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Effects of telmisartan on the expressions of PPARs and adiponectin
receptor? in the liver tissue of rat with nonalcoholic steatohepatitis

HUANG Xiao-ci, JIANG Shu-lin*, LIU Fu-na

( Department of Gastroenterology, Second Hospital of Hebei Medical University, Shijiazhuang 050000, China)

[ Abstract]  Objective To explore the effects of telmisartan on expression of peroxisome proliferators PPARs acti-
vated receptors and adiponectin receptor 2 in rats with nonalcoholic steatohepatitis (NASH). Methods Forty male SD rats
were randomized into normal-diet control group (NC, n=15), high fat-diet control group (FC, n =15), and high fat-diet
with telmisartan group (FT, n =10). NC group was given standard diet and the other two groups were given high-fat diet.
At the end of the 12th week, 5 rats which were randomly selected from both the NC and FC groups were given euglycermic
hyperinsulinemia clamp to see if fat-liver model of rats with insulin resistance was successfully induced, and rat livers were
removed for pathological examination to determine the extents of NASH. Afterwards, rats in the FT group was given telmis-
artan (5 mg/kg+d) while rats in both the NC and FC groups were given the same volume of 0. 9% saline solution by intra-
gastric gavage for another 4 weeks. After glucose infusion rates ( GIRs) were obtained by the euglycermic hyperinsulinemia
clamp technique at the end of the 16th week, all rats were sacrificed and the body weight was recorded, and serum lipids,

aminotransferases and fasting blood glucose were measured. The mRNA expressions of peroxisome proliferator activated re-
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ceptors (PPARs) , adiponectin receptor —2 and angiotensin II type — 1 receptor in the liver tissue were assessed by semi-

quantitative reverse transcriptase polymerase chain reactions. Results The expressions of PPARa, PPARy and AdipoR2

mRNA in the liver tissue of FC group were decreased significantly compared with the NC group (P <0.01), and the ex-

pression of ATIR mRNA of the liver tissue in FC group was increased significantly compared with NC group (P <0.01).

Compared with the FC group, the expressions of PPARa, PPARy and AdipoR2 mRNA in the FT group were increased (P

<0.01). Serum aminotransferases, lipids and fasting blood glucose level in the rats of FC group were increased significant-

ly compared with rats of the NC group (P <0.01), and serum aminotransferases, lipids and fasting blood glucose level in

the rats of FT group were greatly improved compared with the FC group. Conclusions Telmisartan can improve glucose

and lipid metabolism, stop weight gain, decrease liver index, and alleviate steatosis and inflammation of NASH rats by im-

proving insulin resistance. Telmisartan may play an effective role in the protection of rat liver with NASH.
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o R i Sk IR AL AN 9 2 A 5% ~ 10%
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I [ R P 430 BRI 2 32 1 TR 2 NAFLD Y46 50
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PRI FH K 70 HH B 6 NASH/NAFLD $2 43 #ii5 fin s
A

1 MRE7EE

1.1 XBzHM5HAE

T FHYRE 15 R AF HEPE SD (Sprague Dawley ) K 5
40 HPREE (200 £20) g, A6 EERF R A S50 sh )
D[ SCXK ($£)2013 — 1 —003], f8 35 T L E R}
KEFEE TR BRI % [ SYXK (3£)2016 —003] , H H1Ek
B, WERFRE Fric, mNPER SR 1 8 S  BEALAY A 3
HIERWX IR (NC, n=15), EIEXT B4 (FC, n =
15) , Fllg + BoKVHET B (FT, n=10),
1.2 HYEAFERERSE

2B Wy I AE [F)— S 3 B R T K R A A

I EE 22 ~28°C, MG A 12 h(06:00 ~ 18
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FC 2. (20.98 +2.13) vs. (12.81 £1.73),P <
0.01), FTHUIEAKYI(ERE, hh s B
AHEAET)5 me/ (kg-d)HEH 4 Ji,FC A FT 44k 2
BRI R 16 JH,NC 1 FC 20 T 45 5 2E B ER K i
B 16 JEK 2% 150 22518 s R I, i e S 50 iy
JRCHF DK IBCIL , 25 2R I 43 85 5 SO HE I, B o, o+ 1
TEB(RE/ATE x100% ) , T A4 A3 U4
Hlem x 1Lem x 0.5 em K/, 4% 2 5 EEE E
Tl &AW R, 3 U414 100 mg LA EP 454,
LRI A, 5T - 70°C vKAR R AF, T RT-
PCR &,
1.3 SEREBEEEFHIREHEEIE

