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[ Abstract ] Objective: To investigate the effect of liver x receptors (LXRs) agonist GW3965 on ven-
tricular function, lipid metabolism and myocardial apoptosis in rats with diabetic cardiomyopathy in-
duced by streptozotocin (STZ). Methods: Healthy male SD rats (200 ~250 g) were randomly divid-
ed into three groups: control group, model group and GW3965 group. The rats in model group and
GW3965 group were injected with STZ intraperitoneally to establish diabetic model; control group was
treated with equal volume of saline. After eight weeks, GW3965 group was injected with GW3965
(50 mg/kg) subcutaneously, once a week for four weeks; model group and control group was injected
with equal volume of sterilized saline; after the last administration, LVSP, LVEDP and =+ dp/di-
maxwere monitored ; testing TC, TG and NEFA of rats and observing pathology and myocardial apopto-
sis of rats. Results: Comparing with control group, content of LVEDP, TC, TG and NEFA obviously
increased, while LVSP and + dp/ditmax obviously decreased( P <0.05 or P <0.01) ; comparing with
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model group, LVSP and =+ dp/dtmax of GW396 Group rats obviously increased, content of LVEDP,
TC, TG and NEFA obviously decreased( P <0.05 or P <0.01) ; myocardial texture of control group
rats was clear and tight, cardiomyocytes morphology was normal ; while in model group rats, myocardi-
al texture was fat, myocardial structure was disorder, cardiac muscle fibers was damaged with clear
fracture ; comparing with model group, cardiomyocytes of GW396 group rats had lesion, necrosis de-
gree was alleviated, muscle fiber fracture was obviously improved ; myocardial nuclear of control group
rats were blue with no apoptosis; cardiac muscular tissue of model rats discovered brown and yellow
particles, large scale apoptosis of cardiomyocytes were found; comparing with model group, cardiac
muscular tissue of GW396 group found obvious decreased brown and yellow particles, cardiomyocytes
apoptosis decreased. Conclusion;: GW3965, the LXRs agonist, has protective effect on rats with dia-
betic cardiomyopathy via improving cardiac function and inhibiting the apoptosis of myocardial cells.

[ Key words ] diabetic cardiomyopathy; rats, Sprague-Dawley; model, animal; cardiac function; lip-

id metabolism; cell apoptosis
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WLEF 24k 0o LA B 98 T Ry kb O LR BE , 1T F.
BRI R 0 SR DB FIREAE A
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ATERERR IR AL Y o I X 3244 (liver X recep-
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TSt RE , v] RAE A O i S AR B 1R YT I T
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1.1 #or

200 ~250 g HEE SD KR (A S50 2 sh 4 oo
$eftt) , GW3965 (BT T /A w]) , IR AKG . STZ , DAB
A2 B (Solarbio 23 F) APERIREN TSI BELL Y |
T TR OB AR (E 255 A | Triton X
—100( = RAEY)A ) , TUNEL 21 5 T4t
ME O RAY AR, BBERE(TC) Hm =1k
(TG) L 5 5 R ( NEFA ) 45 0 1055) & (1 At
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1.2 Fy:

1.2.1 Sy ef Mo Hufd e sD K9 H,
Rt HLEA) 43 Ry Xk BE 20 BRI 2 AT GW3965 41, 3 vy
MEFE 1 JE 5, BELZH 1 GW3965 2H K BRI e v
65 mg/kg STZ (% T W1 0. 01 mol/L pH4. 4 1y
FrREBR NS P ) 15 A DR A1, 3 d e R BRI
BEH BE > 16. 7 mmol/ L W IE BB FR 5 A5 1 15 S 1
Iy %k B R BRL 265 77 [) 4 791 ot 1) A R R 7K i 47 4k
P WA 8 E S GW3965 4H A U R 4 GW3965
(50 mg/kg) , B 1 K, 3ESE 4 A BEARUZH B %) BR2
KEB T SRR AR BRER K

