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M E: B WITIKRE S e R A BAIBA A B G &g WAz EALH Hvm, T ik
3 Bl A SD R R 100 R 538 4RI 1 BJE , I AARER R (10 R) Foe B IER R4
(90 R), 21t 12 B R M AL R A UG , JEREIE K R P LR TR 32 R, 5 24 F R4
(NC41) % AiaFh 4 (NE L) AR R %4 (HC ) Ak Az 3y 2 (HE L), - 440, &
8 R, NEZA4= HE A #4738 & & 3 T 1, $8:3% 5 #] 24 25 m/min £ 20 m/min, 9 45 8 K
LWR GRS K/F, 23474 B, HC 484 HE A3 AT AT R, R BLAL 3 500 m
(FURZ13.6%) SRR T A7 &, 2 AT 4B . G — RIEF LRI 48 hBEATIRA, RK
S i | JHE R WUSFe R A g B 4028 R T ml 9K o A R B ik e BB R N E o fROR E  ROR
HPLC-MS/MS 6] s iz Fo B 1y L ¥ BAIBA 3R 5 SR 5% B 3% 56 € & PCR A= Western Blot
i 2 R M LG 8 IE B 414%F PPARa A= UCP-1 89 mRNA fe & & ik &, 4% : 1)NE 44w
HE 28 X R & A2 Lee’s 15 3 2 F A T NC 4L (P<<0.01) ,HE A X R4k & L H5 16T NE4L
(P<<0.01);2)NE£i4»HE 21 K . TC.TG #» LDL 2 #{X T NC 41, L HE41 X A HDL 2 % &
FNC41(P<0.01),HE #4169 LDL 2 #{& T NE £1(P<0.01) ;3)NE 28.4= HE 41 X Z M UL P
BAIBA % 2.3 & T NC 41(P<<0.01) , foi% + BAIBA w4 F+ &2 L 2. ¥ 1% £ 57 ;4)NE 4
F2 HE 28 K WL I% ) g B 28 2% F PPARo. A= UCP-1 mRNA #= % & &8 B % & T NC 4 (P<
0.01) , HE 28 K MM 4 g s 4 2% 7 PPARa A= UCP-1%& & &35 23 & T NE41(P<<0.01);
5) K SHEM MUBAIBA K 5 X FARJR# \Lee’s 14K TC 2 fi A8k % &, 55 X KL A fig by
414249 PPARa #» UCP-1 mRNA £ ik 2 EAAX X % ; fo ik BAIBA 5 X L TC 2 fi Ak %
F .5 KR MM A fis B 2822 69 PPARa = UCP-1 mRNA £k % 2 EAI X X £ 4T AA L H K
£+ (P<0.05, P<<0.01), Z5it: 4 FKEE 3 B IS KR AR & Lee’s 54K, B-EME K
I EGE B LA X R B UL BAIBA 93k K T 5 4K 8035 3 bR RE e K SR ) s b 41
22 PPARa A= UCP-1 89 Kk K, 3 An & & i i A7 @.4L , BAIBA A 5 25 g X 3t Aw il 1L 9
42 PPARo A= UCP-1 A f if4% & &5 i Az 64K .

KHEIA: ARRIE 3 ; e Bt s BAIBA ; IR A7 &4k

Abstract: Objective: To investigate the effect of hypoxic training on the expression of BAIBA
and white fat browning in obese rats. Methods: One hundred male SD rats of 3 weeks old were
fed with normal diet for 1 week and then they were randomly divided into standard diet group
(10 rats) and high-fat diet group (90 rats). After 12 weeks of successful obesity modelling, Thri-
ty-five rats were randomly selected and divided into four groups: normoxic control group (NC
group), normoxic exercise group (NE group), hypoxic control group (HC group) and hypoxic
exercise group (HE group). NE group and HE group were given treadmill training intervention,
running speeds of 25 m/s or 20 m/s, training duration was 1 h/day, and training frequency of
5 day/week for a total of 4 weeks. Hypoxic intervention was performed in the HC and HE
groups, using a hypoxic intervention program that simulated an altitude of 3 500 meters (oxy-
gen concentration 13.6%) also for 4 weeks. Samples were taken 48 hours after the last training.
Rat blood, gastrocnemius muscle and inguinal fat were taken for testing. The blood lipid con-
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centration was determined by enzyme method and direct method; the concentration of BAIBA
in blood and gastrocnemius muscle was detected by HPLC-MS/MS; the mRNA and protein ex-
pression of PPARa and UCP-1 in inguinal fat were detected by RT-qPCR and Western blot. Re-
sults: 1) The weight and Lee’s index of the rats in the NE group and the HE group were signifi-
cantly lower than the NC group (P<<0.01), and the weight of the rats in the HE group was sig-
nificantly lower than the NE group (P<<0.01); 2) The TC, TG and LDL of NE group and HE
group were significantly lower than the NC group, and the HDL of the HE group was signifi-
cantly higher than that of the NC group (P<<0.01), and the LDL of the HE group was signifi-
cantly lower than that of the NE group (P<<0.01); 3) The concentration of BAIBA in the gas-
trocnemius of NE group and HE group were significantly higher than that in the NC group (P<<
0.01), and BAIBA in the blood was slightly increased but there was no significant difference; 4)
The expression of PPARa and UCP-1 mRNA and protein in the NE and HE groups was signifi-
cantly higher than that of the NC group (P<<0.01). The expression of PPARa and UCP-1 pro-
tein in the inguinal fat of the HE group was significantly higher than that of the NE group(P<<
0.01); 5) The BAIBA concentration of rat gastrocnemius muscle has a negative correlation with
rat body weight, Lee’s index and TC, and it has a positive correlation with the expression of
PPARa and UCP-1 mRNA in rat inguinal fat; blood BAIBA has a negative correlation with rat
TC, and it has a positive correlation with the expression of PPARa and UCP-1 mRNA in rat in-
guinal fat (P<<0.05, P<<0.01). Conclusions: Four weeks hypoxic training could reduce the body
weight, Lee’s index, and improve lipid metabolism in obese rats; hypoxic training up-regulates
the secretion of BAIBA in skeletal muscle of obese rats; and up-regulates the expression of
PPARa and UCP-1 in inguinal fat of obese rats ,increasing the browning of white fat. BAIBA is
involved in improving lipid metabolism and regulating the browning of white fat by regulating
the expression of PPARa and UCP-1.

