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ko', BERA, B, TREC, Mwmr’, B4,
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(1. FNERKF REAEEZHHAE, M HH 550025 ; 2. wMEFR A¥ EXER

RKENE KA breE R L%, F/N %M 550025 BEMERAFHEE KR
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E . BE R a— ARF8R (ALA) &R KX R BRI 4E R, SHRT L TRk a9 VR Auhl.
Tk AHINERR R RAEAR, oA RRA (DM 4L), ¥ERBAMFERA (ALA 4 ), JFRE EF 8 (NC
), K6 FEARARKA, MAAE AIGATFA AKX BA BB IEAR ; HE. Masson $2 &AL F20 42 69 7
AT R AR F Fe Western blot A K RE20228 W 4745 F 375 B F( SnoN ) # L £ K B F( TGF- B, ).
Collagen I, Collagen IV RiEKF, R ODMAXRAKFTE/hE., ol wIEEE, ZfHid, 24h
REGO¥HZHT NCA,ALA AR T sshd LA 354739 TF DM 28, @ DM 4 & AL B % ( T-AOC ),
A BN HACHEE L (T-SOD ), dAAEAHEE (CAT) /AT NC 4, A_f4% (MDA) ¥ % ; ALA
20 T-AOC., T-SOD., CAT #&HZ T DM 4, MDA 2%k, QRS R T, DM AR F B I T4 41L
A, ALA A m T Rk &, @D E AR FF Western blot R 27 : 5 NC 2848k, DM 48K
R, SnoN & & K -F Ak, TGF— B,. Collagen I Fa Collagen IV ¥ ;5 DM 2848, ALA 28 SnoN & & K -F+
%, TGF—B,. Collagen I #= Collagen IV BAK., 518 o — BFIR TR DM KR I kst 7, LiR
SnoN & & 9 £k , Mkl TGF— B, 15 5 il 8, b 4a SN AR, xEa ko X R B REAe B4R 74

K . BEASRE R ; TGF— B, 125 i8% ; SnoN ; B ; o — FLFER

FESES : R-332 XEkFRIZES ¢ A

Protective effect of alpha lipoic acid on kidneys of diabetic rats
and its possible mechanism*

Xiao-huan Zhang', Yan-wen Mao', Wei Peng', Yuan-yuan Wang’, Li-rong Liu’, Ling-ling Liu',
Ming-juan Shi', Ying Xiao’, Lei Tang’, Bing Guo’

(1. Department of Pathophysiology, 2. Key Laboratory of Disease Pathogenesis and Drug Control, Guizhou
Medical University, Guiyang, Guizhou 550025, China; 3. Clinical Laboratory, the Affiliated
Hospital of Guizhou Medical University, Guiyang, Guizhou 550004, China; 4. School of
Pharmacy, Guizhou Medical University, Guiyang, Guizhou 550004, China)

Abstract: Objective To verify the protective effect of alpha lipoic acid (ALA) on the kidneys of the rats with
diabetes mellitus (DM), and discuss the possible mechanism. Methods Diabetic rat models were established and
divided into DM group and ALA group. Meanwhile, a normal control (NC) group was set. After 6 weeks, the rats were
sacrificed to detect the relevant biochemical parameters and oxidative stress indexes, and the pathological changes of

the kidneys were observed. In addition, immunohistochemical staining and Western blot were employed to detect the

Wk B3 . 2017-03-30

*ILETH - R ARFRAS (No : 81460144 ) 5 SMAFHETUONH (No : BRHEA G [2014]7006 5 ) ; HEFMBHESWH (No -
2013521510001 )

[ BfEVE# 1505, E-mail : guobinghs@126.com ; Tel : 0851-6908348



R BREE 2 Ak

5 28 &

expressions of TGF-f1, SnoN, collagen I and collagen IV proteins in the rat renal tissues. Results Compared with
the NC group, the kidney weight/body weight (KW/BW), blood glucose (BG), total cholesterol (TC), triglyceride
(TG) and 24-h urine protein were remarkably increased in the DM group, all the items but BG were significantly
reduced in the ALA group. Compared with the NC group, the activity of total antioxidant capacity (T-AOC), total
superoxide dismutase (T-SOD) and catalase (CAT) was significantly reduced whereas malondialdehyde (MDA)
content was increased in the DM group. Compared with the DM group, the activity of T-AOC, T-SOD and CAT were
remarkably increased, while MDA content was reduced in the ALA group. Pathological examination on the kidneys
indicated that renal tissue presented fibrosis changes in the DM group, renal fibrosis was obviously alleviated in the
ALA group. Compared with the NC group, the levels of TGF-B1, collagen I and collagen IV in the kidneys were
increased, whereas the level of SnoN was reduced in the DM group. Compared with the DM group, the levels of
TGF-1, collagen I and collagen IV in the kidneys were reduced, while the level of SnoN was increased in the ALA
group. Conclusions ALA may protect the kidneys of diabetic rats from injury by oxidative stress through enhancing
the antioxidant ability, increasing the levels of SnoN protein, then inhibiting TGF-B1 signaling pathway and reducing
the deposition of extracellular matrix.