1.2.2 DIReRIN 2525 25 i, 25 2 K BRI I
TS 10% /K5 50 (3. 5 mL/kg) BRI B, A= BEAIL
B 5200 R 48 40 A KRR O D) g 48 A5 22 & U4 &
(LVSP) /£ % £F 5K K & (LVEDP) (72 % N R K
AL AR ( + dp/dimax)

1.2.3 A bde bR B 4 KRR ikt
B0 WO I o SR FH AT b AR 6 00 2 5 4 K R
I3 H I B AH 56 48 A 8 I B B (TC) | H i = R
(TG) Fnijif 25 B Wi B2 (NEFA ) & i 28 4k, ¥ B Ui 1
PAEATHAE , BEFR G 510 nm 500 nm PRI
JEAE(OD) 315 TC TG By &5 48 G EE T
440 nm KT OD {H, 11 NEFA B85

1.2.4 DIUHZURH2EMEE  BUD L, &
JK GERE AL, YIS wm (3 R, 60 °C I AR A
T, s 2K AR A IR AR ZE (5 min) FIFLLE TR
(3 min) Hrgu e, W[ 19% ERERIGRS 43 AL AL 3 s,
FhEE CBEBLK , B 2B W R R e R, 55
sy F, AR T ,200 x B iHES N MEE
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TUNEL Wi 50 pL ,37 CHEF 1 h, S8 5T hnAH
[EARFL Y Converter-POD, 37 °C % & 30 min, DAB
WA, TR Y, K7 Ak 35S i b A
BHH, A ARMT,400 x {88 gL .
L3 Giteetr

K SPSS 17. 0 B AT o0 b, A S 5
Bl ASME = B2 (v £5) Eo, IR SR ¢
K, P <0.05 A ZERA G E L.

2 #R

2.1 LIIREE RS

L5t BRATR SR E 4, B A 41K fL LVEDP B &
i, i LVSP | + dp/dimax 5 35 FEAIR, 25 R A 41t
FRX(P<0.05 5 P <0.01) ; W K BLLIRES
HZ W SRR KR LA, GW396 41 KR O
IGef5 3] 7 B B ok %, LVSP . + dp/dimax i 2 F+
=, LVEDP 3 %, 2 R A Geit 2 L (P <0.05
B P<0.01); 31,

k1 AAXRQOHRBF LT (v 2s,n=3)

Tab.1 Cardiac function index comparison of all groups
LI REFE bR Xof R4 HRIEH GW396 41
LVSP (mmHg) 125.65 +11.97 96.13 =7.70" 118.11 £2.33%
LVEDP (mmHg) 4.13 +0.35 9.42 £0.63% 6.41 £1.38%

+ dp/dtmax (mmHg/s)
— dp/dtmax ( mmHg/s)

4 508. 29 +278. 30
3932.72 £311.21

3 756.32 +216. 859
3079.16 +115.33W

2 615.40 +177.33@
2 060. 07 +175. 13@

St iEaEs, " P<0.05,PP<0.01; 5 R, P<0.05,P<0.01

2.2 g TC.TG Jz NEFA
0 BRZH K B A, SR A K BRI T TC . TG

NEFA #8523 T, 22 R A g7 (P <
0.01) , UhBA K BRI A FC ) & A= Z5 6L ; SR 4 1
B, GW396 KR TC TG NEFA i 3 F#{k %
FHRAGIFEX(P<0.01) ;%K 2,

%2 UKL TCTG & NEFA

KFE(x£s,n=3)
Tab.2 Levels of TC, TG and NEFA of

rat serum in all groups

TC TG NEFA
5
(mmol/L) (mmol/L) (umol/L)
YA 1.626+0.083  0.938 +0.047  110.559 +7.758