Keywords: hypoxic training; obesity; BAIBA; lipid metabolism; browning
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BAIBA HE % [ A% A4 i » HL I AT 2022 B B 33\ Bl ik

JHEZE N T 2 £% (WHO, 20200 o 2015 4F o [6 i [ 7%
5518 PR IR 0 BUHE  , 4 [ RN AR O 30.1% , JIE
HN11.9% CPE R A0, 20150, H 2 ILFEE LA
# (Wang et al.,2017) . AEJE T RN fin 55 N 20 {5 1) o 22
PSS PR 3R o a7 285 L 875 R 98 4 M IR £ e A A T 4 (1) A

BEANBEM AR EEF R — (EAK %,2019;
Wang et al.,2019) . 3R A, B #ENLER 198 #6 K =R
4 (Heath, 2014 , A 10 5304 K B B AL IR 7 45 A s
2 il (Hoffmann et al., 2017 ; Kirk et al., 2020) . H 41 g />
# —6 Cinterleukin 6, IL-6) H 7 % L7 4= I 70 4 A 1ML 7E 2
s B RAEMEH, X —HRN RS T & #EIHE A
I3 Wb 2% B IR IE 78 #4#] (Steensberg et al., 20000 . HAI &4
A E UL R 7 £ 45 TL-6 ( Steensberg et al. , 2000 « A K K]
¥ 21 (fibroblast growth factor 2, FGF21) (Fisher et al.,
2012) . i Y5 ¥ # £8 E F% K T (brain-derived neurotrophic
factor, BDNF) . & & & (Irisin) (Bostrom et al.,2012) %5, iX
S LR BRL 7 AT AR T BT U 16 07 4 4R 4 R 4 i e AR

AR, p—& 4L 55 T R (B-aminoisobutyric acid, BAI-
BADAEy— Bl & I AL R 7 51 2 96 7 (Roberts et al.
2014) . BAIBA f& £32 5l i F2 A by LA 73 £ il i v e
G5 Z TR 1) R AR A, A2 A2 Ak A 3 240 45 D-BAIBA
A1 L-BAIBA 7 Fit % Bt 5 #4 f& (Tanianskii et al., 2019) .
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JIE BN, T 2 T 25088 B il 46 40« [F) I BAIBA fig
BT T R AR IR A B R IR R, 5l A
0 )15 105 B2 {64k (Kitase et al., 2018) . WH WL, B35
A% T w1 1K BAIBA 7K T, ffil 2 BAIBA 7K T 5 4 i 28 9%
9 JAUKE 2 97 FH 9G C &R (Roberts et al.,2014) .

VR A B 9T 3R B K AR B0 7E T T AR Rk K B MR
AR 77 T LA B 1 RO, 3 LS KR B L D R
AR I i AR 25 IR S 4%, 2012, 2018 5 B BETN 45,
2014 4R 7 55,2018 . H RIICAUE 30 % LK B BAIBA
43 W6 IR W 1M RS B, BAIBA S 75 2 SR & iz shout g 1R
R 1 I 1 A IR T A AN B . AS BT T e I
S B RE R BRAR N R 2, 255 WL Rl 7 BAIBA 1) /1
AR FUAR 4038 B %o TP DK BRI AU AT 1 6 15 17 R €Ak 1)
o E B o

1 MRMFS5HE
1.1 BrRstfs s

M HL 100 H 3 % Mt SD K BRA T S AE PR A R
SR IR, E S R, G /B I O 12 W12 hy =R
22 C+1 CRFE 40%~60%. i@ 1R % 15, b
BLor 2 < 10 33558 4 k) 9, 90 WL i 4 B 9%, [
KA o 5 R O S 56 B AR K 4 R 0B R 5 w5 g
#} kN 3€ B Research Diets 24 &) & g vl 6k . MWEFE 12 )5, %



TR MG, 55 ARAIZ BN AT JE K B BAIBA ik J 1 € g i € Ak 1) s il

FR A 5T 8 A1 Lee’s i 20O & Jig A0 &0 B A PGt Hh JE kK
B 32 R4 55,2016) 0 EER BUBEAL 70 i A i 4
(NC 4D # iz sh 41 (NE 41D I% 420 2% i 41 (HC 41D R
AIBHHMHEAD 48, HHE S R . (RIEEHKRRK
T UINZRIE L HE AR — B, B R FEMEZE T . NE4LA
HE 40 k47 12 2 7 i s HC 41 R HE 4133 47 1% S0+ i, + Tl
B 4 . 286 205 S50 2 A6 B4R R F AT, R 3R
HEUE .