Keywords: diabetic nephropathy; TGF-B1 signaling pathway; SnoN; oxidative stress; alpha lipoic acid

BE PR 5955 ( diabetic nephropathy, DN ) &R
W (diabetes mellitus, DM ) # & UL 9 7™ 58 4 1M 45 O
RAHEZ—, DN W3 Y 3= 2005 VR AR A0 45 B /N sk Ak
U/ NE R BT 4Rk, T4 AE N (oxidative stress,
0S) 1 DN (At fe ok 4 R Y 7RIEH
AR, WEEMTEPESA (reactive oxygen species,
ROS) R HAN TR (Ui AL
TeR . ARG ) TEER 5 AR i AR 85
fif, ROS PR Z i BRI, AN REEK AR ROS
fE R TR 1A 00 A A AR, 7 A R i 4R
AR (NN —RESS ) 5 JF Hoal DA I N AH O
F OSBRI , SNSRI T e 4R K
T (i E R T S8 i gV E R4 ) 3t
PR SRR RS, B IANIEANERT (extracellular
matrix, ECM ) i BEUTRRIMTIE WUB BELF4EAL ™ hi%e
KT ( transforming growth factor 3,, TGF-f, )
{5 B2 F RTINS 08 R B JIELT AL 2 DA G
PR i, EESEE ST /NS b B AN e 8] 5 5
0 Ak ( epithelial mesenchy—-mal transition, EMT ),
fEfdE ECM & B8 hn - il FE R e i BEOAR, M
T2 B ELFAEAL iR SR I PR Ski-
related novel protein, SnoN ) & TGF-3, {5 5 1% 1
TP, AT LGE 0] TCF- B, 5 5 il H R 4E
e NELTAEAL R . BEFERET Y, o - BiER (alpha
lipoic acid, ALA) B—MEmapiE s, TLIER
TSR, X RS R i A SR A IR TT
e DI, ARBETE B ST AT ALA X DM K
BB ER DR E T, IR 2 @ i 5 SnoN ik
FITGE- B | 5 S AR S AR X B R G, Lt

— T ALA BIPEFIBLE], 2 DN BB AR e .
1 #MEERE

1.1

111 FEWzhd  fEREIEHMEYE Sprague—Dawley
REL, AHE (180£20) g, Ft24 H5 b ntfERREA:
YIRHE R A A PR Rl AL, 152 SCXK (51) 2009-
0004

112 E2ZA ALA (PEBES AW ), SRS
= (Streptozotocin, STZ ; FEH Sigma A, BPLE
AWy i 3% 1 (total antioxidant capacity, T-AOC ), JL
i A L W Ak T 3 PE (total superoxide dismutase,
T-SOD ). T4 (b & B 15 ( Catalase, CAT) I
ft ( Malondialdehyde, MDA ) i 7] & ( ® &% & 2>
7] ), SnoN. TGF- B, 2 WP ( 35 E Santa Cruz
NED), Collagen 1 #11 Collagen 1V PATT PR (£ H
Sigma /> A} ), B —actin PLI& ( H1 [E Boster 24 ), P
WA H A A IR & L 3- Ak -9- LHER
B ( 3—amino—9—ethylcarbozole, AEC ) ( P24 MF4W)
TARGIRAF), THREBMR, BHEE A (enhanced
chemiluminescent, ECL). —HEEMH R ( bicinchoninic
acid, BCA) HHEWENER & (B aRAEYHEA
WFEH ), Western blot JH PVDF JEH1 3 mm Whatman J&
2% SEIE Millipore 22 ] ), BCA H 11 LM s i) G 2
TRADBARIFEIN ).

