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Protective Effect and Anti-oxidative Stress Mechanism of Fenofibrate in the Kidney of Diabetic Rats
HUA Guoping, NING Jie*(Tianjin Nankai Hospital, Tianjin 300100, China)

ABSTRACT: OBJECTIVE To observe the protective effect of fenofibrate(FF) in the kidney of diabetic rats and mechanism
of anti-oxidative stress. METHODS  All the rats were randomly divided into normal control group, model group and FF (80, 40,
20 mg-kg™") group. Diabetic models were established by a single injection of streptozotocin(STZ). Then model group were given
distilled water and FF(80, 40, 20 mg-kg™") groups were fed with FF. After 8 weeks, Alb, RBP in urine and blood glucose and
HbAlc were detected. The renal tissue was acquired for measuring MDA, SOD, GSH, NO, NOS and Na-K-ATP.
Histopathological changes in renal tissues were detected. RESULTS Compared with normal control group, Alb and RBP and
renal concentration of MDA of FF 80 mg-kg™ group increased significantly(P<0.05), while the activity of SOD, NO, NOS,
Na-K-ATP and GSH decreased significantly(P<0.05). Compared with model group, Alb and RBP and renal concentration of
MDA of FF 80 mg-kg™' group decreased significantly(P<0.05), while the activity of SOD, NO, NOS, Na-K-ATP and GSH
increased significantly(P<0.05). Histopathology of rats in model group showed renal tubular injury, basophilic change, atrophy,
or cystic expansion, mild interstitial inflammatory infiltration while it showed interstitial inflammatory infiltration in FF 80
mg-kg™" group. CONCLUSION  FF plays a protctive role on diabetic rats renal damage, which may be related with inhibition

of oxidative stress.

KEY WORDS: fenofibrate; diabetic nephropathy; oxidative stress; renal protection

B R 993 ' 973 (diabetic nephropathy, DN)/& i K
995 5| T I 7 B AN s 5 B K AR MR IR ROE, A2 b
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RIEA B, 8 AR Y 2 2
% DN &Rt E 3L RPLE 2 %, B
20w MR 24 ROS 2 EEFEREY, K
B CIESE, PrEt BAa Ry e IErERS, [
IR S LA DU A RE 0% T DN ()5 BT 5 F G
TRARZENRE XL, SRR ZShYFIE R T
&7~ AEVE DU (fenofibrate,  FE)AE Ay B AR JH [ 5% 1
IR — AN AR R AL R U AL e A,
XU 22 R EH, {2 FF Xf DN B4R EH
WD R, AHF 7S %2 DN K R AL B K
-, IFRHA FF #E47 T, 481 FF % DN KB E
U Ak B 8K ST 1 5 i R GG T R I o AR
H, A5 Im RN FE BEAT46BhG 7 DN #2144t
AT HE R S0 R B A0 P 0 LAl o
1 #MR5REE
1.1 il

FFHUMRAEZDLA R A A, fit5: 215204);
iR A AL W) AL B (superoxide dismutase, SOD, #lt
51 20120410), 74 % (malondialdehyde, MDA,
ft'5: 20120303), 5 W H Ko A0 4 il ) &
(glutathione peroxidase, GSH, #t%5: 20120417),
—% 4k R (nitricoxide, NO, #lt'5: 20120623), —
A A R & (nitricoxidesynthase, NOS, #t
T 201207113900 H FE 5 R AEY) TR T
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BE IRV B4 2= (streptozotocin, STZ, E [E Sigma A 7).
1.2 W

SPF 2% SD KE, #&Jii&E N 200~240 g, I,
B G 4l R AR SEIR S BR B BR A iR 4L, 3)
YIVF AR S . SCXX(5()2007-0001, 256 541
PFA[IES: SYXK(#E)2009-0001.
2 FE
2.1 sk aat

KEERERETE 1, BENL R HE LA
PRIGAL, ZAEARZEK 12 hG, BRIk IEiE
5 STZ 65 mg-kg '(STZ ¥ T 0.1 mol-L™'. pH
4.2 MFH G R RN E M, BUERILH, vkis
TRAF), 72 h )G, ZEEAREE/KINE K R 2 I vk,
BhI% M HE 2 E>16.7 mmol-L™" K & A b FR g 15 78
KR, ZHRKBMATE, Phikis B ash K R b
B AR AN FF &, . fRFFIE 4180, 40,
20mg-kg ™), A 10 X, FF &, F. KFIEL 1
Woed™ TR FE, % IR AR 45 T
N AR K, FFEE 8 .
2.2 fRARIRI

