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HIZIEKT. 5R  SHEBIHEMEL, Z£FJE7T 100, 200, 300 mg/kg A MAARFEEE (TC). =BEHM (TG) W EMK, =%
EEEAMEER (HDL-C) W& TS (P<<0.05); ZKJEVT 100. 200 mg/kg 4 44 5 & 0] S B, RRa g4 (BAT) JR
. BAT /MR EEA R (P<005). S5HEMAML, A 4<JE7T 100, 200 mg/kg 41 BAT 1 UCP1 RNA BR8N, 2=
SHEYHEE N (P<0.05). SHMAMEL, AKETT4 100, 200. 300 mg/kg 41 BAT §1 UCP1 Al p-AKT & [ ik B .1
., ERAESIFFEEN (P<0.05. 0.0, HEFEMKM. &it A REITEAMREAREAE ORI LER, XAk
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Activation of L-evocarnitine on brown adipocytes in hyperlipidemic rats by increasing
the expression of UCP1 and p-AKT
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Abstract: Objective To investigate the effects of L-evocarnitine on brown adipose tissue in obese rats and its related mechanism.
Methods Thirty SD rats were randomly divided into control group, model group, and L-evocarnitine (100, 200, and 300 mg/kg)
groups. Each group had 6 cases, and ig administration with drugs per day. After 12 weeks of treatment, rats were sacrificed for
collection of serum and brown adipose tissue. The expression levels of uncoupling protein 1 (UCP1) and phosphorylated AKT (p-AKT)
in brown adipose tissue were determined. Results Compared with the model group, TC and TG in L-evocarnitine 100, 200, and 300
mg/kg groups were significantly decreased (P < 0.05), but HDL-C in L-evocarnitine 100 and 200, 300 mg/kg groups was significantly
increased (P < 0.05). Compared with the model group, the body weight in L-evocarnitine 100, 200 mg/kg groups were significantly
decreased (P < 0.05), but BAT weight and BAT weight/body weight were significantly increased (P < 0.05). Compared with the
model group, UCP1 RNA in L-evocarnitine 100 and 200 mg/kg groups was increased, with significant difference (P < 0.05).
Compared with the model group, UCP1 and p-AKT protein in L-evocarnitine 100, 200, and 300 mg/kg groups were significantly
increased (P < 0.05 and 0.01), with dose-dependent. Conclusion L-evocarnitine can reduce lipid and promote activation of brown
adipose tissue, which may be related to its increasing expression of UCP1 and p-AKT in brown adipose tissue.

Key words: L-evocarnitine; brown adipose tissue; uncoupling protein 1; p-AKT

ris HEA: 2019-08-23

HEWH: Ml ATEASERTREZBREIHE (QRX17173); MRz 4w M IUZER 255 R & BB H (2019YX026)
=N B W EERHIE, Wit FEMNEEFEZGZEWA. E-mail: Ix_seu@163.com

