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FEE: T B sh W e R i, 38 )R T IR (48R 1174121 (interscapular brown adipose tissue, IBAT) 4]
BRAFIRIR AL TR, B P 2R 2R O B (Cricetulus barabensis) BEALA 8 IR YIZH (warm BAT sham-removed group, WS,
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Effect of interscapular brown adipose tissue removal on immune func-

tion in female striped hamsters

XU Deli”", WANG Yi', ZHANG Xueying’, WANG Dehua>*

(1 Shcool of Life Sciences, Qufu Normal University, Qufu 273165, China)

(2 State Key Laboratory of Integrated Pest Management, Institute of Zoology, Chinese Academy of Sciences, Beijing 100101, China)
(3 Shcool of Life Sciences, Shandong University, Qingdao 266237, China)

Abstract: In order to understand the effect of thermogenic capacity on immune function in animals, female striped ham-
sters (Cricetulus barabensis) were randomly assigned into the warm interscapular brown adipose tissue (IBAT) sham-re-
moved group (WS, n = 5), the cold IBAT sham-removed group (CS, n = 7), and the cold IBAT removed group (CS, n =
8). IBAT removal or gradually decreased temperature had no effect on body mass and body composition. However, low
temperature reduced total body fat mass. IBAT removal did not affect organ wet masses including liver, thymus, and
spleen, indicating there was no trade-off between thermogenesis and immunity at organ size levels. However, gradually
decreased temperature increased the wet mass of small intestine and colon, the length of small intestine and total diges-
tive tract, indicating the increase of the food processing and digestive capacities to satisfy the enhancement of energy re-
quirements under the condition of low temperature. IBAT removal or gradually decreased temperature had no influence
on the wet mass of thymus and spleen, the maximal phytohaemagglutinin (PHA) response, as well as the number of
white blood cells, lymphocytes, intermediate granulocytes, and neutrophil granulocytes, suggesting that no trade-offs re-
lationship might occur between immune function and thermogenic capacity. In summary, IBAT removal or gradually de-
creased temperature had no effect on immune function in striped hamsters.
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Uiy i DX B 20 400 T I B PR B8 2% AF 1 225 P ik
B, W& K% (Nelson and Demas, 1996; Nel-
son, 2004), N T FEIXLEEEREE T AL, RZ4L
)R R F T HAR G A A B RE,
B g S, LIN A R (kR
T4, 20065 Martin et al., 2007; s T
fiide - 2012; Schwenke et al. , 2016). {HXT3h4¥)
FERBE T HRIERE IR, IR

¥ fg i ZH 4T (brown adipose tissue, BAT) 21
A sh W) AE 81 Bl PE 7= #4 (nonshivering thermogenesis,
NST) B HEZ#$'H (cannon and Nedergaard, 2004; Sa-
kers et al. ,2022; Keipert et al. ,2024), K, 7RH
TRV BAT s BH T BAT I3 04977 1 SR AR s
NSTHEST, DA #AaHE 1 B dn ey 52 e Ho A= 1)
fg, XMITEC TR (Oryetolagus cunic-
ulus) (Hull and Segall, 1965). K [ (Rattus norvegi-
cus) (Horwitz et al., 1972). /N Bl (Mus musculus)
(Hayward and Davie, 1972) FIEEZETE /& B (Phodopus
sungorus) (Heldmaier and Buchberger, 1985) Z£4F .,

M 2% 4 B (Cricetulus barabensis) J2& ] 12 53 1l
T3 E AT A R b b X B2 B, RS B
S E AR A A, AR EE, BRI, R
AR, HAEWRIREG, E RPN T, oom i m
ik 42 °CZifi; ZFHE, [l nlih-20 °CLAF,
PR T B A OCE R B
(0 35 2= AR A R IR AR, 1987 SR RT A1
H, 1998), WFFEE, BLO RGeS
AW, fELZf i (Zhao er al. , 2010); H A
PENREMAFEF 4L (Xu et al., 2018; Xu and
Hu, 2020; RTESAFE, 2021). YR 14 5005 D hE
FIAEZC R . . &Y. ZRREFER RN
SR, 5] A ' SRR R P B 2k 6 BRI A f 2
JI L BR AR IgM K, (B 52 e i i L L
JUEFT A 0% (Xu and Hu, 2017); R FEARMEYE A1
TP PR B AV B 8 0 RN T 2 LB, (HAS
S5 M) JEL ey e R0 A f o £ DA R 40 B A T g (X
and Hu, 2017; Xu et al. , 2017); FR £ BE il 14 22
B AR g T, (HAS 52 20 i S 0% (R ST
MARFAE, 2015; Xuetal ,2017), IEH RIS
T, B SR R 6 R 40 S e ) (T4,
2022), MEVERZ A AR A I L A ORI N B 2L )
1) 210 L B 95 S I AN FEAE 25 5, I s HL 20 fe 2 )

A2 BHAR S sZ A (5K 4E, 2015a; Zhang
and Zhao, 2015); VIBRH /3 F1 AR DT 4H2 (white ad-
ipose tissue, WAT) Al I S 4L 6 B A% 20 A R B
RE, AN TR K T 40 M AR e e kA B 0 R 2
K, 2B WAT X 8l G 9 19 52 i) ml Bl ok 4y
Wh ) Sk B HEAE I (Xu and Zhao, 2022), B4
FRAW e oG I, e AN AR/ (KRR 5
2015b), AW 5T 0038 o VIBR &893 BAT 09 771k,
TR T MM B 6 R e TiRe 281k, gt
PRI s 2 TE] O R Y HR