B8 JARIKG: 2 Ja K % AR BT A4
YR 24 h JRE, DR BB E(Alb). PLEERESS & i
FI(RBP)FIILEF, 445 T7E o 61 N 4TI, I8
B RKE, W0 i 6 AR A I 21 85 (HbA c).
OB E, B 1 g BAHSUIMA 9 mL A FE LR KT
BRI PRI 10%4181513%, SIRNLAI K G
F 4 °C 13333 rmin~' B0 20 min, B, PR
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e WX 75 S I 2 MDA /K-, SOD % 1. GSH
WL NO &8 NOS WG A Na-K-ATP B i1 .
2.3 HE 4 i) 55 B4 232 [ R

B 10% RS [E 52 48 h, 2% MM, i
KIEAEEE, ), HE Quth, X8 Td.
2.4 Bt ik

KH SPSS 13.0 Gt #AFEAT 70 4. HdfE LA
x+s Ko, RHBRERTTZEa g, LL P<0.05
NESB G R L
3 #HR
3.1 FF XPH PR 95 K SR MFE FI HbA 1e [ 52 0

Lt HZHAR L, AR 4 KBRS A HbAle &5
&= I & F+ 5 (P<0.05); FF %71 & 41(80, 40,
20 mg-kg ) MAEA HbAlc & & 5xf IR 41H bt B
BT E(P<0.05), SHAIAMLER LTS ¥R
No G55, FF XHE R K R IMPE R HbAle 7
EIRHEENEH, &R & 1.
1 FF A8 R A R AtE A HbAlc ¥ (n=10, X *s)

Tab. 1 Effect of fenofibrate on blood glucose and HbAlc
in diabetic rats(n=10, x+s)

41 ) Ifi B /mmol-L™" HbAlc/%

X B 3.86+1.87 3.77+0.43

FERIZH 21.11£1.27" 12.26+3.98"
FF m7 =4 26.79+3.22" 12.17+2.19"
FF Hi7 =4 21.20+3.75" 13.79+4.52"
FF {7 =41 23.97+4.10" 12.92+4.05"

H: SxRALLE, "P<0.05.
Note: compared with normal group, "P<0.05.
3.2 FF XYW PRI KSR R I Alb A RBP 5210
UK FHUREE 24 h R, AT HEBRIR BRI
mi, Alb Al RBP ¥JLA Uer K1E, ZERER: HXt
FRZHAH L, ALK R Alb AT RBP 7KF-BH &
TFEI(P<0.05), FF @AIE4(80 mg-kg AT RE
BAF, 40, 20 mgkg! AW AH BT AR, FF
4omgkg HEHBAMILLEEENER
(P<0.05), (HEXTIRAMILVIFE R EMEER
(P<0.05). ZHRNE 2.
3.3 FF XIHE PRI KR JIE MDA 7K-F-F1 GSH K&
SOD V& P 1) 52 i
LR AR L, BEAYAH KB MDA 7KF B & 7+
{51, 1M SOD. GSH ¥ 14 B 2 T [%(P<0.05); £ FF
FHi)Ja, FF m7&E2H(80 mgkg )MDA /KB &
N R SOD. GSH &P B 7t 5 (P<0.05), 5%

R E B 2655 2015 46 3 45 32 55 3 )

MAMIEERLRIF¥E X; FF FH &4
(40 mg-kg YH —ERNGIT AR, £ MDA /KFH
i NP SOD. GSH ¥ 14 B & 7+ 51 (P<0.05), {H5
X IR ZH AR LE AT A I8 35 T 22 7 (P<0.05). S5 R I3 3.
2 FF A48 R A BRI Alb #1 RBP 9 & (n=10, X £ 5)

Tab. 2 Effect of fenofibrate on Alb and RBP in diabetic
rats(n=10, x £s)

20 5 Alb RBP

Xif 2 22.9+7.8 12.487+1.196

i) 94.7+12.6" 41.834£4.917"
FF s & 26.3+3.97 14.429+3.181%
FF H7 A 47.6+11.6"? 22.269+1.876"2
FF {57 &40 85.949.6" 18.759+1.414D2

FE: S RA L, VP<0.05; SHEIA HEL, PP<0.05.
Note: compared with normal group, “P<0.05; compared with model
group, 2P<0.05.