BERIA] 3,229 £0.070" 1.989 +0. 040" 363.975 +5. 693"
GW396 4 2.247 £0.023® 1.318 +0.039% 209. 938 +5. 693

O B3 IRZH A, P <0. 01 SRR A, P <0. 01

2.3 LSRR AR L

AT 0] LAE X BE 4R R0 UL 30 2L 77 AT
B, DN ML S IE R HEP R SA 7, Mok ot
D WA S, o3 A 34 5] ToAR P IR A B AR
BEARYZH AR B Co LA M IE O, o0 LS+ 25 36L , 200 i )
BAR K BAZ I/ NN, ] DO ILEF 61475 T 24 B
i SRR A, GW396 4k BN AR SR AE
FREE 5 AR, I A B A S 8, S5 M T Ui, HE 2 4

5, WLEFZE T 2218 50 B S 47 5% o 1B GW396 T L)
A S s O L A2
2.4 LALAYET

K H] TUNEL Z €2 %500 LA 3 1= E 41 2%,
I 2 AT DU Y, 0 B R B LA A% 22 i
R ILIT s SRR A B A, A 2 K RO UL AL 21
HH R B Ok, BERC LA M & AR R PR T 5
BRI L, GW396 2H K BRLCo LA 23 rb A o €6 5
BN, R GW396 B DL B LA i
i

3 tig

HHT, DCM &7 J7 1AL 6 45 il 1w Ak &2 .0
MAETIRE AHIRTT BRI B . B 25 & 5k
g3 F T TR it 0T I DR AR R 2 A R
LXRs f04% LXRa #il LXRB Wi F V5, J& F 4% 52 1A
ARG 51 LXRa (5 26 35 F IR LB E T i A
Jo S AR BRI L2, #E IR [ B A AR AR L R
i SN IR SR B 28 T Vi B A €, B UE A AT DAAE
Sk NZRb PR RV S 0 25 MR T T AE A T
kR BESE & B, LXRa % LR B 2L B AC-
SL3 FAT/CD36 #3235 7E STZ 5 S 11 oo L4
U B, 4% LXRa 12536 RO WU AR 25 1)
FES HOG2 LML, LXRs 33| 10901317
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Fig. 1 Cardiac muscular tissue staining of all groups
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Fig.2 Cardiac muscular tissue TUNEL staining of all groups
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AHIEFER AR 15T 65 mg/kg STZ 5% DCM
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PLIGIT 4 J 4 JJE RAVEIPLRE LI R G 0 Hr %
H R DREFE bR, [l I A B 23 M g A A 4
b, HE e 0 %<0 (LA 295 381 2%, TUNEL 3% 53
ORI T . 2RSSR R, GW3965 F] DL 2%
JFE LVSP fi + dp/dtmax, & LVEDP (P <0. 05
(P <0.01), gest.0 DI fE; # i TC . TG \NEFA 4§
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20 U T LA AR L, PRI O L 2

Zi 1, LXRs 25 17 DCM 1y & s P, Be g 4
il O VAR B 1, 9t O L 72, Bl o Bl RE L (H R
PR e IR AIR R

158

4 SEW

[1] Liu Y, Zhang J. Nox2 contributes to cardiac fibrosis in
diabetic cardiomyopathy in a transforming growth factor-
beta dependent manner [ J]. Int J Clin Exp Pathol, 2015
(9) :10908 - 10914.

[2] Bhandari U, Kumar V, Kumar P, et al. Protective effect
of pioglitazone on cardiomyocyte apoptosis in low-dose
streptozotocin & high-fat diet-induced type-2 diabetes in
rats [ J]. Indian J Med Res, 2015 (5) :598 - 605.

[3] Chen J, Cha-Molstad H, Szabo A, et al. Diabetes in-
duces and calcium channel blockers prevent cardiac ex-
pression of proapoptotic thioredoxin-interacting protein
[J]. Am J Physiol Endocrinol Metab, 2009 (5) ;1133 -
1139.

[4] Im SS, Osborne TF. Liver x receptors in atherosclerosis
and inflammation [ J]. Circ Res, 2011 (8) :996 —1001.

[5] WuS, Yin R, Ernest R, et al. Liver X receptors are neg-
ative regulators of cardiac hypertrophy via suppressing
NF-kappaB signalling [ J]. Cardiovasc Res, 2009 (1) :
119 - 126.