1 HRFZE

SEE T
S S B A AR BRI MY E R B B, 4
AT ILZR A BT LAl X (R 28 116°59. 976,
b2 35°46. 275") . SCE i TT S EAER R M BmE
KFgh W 8% mMeE (M-S
DW2014018, #HtEH . 201449 H 27 H)., i3k
W2 Pyis ik 2 il BRI K2t s s, R
(30 cm x 15 ecm x 20 cm) fAFFTHERAYI M 120 : 12D,
MREE R (24 + 1) °CIYIREE, T LIS /)N BRURDRE B
At RHR P 7 AR A R ED, B E B ROK
WL 24 A 5, R M BUBEAL 5 5 R R DT
(warm BAT sham-removed group, WS, n = 8). # ik
Y1z 4 (warm BAT removed group, WR, n = 8), ik
M5 ) 2H (cold BAT sham-removed group, CS, n =
7) AR VIBR 4 (cold BAT removed group, CR, n =
8). BAT Y] B i &8 i J& J& M [8] BAT (interscapular
brown adipose tissue, IBAT), T 5CHEEE ST 1.0 mL
0. 5% [ [0 bb 27 4 5 0 %F PR 48 6 B AT RR
2530 min J5 , YL T REMOIRZAS, AR 25wk H
75% L BEXT T BB E AL je ik AT I 58, o
ARG FF AL e K, T T T R BB R ]
LA PIEAE g A2, SR G FAREE A&
P BT IF SO B RN OS2 ~ 44T, PRI
XFEEA A HEATIN R, DAkt FR G s I BR 4
YR AVIBR IBAT 4b, Ha#E S5 UIBRA S 1)
BAEME, IBATYIER 1 J5J5, K CS Hl CR 41zh%)
2 24 CC AT AR, BEJAREAR3 °C, 745 iR
JERER 3 °C, HZELIEW, XM Y I dEFrTE
3CCRIRAEE, SCHFrL 69 d. SLER 4T 256
27 Kt kA RAN, BER (Mustela sibirica, 15FK :

1.1
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B RUR) AR B, RS R R BRI 4L
W IEAE, WS, WR, CSHICRA A HFI TS5 H .,
3H7THMEH, T WRAREARRL (n=3) K/,
I TE S 24122 At AXF WS (n=5). CS (n=
7) F1CR (n = 8) 3 M2H 1) B8 #4743 #1 . Day 0 Fl
Day n 43 A AL B 0 R AIEE n K, 3 dil&
VA, RN 1 REER, 89
3AHME30 g B . HE3M30 g &Y, T 60 °C
PR T, TR, TR EYTRER, N
THERR TR, 3R H TR A (dry mat-
ter intake, DMI), FARTHEA 730010 «

fopy Ty = TOEIEREE )

DMI =
(A Y o - R AR EY R ) x B Y TR
3 x AR

1.2 8 E M BRIy

BB W) I o3 OGO ME L BEE R AR
. ERE. CERRR L MU PEAR (TR SIRESTE
—ii), MR E R4 ALV, 1EIE4K
R T AR SR A IS PR RS 21 0. 001 @),
Ay E SR, BOlEE, 2EmE . M.
H S, /N0 5 Bk 4% B b 5 5 e 45 4 20 21
NEWi. mulbkit s . Mm . Bl 4 X ediin
WA B R . 25, G FOT, AR K
WENEY, BHIRK LW TRmAKSE, HE,
VE b o B BT o RIS A IR 2% 2 BRI AL T8 S
ORSIE/N RN v O (SR G EN i e =9 A
105 BB A 5 M R AR 5 OF AR, =R
05 A8 S BT A R AR R B R . R ART .
NS RIS« i 22 IR s FA B S5 J5 4 31 e L) A
i, RICAAS HAY A& Xueral. ,2017),
1.3 oA Al

A 7K P B R AT B R 53T (Free
Style Mini Blood Meter) (Abbott Diabetes Care Inc.
Alameda, USA) #4791 % (Xu and Wang, 2010), if
A0 RS BRUL T o I R O i BT I Y AR
W FESE R 1.1 ~ 27. 8 mmol/L. HHL[R] Rt o i 22
SARNTS. 6% H/NT 4. 1%,
1.4 AY I EREESE Z (phytohaemagglutinin, PHA)
S A

TE LB 25 AT 3 d (Day 66), FIEC H - 1 f%

2

J (Tesa Shopeal, i 1) M R AL 5 /2 2
MJERE CREB 2 + 0. 01 mm), JHREA 75% AR
Ze/h g R, SRS RO S SR AE R R PO b
¥ %1 0.03 mL & 0.1 mg PHA(PHA-P, Sigma L-
8754) 1) JC & PBS 2% ¥ (pH7.4), 6 h, 12 h,
24 h, 48 h 172 hJm 3 2o A R R
Rl 6 1k, ~FIERI N R, iR
2, WA A — A3 . PHA ROV TR AR
PHA = TG RS — [ e SRS 3)
TSR i AR H R

L PHA SN TE S5 6 ik )5 K5
fH, Pt HE S PHA JS 6 h i) )z i 3% 7~ 4 i 50 2%
77 (Xu and Wang, 2010; Xu and Hu, 2017).
1.5 I FE bR Bl E

SEECEEN R, IR CO, RS S f B, G
R WA HC20 wL B ML, ¥ T 4 mL I 40 /53
MrimBwch, HTHRRMIRY, RIS A SR
4% M ¥ (Hematology Analyzer, Auto Counter
O10EO™) b A6 M IffL % “7 45 A5 , AL 45 F1 40 Ji &K
(white blood cells count, WBC). ¥k & 40 i 5% (lym-
phocytes count, LYMF) . #k L4 /5 0 & i (lym-
phocyte percent, LYMF%). H [H] %7 2 ffd 5% (middle
leucocyte, MID) . H[H]AL4H L [ 43 7 2 (middle leu-
cocyte percent, MID%) . H P4 i 4il 4 54 (neutrophil
granulocytes count, GRAN) Fl1H 47 20 fifd /i 43 7% &
(neutrophil granulocytes percent, GRAN% ) (Xu and
Hu, 2020).
1.6 Seitotr

K JH SPSS 27. 0 # {4 (SPSS Inc. , Chicago, IL,
USA) #EATEEE T, HUAE A PHA SR RE T S B 5%
ek Ja AT o0 Mo AR TR, BT A 0BG A
Kolmogorov-Smirnov il Levene tests 43 51 #F 17 5 4
IESMEMIr 2255k, A B8R4 IER
I3 . SR B Aok FH LI K J7 22 (One-way ANO-
VA) Fll Tukey’s post hoc £ 5 i 47 0 #7, # B fif JiT
It DA T o oA AR o 1 22 TR A e 2R PEARERL Jy
22 43 T (general linear model multivariate analysis,
GLM), J5 H Bonferroni post hoc #1755 . >k H
& Il & (repeated measurements) ¥ 5 25 J7 ¥ 50 AT
A BT 1 R4 £ T I () A A S A W) 25 S, RS [
SRR PR DL I MRS bR R A one-
way ANOVA 1 Tukey’s post hoc # & #F 17 43 #7 .
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AL,
&

