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L E] B/ BB R (NMND) X IRGE R (DND KR 40 e 4 A /E R, 8
NMN i@ VLB E BT R T 1 (Sirtl) A AKT i 18 25 fift B 52 5 40 M 25 24 Ak i BL . 7 k. SR BEIR1K B %
(STZ) % SD KB 2 BB PRAG BT . BIAY K RBENL /3 WSl (n=30) FIXTREZA (n=10): SLEH KRN
BEPRI +NMN 41 (n=15, BEZE T ES NMN) R +PBS 41 (n=15, KREREH 200 pL. LW PBS), Z
S5 TS AR FE A R, B IR 2 SR AT YD B AR TR . Westen blotting ¥ Il 60 % Sk B8 A2 46 2 28 K RS/ R 20 i
ih Sirtl, AKT. p-FoxO3a fil Cav-1 2 A RKKF., RAESEERER (200 mmol « L ') AbHI K 5B /NEk R
HBZY-1 40/l 3~6 d J5, BEYLE B R0 4 H (G347 0. 50, 100 Fl 200 pmol « L™ NMN), LI T
5.6 mmol « L A MEAL T NMN B 40 Mo fE A X B4l 4k2e855% 24 h W E AT IR BLE H . R Westen
blotting ¥k 4 41 HBZY-1 4H it Sirtl. AKT #l p-FoxO3a & [k KT, 458, SHRM+PBS 4 ik, B
PRI+ NMN 20K U S8 B L b Sirel F1 AKT 45 H R KKFIIR TS (P<<0. 01D, A JRIF +NMN 20 KB 5%
JEAIME T p-FoxO3a fil Cav-1 #E AR kK FFE (P<<0.01), S5XFME4H (44F 5.6 mmol « L " # & B K,
50 umol « L 'NMNZi HBZY-1 48 i Sirt] Fl AKT 8 HEKIKAKF-THE (P<<0.05), 100 Fl 200 pmol = L 'NMN
20 HBZY-1 4iffi s Sirtl. AKT il p-FoxO3 & A # ik KFETFm (P<<0.05 5 P<C0.01). 45it: NMN BE#% i i 14
T Sirt] 5 AKT 2 AR K82 = DN KRB /DR 40 4 B4 p-FoxO3a Ml Cav-1 & AR5, NMN K H B4 fE
B AR T siATT DN K BRUE ZNEREF 440 i 1 .
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Effect of NMN on renal fibrosis of diabetic nephropathy rats
and its mechanism
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ABSTRACT Objective: To investigate the effect of niacinamide mononucleotide (NMN) on the fibrosis of renal
cells in the rats with diabetic nephropathy (DN), and to elucidate the mechanism of NMN in regulating the fibrosis
of renal parenchymal cells through silent information regulator 1 (Sirtl) and AKT pathways. Methods: The rat
models of type 2 diabetes mellitus were induced by streptozotocin (STZ) and the model rats were randomly divided
into experiment group (n= 30) and control group (n= 10). The rats in experiment group were divided into

diabetes+NMN group (n=15) and diabetes+PBS group (n=15). The rats in diabetes+ NMN group were given
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subcutaneous injection of NMN for 20 d and the rats in diabetes+ PBS group were given 200 pL sterile PBS in the
same way. Then the rats were decapitated and the kidney tissues were taken for section and protein extraction. The
expression levels of Sirtl, AKT, p-FoxO3a and Cav-1 proteins in kidney tissue of the rats in various groups were
detected by Western blotting method and immuno-confocal focusing. The glomerular mesangial HBZY-1 cells were
treated with high concentration of glucose (200 mmol « L. ') for 3—6 d, and then the cells were further randomly
divided into 4 groups (treated with 0. 50, 100 , and 200 pmol * L' NMN) and the cells only treated with
5.6 mmol « L ' glucose were regareded as control group. After 24 h culture, the cells were collected and the
expression levels of Sirtl, AKT, and p-FoxO3a proteins in the HBZY-1 cells in various groups were detected by
Western blotting method. Results: Compared with diabetes +PBS group. the expression levels of Sirtl and AKT
proteins in the renal parenchyma cells of the rats in diabetes+ NMN group were significantly increased ( P<Z0.01)
and the expression levels of p-Fox(3a and Cav-1 proteins in the renal parenchyma cells of the rats in diabetes +
NMN group were also increased (P<<0.01). Compared with control group., the expression levels of Sirtl and AKT
proteins in the HBZY-1 cells of the rats in 50 pgmol « L™ NMN group were significantly increased ( P<<0.01). and
the expression levels of Sirtl, AKT, and p-FoxO3a proteins in the HBZY-1 cells in 100 and 200 pgmol « L. ' NMN
groups were increased significantly (P<C0. 05 or P<C0. 01). Conclusion: NMN can increase the expression levels of
endogenous p-Fox(3a and Cav-1 proteins in the glomerular cells of the DN rats by regulating the expression levels of