KEEEE 12 h,2% I 240 (60 mg/kg) I8
S JRRIE AT RMSE [ 2, Y0 2 A0 R ) Bz B , 4 25 sk
FK, B2 1 mL T 5% 2006 | G 55 A Au g8 bR i
DIZE . S5 T IRea Dk 4 A Ik BR B 80 26 W R B B
R (HE) iR Z A IKEA . #E 30 min, 57
BB R ER KL 1 7%, 2 EC AR (G 52 1 , T s 3
RIIMWE (BBG) . JedbATHp2e e & 2 v, R N 1
8010 mU/kg, B 5 min I A 1 WK, Q041K F FE At
{8 0. 5 mmol/L, FF iR H 1 10% 25 B8 | 3 & M 43
Bl 4 ~6 mg/kg FFUR AR URE (LA iy 180 4 5 26 0% 1)
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R (MO 4EFF7E BBG £0. 5 mmol/L JLH £
RS, 36 120 min (ABE Z A1) |, IR A B
BIF-FRE AP RIE R VGIR60 - 120,
1.4 SEEFRARIH ERE

PR 4% 9 22 5 TP I 11 5 ] 4 A 15 1)
AR - PRHEL(HE) B D08 T W40 i A
AR A B SR AETE Sh T V)R ¥ A A 0 0
FRHBE Y53, RS YT R RIS A m A ALY
1.5 IMiFFSE, mAS. mAEFMAE R ZEURENE

K B Bayer 24 w)4x [ 3 A A0 73 B AU & #%
M AR, 2 TGRSO i =5 15 ks . S5 60
min & 120 min A 13 > GIR SEH){E , B~ GIR60 -
120, GIR /)y LI TR 8™ 5, 520 TR BUBE B &R
AU
1.6 RT-PCR 77 % #& Ul AF H & & PPAR«,
PPARy,.AdipoR2  AT1IR mRNA Fi%x

F Trizol 07 & (AL #E F BRIHE A BRA 7] ) 42
BUIFZHE L RNA (5 05 5% S i MMLV (b 5038 1 A%
FERA RA T BT A M cDNA B2 pl cDNA
BIHAE TaqDNA B4 (AL 5UFE [ R E A RS
A )AL T HEAT PCR 9734, 519 b s 38 1 Bk 1]
AIRAF G, PPARa L5195 - gattcggaaact-
geagaccte =3', FUFEGIY) 5" — ttaggaactctegggtggatga
=3/ AR RN Ty 444 bp, PPARy LS IH.5
- atggagcctaagtitgagtitget — 3", FHFG1HY).5" - ggat-
glectecgatgggettca — 3", B =4 K /N 139 bp, Adi-
poR2 _LiiE5|¥:5" - agtitggec-accectcagta - 3", T 1iF
51¥).5" - agectatctgeectatggt — 3", FHEFEH)I RN 140

bp, ATIR Lii#519).5" - ccagegtaagt-ticaate —3', T
Ws|¥).5" - tagggetitccaaataagagta — 3", P ¥ 7= ¥)
K/N350 bp, WZHIR GAPDH [§514):5" - cettcatt-
gacctcaactac - 3", FUFGIY) 5" - ggaaggee-atgecagt-
gage =3 YHEFEY KN 594 bp, PGS 94°C Tl
EPE 4 min, 94°C B 40 s, 3B KREE S5 R 56°C |
60°C ,55°C ,57°C B 59°C 50 s,72°C %EfHi 90 s, 1§ ¥
30 ¥k, 72°C ZE{# 10 min, PCR =¥ 6 wL 7E 1% Bifis
PEEEICHLIK , S HME S OUL%E , W] Quantity One #E
BV G a3 A Bk A o) B B L DK 2% 20 A, LAAH L ) 2
HLPK S VRN 2 I8 45 58 LT o B WO I L 2%
NS
1.7 SitEahiE

KH SPSS 13. 0 B BEATHETH 70T, T4 R
DABSIEL + ARUEZE (v £ 5) on , LI EBOR B R
75 2253 k1 SNK A3, 19 25 [5] HU AR FH M 4t 7 A A
T K5, 55 PGB A R I RE AT 3, P <0.05 4
AR EE,

