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ABSTRACT Objective: The main aim of this study is to investigate the beneficial effects of mild chronic intermittent cold (CIC)
exposure on the effects of high-fat diet feeding (HFD) on liver oxidative stress in SD rats. Methods: Mild CIC has been widely used to
establish the animal model of cold adaptation. HFD (45% of fat) and CIC (4°C, 6 hours/day) were given concurrently to the rats for 4
weeks. The rectal temperature, body weight, liver weight, the levels of ATP and reactive oxygen species (ROS) in liver are measured
after 4 weeks of rats exposed to mild CIC and / or HFD. The protein level of cold inducible RNA binding protein (Cirbp) and thioredoxin
(TRX) are detected by western blotting. Results: Compared with the control group, the body weight of the high fat diet group increases
significantly, the ROS level increases significantly, and the level of ATP has no significant effect; the rectal temperature of rats decreases
significantly after 1 d and 1 w of CIC exposure, while the rectal temperature has no significant difference after CIC exposure of 2 w, 3 w
and 4 w; there's no significant difference in the level of ROS, but the ATP level and the expression of Cirbp and TRX are increased
significantly. Compared with HFD group under normal temperature, the body weight decreases significantly after CIC exposure 4 w, the
level of ROS had no significant difference, while ATP level increased significantly; the expression of Cirbp and TRX increased
significantly. These results suggest that cold adaptation enhances the antioxidant level in the liver of HFD rats, probably due to the
increased expression of Cirbp after cold acclimation, and then increases the expression of the antioxidant protein TRX, thus cleaning
ROS. Conclusion: Cold adaptation induced by CIC exposure protects the liver against oxidative stress induced byHFD.
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RESRE NG5 T RNA 4548 (cold inducible RNA
binding protein, Cirbp ) &k T+ A 5, Cirbp J&MiFL a4 40 i
PN R R LR R AT R W 22 1 . Cirbp T LA TRX (1) mR-
NAs ) 37-UTR DX IR PESS &, MRS . AR Y
SEECIFFT R B TRX 78 20 M AU B S0 28 f5 i © FLE
H,O, 74kl HyO 3 ROS, AT AAR 5 2 SR VR,

H I, @ R £ (high fat diet, HFD ) gl 2 B RE i
JIg S8 FBR S FRAHLPT AR 22— HFD B3 & SE S 460 Bl
95 JFERR TSP | N Bz T e R b R I S, BIFgR R
HED W] 1 LA S 4805 | e A L AR S0 S5 3w UE B 2 5 e
RE IR EE R o FRATT A A S 9 W AR 2R
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IR AR RS SR TR 2 65 175 3 1V 35
X HED A0 52 i B AT BB HLIEATS SR AN o IR, AR 558w
5 38 o T ¥ 3 N R BRI, AN IR X HED 75 51
KB A SR ) 52 A AT RE R B
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1.1

1.1.1 Kezh¥ Mtk SD KL, 32 H, & 160+ 20 g, 55 P4
TR ESI Y DR . H R K, SEEG T AR S
TR SEIFRS RS

112 ZRERF Akl b 58 P4 B R 2 s e b
At E R R F AL A B AR RN I A BR A F, 185
H10045, Jg s i LRE L N 45% 1Y e i stk iRkl . ROS, g it
A TARIFSE T, E004; ATP kpilli7i &, #2K,S0026B;
BCA % [ #:MR 5 £, P0012; Cirbp $/4c, MBL /3 ] ,RN032P;
TRX #{ {4 ,abcam /\ 7] ,ab86255; B-actin #j{ {4 ,Immuno Way,
YM3028; HRP #ricbife 1gG \HRP Fricdi/MR 1gG,, b
eV EWABRAF,ZB-2301 [ ZF-0312,

113 {Y28ig#%E  JALRAL, Physitemp BAT-12; 584G e
31, 12 UV-2450; 5 0> HL, Eppendorf 5424R ; i F7 1Y , lab sys-
tems MK3 ; fb2% % 6% , UVP ChemiDoc-it 410 ; 8 35 % H1 , 12
[ IKA,T10,

1.2 Fik

12.1 HEE4E  SD KRBKERIL N 4 4. XHRA
(Con A1) : W MUARVRINEFE 4 JH s o1& B4 (CA 4H) - ¥ 1 W K B
A ARG ) 22 15 S 36 2R FH A i1 R Bl R 4 CAIRTRL A 37 = 2
% 6 /NEF(10:00 am - 16:00 pm), EZE 4 J& ; = g E & 4H (HFD
A1) i ke (H10045 , b 5t 48 B AR W RHEE IR0 A BRA 7))
NG HLRE LR 45% B A et AL tRD kL, T FH IR B AE A PR
LENYBIIISY . HESE SD KL 4 J; s + 2@ 4l
(HFD-CA 41 ): W IR 1A RE IR 37, [ B 452K 6 /A (10:00 aum. -
16:00 p.m. ) IGHER TR, 5% 4 .