#H 45 &

R T AR AR T VIR IBAT X IUBE A9 520, SR
MSTREAS ¢ 46 3 AT 20 M o 2R B2 2 b AH OG0 B
(Pearson correlation analysis) 5 Il B8 &k & B &1 44
Jiig Jo AL K P 5 R SR AR R Z TR B AR o 4
FHF A + AR #ELR (mean + SE) /R, P <0.05
TG EEREE,

W EES (Day 0, F,,,= 0. 754, P= 0. 485), 37416
BB A JoT i i 5] R) AR R B (Fhy = 3.426, P <
0.001), {EAKEEE IBAT YIBR-5 AbHET R] 2 (B ANA7AE
LHAEH] (Fpyp0e=0. 804, P=0. 811), HAKTIF, CR
20 AR 5T St AN B A 3RS ()Y AR AR T AR A (Fay s =
1.219, P=0.239), i CS (F,,,,=1.219, P<0.001)
FIWS (Fms:Z 595, P=0.001) ZH Y 1A Joi it X5 it b

2 #X ‘ ,\
PR e AL AL s A SR R, 3R AE
2.1 fRFiE 'ﬁ/l\aﬂ‘lﬁj"ﬁiﬁjjﬁﬁﬁﬁﬁ (Day 3, F, ;= 0. 470,
SCHSHT, WS, CSHICRAIBLGRATREASA  P=0.633;Day 69, F, ,= 0. 365, P=0.700) (K 1).
30 0 RREIAL WS -O- RIRBEI4L CS @ {RIRVIBRZ CR
g P FEE IR
*F
==}
15
10 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1
0 3 6 9 12 15 18 21 24 29 30 33 36 39 42 45 48 51 54 57 60 63 66 69
IR IE] Time/d
1 J I E) 48 (00 i 1 2 23 (IBAT) 70 69 b o 7 B2 285 B0 I 8 1 T
Fig. 1 Effect of interscapular brown adipose tissue (IBAT) removal on body mass in female striped hamsters. WS: Warm BAT sham-removed

group; CS: Cold BAT sham-removed group; CR: Cold BAT removed group

2.2 BE
PR B T 4 o B A i A 3L (] AR A o
(F,=20.821, P <0.001), [AIEHKIE S IBAT VIR
5 4k PRI R Z [l AEAEAC HAE ] (F, = 4.193, P <
0. 001), BRI, WS4 5 DMIZE 32563 8] 5 A7
AL (F, 6= 0. 689, P =0.6101), i CS (F,, =
27. 052, P < 0.001) 1 CR (F,,, = 24.034, P <
0. 001) £H 1) DMI P I i A B Asf 8] (g 24 i 24 i (&
2). WS, CS fil CR 41 iy DMI 7£ % 1 Jil (F,,, =
0.665, P = 0.527). %5 2 J& (F,,, = 1.660, P
0.220), 283 & (F,,,=1.997, P = 0. 166) ¥ 47 i
TEF, MAELLBL AR (F,,,=7.456, P = 0.005) #l

8 J& (F,,,=8.119, P = 0.003) J5 DMI 41 [i] 22 5% &}
= (K 2).
2.3 Bk

IBAT@JB,%T?ZHILJ%;%/\FL%MS i, A
Frt . KRR ML A %?Hﬁﬂ Hﬁ&ﬁﬁi
R i Iy R L & F 'ﬁﬂaﬂﬁ , [EARIE

R TSR B (R 1),

o HIREYIA WS o fRIRMEYIZL CS o RRIIBR4ICR

&

<10

o 0.8 ”
22 o6 v
£ : :
& S 04 [ 2 & 9

Fé 0.2 i ; ; :

ki

= 00 T T T T 1

1 2 3 4 8
HA] Time/week

B2 8 TR R T R (IBAT) DB it R 220 BR B e B A5
Fig. 2 Effect of interscapular brown adipose tissue (IBAT) removal
on food intake in striped hamsters. WS: Warm BAT sham-removed

group; CS: Cold BAT sham-removed group; CR: Cold BAT removed
group
2.4 FREEER

1&&%@%‘“13[]?/]\%&!’\1%1% =, Mak.
B AN R S manEliE s, B
Fig o OO BE L RERE . OBFRE. BAE. B . NE. BB
BE B AR AN @H%#%&aﬁ B, 5 WSHH
L, CS 1 CRZH /Ny i S5t i 53 538 i 1 53. 5% A
62.3%; 5 CSLMI, IBATHYIRE I T /Mg K
JBE, AR HAh g B AR R 38 T R R (R 2).
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*1 BREEEIEHEZR (BAT) VIR 24 CREEM I
Table 1  Effect of interscapular brown adipose tissue (IBAT) removal on body composition in female striped hamsters
e HR AR DI MR I4 TRIRYIBR4H 7 P
Parameters WS (n=5) CS(n=17) CR (n=8) 2.17

HILAA T Initial body mass/g 20.0£0.7 22.3£2.1 20.1+1.1 0.754 0. 485
#4A JFif Final body mass/g 20.4+1.0 21.8+1.5 20.9+0.7 0.334 0.721
JIF A< 6 J5i F: Wet carcass mass/g 13.7+0.6 13.2+1.0 12.740.5 0.351 0.709
JZ FHeli Subcutaneous fat/g 0.231+0. 086 0.072+0.015 0.110+0. 026 2.400 0.130
B2 F i i 2 Subcutaneous fat content/% 1.45+0.48 0.49 £0.09 0.78 +0.21 2.250 0. 145
i Z BRI Mesenteric fat/g 0.211+0.022 0.187+0.013 0. 196+ 0. 024 0.296 0.748
Ji7 Z EERE I 5 B Mesenteric fat content/% 1.38£0.12 1.22£0. 11 1.36£0.19 0.250 0. 783
J& B 5 BB Retroperitoneal fat/g 0.061 0. 024 0.038 £0. 032 0.027+0.011 0.571 0.589
J1& B 5 IR i % 2 Retroperitoneal fat content/% 0.39+0.14 0.24+0.19 0.20+0.08 0.518 0.617
JUANE Total body fat/g 0. 504 + 0. 130° 0.239+0.027° 0.302 + 0. 045 3.772 0. 044
JMANS & i Total body fat content/% 3.22+0.70 1.83+0.22 2.23+0.37 1.945 0. 182

RHEHTIME + bR . F— T AR T HERREREE (P<0.05)