2 #R

2.1 {kEMAFEH

K BRI A A 22 5 T i E PR (P =0. 075 >
0.05) , BHHLLE R, KW TCHET:, FC AH KR
PRI, = EMB 2, B B8 L, 6 B 2% R H
iy, LR TR | 48 BB S 0% 15 ini 4, 5 NC 24
WESAHBEME(P<0.01), FT AKE 550
FC 4 5K (P <0.01), (F£1.2)

R BARBAREZLIE (v £5,8)

Tab.1 Comparison of the body weight of rats in the three groups

e 04 12 J4 16 J#
Groups 0 wk 12 wk 16 wk
NC 253.65 +14.95 468.16 +15.15 523.37 +18.43
FC 256.68 +15.38 543.27 £13.51™ 597.51 £15.62™
FT 258.68 +14.23 532.88 +12.42™ 559. 65 +15. 80*

W5 NC A, * P<0.01;5 FC M4, " P<0.01,

Note. Compared with the NC group, ** P <0. 01 ;compared with the FC group,* P <0. 01.

F2  SHRETEEMTFERECEL (2 £5)
Tab.2 Comparison of liver weight and liver

index in the rats of each group

ol JFRE/ ¢ JFIEFE %0 %

Groups Liver weight Liver index
NC 12.39 +0. 96 2.37+0.17
FC 21.93 £1.65™ 3.67+£0.23™
FT 16.10 1. 13* 2.88 +0. 17%

TE: 5 NC L&, ™ P<0.01; 5 FC 4 HLEE, ¥ P <0.01,
Note. Compared with the NC group, ™ P < 0.01; compared with the
group FC,*P <0.01.

2.2 BFAZ HE #f2

NC 21 KB40 IR 25 /N 254 B 48 X G
SEH . FC AR BURIRIB IO AR D5, LA
r o e K ] el I S, AT AL R RS A B /N I P R
EIXRAE , /NN A] BLAE PSR SE B 23 A SR AT AL il
BIERAFIEIRSE . FT 4L 40 A 5 28 P K 98 9 43
W FC AR (P <0.05), (K1,%3)
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2.3 ILTE AL A R R AU AR 3% TC TG /K ¥ FC 4AHM FLAETE T R % H25

FC 411M3% ALT AST \TC TG % M MK P8 SIRBEM(P >0.05), 11L7E HDL /KP4 FC 41 F
NC MW B F e (P ¥ <0.01), i3 HDL KF K FHEZERICREME(P >0.05) ; FT 425 7 5% FC
GIR 8 NC 1 F% (P <0.01), 5 FC M,  TFH(P >0.05),GIR % FC HF+# (P <0.01),
FT 410M3E ALT AST KFEYB 8 FRE(P <0.01), (F£4)

P

‘II;A:E%”Xﬁﬁﬁéﬂ;B:%ﬂEXﬂﬁéﬁ;c A,
1 A IRRUIPAER #2742 fE (HE B (8, x400)
Note. A:a rat from the NC group;B:a rat from the FC group;C:a rat from the FT group.

Fig.1 Pathological changes of liver tissues in the rats

R3 ARG S JAE T P LR

Tab.3 Steatosis of hepatocytes and histological inflammatory grade in each group

o T A () PSS A(G)
Groups Steatosis of hepatocytes Histological inflammatory grade
FO F1 2 F3 F4 mean rank GO Gl G2 G3 mean rank
A 10 0 0 0 0 5.5 10 0 0 0 6.0
B 0 0 2 3 523.65™ 0 2 5 3 23.15™
C 0 3 4 2 117.35 % 1 6 2 1 17.35"#

5 NC AR, ™ P <0.01;5 FC #HILE, " P <0.05,
Note. Compared with the NC group, ** P <0. 01 ; compared with the FC group,*P <0. 05.