HBEEMEE T 4, FEAM, Wit FENFERAGE. E-mail: xuan_jeanne@163.com



* 3502 - AR HEwE%kAK  Drugs & Clinic

M F12W 20194128

HEJE R AR ERTE A A L DA L —, B PRI
JUE DT JFE o 0L A7 05 s G TARE = afi s S i
gowt, HEEEES 2 mEE, BREEGBUER
F, S SER T BRI TER LA,
REWF R B TE 2 . ThReAS A 4 1 68 i i 4 21
(WAT) FIEE g 4140 (BAT). WAT R % Frist
IR E:, sk, FEI)REE M
TEHEG; BAT 2&—F= et s, & & LhiiafEgy
M 2AE G, REHBINUAHFREE, 4ERERUF
. fEANMRP BAT &&iim/bT WAT, JfHBEE
SERS G K BAT Z#iE0C, mEmEa I 1 (UCPD)
AR RS ALUF AR E S T, TR g
HALRITRERE OSBRI . 2R JBTT X RN
FEWEPITR, R AR IE 5 A 35 B BT 75 TR 9 R
gy, RedlGE O NLAERARYT, T2 RO T 0 M
YT . IR, AR JEVTIE ] FHFi677 g i P9
BEARIT A BRI B AL, 820 R AT % R Bg 1 L,
DR AT R I 2 R B VT I IR KRR, B fx
FEAE F DA B BRI R € i B A T AL, 9B RE
FHORAR W 00 VR T T 3R 55
1 #MREE%E
1.1 et
111 SEXEhY)  ERERSAE SD KRR 30 R, Ml &
220~250 g, FHF§ R ERRER S SLIG S O Rt
W ERGAES SCXK () 2018-0005. HEAL7E AL 1)
ARV, & MR SE 1 G SER .
112 Zi5ERA AREITORE RIEHIZi4%E
IR — R 25 A R AR, 7= amitts 180544, #ts
19/30); ekl (H[EEE 0.5%. Fi 5%, HEH
#r 15%. FEafAERl 79.5%); SAHEEE (TC). =t
Hil (TG, Mm% EEE A HEEE (HDL-C) i
& (15 F002-1. FO01-1. F003-1) T st hk
AV TG Trizol WA T/ stk 7
MRAHE], SR & (1708890). real time-PCR
FfIE T Bio-Rad 2w (3£ [ED; UCP1 (sc-293418).
p-AKT (sc-135650). AKT (sc-5298) oy [Pk
#BWT Santa Cruz A (3£[E)D; B-actin (A5441)
—PiIgTF Sigma Aw] (GEE)D; BAREE D BEPR
W =Hr (01334) T CST A (EED.
12 A&
121 FIEEE ARETAARHEERE 50 mgkg,
W LA fr 22 A Seue 7 i S F BV Ty [
KTz WmErw e, DARHEEREER 5 5 AH

) LA, RS EEEE S WA ED,

Jir LA R JeiT st B 300 molkg, MRKHHK
7§~ 200, 100 mo/kg. B XFIEL . AR A2
£ BIT%. . @7E (100, 200, 300 mg/kg) 41,
5, e H.

1.2.2 HERYGEEST LRSS FREE R K BRI SR A
BL7d, RS RAEUML, WE fiE TC. TG, HDL-C
Ko AR MTE TC KT, HEATRENL 4. S0
R4S T ek FER DR ig AEFIERAZRRE
T, RS PR E K, SIBA I EE
WIEERL, A TEARBRAEK. B854 12 F.
JE BN R BREBEAT PR E B (2 kIJED, FRRAH
Xt IRZH LEES, TCL TG i & (88) HDL-C &1,
75 A 0 S I NG AR R )

1.2.3 EUEEMEHHL TFm 12 HEHERR
A6y 12 h, FRE R G ip 3%/ B EL 2494 (40 mg/kg)
R R B, I BB E L, WA MY, UM Es H s
53 BB AR Ll T2, BRI AR (R 4
ZU e, BMANGAEET-80 CIURIKM T HRAF
#%H

1.2.4 Real time-PCR 734t ErEafigliiZH 4+ UCP1
ff) RNA i % ] Real time-PCR ¥, BEAkNy. K%
FREX 30 mg R iRl 2H 2R, SR A Trial 542 HUE RNA
FHaifk, HUHPK. HRIKERE KNG EEIRT, A
FHL 2 pg TSR A K cDNA, 2 J513ET Real
time-PCR, 4FLLA B-actin AN Z. DNA ¥ 141}
N: 95 CHiAEME: 2 min, 95 ‘CA8E: 10s, 60 ‘CiB
'k 305,72 ‘CHEfH 35 s, EINIKEL 34 Ik, FeJm 72 C
FAF R EAEM 5 min, KSE R 2 aaCT T4
M. 514 51)%F NCBI gene-bank _F 2\ i 3 R
%11, UCP1 mRNA 5|#: 1E[7] 5-GAAGGTCGGTGTG
AACGGATT-3', xIfl 5-TTGGTGTACATGGACAT
CGCA-3'; B-actin mRNA 5|#): IE 7] 5-TGTGATGGT
GGGAATGGGTCAG-3', X[ 5-TTTGATGTCACG
CACGATTTCC-3".