1.2 EHFRAE

NE 20 #1 HE 28 K BUEAT 2 Ji 0 5@ PRI 25 (FE 2 A
P K 15 B A 16 m/min 3% 38 2] 25 m/min , 18 Bl B (7] AL
20 min/FK 38 F 60 min/ KD« KK s & BT
W45, ot HE 25 5933 79 20 m/min , NE 41 #8 3% 79 25 m/min,
VWK, S R/, AT N 4 JE I8 ) T 1. 2 50 TR sE
B ¥R 7T, HE 411 NE 41 K B32 3l i i 0 % ok 38 356 AR AH )
R HE 41 A1 NE 21 12 31 58 B #H 5]

1.3 MKATIAE

R FH AR 2 R A BR A ] G 2R AR O B
W AR SEIR PR . HC 41A HE 41 5% F AL 4 3 500 m
CHOKJE 13.6%) AR T 17 22, 347 3 4 IR T
it , HC 4 HE 4HAE IG5 T AR E A2 .

1.4 B4t

N 3 e 2 M T2 B0 A DG A8 B I B2, TE IR S — IKig
ARG 48 hidb AT M . KR E BB K, 2% K E
Lk 22 4k 1 s v S5 BRI, 77 5804 0.25 mL/100 g fA i i o %
IR S 5 P 2E Bl KL, 5 0 S A I . BB YA R A 4
ST oKk TR, iRk 4 TE AR R 2 1, B TR
R, 5 R F -80° AR UK AR P A . I T 48 B AR
K H 37 7600 B4 B 3h A Ak o BT ACHEAT IR 2 AT, TR A
Foe HE A5 AF 0 ROR B 46 U0 I R AT

Lee’s?‘é%ﬁ‘fﬁi\\fﬁ?ﬁ:Lee’sTE??SF@ X 10°

&K (em)
1.5 BAIBA #liX7 i%
1.5.1  JHEJA LA 84 & g ) %

B 5 JHE B LA & )5 5 0 28 18 /K 50 S B 50 S0
)W 13 400X g B0 1 min, B B iER &AM . B TE R
100 pL, 1 400 pL £ FYTEE R CE A AR ) 3 BE 1 min, # &
5 min J5 , 13 400X g 50> 4 min, BB &R
1.5.2 i JRE & By ] &

18 B BKEM )G , 3 350X g #5015 min il & M3 . B
1ML % 100 pL, B 400 pL & FH P03 G P AR iR iE 1 min,
F'E S min, 13 400X g 50> 4 min, B35 £
1.5.3 73 BOBOAR & 2 U3 20T 3

K P T8 ROBAH B B B S (HPLC-MS/MS ) 925 46 B
H ) BAIBA i & (Ultimate3000 7= 208 AR 3% 4% , 3€ [ DI-
ONEX 2 ] ; API 3200 Q TRAP i i, 5 [H AB A7) 5L
56 o by A R L 20 55 38 O 43 B 4 (36 [ Fisher &

FD . ik K B MSLab C18 4 (150X 4.6 mm, 5 pm) -
TRBNAH AN 1%0 B IR 7K T W, R B AH B 9 1%0 HY IR £ I
0, BB FE W B, W% Y 1 mL/min, K N 50 °C, HERER N
10 uLo ¥EMEFER :0~2 min(5% B) ,2~3 min(5%~50% B),
3~4 min (50% B) , 4~5 min (50%~100% B) , 5~6 min
(100% B) , 6~7 min (100%~5% B) , 7~8 min (5% B) .
J R S AR N IE B T BEAT LB S5 B T AL, T L O+
5500 V, B T IR E N 500 °C, ZALSE 30955 psi s B
K J38 60 psis SN LR N 10V, All i S H R R
2.0V,

1.6 SL#%k  B PCR(RT-PCR) £ Il mRNA % 4 4 &

1 FH Trizol ( 35 [# Invitrogen 2 ) ) 33k 17 1 JI% V4 JIg 7 4.
2 RNA (R H, SR F B IR W B 11 H WV A I 5 RNA (1
a5 . ff F M-MLV 30 % 5% i % 32 B 6 RNA J3E 4T 30 5%
o slWmdbE R — i AR A R A A AR B
B-Actin {E AN H S IR, 51955 W3 1. PCR KM%k
f£29:95 C AR 30 s, I FR 15 95 'CS5 s—60 T30 s~
34 s(IAFE 40 ), [ 82 45 W5 1 A Real Time PCR )41
BH 25 R0 @l g Bh 28, 384T PCR 52 52 W ) 1 b vl Bl 26, ) A
CTE R HEAR R R RIE T, R ddCT L3RR H 1 HEH
B X e TE