113 22E&M RPN (SEREERAL
Al ), MK VKFE ( HAR Sanyo 23] ), KR 2.0
Ml ( 32[E Beckman A F] ), Bayer1650 4 H 344k 74t
X (S Beckman 2AH] ), FLIK R ML RS E (K
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H Amersham 28 7] ), %G RS ( 92 [F Bio-Rad
NEIDN

1.2 FHik

12,1 FHhHER L H A 54 SD RSN HEESE—
FAJG, BEIKESHAT 0.01 mol/L ( pH=4.5) JCHF
iR — AR AN ZE R ) STZ (55 mg/kg ) il DM KR
BEAY, 72 h S IR RS IR I, 1A = 16.7 mmol/L H.
PRAEBAMEA R S ), B B AL 5 BB R 2 ( DM
H,n =8 ) B FIRIGI T ALA 2 ,n =8 ). Jli 2 FiJ5,
KHUHE B 7 G T RRIGYT, WERRIE T 5% MR
FH LA e =240 ( car—boxy methylated cellulose , CMC i,
HEEFE R 150 mg/ (kg - d), HE%BZ6d, 3dE—
K2 (A°CHRAE ); T 5 B AR [R] Y 1E X B4 (NC 4,
n =8), i H MRS E 1 CMC 5 6 J& 5 4bFE i
A7 SD KB, IR A AT R B P ARl RS, F oK,
BRI 1 YR UBE R A R

122 ARAME KREASERT 1 d FHACEHIEIREE 24 h
PR, ACsEbRED, BGR RIEES O JF 20°CIRAF 5 At
HIZ5E 6 ~ 8 h, LEHRREFEARE, sk e filsR I,
3B —20°CARAE 5 FFREHOSUN B E, i g A
JAFI BRI, FREiCskE E /K E (kidney weight/
body weight, KW/BW ), 43 5l /| 4% 2 5 W [ [ &
K -80CARAE

123 AACIRARRIE A A A I I I A A
( blood glucose, BG ), Tt 3 By K6 0 1fin S JE T B ( total
cholesterol, TC ). =t ( Triglyceride, TG ), BB
=t kMR & (urine protein, UP), 41
GV B4, IR R EE 5 IR EE TN 24 h UP,
124 FACRBOKR-FAR B EHLRRARBIFRE
02 g#% 1 : 9HLHS 0.9% Ry EBEKIRA, BT
)R UK EAJ AU N 10% IS5, F
BCA & [ 800 3701 6 000 2 2 50 J 1 B VR B
I Ja 2 BN & Ui W 43647 T-AOC. MDA, CAT #l
T-SOD WKz, FHorfr, il T-AOC F1 MDA B B
i1 109% BIZHZL5)3 5 Al CAT B FEATE 10%
FILH 2513 B LRI 1 A= BRER KA 40 RS, A
T-SOD BPEAEAAE 100 (5F5 B . 4 TIUHE bR 1 Rl 34 2%
Htbk,

125 FazmEied ZRWEREFHHA, Sk
3pum JBRAEEY R, 17 HE & Masson {0, JGE50
ZRHLUE LA

12,6 SRALFEE pEEHLSULFYERA
SP WAL Collagen 1 7E45-2H A BB 2L 2L 0 A Al

Fik, AV B KA, 2 3% it R E LB T
TKIEE M EEHEE 5, Collagen1(1 : 100), 4°CHEH
WROMAAEYZEA ST, EIE THE 30 min, AEC B
o, I e, SRARFEE Y, PBS AU —di, 1E
B ER E
1.2.7  Western blot #m] B —80 CARLF AU KBS,
BRI, AR HAREARE 200 mg, A3BIINAZHZUE PR
WUE 2B OB, FH BCA S50 & E 4520 2R 1 TR
W, RPN ASvR BEH A Uk E s R, I AInEE
ZZPIRAE IR 10 min, 28 8% AY IR P L HEUEE I FL Tk 43
B, B R PVDF L, 5% W0y a3 1 h,
3 A B —actin, SnoN, TGF-B,. Collagen IV —
o, TAEMIESSIN 1 : 4000, 1 : 300, 1 : 300,
12 1000, 4CHEE 12 ~ 24 h 5 WH, IIAFHR Y BE
MR E ALY EEbRIC i =T CRIEIN 1+ 4000) =
IR 1 h, 0 ECL 2GR AW, HER GG,
Image Lab BAF M8 S5 AR B UE, AR TR
BefE3 IR, LA B -actin EASWEANS, ZRHH
trEES B —actin AYHLERER
1.3 Sit=rHiE

KT SPSS 17.0 A #- T 4e 122 a0 21, SE9 A
DB + drdEE (xxs) Fon , EAHARMT & IESTR,
Wi 22 RS, 24 AR FH LN 7 25 40T
ZH ] HL R LSD—1 K56, P <0.05 M2ERA 50T