Data are mean + SE. WS: Warm BAT sham-removed group; CS: Cold BAT sham-removed group; CR: Cold BAT removed group.
in the same line indicated statistical significant differences (P < 0. 05)

*2 BIREBEERASR (IBAT) VIR EEEZLCREEHRENT N

Table 2  Effect of interscapular brown adipose tissue (IBAT) removal on wet organ mass in female striped hamsters

Different letters

ZH HRAR DI (ST ESZIEN I DIBRH 7 P
Parameters WS (n=5) CS(n=17) CR (n=28) 2.16
il Brain/mg 437+ 14 446 +20 455+ 17 0.231 0.797
DM Heart/mg 134+9 160 + 14 160 + 8 1.879 0.187
filiflE Lung/mg 164 + 14 200 + 35 193+7 0.554 0.586
f it Thymus/mg 8+2 6+1 5+1 0. 896 0. 428
FFAE Liver/mg 919 + 54 970 + 64 986 + 41 0.909 0.423
J4IE Spleen/mg 3343 43+9 50+ 7 1.171 0.335
' I Kidneys/mg 282+ 15 340 + 29 318+ 15 2.507 0.113
¥ [l Adrenal gland/mg 7+1 7+2 6+1 0. 428 0. 659
PR Gonad/mg 70 + 17 106 + 34 85+ 20 0.135 0.875
B XN %) Stomach with contents/mg 750 + 50 805 + 133 884 +91 0.384 0. 687
H Stomach/mg 201+17 358 + 36 332+£22 0.913 0.421
/N KR %54 Small intestine with contents/mg 1016+ 82° 1220+ 117* 1544+91° 6.478 0. 009
/M Small intestine/mg 385+47 591 £ 87 625+ 107 1.432 0.268
/N K Length of smallintestine/cm 29.4+0.8" 29.6+1.3° 33.9+0. 5 13.143 <0.001
H 1 KN4 Caecum with contents/mg 697 =73 1135+ 165 1091 +77 5.086 0. 020
H W Caecum/mg 226 + 40 326 + 42 296 + 50 0.729 0. 498
H K Length of caecum/cm 5.3+0.5 5.7+0.7 5.9+£0.5 0.256 0.777
251 K N %4 Colon with contents/mg 500 + 43 512 + 60 520 + 49 0.209 0.814
25 Colon/mg 151 +21° 235+ 20 255 +£25° 4.853 0. 023
45l Length of colon/cm 11.9+0.8 12.3+1.1 12.940.9 0.334 0.721
JHALIE Total digestive tract/mg 762 £ 80 1152+126 1176+ 174 1. 803 0. 197
JIHAEIE K Length of total digestive tract/cm 46.5+1.2 47.5+2.5 52.7+0.9 6.335 0. 009

TP AP + brdkR . A AT AR EER R ZE R 3 (P < 0. 05)
Data are mean + SE. WS: Warm BAT sham-removed group; CS: Cold BAT sham-removed group; CR: Cold BAT removed group. Different letters
in the same line indicated statistical significant differences (P < 0. 05)
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Fig. 3  Effect of interscapular brown adipose tissue (IBAT) removal
on blood glucose levels in female striped hamsters. WS: Warm BAT
sham-removed group; CS: Cold BAT sham-removed group; CR: Cold
BAT removed group
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Fig. 4 Effect of interscapular brown adipose tissue (IBAT) removal
on PHA response in female striped hamsters. WS: Warm BAT sham-re-
moved group; CS: Cold BAT sham-removed group; CR: Cold BAT re-

moved group

F3 WERLCRMEKTE. SEERESEEFHERNEXERY

Table 3  The correlation coefficient between the levels of blood glucose, total body fat mass and immunological indices in female striped hamsters

F845 Index  JJE Thymus J§E Spleen  PHA WBC LYMF LYMF% MID MID%  GRAN GRAN% Glc  Fat
B i Thymus 1

fiE Ak Spleen 0. 120 1

PHA 0.128 0.073 1

WBC 0. 096 0.079  0.325 1

LYMF 0.016 0.004  0.409  0.902%** 1

LYMF% -0. 121 -0.259  0.039  -0.423  -0.001 1

MID 0.212 0.208  —0.009 0.759%%* 0.433 -0, 822%%* 1

MID% 0.158 0.304  -0.304  0.410 0.029 —0.874%*% (, 88g*** 1

GRAN 0.156 0.134  0.128  0.768%%* 0.423 —0.885%** (, 9l1*** (, 757%* 1

GRAN% 0. 068 0.215  =0.123  0.344  —0.116 —0.980%** (. 724%% (. 779%** (), §70%** 1

Gle -0. 112 0.185  0.339 0. 325 0.183  -0.446 0.342 0.294  0.436  0.501* 1
Fat 0. 528* -0.059  0.153 0.137 0.129  -0.026 0.051  -0.066  0.119  -0.014 -0.083 1

Gle: [MBE/KF: Fat: MAEASEFE . PHA: HWIMEREER: WBC: A4 LYME: #E40M%: LYMF%: #WHEMEHE >S5,
MID: ki g% MID%: il ki m 7> & & GRAN: HiEki 4% GRANY%: PRI E 20& . * P<0.05, % P<0.01,

**% P <0.001

Glc: Blood glucose level; Fat: Total body fat mass; PHA: Phytohaemagglutininy WBC: White blood cells count; LYMF: Lymphocytes count;
LYMF%: Lymphocyte percent; MID: Middle leucocyte count; MID%: Middle leucocyte percent; GRAN: Neutrophil granulocytes count; GRAN%:

Neutrophil granulocytes percent. * P <0. 05, ¥**P <0. 01, *** P<0. 001
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2.7  IMEEFERR

WBC. LYMF. LYMF% . MID. MID% .
GRAN Fil GRANY% A 32 U1 [k IBAT 55 fI% Ui 1) 52 i)
(£ 4. IMFBEKFES GRANE EM &, HY

WBC. LYMF, MID % JC i & AH ek . B AR I
5 MRS IEAM S, {H5 WBC. LYMF, MID G
WEEA M (R 3).

x4 BREEEERER (BAT) VIR MR L E B MK P IEIRAR0T

Table 4 Effect of interscapular brown adipose tissue (IBAT) removal on hematological parameters in female striped hamsters