1.2.5 Western blotting i & & AKIE /KT ERalE
FiZH4UF UCPL. p-AKT FIEAMIEXR A Western
blotting 7%, HARN: HERFREL 1 g Biealg 42,

FA AR iR EE fa, B0l BiG S BRI
W, WG BT, BAKE 50 g 34T SDS-
PAGE %t/ HLUK, HLIKTE G e, 5% IR W5k
37 ‘CHMI 1 h, InFHN—$t UCP1(1 : 500). p-AKT
(1:500). AKT (1:500). B-actin (1:1000) §F
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BB, PR JE AR Pt (12 2000) % F 2 h,
ek 3 IkJa ECL &%, Bk f, BigdteEsg, A
AR JE R A Image I THEAEAS KA B9
SRIE(E, SR ER 3 K.
1.3 GitF4aE

AT FLTA B E b HE R A SPSS 18.0 Siit2#
B, SN xts Fon, BECECR AR R

ZEONT, AT ARG

2 %R

2.1 EFRITHARMAERRENIEFRASG
xR AEE, B4 TC. TG M E &,

HDL-C B R #% (P<<0.05), FHIFMRLI), Sk

RIZHMIEL, £+ YT 100 200. 300 mg/kg ZHf TC.

TG B F#{%, HDL-C B F+ & (P<<0.05), L& 1.

®1 EFRTHARMEREEEMIERNENE ( Xx+s, n=6)
Table 1 Effects of levocarnitine on serum biochemical parameters in rats ( X +s, n = 6)

45 FIE/(mgkg ™) TC/(mmol L7} TG/(mmol L% HDL-C/(mmol 7%
it — 1.3640.11 0.134+0.03 0.78+0.07
] — 1.62+0.09* 0.28+0.02" 0.54+0.06"
FERRBIT 100 1.3240.08" 0.15+0.03" 0.67+0.05
200 1.25+0.09" 0.14+0.02" 0.69+0.06
300 1.1840.08" 0.13+0.03" 0.70+0.04"

S ALE: 'P<0.05; SHEAIAILLEE: "P<0.05
*P < 0.05 vs control group; “P < 0.05 vs model group

2.2 EFRESTXARRIAREM BAT REHF

Extie b, BRA AR B E TR, BAT
i, BAT Ji B/ &K (P<0.05), T

. SHERH AR, AR JEVT 100, 200 mg/kg 2
AT B I R PR, BAT . BAT JiE/MAF &=
R TR (P<0.05), WL#E 2.

%2 EFRTMARMKERE BAT REHEN ( X+s, n=6)
Table 2 Effects of levocarnitine on body and brown adipose tissue weight in rats ( X s, n =6)

251 FIE/(mgkg ™) i E g BAT Jfi&/g BAT Jii &2 /44 i i
Xif R — 431.53+17.42 0.64+0.04 0.148-+0.008
kit — 512.78+13.54" 0.56+0.03" 0.109+0.009"
TRt 100 397.25+10.49" 0.61+0.05" 0.153+0.007"
200 384.89+8.75" 0.65+0.02" 0.176+0.006"

LSt P<0.05: SHEMALE: "P<0.05
#P < 0.05 vs control group; P < 0.05 vs model group

2.3 EERRST3AR BAT 1 UCP1 RNA BYE2N
5xF IR b, AL BAT FF UCP1 RNA Hj
B (P<0.05). SHAHML, 7 KJEiT 100,
200 mg/kg 41 BAT ' UCP1 RNA B &8, 254
giitam N (P<0.05), WK 1. % 3.

X R it 100 200 300
FARJBITHmg kg )

Bl 1 ZFRTHAR BAT ff UCP1 RNA RIS
Fig. 1 Effects of levocarnitine on UCP1 RNA in RAT of rats

UCP1 RNA

B-actin

#3 ERRTXAR BAT 1 UCP1 RNA BIE0E ( X +s,
n==6)>
Table 3 Effects of levocarnitine on UCP1 RNA in RAT of
rats( X +s,n=6)

55 FIE/(mgkg ™) UCP1 RNA ik /K
it — 0.76+0.10
it — 0.57+0.06"
FRBIT 100 1.38+0.09"
200 1.1940.05"
300 0.78+0.16

5xt A *P<0.05; SR "P<0.05
#P < 0.05 vs control group; "P < 0.05 vs model group
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2.4 EFRRESTRAR BAT 1 UCP1 EHMISNN

Xt e, BRI BAT Hh UCP1 &Rk
W] 8 IS (P<<0.05). HARALAAHEL, /2R JEéiT 100,
200.300 mg/kg £ BAT 1 UCP1 £ 13515 B 2 34,
ERE G Y (P<0.05. 0.01), HEFEMK
P, WE 2. %4,

| =
pagicl T 100 200 300
FFRJBITI(mg kg )