Sirtl and AKT proteins, indicating that NMN and its analogues may play an important role in the prevention and
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treatment of the renal fibrosis of the DN rats.
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b&W 48% ., EHEM 20%, MPVEH54.3 k] « kg D,
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SD K BB A & PR B AL R B, 30 S5 40 20 Bl
PRI R BRFE — 25 B AL 53 4 B PR 9 + NMN 2 FAE bR
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37°C. 5% CO; &M FIEM MR 24 h, ZJEHEm
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LedESE 1~6 d, IFBR RS AR &R, Sk
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PR RREH R A oy Vi B /i Bl . 4R 22385 9% 24 h
JE WA, B ECE TR OC H R 8 Y S B
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1.4 SRR EREZFHEMNKKEDRBBE P Sirtl,
AKT. pFoxO3a# Cav-1 @ £k KF 4% %
TR e K EUE A, BKE ARSI A,
HY) 7 2 B L BERR BE LK, MO IR T 1 2
i AR E A —Pi: HU Sirtl (1@ 5000, AKT
(1 + 1 000), pFoxO3a (1 : 1 000) #1 Cav-1
(1: 400) AR HEATIF & . 4 CUKAA R E SR . A
FHIE 2E AR B9 4% (1 1 000), 37°C MOLHHE
1 h; RA PBS¥EY 3 ¥, DAPI #6445 min ,
N-N %S TRt (N-propyl gallate, NPG) (3%
PG A E RN E R, RE BT
o A BRL Y /0N 3K 4 M BT R 4 B A% TP Sirel . AKT.

p-FoxO3a Fll Cav-1 & H £k K., @I R
B /NERZH i AKT Fl p-FoxO3a 3k, 20656
fRFE/NERYE A b Sirt]l Ml Cav-1 B H R IK, R
Image] 2 X #4115 10 A 90 BF 19 °F- ¥ 2 o B
DL 5 i e B T B 1 R 3k KO,

1.5 Western blotting #* # # HBZY-1 % fi& ¥+
Sirtl, AKT, p-FoxO3a #= Cav-1 & & & iz K F
¥ 1 mL & 1X10° mL HBZY-1 40l 2 W % & H A
35 em Y ;IR I B, MG OIN W A OB E &
200 mmol « L™", 5% 6 d J5 4 % in A NMN, #
FEA R 0, 50, 100 Fl 200 pmol » L 1, 4kZeks
FRAME 24 h e, WHEIF R AR RER, R
Western blotting 3% & W & ¥ B 4 4 M & (F F
HBZY-1 #4f s v Sirtl. AKT il p-FoxO3 3£ ik 7K
o U R A0 M 0 A 40 24 F W B T Eppendorf
BOE D, BE RN ER, & 4CIRIR
12 000 g. 15 min #.0H EWE W & H & & 517
SDS-PAGE HLyk, HLJE 120 V, PVDF 2354
(L 150 V. 60 min) . 4 I3 H & A B0 58 5,
IOA K & B —$0 [Sirtl (1 : 500), AKT
(1:200), p-FoxO3a (1 : 1 000) HI Cav-1 (1 :
600)], 4CHFHE R, WHMAMB —H (1 :
2 00055 E 1 h, ¥ PVDF & T B IR R4
ok R N R 4k B B2 I B (integrated
absorbance, IA) 18, iTBEEHAMMNELKE, &
FIARXS Rk K = H A5 & A 89 TA fH/B-actin 1)
1A 1.

1.6 %it$ o4 KM SPSS 17.0 Gil ik 47
il 2 oy Hr. 45 4 K BRUE S92 5 40 il b Sirel 1
AKT. Sirtl fl p-FoxO3a HEHAFKKTFL x+ s 3
. AEIECL R (K, A1 I R
T Z00. Bl P<0.05 WESALGIH¥E X,

2 & R

2.1 2HKRAFERmpF Sirtl 2 AKT & & &
R LRGSR R 5EIRE +
PBS 4 HeAs . #IRHG -+ NMN 2 K RUE /N ER IR LA
XPEN AR HES e A, HRELTC R . R
-+ NMN 21 K BRI 55 5T 48 B v Sirel (206858 56)
IR B TR R + PBS 4 (P<<0.01),
B R + NMN 20 K BB 52 BT 40 il AKT (%68
W) FIKIKFIRE THEIR M + PBS H (P<<
0.0, WHE 1 (Fm—) A2,
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g g 100 T T W=D A6,