F1 WHEZPCRE|Y
Table 1 Fluorescent Quantitative PCR Primer

HELEE: (5 —>37) 7= K JE/op
UCP-1-F TCCCTCAGGATTGGCCTCTAC 101
UCP-1-R GTCATCAAGCCAGCCGAGAT

PPARo-F  TCCACGAAGCCTACCTGAAGAACT 187
PPARo-R  AATCGGACCTCTGCCTCCTTGTT

p-Actin-F GAAGTGTGACGTTGACATCCG 282
f-Actin-R GCCTAGAAGCATTTGCGGTG

1.7 Western blot #:3l & & % ik & &

i FH A 2R A R R B OIS Ve e i LR
I8 BCA & H 7€ B il 77 & A8 FH Ut I 4E , e kL .
AR A IR T B & AN I R BURE &, 9F 5 2 X loading
buffer V& 51, B N FE 5L B B LA S0 pg. HIKHEE RN
120V, 155 J5 By W Hht ik 28 JG U S I 2% a b Wik . UK S TE IR
300 mA 4% 1 ho H TBST EC il 5% Mt M @50, F M=t N
G, TEREIK RS IR 2, % IR 1 60 min. H AL A,
—HEE (MBI W R 2, 4 CTFRIKRER,
Western e ¥4 RUHE ¢ 3 K, 54K 10 min. 4% % 1110 000 E 45
I Western — 0 7 6 YU A5 P RO it 48046 40 88 CHRPD A3 12 11
Pt PUIEE 1 h, Western eI BE 3 K, BEIX 10 min.
VeI 45 UG N ECL & Y6 (#29050 , Engreen ) - M 6 K
I, I IPP6 A4 % BB EAT A BE 43 BT, Xof 43 W7 J 1) 2K FE 4B
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BTG 0. LLB-ActinfE NN S, SRR E /NS
HEAMBERR.
1.8 itk

K F SPSS 20.0 B A% H s 3E AT G vk 43 47, G vk Hodla
KA MESD #ATR R HIFEAERECRH 2(HRE
A VIRED X262 3 77 3 2 #8341 U7
ZE 50 B s % 3 RN A FLAE R 35 P 123F 4T Bonferroni 6
¥, 442 H AR R 3 1 2547 Post hoc F 5 K46 . M L2
TSR P A% e AH 5 40 M7 » R==0.8 v i A 9%, 0.8 >R >
0.3 Jy 1 EAH G, R<00.3 WAL AH K . LA P<<0.05 K7x F
ARENEER, P<001 RREGIEFREEER.

R2 —HRRELLH
Table 2 Dilution Ratio of Primary Antibody
— Ak Sl K5 i )
PPARa Abcam ab24509 1:3 000
UCP-1 Abcam ab23841 1:1 000
B-Actin CST 4967 1:1 000

2 WRER
2.1 MREGE SRR BRI Z K& Lee s 152009 %0
4 iz 3l R ST TS &% 4K RO i &2 1 XU &R
ZAMEBR(RD, B HFNMERNEZE,F =
115.10, P<<0.001, NE 2 44 7 & 2 25 ¥E I8 T NC 41l (P<
0.0 HATEMEBPEE  F | =592, P=0.022; <
HGEXEBHHFRNLEFEAARE, F | 4=196,P=0.172,
HC 4 K B AR 51 f 5 NC H o W] ¥ 22 57 (P>0.05) , HE 41
KRBT REENE A2 E N EP<0.0D) . B HHHIZs)
FIIG 48012 Bl #7T LA BEE AR BE Bk KRR A4 5 &, IR 5002 3 B I
RS K. & 4R BRARK TR 2 7 (P>0.05) . K
Lee’s 18 £ 1 WK 5 7 28 43 M W o, 32 3l 77 3 32 30087
F,F(1,28)=51.27,P<0.001 ; A& EM LA RE,
Fi0=2.61,P=0.118 ; & A& & X 183 5 A\ 28 HAE FH £
LR E L F | =1.96, P=0.066; NE 41 f1 HE 41 K i Lee’s 1§
HFrhE NC 41¥ 2 F R (P<<0.01) , HC K Lee’s 5 8 5
NC 41 F7 W & % 5 (P>0.05) , HE 41 K i Lee’s 3§ H g (K T
NE 4L, HTE B FEMEZEF(P>0.05). Wi HHIZ s LA
12 B HR AT DA B AIG AR Bk R B Lee’s TR 4L

R3 BEHRRMEFRE KR Lee’ sEHEN
Table 3 Changes of Body Weight, Length and Lee’s Index of Rats in Each Group

NC#1 NE 48 HC# HE %
RE/g 714.88+34.91 597.38+17.49"F 701.88+44.25 549.06+39.94"
% /em 27.8141.39 27.7540.71 27.6941.07 27.4340.41
Lee’s 544 322.08+16.32 303.61£6.88"F 321.06+6.65 298.39410.02F

72 :n=8, 75 NC A4k P<0.05; "5 NCa48k P<<0.01; 5 NE 448k P<<0.05; 5 NE 4148} P<<0.01;"5 HC A48k P<0.05; "5 HC 4

AA P<0.01; F R,

22 AREIE B3 RERE K K o g 69

B4 K B R BH [# B (total cholesterol , TC) 48 F5 [ XX
BN EMNER(KRD, BT R EBNRE, F | =
55.36,P<<0.001 ; H G EMERMB EDLEZE F | =
3.85,P=0.060; H AT = XBH AL EAERSEE,
F (1 .2=0.007, P=0.933. & £ K & H i = B8 Ctriglyceride,
TC)$8 b I RUE 3R J5 2 43 B o, 18 3 0 20 32 2800
# L F| L, =16.02, P<0.001; A< & & 0 E N A 3,
F( =210, P=0.159; A& & X123y A HAE A &
L F | 55=0.002, P=0.963, #%2H K & =% % 5 & 11 Chigh-
density lipoprotein, HDL) 48 br [ XAl 25 J7 72 43 #7 W7, 18
5 A RO 2, F L, =8.21, P=0.008; A& &M
FRNAEZE F, ,,=2.90,P=0.100; A5 & & X B3R
THAEAAREZE  F | ,=0.721,P=0.402; & 41K f K % &
fig #& 4 (low-density lipoprotein , LDL) 45 F XU K & 5 % 4