28 HR YA fRIRERIH RIEVIERE F P
Parameters WS (n=4) CS(n=17) CR (n=5) 2.13
1 41 %% White blood cells count (WBC)/(10%/L) 6.22+0.98 6.53+£0.89  6.17+0.69  0.056  0.946
R4 %L Lymphocytes count (LYMF)/(10%/L) 4.72+0.69 4.93+0.63 4.33+£0.43  0.278 0. 761
W EVAR I 77 43t Lymphocyte percent (LYMF%)/% 76.9+2.7 76.6+1.9 72.2+5.1 0.563  0.581
R AR 41 %L Middle leucocyte count (MID)/(10°/L) 0.46+0.10 0.49+0.09  0.65+0.17  0.632  0.545
LR 4 7 4325 i Middle leucocyte percent (MID%)/% 6.38+0.74 6.31£0.52  9.08+1.40 2.766  0.095
F PR i AL Neutrophil granulocytes count (GRAN)/(10%/L) 1.04£0.26 1.11+0.21 1.18£0.38  0.056  0.945
rR Mk 21 i 1 437 B Neutrophil granulocytes percent (GRANY%)/% 16.7+2.1 17.71.7 19.9+4.5 0.310  0.739

RPHAE T BME + bR

Data are mean £ SE. WS: Warm BAT sham-removed group; CS: Cold BAT sham-removed group; CR: Cold BAT removed group

3 ittt

PR3 L B 2 52 ) B ) A B ) R 1Y) B AR A
5, ARWEGE R I IR A UTER IBAT X SR 46
GERRE (OBRFINGEAT) . A G )T . R FR b
OEAISEY b RN R IR &S oR SRS A TR
X5 Z ST g IR AN e R 2B R IR
P& S FE bR LI 24 48 A 1) 25 F2 A0 [F]) (Xu and Wang,
2023), FRUMLERAME T BL G R RAERE 1T L
PRIFFRE
3.1 . B FSE

AW 5T e R 32 T 8 e T R 2 BRI o i B A
WEFRmW, X S5MEAETEYHRS T REA L,
IF BARIER T RLC R E YR AR, 7rh 7K
BN AR R AR, X5 ZATEIZY A RS
2t B — % (Zhao, 2011; Xu and Hu, 2017; Xu et al. ,
2017), MK T A & H B (Lasiopodomys brandtii)
(Zhang and Wang, 2007; Xu et al. , 2019a) Fl N>
S\ (Meriones unguiculatus) (Xu et al., 2019b) %5 5
YR RS, RS BUA A2
IBAT VIR 52, IRV (Yang et al. , 2012) F11
15 IS H B (Liu et al. , 2023) 594K i & 4 5% IBAT
YIRS, AT ULY B IBAT X} sl 49 i) 44 5 e 52 1)
RN BEE SR TR, B BRI mEEs,
i Bl B AR 0 B 105 o 0t AR T 1 = B R OK
AL UL TG Ve M PR SR A R B, R B it g,

L, WS AR R RE I AE DLIE I AR PR
X ) b 7 AR il A — b RE HE SRS (Xu and Hu,
2017; Xu et al., 2017). /Nt LA . 45
BT RO IE KRR N Y B, s
BRI T EY R RE ) FIIH AL RE Sy 8858 . KR
AT /0 o i o A A G o o A O B A 2
AE Wy SR B Y35 V. (Daan et al. , 1990; Hammond
and Wunder, 1995). 7& HAtb %) Fh vt & B0 AH 0180
g, RN YD BRUAY 8 /N SR R K
. BInEE e K E, NE R R (Phodopus
roborovskii) /N it i i S A FE L I i M
HAK B K& & & H K B (Chi and Wang,
2011), A [KH B8 /Ng K B (Zhang and Wang,
2006; Xu et al. , 2019a) TEARR A5 15T ¥ @ 2 1 .
PR A BRI TG PEAS B O . AFIE L B ERY
i I N SZ AR S, 3X 5 A ) A A TR PR AR
Hh AR P A BT N Y 25 R AF A 22 5 (Zhang
and Wang, 2006; Chi and Wang, 2011; Yang et al.,
2012; Xu et al. , 2019a, 2019b), A5 LB, VIBR
IBAT AN 520 A2 0 BUA B AA L7, Q) A i i
B N RaWG . B R NG DT . R RS IS A D5 A0SR 7 o
i, BB AHALIE R A, YIER IBAT 5K
U B B A R o3 R 2 B 6 5T A (R AT 224K (Yang
etal.,2012), FHYIFE IBAT 500 5040 1 B 4 AL
Sy HIESE B
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3.2 MR ERA

PHA SV &4 PHA TEST A BT, Al 55 T 40
JHL R IR SR 32 40 6 P 3 A RN 38 B S SO K, T
DA Wi 3L 3l W 0% 240 B B 9% g RN R SR R % g
(Smits et al., 1999; Bellocq et al., 2006; Zhang and
Zhao, 2015), A5 % BLPHA IV AN 3% 2 7 B I
B2, EAERIEACFE (Xu et al. , 2017; Xu and Hu
2017) S22 Wik (Xu and Wang, 2023) A5 5 1 H:
PHA i, W7 SR 26 B A 40 Jf 62 ) Fn K AR f
JERE I EARIR B AN BE R FP AR E . P hi 2 2
B\ (Peromyscus maniculatus) (Demas and Nelson,
1998) - T BRU Y 200 i e 93 73 F1 R AR e e e ) ()
FEARZ R IR 540 (Yang ef al. , 2012), X XF 314
TEARIR A Bt A TS AR S B e &% B 0 Mg g A
JRLRE ,  fE R) 42 b S W Sl W) 0 SR e D RE , AH [R] 254
TREESSE R, MIZETIEEE R (Calder and Kew,
2002; Smith and Hunt, 2004). il # " 41 o Fp 25 F1 %k
It [F) R AT LA e 2 ) 1) 4 R G (Kim and Kang,
2016; Xu and Hu, 2020), 41400, #RE4ife.
() 457 £ fi AR v P e 200 Y B L1 2 5 LR ) fe 92
ARG 35 K7 B A € o A L P NN AR L e
(Calder and Kew, 2002; Xu and Hu, 2020), A< #f %%
R, BELC MRS E (MRS M) . Hg
A N N Y 151 v O S B v R e 3
SEAEBRANSZ TR IR I R,k S 2k S B IR TR
AT B R R ) R R e VT R R IR
AT T EAC T X R R IR 2 — . SR R A
P S35 ST R R SR G g e 1 . BB SIENE . i
IR L 0 6 b TR 4 i A A i 4 o i 2
FrlEFEANZZ IBAT VIBRAU5EM, fIGHR T PIBR IBAT b
S s VD BB e %2 D BB (Yang et al. , 2012),
{HY]BRER 4 IBAT HI1 g 34 58 K B 62938 77 (Janko-
vi¢ et al., 1975), FHYIBR IBAT X 90 5 68 J1 i) 52
WA TEDI D 22 5 o VIBR IBAT A5 SRR 0 R s
(1) Ji PRl 22— ] R AE T 5 S o 7R v B ) B R Y SR
A, PS4 B Ry A 98 T e A0 A R 4R 4t 72
RERBERL; A, RIRS 3G S  NST (Held-
maier et al. , 1982), ARWFFEAN 2 ZATE T %A Kl
RACRINST, HEZLE R ™ HA6E ) 7E IR
B3I (Zhao, 2011), Ff H A T IBAT YIBR A
KRV LA NST (Yang et al. , 2012), % |, jxit
ShL IS R B O R g 1 5 HAR ) 2 8] T fig

