3 (0 BB PR AN T, v T B AR ) T Ve T B
J, T AR FE R D)6 ' R B A UK

TEEFANAT T, 0N L 540 FA e g 1) 2=
FPEARAHIETT, R 2 HAE T AR KT, A A
I A A TR D> o BAT TR R B b
Bl BAT £ b K 5 8 i A COX B E 71, BAK
UCP1 S fEAT L RE TN 2 - 3, x50,
B B AT R AR B (Klaus et al.» 1988), LA
R AR AR B (Wang et al.» 2006as b) BAT
FERRHIE ()= AR A — 3. AT, KPR
BAT 40 B A0 3 17K 7 FARF Ak a2 A e A2 7T g
B EOR B AR AR NG ST G KM S e e
P FEBI R S Ay, DA R AR . AN
e A RN, BRI, AFHLREK
G 6 MH) (EAZERE, 1998), XF ik
{100 184 5T W T3 o IR AR RE . R, KR
V0 SRR e PR AR ORI ) P A At Ay A
B ERE AL, AYMLRE R K
B 3 4R AR %2 (Robinson, 1959;  Steffen and
Roberts, 1977; Luebbert et al., 1979; % Hi 4> %%,
1998b)+ BAT H &R AR 8 I3 B T, 5 - i it ity
A COX 3% 71+ UCP1 & &A1 UCP1 mRNA 3%
iLE (Wang et al.,» 20005 ZK555%, 2001), {H)4
S A 6F AR E R R R AR 7K JC B B g (4%
&, 2003)0 JEoRMBEITW R B, RO A 5
KNP B2 4ge 07, AR AT DU S 545 5 3w B
REf S A K ¥ (Zhao and Wang, 2006a). AT
W, AEE W) 78 LRG3 B I oD R 42T, i
JEE T e 5 KD B B I BN 5. fEdl
MRS F7K b, R TN SR FH A () ) A 2 1)
Rl 4 U SE S B U 35 WA LS I - S Rl i
COX Ei% 1, LR UCPL (08 Sk $2 w7 A RE
DL FE7 I iE
3.3 U ARRE I 2= AR AL

KR BRI e W m T e
W, AHAZRGRLAR R E R COX R ) B
HBEEA 1.5 54 BRAMIEE RS Wang et al.

(2006 a> b)) %FEF A= wEy i bl SR FHAR FH B PRIAE 2 AH —
o Lietal. (2001 MIBFFLERB, 704 Y4041
N R RE AN O 9k B E AR ) A B BT
LRI A A COX WG i o R A7 G
BURIIA 5 JR T BT L o5 A 0 7 0 LA D, (R4
R A& A COX W ) W . i, Tie
SEAER YR A E AN T, KR R
(100 JFF IO S RN 2 b i i 1 B R AR (RER
574, 2001 SEFEAEE, 1998a). FRATTM S5 KA
TEWNKA K R, 3R A A
N, RS E T RGN R SRR, X
FhAR A W] e IR EE ' F JTRT B ) o i A 2 P A
DRI 25 AR P IR A A G

B, RS, W KT i
BAT /= #FAE 7~ 2B O 1 R IR R 2 —. 7
FEAZEAY, A TN B H T A [R] A A 5
775 RECHHAL AF BEOE N S ms, B8 ok 38 BAT
FFFRER COX % 77, LA BAT UCPI & & ke
FEAREE T, DI N IR RS 41

B AT B R B sh PR Bl S
EFT 5L, RAD S5 BROREL P st X0 SCAR st K S A
Wy, hp s s B R A B sh wt ST sh )
PSSR LH AR RS 5% R 8 SRR T 2 A A i
B
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