%3 FF xP 8 R A B BE MDA K ¥4 GSH & SOD &
My (n=10, X+5)

Tab. 3 Effect of fenofibrate on MDA level, GSH and SOD
activities of kidney tissue in diabetic rats(n=10, X *s)

SOD/umol-g”’  GSH-Px/umol-g ™!
H 5l ;r; £ ;;{;mo & MDA/pmol-g™
X HEZH 97.3+17.8 289.1+49.7 0.46+0.17
R 46.5+11.8" 177.2+34.4" 1.56+0.47"
FF w7 87.2+32.1% 257.4+37.97 0.63+0.227
FF 73.4+16.2"%  226.8+13.5"?  0.89+0.12"%
FF %74 44.5+11.7" 187.9+£31.4Y 1.46+0.58"

TE: SX AR, UP<0.05; SHBALE, PP<0.05.
Note: compared with normal group, "P<0.05; compared with model
group, 2p<0.05.

3.4 FF XHEIRW KR E i NO &=, NOS Al
Na-K-ATP i e 1 5 0

XA, BRI KR NO KPR %
. Na-K-ATP FA1 NOS 35 4 B & R [%(P<0.05);
2 FF T¥iJ5, FF @784 NO /KF. Na-K-ATP
g A1 NOS & VB 2 F 51 (P<0.05), HxfHRAAH L
ERLG¥E L, FF b RFIEHE —ER)T
R, 8 NO KFBIE FFF, 1M NOS. Na-K-ATP
il % 1 B T 5 (P<0.05), {H 5% IR ALAH Le A
FEZE R (P<0.05). Z5RNE 4.
3.5  FF Xl bR KRR 4 2008 2 2 fR s )

TEJeBE FALEIESE, XA KR E ek, &
INEEERTEIT . TERSIER, TR ERERI., &
BAKXRE RS~ 4A — g E, FE
RILA B INE RIS NEE ANE WA, o
ook, [BRIA . RYEMAIZIE, BNERZESE.
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FRE A A AR, B NEE N KRR . 42 FF
FHi)5, FF @480 mg-kg )y BLAS L2,
TN E R IERE; FFALH 4120 mg-kg H &
YR, g iAs e, SR LA 1.

&4 FF 8 F9E A BB E NO A -F. NOS #1 Na-K-ATP
B V5 Pk B (n=10, X £5)

Tab. 4 Effect of fenofibrate on NO level, NOS and
Na-K-ATP activities of kidney tissue in diabetic rats(n=10,
xts)

W 5 Ng/ 1'\1(?IS/71 Na—K—ﬁTP/
umol-g™' £ nmol'min~"-g”' & umol-g” HH
Xf R 0.66+0.42 0.830.01 2 106.7+219.5
Rkl 0.27+0.12" 0.46:0.02" 1283.5+314.6"
FF @A 0.60+0.28” 0.78+0.01% 1992.3+311.7%
FF HAIEA  0.51£0.31"7 0.59£0.02"%  2017.5£139.2Y?
FF G784 0.35+0.10" 0.53+0.02" 1598.0+£176.39%

TE: SxtMALE, VP<0.05: SHAALLE, PP<0.05.
Note: compared with normal group, "P<0.05; compared with model
group, ?P<0.05.

PP AL
1 FF x4 RO K BB 4 208 2 % 19 % 9 (100 X)
Fig. 1 Effect of fenofibrate on histopathological changes of

FI7 sl e

renal tissues in diabetic rats(100 X)
4 Ttig
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FE I P B 2, ST DN A daat', 4
SER ] STZ ] 2% B8 PR3 K BRABE AR, I i M
s A REF S, 8 G KU Alb 1 RBP
BETHE, RUIBERRKR CZE LRy DN, 4
F FF F1i/5, Alb fl RBP &35 FF, ik
HbAlc LR FHA, $E7R FF Xt DN A —E R
TER,  HiXAh O FIA AL T FEBE AR F 2 5.
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DN JRFE R JEF, B0 B &= mbtaf
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DA =1 B e e 8 Ak S RE 7T