F4 BEKRRMAEEWL
Table 4 Changes of Blood Lipid of Rats in Each Group mmol/L

NC NE 28 HC# HE 1
TC 1.41£0.17 0.97£0.12""  1.304£0.10 0.86£0.23"*"
TG 047£0.17 0314+0.03"" 041+0.11 0.25+0.08" "
HDL 0.3340.05 0.38+0.06 0.3540.05 0.46%0.1371"
LDL 031£0.02 027+0.02"" 028%0.05 023+0.03"" "

ZE B R, NE 4 KB TC.TG.LDL ¥J B Z (X T NC 4.
(P<0.01) , HDL & & # ¥ Z 5 (P>0.05) . HC 4 K &
TC.TG.HDL.LDL 5 NC A7 & F M2 % (P>0.05) .
HE 241 K i TC. TG.LDL #J & % {& T HC 41 /1 NC 41.(P<
0.01, P<<0.01),HE 41 X i HDL & 2 7 T HC 41 1 NC 41
(P<0.01, P<0.01), H " HE 41 /) LDL & # 1k T NE 41
(P<<0.01),

2.3 AKEGE B AR K R HER L BAIBA #= f2i% BAIBA &
K6 vh

KB HE 1% UL BAIBA ¥R FE 1 R 36 07 %2 43 i 7R

(£5),81 N ERNEE, F | 5=31.45,P<0.001,



TG, 55 AR AU B0t A FRE K B BATBA 3235 J (1 R i A e AL 1) s

NE 41 & & T NC4L(P<0.0D) ; A Z B 1N &2
B RF L F | =914, P=0.064 , HC 015 = F NC 41 ; /<
HEXBHHRLEEAEE,F, ,=1693,P<0.001,
HE 41K 8HE i WL H BAIBA & 2% i T NC 4RI HC 4L (P<
0.01, P<<0.01) . KB MM BAIBA ¥ B 1) WK 3% 7 %
SRR, BTN EBEE F | 5,=9.79,P=0.004,

HE 41 & 2 1: 78 T HC 41 (P<<0.01) ; AA & & 19 5 2% 5
% F | 25=6.07,P=0.020, HC 4 X & IfiL /i ' BAIBA & 3 1%k
i T NC A (P<0.01) ; AU & X iazh )y U B AR A
B, F, =229, P=0.141, HE 41 X & I i " BAIBA &
F T HCH(P<0.01), 5 NC A FMNE 4L & & M%7
(P>0.05, P>0.05).

x5 KRAKXRHEZAL BAIBA F1i% BAIBA 251k,

Table 5 Changes of BAIBA in Gastrocnemius Muscle and Blood of Rats in Each Group ng/mL
NC NE 28 HC HE 1
JHER7 IUBAIBA 1.68+1.02 7.07£2.507" 2.89+1.13 37241127
£ % BAIBA 35.56+12.17 44.28+22.17 14.09+£2.72%F 39.154+16.89"

2.4 IREGE ) 3 REE R R 4 N5 B 4122 PPARo #= UCP-1
mRNA £k 6975

R BRI B V4 g Wi 4 4 PPAR o mRNA XU Rl 5 5 22 4
B IBEN A R EMPRZE  F, ,,=363.84,P<<0.001;
ARG EMNERNEE F, ,,=242.98, P<0.001; HH
XBEH T RLHENEHEE,F | ,=212.41,P<0.001. K
S VA I I 2H 27 UCP-1 mRNA I XK 255 2240 Hr B
BENH R EREE F,, ,=83.58,P<0.001; &7

B E RN AR E L F | ,,=0.879, P=0.356 ; /<& & X i

T RZEHEAEHARZE , F | ,=0.002, P=0.966.

45 R AR W], NE 20 K BUIE %V IR 5 28 23 v PPARo il
UCP-1 mRNA [ £ 1A & 2 5 T NC 41 (P<<0.01, B 1D
HC 20 K BRI 1% 74 15 197 2H 23 v PPAR o Al UCP-1 mRNA 3
A5 NC T %2 % (P>0.05) . HE 41 K R IE R4
JIg 197 #H 41 Hf PPARo mRNA 3£ ik 12 2 % T NC 41 #1 HC 4
(P<0.05, P<<0.01), UCP-1 mRNA K ix 1 & # & T NC
HATHC 41 (P<0.01, P<0.01),{H PPAR0. mRNA %
EHL T NE4L.

