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AEE, REE, ¥ B, 21K AEXS RER

W D BEEBE NI T2 B w2 BT (BT & 453003)

(EE) BH HFiPERZERE SR Lepr™ /MR RGN . F73E LIRS H I R 2R A A Y
Lepr™ (13 18) 5 Lepr™ MM/ INEAS 10 X, A5 F08 W, 43 B IS W4/ BRUA BT & | 25 I8 M8 (FBG) A AL I 217
(HbALc) KFo /INBRZ B 0 kR MG AR B o R PR £ A8 0 1 7% H WLIF (CRE) . JRE A (BUN) | #8 AL 1% 1k il
(SOD) . AR H K (GSH) . TN [ (MDA) 87K~ o BEEER S0 W B2 CELISA) A I 1l 375 v 28 14 4 it A1 - 1 4 A A
E-1B(IL-1) | PAZANMIEIL I F-1(MCP-1), R 3RSE R F-a( TNF-0) 2GR K - BUE U RIS . Western blotk:
B 2 2 p A2 R FE2AH G 2 (Nrf2) K IR F-xB(NF-xB) 25 3815 . FEHUE L2 2 i {4, Western blotRGHil £k 14
FRSE IR & R (lipoic acid synthase, LIAS)&E I IFRIKAK T, ER  SLepr™ /NFAMIL, Lepr™ ™ /NRAK R . FPG,
HbAlc, CRE, BUNK 4TI, 22 FA i X (P<0.05) o SR IR, Lepr™ /1N AR ILE MO SE 58, T Lepr™ /1N
BV /NER PR K, SRR R B A B 52, R AN AN R B SE B 22 . 5 Lepr™ /NBURIEL, Lepr™ ™ /NBUML I T GSHIK
S-REAG, MDAFN S FMCP-1, IL-1B, TNF-a/k F-H T8, 2 F A i 75 X (P<0.05) ; Lepr™ /N U ELRE AR Y
LIASHI B 4 Nrf2 8 [ R 8 = B FRAIL, MINF-xB&E AKFTHE, Z25 A 5= X (P<0.05) . it 28
Lepr™ /N BAFAESE A ORI S E RS, P B ML 1] -5 LIAS P Ne 2 HINF-kBA X
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453003, China
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[ Abstract] ~ Objective To study the mechanism of renal injury in Lepr™’®

mice with the leptin receptor
homozygous deficiency. Methods Ten male of 28-week-old Lepr™" mice with leptin receptor heterozygous deficiency
were selected as control group and ten male Lepr™’ mice with leptin receptor homozygous deficiency were used in this
study. After fasting for 8 hours, the body mass, fasting blood glucose (FBG) and glycosylated hemoglobulin (HbAlc) of
the mice were measured. Blood of the mice was obtained from femoral artery before euthanasia. Serum creatinine (CRE),
blood urea nitrogen (BUN), superoxide dismutase (SOD), glutathione (GSH) and malonaldehyde (MDA) were detected
by corresponding kits, and serum interleukin-1f (IL-1p), monocyte chemotactic protein-1 (MCP-1) and tumor necrosis
factor-a (TNF-a) were measured using enzyme-linked immunosorbent assay (ELISA) method. The kidney was taken for
pathological observation. The expression levels of nuclear factor E2-related factor 2 (Nrf2) and nuclear factor kappa B
(NF-xB) in renal were analyzed by Western blotting. The mitochondria of renal was isolated by the corresponding kit.
Meanwhile, the expression level of lipoic acid synthase (LIAS) in renal mitochondria was measured by Western blotting.
Results The body mass, FPG, HbAlc, CRE and BUN levels of the Lepr™”® mice were significantly increased in

db/+ db/+ db/db

comparison with the Lepr™ mice (P<0.05). Compared with the Lepr™ mice, the Lepr mice renal exhibited

glomerular hypertrophy, thickened basement membrane and capillary wall, the mesangial matrix expansion and

" mice, the serum level of GSH in the Lepr™’® mice was decreased

significantly (P<0.05). The levels of MDA and concentrations of MCP-1, IL-1p and TNF-a in serum of the Lepr™”’® mice

were higher than those of the Lepr™'* y

mesangial cell hyperplasia. Compared with the Lepr™

mice (P<0.05). Compared with the Lepr™’* mice, the expression of LIAS and Nrf2

protein in the Leprdb/db mice renal were decreased (P<0.05), while the expression of NF-«B protein was increased (P<0.05).