F4 16 FRK=ZHESESEILKE (v +5)

Tab.4 Comparison of parameters between the three groups at the end of 16th week

SR A H TR N - o=
sh4l HEmE RIIA 2 4 =
Groups Kbl R RLT TC(mmol/L) TG ( mmol/L)

ALT(U/L) AST(U/L)

NC 43.14 £8.38 121. 86 +10. 35 0.78 +0. 16 0.27 +0. 08

FC 97.57 £9.02 ** 221.00 +26.52** 1.41£0.17* 0.73 £0.17**

FT 71.00 =10. 41 *# 153.29 £16. 46 ** 1.22 £0.24* 0.60 £0.13 ™
axiil o0 T I 23 MG i b T E
Groups HDL( mmol/L) FBG VGIR60 - 120

NC 0.92 £0.05 5.53£1.13 21.58 £1.50

FC 0.73 £0.07 ** 11.88 +2.13 ™ 13.15£1.40

FT 0.79 £0.04* 9.22 +1.40 *# 18.21 £0.97 **#

T 5 NCALHHE, * P <0.05, ™ P <0.01;5 FC 414, *P <0.05," P <0.01,
Note. Compared with the NC group, * P <0.05, ** P <0. 01 ; compared with the FC group, *P <0.05,*P <0.01.

2.4 BFZA 22 PPARa, PPARy, AdipoR2 X ATIR  FC 4 I %%, FT 4H AT 44 21 PPARa. PPARy. Adi-

mRNA BJRiX poR2mRNA [k T (P <0.01) ,ATIR mRNA
5 NC A IL#, FC A FZ4H 41 PPARa PPARy, MR FC A, ZH LW EMH (P >0.05),

AdipoR2 mRNA [ FiE¥ B F FHE (P <0.01),  (E2,%S)

ATIR mRNA A8 NC HIE (P <0.01), 5
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x5 KAKRBITHZ PPARa Fl PPARy mRNA 3k (x +5)
Tab.5 RT-PCR of PPARa and PPARy’ s mRNA content in rat livers of each group

: )] D
Groups PPARo/GAPDH PPARy/GAPDH AT1R/GAPDH Adl?:ﬁigf/}?; DH PPARa/GAPDH  PPARy/GAPDH
NC 0.449 +0. 025 0.389 +0.014 0. 198 +0. 016 0.431 +0.015 0.449 +0. 025 0.389 +0.014
FC 0.207 £0.017 ™ 0.167 £0.015 ™ 0.321 £0.022 0.236 +0. 028 ™ 0.207 +0.017 " 0.167 £0.015 "
FT 0.376 +0.014% 0.308 +0.018% 0.342 £0.016 0. 340 +0. 020* 0.376 +0.014* 0.308 +0.018*

W5 NC A, ™ P<0.01;5 FC 4 IL#E,*P <0.01,

Note. Compared with the NC group, ** P <0. 01; compared with the FC group,”*P <0.01.

444 bp PPAR a

139 bp PPARy

140 bp AdipoR2

350 bp ATIR

594 bp GAPDH

DNA marker NC FC FT

B2 HWEIERESHNTHS T HYRIE (a. PPARa
mRNA ,b. PPARY mRNA , c. AdipoR2 mRNA ,d. ATIR mRNA)
Fig.2 [Expression of the indexes in
hepatic tissues (a. PPARa mRNA,

b. PPARy mRNA, c. AdipoR2 mRNA,d. ATIR mRNA)

3 itig

NAFLD & 818 0 3 [ bR 12 1 2 Y9 B PR &
G A — BRI TR BFSE R I, A i Lk
AT BE B 5 76 NAFLD 4 18 Jig o % b il & 2 AR
FPTS IR AU NAFLD 19K K & 5 NASH 1)