>+
3

Zh ;‘*HT

E3 NC
E3 NE
8 HC
D HE

mRNA#g 5+ & ik KT

E1 &AKXRERRAGENELS PPARF UCP-1 mRNA FikZ5{k

Figure 1. Changes of PPARa and UCP-1 mRNA Expression in

Subcutaneous Fat of Rats in Each Group

2.5 AREIE Fh PSR K R A g I 28 4% PPARo A= UCP-1
B8 Rk Hm

KBRS %V i 7 4H 23 PPAR o 2R 1 38 3K I XU 2 2%
SN RN 18 B U7 N R RN R 3 L F 5, =80.23, P<
0.001; AT EIMEMMNEE , F | ,,,=15.55,P<<0.001; %

RERXBINTALHERAEE, F | 4 =0.000, P=
0.994 . K B HE M4 g 105 20 21 UCP-1 & [ 3R IA I XU 2 7
jfééj\ffﬁf'z? Za TR EMNEE,F | ,=49.94, P<
0.001; AT EMERMNEE,F | ,,=8.90, P=0.006; %<
Ex@@ﬁﬁxm’ﬁﬂﬂﬁ%ﬂl ,5,=7.208 , P=0.012.

g5 LW, NE 4K 8IS i V8 i 197 4 28 b PPARa A1
UCP-1 EARIZEREH T NCHP<0.01,K2). HCH
K BRIE B v i 197 28 43 b PPAR o 2R 11 R TA 2 35 5 T NC 41
(P<<0.01),UCP-1 4 [ ik 5 NC 4 6 B & 1 7% & (P>
0.05) . HE 0 X 8 15 JBE v Jig Uy 28 23 v PPAR o #1 UCP-1 4R
[ 31k 8 3 8% T NC 41 NE 41 /1 HC 41 (P<<0.01, P<
0.01,P<0.01).
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Figure 2. Changes of PPARa and UCP-1 Protein Expression in

Subcutaneous Fat of Rats in Each Group

2.6 HEM WLBAIBA #= fni% BAIBA 5 2 BE X R K Fi & |
Lee’s 36 4k e ig A &AL 35 A7 09 48 K AT
J8 1 Pearson AH < 4 #1 » K BRHEIZ L BAIBA ¥ & 5 K
AR Lee’sTEE.TC 2R E AR KR, 5 KR IEMK
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¥ G W 4 23 (1 PPAR o F1 UCP-1 mRNA %35 B 2 1E A 56K
Ao M BAIBAKE 5 KR TC 2HEAMKKR, 5K
B 1 1 4 i 10 41 23 () PPAR o A1 UCP-1 mRNA £ ik & £
JEIER R R, #EA &M% 57 (P<0.05, P<0.01).

%6 BAIBA SHERFARAERE Lee’sTE4 MAE AR BN
fi-toxisPSed
Table 6 Correlation among BAIBA and Body Weight, Lee’s
Index, Blood Lipid, Browning Index in Rats

HER ILBAIBA Az BAIBA

K F A P X F A P
wIRE -0.439 0.012 -0.348 0.051
Lee’s #54¢ -0.567 0.001 -0310  0.084
TC -0.478 0.006 -0.422  0.016
TG -0.313 0.082 -0277  0.124
HDL 0.167 0.360 0.139  0.448
LDL -0.338 0.059 -0.194  0.288
PPARa mRNA 0.791 0.000 0355  0.046
UCP-1 mRNA 0.568 0.001 0.550  0.001
PPARa % & 0.425 0.015 0339  0.058
UCP-1%& & 0.246 0.175 0279  0.122

3 S5t

BSOS 2, LR H TSN 2
TG P 38 2, A OO A Dy — 0 M AT
HURUIG 9T, 0] A TR AR 9T RE PR K R A R TR RN
FH R HETA N, R T RS 3) T B2 B2k R
FEEFE (T AR %,2019) . AW REN, 4 5%
12 Bl UG 408 B0 350 B PR AT Bk K BRI &\ Lee’s 4R 4L,
B IR A, OF BAREZ 3N e LIk T B Rig s B A
AP . AHE 5T R B LA BAIBA AT 2L, 4R T T M
81 B 7E A2 a3k AT R KRR 1 £ 0 I A £ A 1 52 R BT o,
F g R AR SIS F bR A R BRI I v i s 4 2R
PPARa Al UCP-1 [f) 53k 7K ~F , B9 0 (1 € Jig i 4% a4k, 3 i
G EZ 3 b8 R Bk K B #% WL BAIBA 43 W4 7K -, BAIBA
Al e 2 5 008 R AU, B R d i 1 4% PPARo 1T UCP-1 A
T YA 4% 6 AR AR R A o T LA Fr il — o
W .

IR, 2 88 TR A PR B 2 3 R B i T B, B
R 5 1K A 2 3 I K AIMIC 48R 2 AH ¢ (Matu et al., 2017
Song et al.,2020)  H AL E W AR A AL AR e =
T RE 3 0, AR AR B R LA I 2 Ik Ak 1B LR % (Ghrelin)
NI 3R & Ghrelin T 3 7 1) £ AR B L B B4R N I8D, 1
3 AR A RE B 67T #7389 K (Debevee 2017 ; Matu et al. , 2017)
DAL L, 5 7oy I 4 1 X452 5 R/ 3 7 (R SR B8 ) ol — Fil
B2 ) 9 A SR B (25 S, 2018 5 2K 4 5 2016 Lizamore et
al.,2017) o JTAFESRATT 0 R I, AEAR PR 858 N A7 I R
e ARG A% J5 2 1k 2 I PR ROR B A . AR T 48 (2018) 1

6

F 55 3 WY, A% 20U 25 4 8RB Rk oK B4R o & T BRIR N
12.7% , 8 1 H 2  Z5F 11.8% A1 BA 4 1% 40 52 75 1) 8.2%;
I FL AR 7 N BRI N 39.4% 2 35 kv T AN ZR
26.5%.