1.2.2 DCFA-DA #4£H58M ROS MIEE LR 4w ia,
A5 16 h, 2% 8 L FE 2 A RR I, BBUTFIE 2280, 9004 1) B8 7K IS
VREK IR T, T AR E AR . FREL 2 g FFAFZE 2L AL
B ; ) DCFH-DA #£41 (PBS 1:1000 i B¢ )W 4], B8
JBEE 20 min, ¥F « [R5 B A DCFH-DA #4541 i B it BE
FUEMA PBS (17 X B 51000 r/min x5 min #.0 )5, 7 F

7%, 1 mol PBS Hikk; A I —HTRE LMK ;200 wl/ FLANAE
96 LB A REEAR N s DEEREPRAHAT RN , 240k 485 nm %
R, 525 nm R AHE K
123 ATPJRERINE  ATP Al SRR R ATP 7K
o FREUIFZHZY 50 mg, LA BB 1 24 i 7519%54°C
12000% g 5.0 10 min, BB 3 ;i 100 pL ATP A& TAE W 2
L, A 20 L A S Shm e f , AU s AR YR o 2 1
BATP W 5 He A MR 2 — PRk, LA umol / mg protein
FIR o
124 RN HBUF4Z 1000 mg, JnA M HZAFR 1 mL,
LB SRR A1 30 sx 2 Yk, vk - Z44# 30 min;4°C , 12500 rpm,
B0 15 min; BB EF 55— EP &b /AT ul JiLA 200
pL FEFEE AB ;37 CHFE 30 min, JU5E 562 nm 4k
{8, BCbn i i 2 I TS DU A vk B 5 P AR VR L P ) AT
ZJ5i iy Western blot £ [l 5555

Western blot 25 6 - fit 1 12%453 &5 i, 5% FUZ B, 1L
A 80 wg FEAREM, 80 V HLIK B4 B I E e 120 V Bl FETRIF
WA FIRHS, % 20 T4 % A5 30 min, TBS JEAK 5
min, il —477 4T3 %, TBST PeHE 8 minx 3 ¥k, Jil i 2= L #7
A 1 h, TBST Yk 8 minx 3 ¥, il ARG _E ML Cirbp F1
TRX EH&KIX,
1.3 gitoan

FH SPSS17.0 GEd A A T434T, A B« SD 5%
7N, BRI T 20T T LR 2 A B H A, 2 )5 PR LR
JHLSD i, BRI 208 MEZHE T 22558 T a8k
R 4w AT A S AR A RS SO T AL R LhAL . FerP,p < 0.05
HEABFEWERp <0.0] NEAWBEFEEESR,

2 H#R

2.1 BB EBI S

RATZ TR 45 B 200 @ SD SR 2 J& # Ja] 8 it 8 2 5%
(4°C,61/d, 14 )i FIE ARG I . ASEE ) 255 s, [F]
Con #[1(36.5 ‘C+ 024)M I, KR 4C,6h,1d.1w/5,CA4
AT B2 RRAE (1d:31.4 C+ 1.22,1 w:33.9 C+ 0.82;P <
0.01),2 w J5A BBEARFIRAMBEL R E LR (2w:362C
+ 024;3 w:36.7 C + 0.50;4 w:36.5 C # 0.66;Fig.1,P >
0.05) , 2 VAT MBI A 3T Ji T . HFD+CA 4[] CA 4L,
AU AL A — S CBHR ARSI ) o
22 CIC M KREERFNT