Na-K-ATP 2 2 W B BE 15 1 B 2R &, R
ML B T B ) PR A0 A P UYL S P A A
[ REIESE4h TR 0] () FF J5, 2 85 5 04 pE IR
9 K B 91 R 11 ' T e 1 7 DL R RV IRE . B
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B R bR U R H I A SR R AR R,
Ui B FF X5 T R G4E FAEAE T B G &R

NO. NOS thZHETT AL AE S E B AR,
NO fRuifZ 5 P Je 48 1 1fn & 47 5K (EDVR) A 21 41
T HLE], EDVR A 855 75 UL I ARE (1 &
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HNO B3 Ai i o AW TR I, Al PRI AR 2 K R
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7 FF 0B A 300 AR

AHIFUIE AR N BB UESE, FF X =
BN ER, X5 R K RS Thee 445
BAEMEEM, B fE—sNiEXs, H
SR L P RE 2 S5 PR E IEZHZ MDA & &, W
ZWN GSH &8/ SoD &, 7 NO & &.
Na-K-ATP Fgfl NOS 7& A ¢, MLk
LA ARE T, 0 T BHTIG IR | DN iR 97 $2 6t 1
SR, v RESCON— T T DN B Dhsedifh
SOGEEIT A Bh 25, (HIX F 3 — B 1R
RIGIOAIE .

REFERENCES

[1] ZHANG L L, LIU S H, WANG F L, et al. Effect of ginkgo
leaf extract on oxidative stress and haemodynamics in diabetic
nephropathy patients [J]. Chin J Clin Pharmacol Ther(* [ IIfi

rh E AR 2455 2015 4F 3 H 5 32 555 3 44




IRZIELE: 58T %), 2009, 14(7): 823-826. [11] NILS,JINJN, ZHENG J C, et al. Inhibition of fenofibrate or

[2] TIAN X, WEI J F, LIU X H, et al. Influecnce of Bailing rosiglitazone on production of extracellular matrix and
capsule on the activity of VEGF and inflammatory factor of oxidative stress of glomerularmesangial cells incubated with
the diabetic nephropathy patients with peritoneal dialysis [J]. high concentration of glucose [J] Chin J Pharmacol Tox
Chin J Mod Appl Pharm(*F[EELRR FHZ42), 2014, 31(7): icol(H [ 24 B2 5 A B4 ), 2009, 23(1): 34-38.

891-894. [12] ZHAO JJ, ZHAO L F, YANG H, et al. Effects of fenofibrate

[3] YAN ZD, XIAO J H, TAO D Q, et al. Clinical observation on on the triglyceride metabolism and oxidative stress in steatotic
the effect of combination therapy with telmisartan and HepG2 cells [J]. Nat Med Front China(* [FlE<77 A #Y), 2011,
kallidinoenase for early diabetic nephropathy [J]. Chin J Hosp 6(23): 4-5.

Pharm(*f [H & 5 252244 35), 2013, 33(2): 139-142. [13] YUANIJY, XIE X J, L1Y, et al. Effects of fenofibrate on

[4] HAH HWANGIA, PARK J H, et al. Role of reactive oxygen expression of MCP-1 and FN in kidney of diabetic rat [J]. Chin
species in the pathogenesis of diabetic nephropathy [J]. J Cell Mole Immunol(4Hfiil5 737 Ju £ %44 &), 2009, 25(9):
Diabetes Res Clin Pract, 2008, 82(Suppl 1): S42-45. 826-827.

[S] XU S, JIANG B, MAITLAND K A, et al. The thromboxane [14] INCERTI I, ZELMANOVITZ T, CAMARGO T L, et al.
recep tor antagonist S18886 attenuates renal oxidant stress and EYaluat.ion of tests for micmalbl'lminuria screening in patients
proteinuria in diabetic apolipop rotein E2deficientmice [J]. with diabetes [J]. Nephrol Dial Transplant, 2005, 20(5):
Diabetes, 2006, 55(1): 110-119. 2402-2407. o

[6] BEISSWENGER P J, DRUMMOND K S, NELSON R G, et al. [15] 1INO K, LWASE M, SONOKI K, et al. Combination
Susceptibility to diabetic nephropathy is related to dicarbonyl treatment  of v1ta@1n C and desfemc?xamme Suppresses
and oxidative stress [J]. Diabetes, 2005, 54(11): 3274-3281. glomerular superoxide and, prosta-glandin E production in