ARHIF 50 45 J B R B, K RS B A 3 1 g R AR
JIEJiE DR R A4 5T B Lee’s 3 %0, HLAK %038 30 78 P AR IE iR
BRUM & 7 WA T A Mg s R A E E
Lee’s i #0710 20 R 0, ik — DR B TR A8 30 T T
TE A JiE K B0 2 7 1T LA R A

I 508 B 78 25035 A0 BE 7 T 53— AN AR A FE T el g AR
W BEMEABEFRBLE TC.TG.LDL B & F+ % , HDL B &
Wee ALK (2R e B 0P 3 i 1 I A3 S 2 M IR 5 = 2 b
oA PR B B G A K . 38 B AT DA S LA R AR
F I NiEFh 15 TC. TG LDL P& & A HDL F+ & , 3 H K
5 PE AU R AR i T SRR R HON R (R &,
20200 . PR S B 5 T SO P RS R R A T
AT SR AL A 461 1) 3 384 o B 7 IR AR . A IR S 28 R (6 ) B
30 KD 2 33 TG W 2 F#1IK, {1 TCHDL 1 LDL (1) 48 {4, #4
PAE AR FMRA R B KA/ RATEE P4 RA— 5
(Siques et al.,2014; Song et al.,2020) . A 7R, H A
18 2 AL 408 3 ¥ R B AICAE B K B TC . TG #1 LDL , {H7E
3% HDL Al LDL J7 1H , R A8 3h M 2 R % 4F . Du %%
(2020) I AIF 58 25 2 5 AR AT 50 25 BB R — S, [\ I R I
Bt 25 W3R T T AR 88 B4 T TG B S D B ., T
X TCLDL HDL F 5 Wi AN JFL A5 ey FE AR 2%

Roberts %5 (2014) M\ Jeh 32 14 3 S0 A4 W0 B Ak 189 58 40 080
2 Ak —y FWE BBl F —10 (peroxisome proliferator-activated
receptor-gamma coactivator-1a., PGC-1a) 1 AL A 40 i 4 7
%t BAIBA 2 —FluHi B i) /N7 LA R 5. 18 3) 2 52
BAIBA 73 b I 5 22 K 32, JUL A W 4 5 7% o 7 A2 OF 4 Wik
BAIBA (Roberts et al., 2014 ; Stautemas et al.,2019) . Staut-
emas 5 (2019) AT 7L R W], 22 R3S F ML D-BAIBA
¥ JE 2y L-BAIBA ¥ 67 £ (1 7344821 nM vs. 29.3+
7.8 nMD , LA 40% f K%t D) #2582 % %5 1 h J5 , D-BAIBA
- TH4113%, L-BAIBA |12 20% , P54 L [) BAIBA ]
REH AR LA DR 7 R 4 A S 4B B AR AN [6) 32 3 77 Ak
T L 1Y) BAIBA (1 5% W 20 S A 55 1F — B B 75 . Roberts
QOO BT TR, 3 H HEERIZ )G, B AR/ R
JHE % L BAIBA W BE 1 7F 45 5.2 £i%, 1f i H BAIBA -7
£119%

AT, 4 J H RIS 3N JE AR OK BUHE S UL BAIBA
W BT 4.2 6%, 03 H BAIBA 25 BT 24% B & 35 1
ZES o AW E B FL T IRE IR R IR K R BAIBA 1
I3 WA s, R IR IR B TR AR BB WL BATBA 1A
FTHETE R E Y R B L R BAIBA £ R B T 21 60%,
A e 5 K U 58 T AR R BRI AR R LA 9% . BAIBA 1



TR MG, 55 ARAIZ BN AT JE K B BAIBA ik J 1 € g i € Ak 1) s il

JFE B 5 JUL o 5 ) 3 5 I MU B2 1) 4044 (Shii et al., 2016,
HG S ER B5T U 9 0 U IR AR Ak SR IR B L T AR R A A I
W BAIBA WK E R RER R K 2 —. RAIE 345 BUN
Ji WL BAIBA 73 i 38 I, H 2 3 I i FE AR T8 408 3 .
fICSEZ B T DAl HAIC S0 855 36 1 1) U R BATBA K 5 [
I, Hik B I WA 2 B IR . RS RN, 4
Je (PRI 58 b 75 B — P AR SR S R B R I I BAIBA
53 WA )52 (R 3R, 4P 78 BAIBA 72 75 AT DAtk — 0 42 FHIK
IR BOR 7 Rr itk — 25T .