Conclusion LIAS, Nrf2 and NF-kB might play significant roles through regulation of oxidative stress and inflammation

in the renal injury of Lepr™'™ mice.

db/db

[ Key words] Lepr™” mice  Renalinjury =~ LIAS  Nrf2 ~ NF-xB
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HRORE RS BT HE A 24.39% . B BRI B R A TR R
UL E R AE 2 —, 2130%~40% (1BE RS (B # 4%
P AL S, SRR PR R FBOE ) B N B
YR, WE PRI B 8 3 B 2 A b S AR DG IR 1 G4
JHLZE B PR, Bl R R 4% PR -k 1 . ok
R AUESE R, AR S R AE S5 TR R B e
() A M R R 1 A T 2R TR A B R B Kb Ak
ST AT AR RIS

Bt S R A b A P B = 2 5 U (lipoic acid
synthase, LIAS) fE ™ 4 s BT 8 AR B E IR vl
DAV BRIR N Z2 80 B R 308 T b AR, ZEAR
PrEALR G T AR BT, BT HAE
AR AN AR, AR R R Lok A2 410 .
LIASXIWE DR S S PRI A 4 T 2P,
IR C W m R T PR P 28 R GE 0 AE IR YT

98 R AR SE A BRI B Lepr™ /N B T BELUT T8 &
{55 i, RICAIRE = SRBTRIE N, 8w, R
By RIS 5 NSRRI A LB B A 2R B LR &
fiE, 2 H AT 5T I I KB PR i S i il 2z —
A VR ZH AT RIS R B, 10 JE1 % Lepr 5 s 7N B
HF. B LR LRLRLIASE R = A HTFER,
Lepr™®/|NFRAE A 7E 28 J] it BT S 1) A0 35, Ay
PE— 2 ARRE R B B AL, A ST i A
2898 R ZARD A BB Lepr™ /N Lepr™ /N FUFF
PR OCHE b B P 2L Th LIASHR 1 33k, IRl
PAZH /)N BRUE 20 2L SAL I BOC BEA 45 3 1 A% R E2 A
FHF2(nuclear factor E2-related factor 2, Nrf2) & 4
SEFBURRIPIAZ 5% 3% [ F--«B (nuclear factor kappa B, NF-xB)
HEHARIR, S BT LIASTE IR 45 B I AU A0 8 B A T i
YRR, R BE PRI B3 PR B T6 0T SR H AL 3

1 #RFTFTE

11w

1.1.1 E3h4  SPFY Lepr™ M Lepr™ /N X0 H
X [HJackson LM = o B F% T kA7 R &
(AVO) s b5, F & (15 B3 B SPFG/ N BRURDEL
YK, %20 ~ 25C, MR 60% ~ 70%, AR W]
WA Ao 12 h/12 he SIS 00 Fir A 45/ E 1 <7
W 9 BB s R gE 25 1

L1.2 KA AL E ALY B AL (superoxide
dismutase, SOD) . N % (malonaldehyde, MDA) i
&, JJUEF (serum creatinine, CRE) . JRZ & (blood urea
nitrogen, BUN) KA AL M £L 45 11 (glycosylated
hemoglobulin, HbA1c) %y Hrid ) & (7 at dEA)

W A2 b H K (glutathione, GSH) I % 15 5 (Jb &¢
%%i) H H*@%% F--a(tumor necrosis factor-a,
TNF-a) , F I LE H-1(monocyte chemotactic
protein-1, MCP-1) . FI4ififi/r % -1p (interleukin-14, IL-
1B) FINEREIR G e W B (ELISA) K37 & (i 1+
) 5 SRSy B R & L BCASR 1k B I a7
(B B RK) s SR BB H s - 3 - Bl R I S (
glyceraldehyde-3-phosphate dehydrogenase, GAPDH ).
R ZHILIASHUIAR (€ [E Proteintech) , ft LT NF-xBHT
T RBHIN 2R | S BP0 40 i (0 3R C A 1h i (
cytochrome c oxidase, COX) W.FEIV ( COX IV) (3£ [H
Cell Signaling) . ZIIBEMFHRY (3 [E Thermo) .
1.2 KIHE
1.2.1 KB BAT AR P27 H
Lepr®™ KeLepr™ /N AA10 1, il iR FR 1 . 2588
h, RPN B PR, 28 B R, PR A AR 58
Y 1A A 5 /)N B 25 BB LA (fasting blood glucose,
FPG), G AR & A HbALe. S BRI o
LR I, AT . 538 TE, A B R B RS
PRI, B -80 CORAF o IS B TR RN BCh
4%Z TP EELE &, A ST F .
1.2.2 /) R if ALIE AR R IOE B T eg4em R
R S AN P 2 /) BRIV SOD . MDA, GSH., CREF!
BUNJK o K HJELISAMN E IfiL 7% P IL-16. MCP-1,
TNF-oJit B S8, BAARRAE AL RS IR0 @ i
123 WALREFEE HHLEE24 5, T
BBREIK, WA B AL R, HEZY (3 L5 B /INER B
RN A A, LA B A5 (PAS) Y 8 1] T4
J Y S 5 S B /INER LI, B R S 6B T
/N IR R
1.2.4 KFEARIZILZ Western bloth ] & & &L
H220 mg'B 414, A 2K F A e (PMISF 2 L) 94k
KL B TA 200 WL, SR 28 380 00 125 SR MU 2H 214
RER IMAZRAR 2L, R FHBCAE AT FIE i,
T RAMLIASTE 1k . 73 H20 mg'H 2404, U
ZUEH, BCARE & &5, TR IINr2, NF-xB&
FRik, Ik, 5. BHHE, #1 : 10005 51A
LIAS. Nrf2, NF-kB, COXIV . GAPDH¥i{K, 4°C W&
IR . LLCOXIV HLIASZAI AN ZE H, GAPDH Y
Nrf2, NF-kBINZHE 1. AI00%EIE ML R4 1%, H
Image] 2x X PFHEAT 40, g B B2 11 5 A 0 N 20
JRFEPUAH, HEAARRT IR K-
1.3 HitFEFE