AAFTEARUET o 2T B W 9% U5 e ot g 3 7 A 2 B 5
FERBAAERUE , T2 — 09T,

AR A B A D BB A A2 A I 52 Wl 114 5L A 7T g
SHUARRBE AR (R ALY A ¢, WAT BR1E
NRe RN AR G I Ah, I Y N S R A A
B, ERPEE RN H R ZAE ] (Ahima and Flier,
2000; Trayhurn, 2005; Schéffler et al., 2007), WAT
] R 2l 4 AR ) BE A4 e S N BRI BE B (De-
mas et al. , 1997; Moret and Schmid-Hempel, 2000),
SURAR & RS S AR L, AR AR 3
Yy 53 B 25 B 5 S0 1Y) BE i 23 870 (Houston et al. ,
2007), PR AR B9 REAR 2 4 ) 4292 (Demas ez al.
2003; Demas, 2004; Xu and Zhao, 2022), K55 %
BLUTER IBAT AR, H 2 it B A T
SR NG B E, JF HARNE 5 PHA )N . WBC,
LYMP, MID, GRAN %4y 248 bp (U AH S A
B3, WA BRLE R REAZ K2 IBAT
VIBR A 5200 ] e 5 14 E & iy A8 e e ¢

G T Sy f P A0 L Y TE R AR L RS E A E
WIORERY R PR AR b AR, PR S SO P R R
% AE A (Kaminogawa and Nanno, 2004; Matarese
and Cava, 2004; Maciver et al. , 2008). PR (Hadri
et al.,2004), Z5E (Xu and Wang, 2011) 1§ 2-fIii %
] 250 A A A | R 17 7 4 W T R TP RREAIR (Zysling
and Demas, 2007; Martin et al. , 2008) ]2l sh %)
W R PEDIfE . AT K I EE L6 B I % KA
3 IBAT YIRS 95200, I BB K- 5 PHA
JB . WBC, LYMP, MID, GRAN %408 24545
BYAROCPE A 1 25, 3R WY I A /K P AR T g 2 fe
PEDIREA 3 IBAT IR i Rl #2014 55 — B I

BNZ W R AN 5 T R 2 BRI AR B
TER I B A I3 FOR 22 80 B e o o, HLB TR
TFEAR T SRR i, ¥ T WA LN
it N AR A E . BIHAE R, R
TR 51T B Bon T &y ny e 1 ik be
Rasi, BRIGANEEESL, i 3 RE A DL AR
TR E BT R . VIBR IBAT AN B4k 6 R 1A
Fii . BB BRSO FESE SR, X
bR S A B TR (W IR AIRNE) . 20 S
MRIREERE ST . A%, MR A
SO, WS SR ERE 5 ARE ) Z TR T BESAETE
LA



4 1 TRTESC AT IR I 608 (0 N5 5 2 200 1 2 6 B S0 8 T RE B4 52 ) 465

B R BRI R A R P 2 S I D i
PRI 4 (AL A 35 Bl

Sk

Ahima R S, Flier J S. 2000. Adipose tissue as an endocrine organ [J].
Trends in Endocrinology and Metabolism, 11: 327-332.

Bellocq J G, Krasnov B R, Khokhlova I S, Pinshow B. 2006. Tempo-
ral dynamics of a T-cell mediated immune response in desert ro-
dents [J]. Comparative Biochemistry and Physiology Part A, 145:
554-559.

Calder P C, Kew S. 2002. The immune system: a target for functional
foods? [J]. British Journal of Nutrition, 88: S165-176.

Cannon B, Nedergaard J A N. 2004. Brown adipose tissue: function
and physiological significance [J]. Physiological Reviews, 84:
277-359.

Chi Q S, Wang D H. 2011. Thermal physiology and energetics in
male desert hamsters (Phodopus roborovskii) during cold acclima-
tion [J]. Journal of Comparative Physiology B, 181: 91-103.

Demas G E, Chefer V, Talan M I, Nelson R J. 1997. Metabolic costs
of mounting an antigen-stimulated immune response in adult and
aged CS7BL/6J  mice  [J]. American ~ Journal  of
Physiology-Regulatory, Intergrative and Comparative Physiology,
273: 1631-1637.

Demas G E, Drazen D L, Nelson R J. 2003. Reductions in total body
fat decrease humoral immunity [J]. Proceedings of the Royal So-
ciety B, 270: 905-911.

Demas G E, Nelson R J. 1998. Photoperiod, ambient temperature, and
food availability interact to affect reproductive and immune func-
tion in adult male deer mice (Peromyscus maniculatus) [J]. Jour-
nal of Biological Rhythms, 13: 253-262.

Demas G E. 2004. The energetics of immunity: a neuroendocrine link
between energy balance and immune function [J]. Hormone and
Behavior, 45: 173-180.

Daan S, Masman D, Groenewold A. 1990. Avian basal metabolic
rates: their association with body composition and energy expen-
diture in nature [J]. American Journal of Physiology-Regulatory,
Integrative and Comparative Physiology, 259: R333-340.

Hadri L E, Garlich J D, Qureshi M A, Ferket P R, Odetallah N H.
2004. Glucose and electrolyte supplementation of drinking water
improve the immune responses of poults with inanition [J]. Poul-
try Science, 83: 803-809.