AW T — DR U T BAIBA 5 AR BE K 8K R &
Lee’s fi& £ ¢ ML g 48 A5 FAH 52 55 2, % 3Lk iz UL BAIBA
R BE 55 R I K B Lee’s 48 #0F1 TC 2 4R % 23 FUAH K,
JHF 17 L BAIBA 55 K B 4 5 & - ifl ¥ BAIBA . TC £ & 2% 11
G W LAt B, AR 42 B i JUL A 43 94 BAIBA AT 3
2R 5T T YR/ A v e E ] KPR 4 IR AR . BAT-
BA )45 W it 72 2 30 0 Sk P R AR L B SR IR R
B30 2 B AR L AL A 1) 98 2 3 2K K1 L o AR T, T
RE S 2 M BAIBA 73 i 1) iR [A] (Park et al., 2019 ; Sawada et
al.,2019),

P16 0 A €5 A0 R 4 D TR 5 R 2 U R 1 L
P2 AL T BT (1 % (Jeremic et al., 2017 ; Mueller, 2016) . £
B SNy R LAl S EELRS 1R 5 421 (white
adipose tissue, WAT) Fl 4% 4 JI i 2 23 (brown adipose tis-
sue, BAT) P F, #f5 H Wi B B (14 18] 78 57 My £5 + B¢ Myf5—
AL 248 6 86 A4 1T R o A SR IR 9T R I, 7E WAT Hid A7 7E
— i S R R AL BAT (158 = 2 I s 240 I B Dy oK i s
(beige/brite adipocyte) (Wu et al.,2012) o K0 ]I i 41 Jg 7T
DALFE 5 315 00 T B WAT 230t ok, REE RS Mg B S
A€ 5 07 200 L B0, oK G G T 4 iRt 2L 2 I IR EAS
THBEZ MR, I RIBER ORI R H .
3 WAT w177 A2 K 60 Jfig U 11 T 2 48 R Dy 11 6 1 7 A% €A
(Rodriguez et al., 2020) . UCP-1 & k& €& g i (1) 5 B2 45 4iF
B, e RIS E AR ER R .
UCP-1 5 2 2 RL A4 S AL W IR 1) v, 1 4% 36 A1 ATP 77 AR 1 72
RAFRARBAE K, 5 BOK & fg &5 LLFARE % LUK A
& HE L ATP, MV #8 K & 1Y 8 & (Desvergne et al.,
20060 » £ E AR PR BT #h7E BAIBA ¥ Bl 2
TEF B 40 AT 1 £ B U7 rb R €0 M1 T AR AIE R B 17 3R kUK
7, i F i PPAR o Y 202 AT AR 2F 15 €0 i 07 6 4K, 7T
fit /& BAIBA A2 1% ik HU AKX & 75 5 I JPE 19 25 2 ML 1 (Colitti
et al., 2018 ; Roberts et al.,2014) .

= AN T 7 K (= e PO oY N = R
i H PPARa A1 UCP-1 £ 35 ¥ 5% i J¢ 5 BAIBA ) Al 56 2%
R A REW], W HIE s AL IS B R 2 B R R IR IR
V& G i 20 23 -h PPAR o mRNA 1) 3Rk K, # &g 2h 1 -
T L B K. W s B MU s B R 2 R K BRI A

Jig 7 4 23 UCP-1 mRNA [ 238 7K~F , W Fiz 2 % 2U R 6
BV WIS S AL IS B o BRI R BUIE
J3 VA i 197 41 44 PPAR Il UCP-1 85 A R IA R SEiz 3 L&
Yo SR 0 S U R AR K BRI VA B DT 2H 24 PPAR @
HARIE. MRS ITRE, &8 UL BAIBA WK E 55
JE 740 JE 5 4 43 PPAR 0. mRNA # 3% 7K °F- . UCP-1 mRNA #
ik 7KF \PPAR B [ 31k /K P 53 IEAH G, ML BAI-
BA ¥k % 5 i I 74 i W5 41 21 PPARa mRNA 3 i /K °F .
UCP-1 mRNA £k /K T 8 0 3% EAHG. WKz
JIELJPE KGR AT Rl i UL 43 9 BATBA A 25 5 1% V) i 1y 4L
41 PPARq 1 UCP-1 [¥) 5% 56 1 F2 , M 4% (31 € i 7 A% €4
AR AR T YR T AR AR R E R . IR RER R B
i s A €Ak W B K AR AE P9I D A0 B s, B — e
PILHZRE S o P9I 07 PR R A0 TT e o BE R
T BN AT 23 W I 3R S I (XU BR 4§, 20200 5 B2 R g s 1
A €A T 6 2 e A i B o R LA R 1 2 R R A
5 5 L (cross-talk ) 52 B (Rodriguez et al., 2017) . 12 3] fig
AR B R MR W AR Ak, AN TS B T A AUR A — B
A U2 B A BT U R AZ Bl 5 AR A HE AT Bk K BR R R s 0 A
AL BERE (B 25, 2017) 0 AT 788 0, AR SE3Z B AR B
T8 F 2 B L 3 UCP-1 R IE J7 i B A %, HARPL
Rk — 5T

AW TR I, 4 Ji A FIE BT TILE B AR E JHE O B A T
. Lee’s 5 0 LR J UCP-1 &1k J7 1 LA L35 (R iz
b B LA I o BAIBA YK BT, BAIBA ] it 3 5 I
08 B 3 IR AR 1 435 ANE T PPARa i UCP-1 ik . %
FAR T B0 M BAIBA K FE [ {1 R BAIBA {2 #E 4% 4
i BARBLE], A 154 e it — 2 7.

4 ZEig

4 JAAR A IZ B FEAICE K SRR 5T & Lee’s $R 80, %
Jig AR < 4 R Ui 2 b AR PR K BB B UL BAIBA 45 4
AKF L B R R R BRI % v i U7 28 23 PPARa AT UCP-1
(I K, 38 A 6 6 107 4% (4L s BAIBA W R 2 5 2035
Jig A 15 T3 3 I 4% PPAR oo AT UCP-1 M 1T i 428 11 ¢ 16 107 ot
k.
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