SRR DA + s, W2 ] Loy 25 5 IR
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RIS, Jr2EANFERER T K25, K IR /K HEa= 0.05,
2 R

2.1 Lepr" FfiLepr”"INR—M & B FER B RER
(SERVLEES it A3

W1, SLepr" H/NEHLEL, Lepr™®4H /N AR
w1, FPG, HbAlc, CREMIBUN/K YT &, 22 5%
IR G L (P<0.05)
2.2 Lepr® #Lepr®™ "IN & R # F0 K EHH K 45
FREEEE

ELepr™ /N HLER, Lepr™ /N R MDA,
MCP-1. IL-1B. TNF-aJit i ¥ B4 &5, GSHIF EF%
K, 2R IAE G5 X (P<0.05) . W32,
2.3 Lepr™fLepr®” “INR EHLFIEFEMNE

HESL {0 K PASYL (e 0] UL, XF B L Lepr™/INFR B 4
YL S8R, TOHA R B A AR s T Lepr™ 20 /NG 31
B /INERRE A, SR A T 40 1 A5 RE R I, SR A4 T 3R

JEEJE 3 22 S ks . DKL,
2.4 Lepr® flLepr® "N S &N ELIASS BHR
Nrf2 X NF-kBE ARIE

Western blotha il 25 5 7 : 5 Lepr™ 21 /N LA,
Lepr ™2 /N bR P LIAS | B AL 2N R Tk
AR, B AU P NF-«BRE 1 3RIA TR, 2 RIA S
B (P<0.05), L2,

3 e

AL IR R B 95 114 A R R v A A
HHo W, b B R A T 1 A, TR
BLAAR N B LIASYE FH T AR B0 Bt~ 1 LA W 3 1) 355 B
TEPEEAEHM S RATHTAAGE & B, LIASEE F17E10JH
W Lepr™ /N NEL R T Fe ik 3 o . AR 4R &
P, 55 X3 B8 Lepr™ 4 /N AR HL, 28 J&] i Lepr™ 40 /INFRAA
JFi e . FPG I HbALcH i THimy, 550l b sh a3
5 Lepr®* 20 /N BRI H 4204k 1 848 A7 GSHFR I,

1 Lepr" " FLepr™ " INR— MR E FER B R BIRGHEIERLR (X 5, n=10)

Table 1 Comparison of basal metabolic, glucose metabolism and kidney injury related indicators in Leprdb " and Leprdb " mice (X + 5, n=10)
Group Body mass/g Kidney mass/mg FPG/(mmol/L) HbAlc/(mg/dL) CRE/(umol/L) BUN/(mmol/L)
Leprﬂlb/+ 31.35+3.31 244.3+25.4 6.64+0.89 3.0£0.3 1.43+0.34 7.55%£1.31
Lepr™™ 65.56+6.43* 242.6+24.1 30.04+4.29* 7.420.7% 2.4240.76* 9.90.+2.38*

*P<0.05, **P<0.01, vs. Lepr™* group

£2 Lepr™  Lepr™ " WA/NR MBS HISIR S R M EFAFELE (X £5, n=10)

Table2 Comparison of Serum oxidative stress and inflammatory factor levels in Lepr’

db [+ db /db

and Lepr” " mice (X £ 5, n=10)

Group MDA/ (nmol/L) GSH/ (ug/L) SOD/ (U/mL) IL-1p/ (ng/L) MCP-1/ (ng/L) TNF-a/ (ng/L)
Lepr™” 4.04+1.40 11.73+1.83 69.13% 7.38 108.33+ 28.47 272.26£40.50 921.89207.24
Lepr™® 7.00+1.76%* 4.85+1.44% 64.56+10.98 176.51456.71%* 343.34284.70* 1653.97£690.26**