2 #R

21 AR

KA STZ 72 h )5, BG FHE R 8ee mK
S, HIRBEFAME. S25% 6 A, 341 KW/BW. BG,
24 h UP, TC M TG Ib#, KRR E T 2500, %
SHGFE X (P <0.05), DM 4/ KW/BW ., BG,
24 h UP, TC Ml TG 5 NC 4 M b7 (P <0.05) 5
5 DM 4 M, ALA 44 KW/BW ., 24 h UP, TC I TG
KIFEAR (P <0.05), 1 BG i, %94t X
(P>0.05), W& 1,
2.2 S|REKFRMEE

SEhy 6 JHJE, 3 HKRREAHLA T T-A0C, MDA,
T-SOD Fl CAT AL, KRR R T 22004, EZRA5%
1227 L (P <0.05); DM 41 T-AOC., T-SOD Al CAT
5 NC 4AH LR, (87 ALA J697)5 , ALA 2 T-AOC .
T-SOD FI CAT {4 DM 434 %5 (P <0.05) ;5 1fii DM
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o 28 %

ZH MDA % i 8 NC H FH & (P <0.05), ALA BEFEAIK
DM K EUBF£H4 MDA &8, W3 2,
23 BHEARENT

HE & Masson J¢ 8, 0] WL TE 3 K BUE /NS g5 40 15
BT, B/NE AT, SRS, TR
DL ARAEANAIRE 5 DM ALK BUE /NE P okl &, B
IV SE RSN A JEE B /NG b B AT 30 R
AR, R) S5 B RE AR, B /INEFIR] R Masson Gt

*1 KHAKXREKWBW, BG. 24 h UP, TC. TG K%k

NC 41 7.28 £0.65 5.88 = 1.05
DM 4H 12.15+1.57" 25.92+1.86"
ALA 41 10.58 +0.58'"" 26.60 = 1.69"
F1H 66.573 119.112
P 0.000 0.000

CBHTEY T 2 5 ALA 4K BUE 0w 28 A A [ A
MIGE, B/IMERIB Masson e (0 FRPEY) Bosicb, JAE
ANMIIE R, S ADRBCEAIT R (K1, 2),
24 GEAZNFER

P B A YLK Collagen 1 AYZRIA, NC 41
KRB S Collagen T B €8 3= A7 AE 1L/ S FE A
SHAEIETT, 1 DM AR ERH PG (a3 2, Al LY /N
AR BHPEY 5, ALA JAYTJE Collagen T A A,

(n=8, x+s)

3.13+0.54 1.41£022 1.42+0.38

20.65 = 1.05" 234 £0.30" 2.41£0.59"

16.12+0.71"% 1.56 +0.33" 1.37£0.45"
27.566 25716 13.731
0.000 0.000 0.000

e 1) 5 NCAHAML, P<0.05; 2) 5 DM ML, P<0.05

®2 BAKREWRHKTFHLLER

(n=8, X+s)

NC 41 0.67 £0.02 2.06 £ 0.09 688.53 +49.76 44.60 + 4.50
DM 4H 0.32£0.01" 2.62 £0.09" 433.41 £37.11" 24.36 +2.49"
ALA # 0.56 £0.06'* 2.19£0.08"" 640.99 +27.52” 4430 +3.57”
F1y 131.181 72.075 68.405 70.539
P1i 0.000 0.000 0.000 0.000

e 1) 5 NCAME, P<0.05; 2) 5 DM ML, P<0.05

A: NC4H (x200) ; B: NC#AL ( x400) ; C: DMZ ( x200) 5 D: DMZL ( x400) ; E: ALAZL ( x200) ; F: ALA ZH ( x400)

1 BHEKREHARA

W75 (HE 4ifn)

e 4 .
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o WA 3, DM 44 SnoN 257 K JFEE 4>, TGF-B, il Collagen
2.5 Western blot &R VA BRI, 225 A %13 L (P <0.05) ;

Western blot #1452 SnoN . TGF- B, 1 Collagen 5 DM i, ALA 20 SnoN & A8 AR 3%, TGF-B ,
VR 2R K, NC 4, SnoN £ Botass, i Al Collagen IV 457 AR ANAR 55, WESAH ST XL
TGF- B, fil Collagen V457540455, 5 NC 4iAHLHE, (P<0.05), WK 4.