. diabetic rats [J]. Diabetes Obes Metab, 2005, 7(1): 106-109.
7] LABUNSKY,Y v Nll’tGdLéDYl,SHEVﬂY N. R_OleJOf[ie?,cnYZ [16] MURAOKA S, MIURA T. Free radicals mediate cardiac
oxygen s.pec1es-regu ated signaling pathogenesis [J]. Antioxi toxicity induced by adriamycin [J]. Yakugaku Zasshi, 2003,
Redox Signal, 2013, 19(12): 1362-1372.

. 123(10): 855-866.
[8] FANGF, WUY G, DONG J, et al. Effects of total glucosides [17] FOGLI S, NIERI P, BRESCHI M C. The role of nitric oxide in
of paeony on oxidative stress in renal tissue of diabetic rats [J].

' ’ anthracycline toxicity and prospects for pharmacologic
Chin J Pharmacol Toxicol, 2008, 22(3): 199-204. prevention of cardiac damage [J]. FASEB J, 2004, 18(6):

[91 WANGY, LIU Q, QIN M Z, et al. Effects of finofibrate on 664-675
expression Trx mRNA in arote of diabetic rat [J]. Shandong [18] ZHOU W B, YAO J, WANG J y, et al. Effects of polydatin on
Med J(LIZRBEZH), 2011, 51(52): 39-41. oxidative stress and Na‘, K'-ATPase activity in kidney of
[10] CHUNG H W, LIM J H, KIM M Y, et al. High-fat diabetic rat [J]. Chin Pharmacol Bull(* [ 2 B 2£i@ ), 2013,
diet-induced renal cell apoptosis and oxidative stress in 29(11): 1625-1626.
spontaneously hypertensive rat are ameliorated by fenofibrate [19] PRABHAKAR S S. Role of nitric oxide in diabetic
through the PPARa-FoxO3a-PGC-la pathway [J]. Nephrol nephropathy [J]. Nephrol, 2004, 24(4): 333-334.
Dial Transplant, 2012, 27(6): 2213-2225. ks H#: 2014-02-28

IRE Al B 39 A RO ALER [ E I A BRI 4E R B AL S 53

fe U B R 20 e ARER, WHT % 3133005 2.0 EEEE R, BE0 210000)

WE: BR 4K iTH4% W 85 B(ginkgolide B, GB) % Lk s - 12 4545 K RAE R 69 S LR VE R R LR hLhl . 33k &
R RS MU fr B EREAL ) 100 R SD K R IAHLL A S 4. BT K, ék)ﬁlﬁ-;‘%‘]i#}iﬂéﬂ, GB &. P. M&#&21(60.0,
30.0, 15.0 mg'kg™), #4020 R, FTFRMHEFL % 7 d. @ TFMLEILERIRANE L 30 min BT FHEE, AR
W EBy B dn AR EAL A AL A8 h B M S H AL T AL, £ & A ® ,\,J%ﬁbv)# P & 3PN EAL B 64 E | RT-PCR
F= Western blot 2~ % Y5 ) . WLgm At ¥ 8 =48 % % & Bcl-2. Bax #9 £ 44, & p-Erk. p-Ink. p-p38 BEBA ALK T T, R GB
TREREFRER R e FRERG B SHik; GB P, A SMA TR EMIK Erk, Ink & p38 #iiib; #iEHMAT
Fo L BACIB IR, KA WL dn B G BRPAE R . 510 S B Z AT 4025 25 GB A% /) B B IR 14 1 AR 4G AR
REAR, HESHEE, X—FPERATREZBTREAFRA T ERLEZSEAFAG,

I A MBS B; SRR BEERG; A AT

FESHKS: R2855 NERREE: A YEHS: 1007-7693(2015)03-0289-06

DOI: 10.13748/j.cnki.issn1007-7693.2015.03.008

EEBN: BB, B, BIE(EZHT Tel: 13355828886  E-mail: hm070115@163.com

o EBACRI 252 2015 4E 3 H 565 32 555 3 ) Chin J Mod Appl Pharm, 2015 March, Vol.32 No.3 .289.