UCP1

B-actin

2 EFRRITHAR BAT 1 UCP1 EHRIEN
Fig. 2 Effects of levocarnitine on UCP1 protein in RAT of
rats

T4 EFRSTRAR BAT 5 UCP1 EEMISEME ( X +5,n=6)
Table 4 Effects of levocarnitine on UCP1 protein in RAT of rats

%5 EFETHAR BAT ff p-AKT ZERISEAME ( X 25, n=6)
Table 5 Effects of levocarnitine on p-AKT protein in RAT of
rats( X+s,n=6)

451 FE/(mgkg™)  p-AKT/AKT & H FikKF
it — 1.0640.11
it — 0.68+0.06"
ERRBIT 100 1.25+0.12"

200 1.8740.05™

300 1.834+0.04™

(X=*s5,n=6)
45 FE/(mgkg ™) UCP1 & HRIE/KT
Xt iR — 1.3240.08
it — 0.56+0.10"
FrRJBiT 100 1.23+0.04"
200 1.44+0.05"
300 1.81+0.03"

SaE4LLLEL: *P<<0.05; SHIBI4LLLEL: "P<<0.05P<0.01
#*P < 0.05 vs control group; P < 0.05 ~"P < 0.01 vs model group

25 AFRITHAR BAT & p-AKT EHAIEN

xRl Ebds, AL BAT i p-AKT FRikH
B (P<0.05). SHEAIHMEN, 7 RJET 100,
200. 300 mg/kg 44 BAT H p-AKT & R IA B B34
., ZRA% %=L (P<0.05. 0.01), HE5&E
AHCE, WK 3. & 5.

Xof BR ) 100 200 300
KBTI mg kg )

B3 ZEFREITHKE BAT # p-AKT ZEHIF M
Fig. 3 Effects of levocarnitine on p-AKT protein in RAT of rats
3 g

LER RN D “LFIR57 FEZ,
TP AL RERE R A 21 20 BRI I R K A 3L T
AP JEREADCGEZEN, SRR BERE

Sx Al P<0.05; SIA4IE: "P<0.05"P<0.01
#P < 0.05 vs control group; P < 0.05 "P < 0.01 vs model group

B EER  EE MR R R . H RS T AR
BT EEZR 4P, iR AER,
P CURZGAANRE ARG, M ggs
TR R RN T R SR RO e, T AR
RIETT HAIER S, KRG DB KB 259
HBITHERE. B RT3 E Cam mIv BRI A < 254,
{HEIERECR, FIRVF 2 2590 LLS| RS B3k,
RIS AS B HE T

KR 7 L NIRRT 1R I 2552 21k
R DG, 1 UCPL S AR (B iR 4H 2G4k AR 3%
PEEE, BN SREEER, B ATP 24, (2
BEANREEIEAE, IR . TR R R
KA iR 23 UCPL HE [l g 51 ke /N BRIE R,
PR 72 UCPL 72 AR b 4 B A R IR 2

FERIBIT R EMMHREY, | ZAETHR
i, BN RRBMEERIWERR, “aettm. 3
W) S5 K s PR 576 5 7~ I 78 PRI mT 01 v g If 3 1f
FE KT i Tttt R T R B BT S R i
F 1 e g el

AKT TV 41 A= 7 TR S8R, T aFk
IR TR, mE RN 3 AKT JEEERIET
TR, R, AKT BERR bR I 5 A5 S E s o
(RICHRESY T, T AP S 508 & R O A s,
A S AKT EHEGSS5ERRITI
KR AL B3 AL -

AKHTERIN, EENTE KA R i TE
&K TC. TG MK, HDL-C F, RFTRFEK,
[F BAT /AR E, WA RBTTREFE
MR, Bnks g M S 2. Nit—
TESEAE R RVT IRt bR e i i A SUE AL IR E R, 4353
MAZEE AR (7K A BAT 3467 & 21 UCPL ()
Fik, SRE/R UCPL RIE LM, RN AKT EH
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Wk, &7/ -RJETT TRl p-AKT/UCPL @ #%
BOSER AR . FBrE, A RBITH KRR
R4 41 UCPL RNA fIRIE 2O R B R, 7]
eSSk E B EE AR EEA S, MR BRI
il HF B — DA

gi LPTR, AREITRS I IRE, AT
MARIRES, WSk IB 4, Xl Tt
{5 p-AKT Fl UCPL FIASEHLN, N7 -RJETTAE LAES
o R I 4 U S8 AT TE T MRS I 75 1 I P 4
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