Hammond K A, Wunder B A. 1995. Effect of cold temperatures on
the morphology of gastrointestinal tracts of two microtine ro-
dents [J]. Journal of Mammalogy, 76: 232-239.

Hayward J, Davies P. 1972. Evidence for the mediatory role of brown
adipose tissue during nonshivering thermogenesis in the
cold-acclimated mouse [J]. Canadian Journal of Physiology and
Pharmacology, 50: 168-170.

Heldmaier G, Buchberger A. 1985. Sources of heat during nonshiver-

ing thermogenesis in Djungarian hamsters: a dominant role of

brown adipose tissue during cold adaptation [J]. Journal of Com-
parative Physiology B, 156: 237-245.

Heldmaier G, Steinlechner S, Rafael J, Latteier B. 1982. Photoperiod
and ambient temperature as environmental cues for seasonal ther-
mogenic adaptation in the Djungarian hamster, Phodopus sun-
gorus [J]. International Journal of Biometeorology, 26: 339-345.

Horwitz B A, Detrick J F, Smith R E. 1972. Norepinephrine-induced
thermogenesis: effect of interscapular brown fat [J]. Cellular and
Molecular Life Sciences, 28: 284-286.

Houston A I, McNamara J M, Barta Z, Klasing K C. 2007. The effect
of energy reserves and food availability on optimal immune de-
fence [J]. Proceedings of the Royal Society B, 274: 2835-2842.

Hull D, Segall M. 1965. The contribution of brown adipose tissue to
heat production in the new-born rabbit [J]. The Journal of Physi-
ology, 181: 449-457.

Jankovi¢ B D, Janezic A, Popeskovi¢ L. 1975. Brown adipose tissue
and immunity: effect of neonatal adipectomy on humoral and cel-
lular immune reactions in the rat [J]. Immunology, 28: 597-609.

Kaminogawa S, Nanno M. 2004. Modulation of immune functions by
foods [J]. eCAM, 1. DOI: 10. 1093/ecam/neh042.

Keipert S, Gaudry M J, Kutschke M, Keuper M, Dela Rosa M A S,
Cheng Y M, Kuhn J M M, Laterveer R, Cotrim C A, Giere P ,
Perocchi F, Feederle R, Crichton P G, Lutter D, Jastroch M.
2024. Two-stage evolution of mammalian adipose tissue thermo-
genesis [J]. Science, 384: 1111-1117.

Kim J H, Kang J C. 2016. Changes in hematological parameters,
plasma cortisol, and acetylcholinesterase of juvenile rockfish, Se-
bastes schlegelii supplemented with the dietary ascorbic acid [J].
Aquaculture Reports, 4: 80-85.

Liu M, Zhang X Y, Wang C Z, Wang D H. 2023. Recruitment of
muscle genes as an effect of brown adipose tissue ablation in
cold-acclimated Brandt’ s voles (Lasiopodomys brandtii) [J]. In-
ternational Journal of Molecular Sciences, 24 (1). DOI: 10. 3390/
ijms24010342.

LuHQ, LiY C, Zhang X D. 1987. Age determination, age structure
and population dynamics of striped hamster [J]. Acta Therio-
logica Sinica, T: 28=34. (in Chinese)

Maciver N J, Jacobs S R, Wieman H L, Wofford J A, Coloff J L, Rath-
mell J C. 2008. Glucose metabolism in lymphocytes is a regu-
lated process with significant effects on immune cell function and
survival [J]. Journal of Leukocyte Biology, 84: 949-957.

Martin L B, Weil Z M, Nelson R J. 2007. Seasonal changes in verte-
brate immune activity: mediation by physiological trade-offs [J].
Philosophical Transactions of the Royal Society B, 363 (1490):
321-339.

Martin L B, Weil Z M, Bowers S L, Nelson R J. 2008. Sex-specific ef-
fects of glucose deprivation on cell-mediated immunity and repro-
duction in Siberian hamsters (Phodopus sungorus) [J]. Journal of
Comparative Physiology B, 178: 623-628.

Matarese G, Cava A L. 2004. The intricate interface between immune

system and metabolism [J]. Trends in Immunology, 25: 193-200.



466 SIS

o 45 %

Moret Y, Schmid-Hempel P. 2000. Survival for immunity: the price of
immune system activation for bumblebee workers [J]. Science,
290: 1166-1168.

Nelson R J, Demas G E. 1996. Seasonal changes in immune func-
tion [J]. Quarterly Review of Biology, 71: 511-548.

Nelson R J. 2004. Seasonal immune function and sickness re-
sponses [J]. Trends in Immunology, 25: 187-192.

Sakers A, Siqueira M K D, Seale P, Villanueva C J. 2022.
Adipose-tissue plasticity in health and disease [J]. Cell, 185:
419-446.

Schiffler A, Scholmerich J, Salzberger B. 2007. Adipose tissue as an im-
munological organ: Toll-like receptors, C1q/TNFs and CTRPs [J].
Trends in Immunology, 28: 393-399.

R A, Lazzaro B P,
Reproduction-immunity trade-offs in insects [J]. Annual Review
of Entomology, 61: 239-256.

Smith K G, Hunt J L. 2004. On the use of spleen mass as a measure

Schwenke Wolfner M F.  2016.

of avian immune system strength [J]. Oecologia, 138: 28-31.

Smits J E, Bortolotti G R, Tella J L. 1999. Simplifying the phytohae-
magglutinin skin-testing technique in studies of avian immuno-
competence [J]. Functional Ecology, 13: 567-572.

Trayhurn P. 2005. Endocrine and signalling role of adipose tissue:
new perspectives on fat [J]. Acta Physiologica Scandinavica,
184: 285-293.

XuD L, Hu X K, Tian Y F. 2017. Effect of temperature and food re-
striction on immune function in striped hamsters (Cricetulus bara-
bensis) [J]. Journal of Experimental Biology, 220: 2187-2195.

Xu D L, Hu X K. 2017. Photoperiod and temperature differently af-
fect immune function in striped hamsters (Cricetulus baraben-
sis) [J].
211-218.

Xu DL, Hu X K, Tian Y F. 2018. Seasonal variations in cellular and
humoral immunity in male striped hamsters (Cricetulus baraben-
sis) [J]. Biology Open,T: 1-8.

Xu D L, Hu X K. 2020. Season and sex have different effects on he-

Comparative Biochemistry and Physiology Part A, 204:

matology and cytokines in striped hamsters (Cricetulusbaraben-
sis) [J]. Journal of Comparative Physiology B, 190: 87-100.