TS0 25 R 3R W, CIC 2 58 PR Jl I J o A v 3 I S TR R
FRAAC T 00 HR 2 L b 25 B, T B IR S R A S 3 e = AU
TNEY R . ARSEEGEE I 5 2 A4 R —2, 5 Con ZHAHEL, 3 w Al
4 w HFD H K RAKE B E M8 (3 w:343.7 g 15.11,P =
0.006,4 w:369.3 g+ 12.18,P < 0.001),1ii CA #l K BkE B&
Ffi (3 w:287.1 g£ 14.15,P = 0.001,4 w:301.6 g+ 15.28,P <
0.001). ‘5 HFD 414f ., HFD+CA 1 K Bl 5 25 P R % (3
w:315.6 g 6.14,P < 0.001,4 w:332.1 g% 16.62,P < 0.001)
(Fig.2),
2.3 BEN EAEE R KR I FFATAE ATP 1 ROS 4 &K
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Fig.1 The change of rectal temperature in SD rats during cold exposure
Note: Data were expressed as xt SD, n=8. *P< (.05, compared with Con

group.
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Fig.2 The change of body mass in SD rats during CIC exposure
Note: Data were expressed as x+ SD, n=8. *P< 0.05, compared with Con

group. “P< 0.05, compared with HFD group.

IV B ZEREAL(P = 0.049) . BEWAKIR 258 % T S BRIE KR
JHFHE ROS 7K 5 FH 5

AT AT S8 R CIC 2468 2 w ALl T2 , ATP
AN, ARSLERZE R R, [ Con Z1AH LY, CA 41 ATP
16 4w SR T =K (P < 0.001), T HED 4 T ATP 4
A ] B (P = 0.074), HFD+CA 231 )IFIE ATP Az i
gl HFD 412 3 FHm (P = 0.018) .
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Fig.3 The ATP and ROS levels in liver tissues
(A) The levels of ATP in the indicated tissues were measured by luminescence using an ATP detection kit. (B) The levels of ROS in the indicated tissues

were assessed by Fluorescence microscope after DCFH-DA staining.

Note: Data were expressed as xt SD, n=5. *P< (.05, compared with Con group. “P< 0.05, compared with HFD group.

24 A N#ER Cirbp BRIZTL

ZRTAYSEI I, v TE N R SRR SR B AL BB
JLAE: Cirbp ik INe, Cirbp 2—Fh RNA 4558 A, 5 5LF
MRS, SRR B, AT B AR P A B
TRX %35 , R HrE R0, i L3R B/ HED #1 CA
[F] ) 2558 4 w Bl HFD 2% 88 K BRUFFIIE ROS 7K1 i 2 AR
(Fig. 3A), L BATREM T4 13 388 4 Cirbp MIZEH . 4500
/R (Fig4), 7] Con 414 L, CA 403 FAIE Cirbp & Zik 44 /0
1.85 1%, 2R Gt 75 X (P < 0.001) ,HFD £ U JC W A% 4k,

(P =0.593). [ HFD Z{#4 ¥, HFD+CA #H K BRUIFIE Cirbp 2
FERHEN 1.86 5, 2R A G FE X (P < 0.001),

Cirbp o] LAl B &1L 9 5 40 TRX A9 mRNAs 25 & M i 38
TALARST S AT K 3 AN A 7 L, PR e 3AT TR T
TRX 3Rk 45K R (Fig4), [6] Con 4HAHLY , CA H B ITFIE
TRX & AR 1.72 %, F B EZEF(P < 0.001) , HFD 41|
TR BASE(P = 0.594) , [ HED 2 AH Lk, HFD+CA 4 BUFNE
TRX i RGN 1.66 15, A B E25(P < 0.001),
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Fig.4 The expression of Cirbp and TRX in liver tissues of rats

The levels of Cirbp protein and TRX in liver tissues of rats were determined by Western blotting(A). B-actin was used as a loading control.

The relative amounts of Cirbp (B) and (C) were quantitated and normalized by 3-actin.

Note: Data were expressed as xt SD, n=5. *P< (.05, compared with Con group. “P< 0.05, compared with HFD group.
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A B AR AR R IR A TELE o YR I EATLAAR XV Y
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T NI AR IR AR AR L B NS P ) WP 268 (CIC) E
Bz T AL E N TS R SRR Z BT R T, R
4°C,6 h/d, 14 d BRI A% pvA 38 B, 40 G K I 28 1, AR S 30t 15
P -G R, FERRE 4w KRR AT R EES
(Fig.1). M@ N IR B, oIt 2 CA HlidJe HFD+CA 41,14
R A IR G a3 (Fig.2)

CIC 2§25 KB SE4 B ATP R, AN RS ROS
KPP 2T AR S CIC 5% 4 w 5 ROS KR I T
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PAT, PR AR Y AR A0 M R FE S R AR )2 S

5SS PP A4 Sit BRI R AR 2,
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1.86 %01 1.66 1%, 22 S B HAGE 7 5 L (Fig4)
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