*P<0.05, **P<0.01, vs. Leprdb/+ group

B 1 Lepr™” (A ) #Lepr™ “(B) /NGRS AHIEIEL . x 400

Fig 1 Pathological observation of kidney in Lepr™* ( A ) and Lepr

A,, B,: HE staining; A,, B,: PAS staining

4/ B) mice. x 400
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B 2 Lepr™* (A ) FlLepr™ “(B)4H/INR S L&A FLIAS, FHAN2 NE-
«BEHEMRIZ (n=10)

Fig 2 Expressions of renal mitochondrial LIAS, Nrf2 and NF-«B in kidney

tissue of Lepr™* ( A ) and Lepr™®

(n=10)

(B) mice by Western blot method

*P<0.05, vs. Leprdb/+ group

MDA, MLE R AEAHCHEHR (MCP-1, IL-1B. TNF-a)
L TFEs, 45 S 28 JEUE Lepr /N B BE T B4 QI 25
L, IR AT BRI A A 5 B R AE RV o Lepr®'™
/N BRI TR B D RE PR AR CREFIBUN T =5, B JIE
TGN 55 SFRALL 7 Lepr™ 41 /NGB /INERE R, 66 i
Ko A0 55 BE S TR, 2 JE AT R 2 56 J 44 22 S 3
SRR, X LI A T 28 RIS Lepr™ /N BE T
B 05, AR S S SR TR PRI B e 1 & A
R BT RE R T HEAE .

AMEFE H Western blot4 2 -5 AU A 5%
HRREIN 10 JEHS Lepr™ /N BUE IE SR (A P LIAS R
FIEARE, 5 Lepr™ 4l/NRAH EL, 285 Lepr™ 2 /MR
B AR TP LIASE 1R IA R (P<0.05) ., JE A A fig
S 1T 10JE S Lepr™ ™ /INFRAL T4 I (1) 01 B BE, AL
{4 3 AR 3 S B0 TR B B AL LIAS B (AR 1
Fhi o BHE BRI K, K8 PE 5 0E 5 A AL ol
W, BRI SR 0 T RERR AT, & A R B
1, FEBCIE R Lepr™ /N BUE IE o HLA SR BT AR AE
MM LTASE (Mt B FE, i TR 1, Bk
LIASTEE [1RIRFEAR

H8t 5 R - N2 2 48Uk R ) SRR s #0578
SRR SRR, Nef238 o I bt S AL Al TR 338,
P = A T LB I RE . AR A R BOR,
28 A1 Lepr™ /N FUAL B AL ZINTR2 83K 58 Lepr™ 2 FEAIG
(P<0.05) . A WG K& BENTf27E Lepr™ /I B
mRNAR KR T Lepr™ /N, 5AWFFE R RGN 45
R—F CHVIRRVIG R RS S I8 N2l

%, VEFIBLHI A~ R Ae (B IR £b ) 2 P A B (protein
kinase B, Akt) H4 i1, 175 S:Nrf2f (v A0, J5 3 R i
HPT U PR A 5, R DT EARAE 0 28 J i
Lepr™ /N BB 2R AR FP LIASH A FRAIC, B A ZINTf2 36
KL IEAR, 7T HE & PR R LIASFE AR A S 30 3 1 A= 1
D, I T Nrf22 1k . AL IE &, 5
Lepr™ Z1/NFAH EE, Lepr® 4 /N BRI H GSHFEAIX,
MDAFE, KW Lepr ™41/ BT AL RE TR, KA
TRRF A, AT R AT BB Lepr™ /N BUE Zekr
P LIASFEIRFEAIG, 2R T A 2E R Az p, Ji5 3 3 2k o
FENrf23K, SR AR

H 38 A A K S AR SR B T 00 PRI
P, ARG 5 S R 28 SR A Lepr™ /N FRUMLTE IL-1B
MCP-1, TNF-a5 RV H 175, B 4H 2P NF-«BiE
FI#ATHE . NF-«BJE T RAE R St R 7, 1
AL ORI, AR A PR 1 A R 3 U
v, RIS FE B, B o i i 4R L 22 ST
A6 1 P (mitogen-activated protein kinase, MAPK)
o AR 23 B H B, 30 I NF-k B 2 14 (inhibitor of
NF-«kB, IxB) iR A%, T HIHINE-kBIIE . A LG
28l Lepr™®/IN U WL b7 14 rh LIASF R RRAIK, B
1% A /0, 8 T XENE-k B ], S B 4
NF-«kB#E R IA T

25 LR, 8 2 2 IR 58 4 B () Lepr™ 7 INFR 28 JE
HH L e AR O R AE, I S BOE B3, B A O
HHLIAS, Nri2 AR, RAFAHDCH HINF-kBERIATH
15, AT BB T LIASH 3 52 W A 3 2 1 A A, 281717 9%
FENT2 HINF-« BHL EA BT RAL, EARAL G i 75 ik
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