(TF4E% 164 )



RO OBE B R IR

42 3

scription factors [ J ]. Oncogene, 2009 (30). 2282 -
2288.

[8] Karlsson-Rosenthal C, Millar J. Cdc25: mechanisms of
checkpoint inhibition and recovery[ J]. Trends Cell Biol,
2006(16) ; 285 —292.

[9] Helene A,Susana S,Eric B, et al. Differential expression
of CDC25 phosphatases splice variants in human breast
cancer cells[ J]. Clin Chem Lab Med, 2011 (10) ;1707
-1714.

[ 10 ] Boutros R, Lobjois V, Ducommun B. CDC25 phosphata-
ses in cancer cells: key players? Good targets? Nat Rev
Cancer[ J]. Nat Rev Cancer, 2007 (7) :495 -507.

[ 11 ]Karlsson-Rosenthal C, Millar JB. Cdc25: mechanisms of
checkpoint inhibition and recovery[ J]. Trends Cell Biol,
2006 (6):285 —292.

(B35 154 W)

[12]Kobow K, Auvin S, Jensen F, et al. Finding a better dI-
ug for epilepsy ; antiepileptogenesis argets [ J ]. Epnepsia,
2012 (11):1868 — 1876.

[ 13 ] Post RM. Neurobiology of seizures and behavioral abnor-
malities[ J]. Epilepsia, 2004(2) :5 - 14.

[14 ] Russmann V, Salvamoser JD, Rettenbeck ML, et al.

Synergism of perampanel and zonisamide in the rat amyg-

(E#% 158 I)

[6] He Q, PuJ, Yuan A, et al. Liver X receptor agonist
treatment attenuates cardiac dysfunction in type 2 diabetic
db/db mice [ J]. Cardiovasc Diabetol, 2014 (13) ;149.

[7] Calkin AC, Tontonoz P. Transcriptional integration of me-
tabolism by the nuclear sterol-activated receptors LXR
and FXR [J]. Nat Rev Mol Cell Biol, 2012 (4) :213 -
224.

[8] Cheng Y, Liu G, Pan Q, et al. Elevated expression of
liver X receptor alpha ( LXRalpha) in myocardium of

164

[ 12 ]Masaharu A ,Kohji O, Takeshi K, et al. Telomerase activa-
tion as a repair response to radiation-induced DNA dam-
age in Y79 retinoblastoma cells[ J]. CANCER LETTERS,
2013(340)82 -87.

[13]Jana K, Marcin K, Igor V. et al. Exon-centric regulation
of ATM expression is population-dependent and amenable
to antisense modification by pseudoexon targeting [ J ].
Scientific reports, 2016(6) ;18741.

[14]Kim KY, Jang WY, Lee JY. et al. Kaempferol activates
G2-checkpoint of the cell cycle resulting in G2-arrest and
mitochondria-dependent apoptosis in human acute leuke-
mia jurkat T cells [ J]. J Microbiol Biotechnol, 2016
(2):287 -294.

(2016-11-25 WfH,2017-01-20 f&[01)
OO RES JOUE: RBER

dala kindling model of temporal lobe epilepsy[ J]. Epi-
lepsia, 2016 (4) :638 - 647.
[15]Goddard GV. The kindling model of epilepsy[J]. Trends
Neurosci, 1983(6) ;275 —279.
(2016-10-20 Wf,2017-01-25 & 1))
PO RES TR B R

streptozotocin-induced diabetic rats [ J]. Inflammation,
2011 (6) :698 —706.

[9] Cheng Y, Feng Y, Zhu M, et al. Synthetic liver X recep-
tor agonist T0901317 attenuates high glucose-induced oxi-
dative stress, mitochondrial damage and apoptosis in car-
diomyocytes [ J]. Acta Histochem, 2014 (1).214 -

221.

(2016-11-05 Wi ,2017-02-07 &A1)

I RESE SO B B