A: NCZL (x200) 5 B: NC41 ((x400) 5 C: DML ( x200) ; D: DML ( x400) ; E: ALAZL ( x200) ; F: ALA 41 ( x400)
B2 HEHXREAAWS (Masson Jift)

D E F
A: NC4L (x200) ; B: NC4 ( x400) ; C: DM# ( x200) ; D: DM ( x400) ; E: ALAZH ( x200) ; F: ALA ZH ( x400)
3 BAARSEALA Collagen | EEFRIE (AL ULF LM )



T AR R 2

AT 828 %

SnoN 77 kD
TGF-B,25kD

.i - , ’ Collagen IV 170 kD

B —actin 43 kD

NC 4 DM 41

ALA 41

1) 5 NCHi, P<0.05; 2) 5 DM 414, P<0.05
4 HAAXRBHALAG SnoN, TGF-B, #1 Collagen |V E B RIEKTFELE

3- B2 SnoN
2 E3cr-s,
a Fl B Collagen IV
<2 -
# -
® "
a0 o
LRP :E
1) :E
0 g
NC 4 DM 4H ALA 2H
3 i

A I BRI Ay S 3 SO PR S HL I R A
BRI Z — 7, ROS ;7= H: FE B 2 18] 1 P i e o 1
B N B AL B IOK -, ROS P22kt A/ sibi 8k &
28 G P 04 AT AT S B AR B OK S 3S n. 0S
ATLAA S B A0, 2R3N B/ N /N
A 4 S kg e Lo Y AR Y, E
BErf 20 0S v LABEIR I 40254, fl B /NER A2 40
HL R ZRAE K 5 33 21 ROS FRE: il A1 75 5 B /N
ST S A (8] AR AL TR . ARBFFE A2 ] DMK
BB 6 JiJ5 &80, DM K EUE 48U i Ak =)
MDA & 8T+ Pt E e i T-A0C, T-SOD K& CAT
TEPEACTEREAR, HAEA B 0 B s ek s, R
WEPRIR S HAA LR N e, PUAfLAR S TR, T ALA
VER—FpT AR, IS AT AR SRR T, #D
HIIR B e & e ARSLEAE DM K USRS i 2 JA)
JE4T ALAJRITF KL, ALA 41108 SR B0 I AR
1k, (B K A YA A s ALA 41 B AR A2
FEVEE, [RIBTAEZS T ALA JAJT I KBV RS I i 41
RN, PreEfbhe Jigse . 3R ALA AT RLREAR
DM KU HE Y AR D SOK -, B DM R BUE D RE
AR

AR, O MRS, Bk
Wit Z 1 ROS AIOE N 2 5515 5l g, fu4f MAPK
WP ERKGEEGSE . AR, BN/
Wit £ 7742 1 ROS 5 TGF- B, 84T 44k 7 K
SERERORI R, AR R BRAF A KA . BT
Wil Z 1 ROS AT REWIA T T TGF- B, 15 538 B 19
T, DN G B e A48 5 o 1T B £F 4Rk & DN 2%
AR HIRIEZ —, A ZAMHE 725X A,
TGF- B, & HA A AR E BT HIN 72—, £

BLE A T TGF- B | 15 53 P R K #5 HB LT 4E el
Bz "M SnoN AE S TGF- B, 15 538 % (1Y 171 18 45
T, RN et B L E AR, B nl LA
TGF- B, {5 ‘518 B A, IFAEMH ECM UL, M
17 25 3 2 2% 5 41 e AL AR 0 H ) T ARSI R
DM # SnoN % 1 % 358 NC 410 /b, TGF-B, /KF
5NC 4k, JEHAEbEE Collagen I, Collagen IV
KRBT 5 M ALA JAY7 THUS, SnoN & [HFKiA
W%, TCF-B, EARBABIFVIBKEY TR, 52
56 )G, KREUE4141 ROS =A%, Isfint A0
FEIGE, Prabre s, (e TCF- B, maRism
il SnoN E 1815, T2 SnoN 5 TCF- B, {5 5l i
B g e IR, TGF- B, @t NI N5 5 5% =,
fEHE H AL A Collagen 1, Collagen IV 5% 3¢ 1 B %
W il Collagen I, Collagen IV A5 B 6] o i e A A
%, DN KALF4 e 5 1AL ALA T 15
DM K EUE N it AR BE D, P fbRE TG i,
PKIZ SnoN 2 HAKE IR TGF- B, ik, P&
(] (14 OC 28 BT A 3P4, T A PR AE 2 FNGYT DN 1Y
YEH

Zi TR, ALA /0 T DM K BV IE ROS (7=
A FUIR B4, 2E i b8 SnoN 2K FH g Rk . BH IR
TGF- B, 5 Sl B HFE T, DT & 4% H 4 27 s BEL b
WELF b & A R SR AIVERT, X DM K BB IR I 40
YERL.
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