KAEFYIAEDY LR IR BPRS T, i T B8 E X
P A5 18 15 4 RS , T P AL 93 A 1 o i v
UFES NG T R (FFA) 38 2 | IF 40 Xt FRA B 35 B R
TG & B 2, BF NG IV & B, 8 T 40 i 4
R ARG BIE 3 F s L Re . Bhoh, £
(9 FRA 1] S 3080 5 0 22 1, i v A JB 5 28 S A st
i 17 1) 8, A FE A3 A 20— 2508 it B s, A4
L P9 i U AL 40 B P SR A PR T BB I I, AT AL
TR BRI TR 5 8 17 JFFIE s DA o
PPARa & —2% ZLAE T Wk 23k iy Mo R 800 1)
B sk, 2 5 IR IRR 8 E AL XIRE A A K
HRSCIE IR (1 26 1k, A HF AR B AR08, 23 TR,
Konig %5 W53 % BRLIG Ak 19 PPAR R 4100 i) 1 e 3
TICIFSS A B (1 (SREBPs) F3& 1, AT /0 g i
M TG B& ., PPARy HA RN AL R 7k, =25
BT A AR A 43 A6 R AR 7 AR AR A 22 S 2R
{1 U P e 3 B 1 A I T T % o il 3R 348, %
T 440 L o O 5 PR 140 556 BB 1) B T8 oA P2 Ak, (2 F
BRI, (5 0 A v B A, PPARy nl e #6441 42
HE FFA Bl i R H8 I, 4538 46 4 26 JUL PR AR JOE v )
B, g, PPARy AT I8 i 105 4 5 4 1
RERRL, MBS YRS, LR
PPARa M PPARy {3355 NASH kAR ERR
NRIK 25 2 7R A5 3 Fh S 4 4, B BX 3R 32 1K 1
(AdipoR1) FIJREK 2 5Z 14 2 (AdipoR2) ", JREK
53R E TR AdipoR2 4585 , UK AMP i#
it , I+ S WEAHEE A SR ALEE A T5 MEREAC, I BRI A
SEOED R AR T ULRL, B R B S RE M
AE QI e A B AR | 52 R4 & 5 RIS
A YR B AT s bk o B RE AL S TE
NASH B}, BT IR il [ & 2 M0AE & 2 8 o0 8 1
P ULEE — 3 93 Al o4 42 1 1 s 41 2R B 5 UL AdipoRs
(IFIE TN BREEZ 5 AdipoRs BYZ5 4 /b, [
KT RRIR R W00, #E— 2 N IR, B BUE G IR
fE3E NASH &2 K, Shinizu 25" BIF5E K 30 14 151
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NAFLD %5 7 filfgRE A 8, I AdipoR2 ik
3T RE, M AdipoR1 RIAMWAL M T2 5, BB
TR B NAFLD K BUFFIE AdipoR1 3 3k 3 Jin 1fif
AdipoR2 FRIkI /D, HE W IR 1K 28 A2 R 76 T Ik 33k 57
# ,JLH: AdipoR2 F&ik/0 5 NAFLD JE sl fl& B % 1)
FHE

VI b B, 40 A2 PPARs #1 AdipoRs 1
F3E K-S NAFLD/ NASH &A= & JE 1 40 i o3 12
FEAly, ARSI E A R R 2 NASH KRB AY
KB FC LR R F I S 398, B A s A 1 R 4%
SEFRE B W, HAF#E IR, 414! PPARa ., PPARY,
AdipoR2 mRNA A /KF- B B KT NC H (P <
0.01) , fi I HEKT PPARa PPARY & AdipoR2 flk ik
IREFE NASH 1Y% A & J o 18 v [ B A7 7, elests =
HAENF LU 3k T REXT 2l NASH Al IR A 25
2 F = H7E NASH Fl IR &A= B[R] IR R 6 R A 1Y
KAWL A S = B R 5 5 A58 R K,

[ QU PRy R I e IR -1 S | BN
(ARBs) , 51 B3k % 1 Z4K 1 (AT 4545,
Wr Angll FZED2VE T FRIRE 2 - S Bk R R
%% ( renin-angiotensin system, RAS) 9% 4, BH Wr
RAS J& MG NGB R ACE 35 T, 1 BE S 19 RAS
AT AL B i 2 AR B A, AT R, &
B VD 3 1 W 5 i 41 21 PPARa, PPARy 2 Adi-
poR2mRNA ik i [, = & 76 A0 20 I
PRS2 . PPAR 23R8 58, 1 {12 1 -4t
XHEEUPINE G B 48 AL, V4% I 40 B A i A8 2 5 4
41 PPARy [, JS 45 38 o £ F 20 B X FFA 45 B
HTG (45 B, X5F 240 i 10 A2 18 A 2 A T A ]
FEIZH 2L LEA AR 1D 20 21 f PPAR-y 1y 2 35 ) ] 37
TG, 980 g 5 8 A [l I A4 3 sl DA T 22 0 4%
JHFERE R A UCRR

g LTR BV AT IR-NASH K FUH4H 41
PPARa . PPARy K AdipoR2 = K & 2 R4 IH i ol
6, NI A TR A SR I A, 42 v JRE ) 2% sk
P, Uk 5 R Big 105 10 AR R I 40 B 4545, NAFLD/
NASH i} PPARs 5 AdipoRs 23k 5 T 40 i £ b A 2
A8 I PR AF I 1 A DL S8 35 Il o, 24
Ja R FE R 7 1]
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