XuD L, Hu XK, Tian Y F, Wang D H. 2021. Seasonal changes in im-
mune function in female striped hamsters [J]. Acta Ecologica Si-
nica, 41 (2): 182-192. (in Chinese)

XuD L, XuL X. 2015. Effect of food restriction on immune function
in the striped hamster (Cricetulus barabensis) [J]. Acta Ecologica
Sinica, 35: 1882-1890. (in Chinese)

XuD L, XuM M, Wang D H. 2019b. Effects of air temperatures on
antioxidant defense and immunity in Mongolian gerbils [J]. Jour-
nal of Thermal Biology, 84: 111-120.

XuD L, XuM M, Wang D H. 2019a. Effect of temperature on anti-
oxidant defense and innate immunity in Brandt’s voles [J]. Zoo-
logical Research, 40: 305-316.

Xu D L, Wang D H. 2010. Fasting suppresses T cell-mediated immu-

nity in female Mongolian gerbils (Meriones unguiculatus) [J].

Comparative Biochemistry and Physiology Part 4, 155: 25-33.
Xu D L, Wang D H. 2011.
fasting-induced suppression of cellular immunity in Mongolian

gerbils (Meriones unguiculatus) [J]. Zoology, 114: 306-312.

Glucose supplement reverses the

Xu D L, Wang D H. 2012. Advances in ecological immunology [J].
Acta Ecologica Sinica, 32: 6251-6258. (in Chinese)

Xu D L, Zhao M X. 2022. Leptin mediates the suppressive effect of
partial fat removal on cellular and humoral immunity in striped
hamsters [J]. Comparative Biochemistry and Physiology Part A,
271. DOI: 10. 1016/j. cbpa. 2022. 111256.

XuD L, Wang Y H. 2023. Effect of gradual increase and decrease in
temperature on innate, cellular and humoral immunity in striped
hamsters [J]. Mammalian Biology, 103: 265-276.

Yang D B, Xu Y C, Wang D H. 2012. Partial removal of brown adi-
pose tissue enhances humoral immunity in warm-acclimated Mon-
golian gerbils (Meriones unguiculatus) [J]. General and Com-
parative Endocrinology, 175: 144-152.

Yu Y, Zhao M X, Wang Y H, Zhang X Y, Xu D L, Wang D H. 2022.
Seasonal changes in immune function in female striped ham-
sters [J]. Acta Theriologica Sinica, 42: 286-294. (in Chinese)

Zang Z Q, Huang S L, Zhao Z J. 2015a.

phytohemagglutinin-induced skin swelling at different reproduc-

Response patterns of

tive phases in female striped hamster (Cricetulus barabensis) [J].
Acta Theriologica Sinica, 35: 74-79. (in Chinese)

Zang Z Q, Huang S L, Zhao Z J. 2015b. No simultaneous increase of
humoral immune response and resting metabolic rate in striped
hamsters followed a single KLH challenge [J]. Acta Theriologica
Sinica, 35: 405-411. (in Chinese)

Zhang X Y, Wang D H. 2007. Thermogenesis, food intake and serum
leptin in cold-exposed lactating Brandt’ s voles (Lasiopodomys
brandtii) [J). Journal of Experimental Biology, 210: 512-521.

Zhang X 'Y, Wang D H. 2006. Energy metabolism, thermogenesis and
body mass regulation in Brandt’ s voles (Lasiopodomys brandtii)
during cold acclimation and rewarming [J]. Hormones and Be-
havior, 50: 61-69.

Zhang Z Q, Wang D H. 2006. Seasonal changes in immune function,
body fat mass and organ mass in Mongolian gerbils (Meriones un-
guiculatus) [J]. Acta Theriologica Sinica, 26: 338-345. (in Chi-
nese)

Zhang Z Q, Zhao Z J. 2015. Correlations between phytohemaggluti-
nin response and leukocyte profile, and bactericidal capacity in a
wild rodent [J]. Integrative Zoology, 10: 302-310.

Zhang Z B, Wang Z W. 1998. Ecology and Management of Rodent
Pests in Agriculture [M]. Beijing: Ocean Publishing House.

Zhao Z J, Cao J. Meng X L, Li Y B. 2010. Seasonal variations in me-
tabolism and thermoregulation in the striped hamster (Cricetulus
barabensis) [J]. Journal of Thermal Biology, 35: 52-57.

Zhao Z J. 2011. Serum leptin, energy budget and thermogenesis in
striped hamsters exposed to consecutive decrease in ambient tem-
peratures [J].

560-72.

Physiological and Biochemical Zoology, 84:



4 IRTESL A VIBRIE B R]4E (0l 15 21 2O HEVE PR ARG Bl S B2 D BE Y 52 ) 467

Zysling D A, Demas G E. 2007. Metabolic stress suppresses humoral
immune function in long-day, but not short-day, Siberian hamsters
(Phodopus sungorus) [J). Journal of Comparative Physiology B,
177: 339-347.

T, B IR, TR, sKeR e, IRTESL, B4R . 2022, BN IRE
B S0 P PR BT ML G55 R INLVBCHR B S ) ], 5284,
42 (3): 286-294.

FAUEIR, R R, TKRAEVR. 1987, BRARA RURMIFAR IS AT M A i 7
WK ABITE [J]. B, 7 (1): 28-34.

HRARSR, EEA . 2006, KIRVDRAGAEDIRE . RIE & RIS B E i
HIZET AL [J]. B2E2F 4R, 26 (4): 338-345.

RO, BN, AR D, 20150, AN ) SRS MEME PR LR 6 BUXAE

Y EER A AR [T]. 2R, 35 (1): 74-79.

dkARBR, WO, B S 2015b. KLH Sl SN 520 SR 28 O U
FEARIR (1], E22EH], 35 (4): 405-411.

TREIME, TAHEE . 1998, Al 2 FE UK AEZS 2 K il ok (M]. b
L R AT, 1-286.

RS, B 2012, SR FRTTEIE R (1], AR, 32
(19): 6251-6258.

WSy B, HESY, FAe . 2021, MEMERLA S RAEIIREN
Zer Ak (7], B8R, 41 (2): 182-192.

RS, TROIHE . 2015, X HIBR i X B4R 6 B G0 T BE RS2 R [J].
HEZS2EAR, 35 (6): 1882-1890.