= % 50
0

Sirt] protein AKT protein

* P<<0. 01 compared with diabetes+PBS group.
F2 2 HRBRE IR Sirel Al AKT 2 13835 KT
Fig. 2 Expression levels of Sirtl and AKT proteins in renal

parenchymal cells of rats in two groups
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bR AKTF SR PBS A, BEIRE
NMN 20 K BB SE B4 i b Sirel (2L 5% & H
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(P<<0.01)., b RAER ML R BN B/NVEH
Jii b p-FoxO3a £k (@O0 18 /NS4
LR o A 22 B NER A0, Uh BH BN A Al i
p-FoxO3a fREHREXZ THE /N, WE 3 (I
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* P<<0. 01 compared with diabetes+PBS group.
B4 24K RS SR T Sirtl Al p-FoxO3a & 4224 7K
5
Fig. 4 Expression levels of Sirtl and p-Fox(O3a proteins in

renal parenchyma cells of rats in two groups
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* P<00. 01 compared with diatetes+PBS group.
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Fig. 6 Expression levels of p-FoxO3a and Cav-1 proteins in

renal parenchyma cells of rats in two groups

2.4 & % HBZY-1 @ B + SIRT1, AKT #
p-FoxO3a%k & & ik RF Western blotting £l 4%
REIR: 200 mmol « L "4 Hi4b B HBZY-1 41 i
72 h Ja, 4y A AN [F W B (oL 50, 100 Al
200 pmol » L' )ONMN 4t 3 24 h, S5XJHEH R4
200 mmol « L. "fHA ML) S, 50 pmol « L !
NMN 4 HBZY-1 4l b Sirtl 1 AKT 2 H % ik
KF-THE (P<<C0.05), 100 Al 200 pmol « L'
NMN 41 HBZY-1 4 fg b Sirtl 1 AKT & H £ ik
KW R I E (P<0.01), 5% B 4A &K,
50 pmol » L 'NMN 40 HBZY-1 4 i tf p-FoxO3a
EHARBKFERILGITFE XL (P>0.05), {0
100 1 200 pmol » L ' NMN #H HBZY-1 41 s th
p-FoxO3afE [ARB/KFH B & (P<0.05), W
& 7 #0 8,

2.5 RERER FHEE KR HBZY-1 @ kb
AKT #= Sirtl & & &k K-F R IE# W #H 4
B (5.6 mmol « L ') Fl & ¥k & % 4 B
(200 mmol « L™ 4351403 HBZY-1 4088, FJ5 R
FH NMN 20511100 24 b, 76 155 58 2558 e 5 ol s ik
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JEH BB SR AT, Ak AKT 5 Sirtl EH
FEK N 4H (5.6 mmol « L7 % 75 B +
0 pmol » L 'NMNOW] & /5 (P<<0.01), #LH]
NMN TEJ4 15 40l 8 NI AKT 5 Sirel i fErh
RIFEEAEM . WE 9 A 10,

3 i

p-FoxO3a £ [ 7E W 4 48 Ak 7 3% B H A X
. YA R AR R AL N BT, 4E B &b TR T
WA, i th 8y PISK/AKT (E 5 S8 &% M,

I M BT Kt p-FoxO3aE HAERBI MM . 2 5

1 2 3 4 5
Sirtl e e — -—
AKT e e g
P-FOoXO3 s g e — —
f-actin — e S e e
Lane 1: Control group; Lane 2—5:50, 100, and 200 pmol « L7}
NMN groups.

Bl 7 #4H HBZY-1 4 Sirtl \AKT F1 p-FoxO3a & 13
R E
Fig. 7 Electrophoregram of expressions of Sirtl, AKT,

and p-FoxO3a proteins in HBZY-1 cells in various groups
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A:Sirtl;B: AKT;C: p-FoxO3a. 1:Control group;2—5:50,100,and 200 pmol « L. ' groups. = P<C0. 05, ** P<C0. 01 compared with control group.

&l 8

£ HBZY-1 4ffirp Sirtl \AKT F1 p-FoxO3a & |13 ik 7K F

Fig. 8 Expression levels of Sirtl, AKT, and p-FoxO3a proteins in HBZY-1 cells in various groups
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Relative quantity of Sirtl

A: AKT;B: HBZY-1. 1,2:Before NMN treatment;3,4: After NMN
treatment; * P<Z0. 01 compared with control group.
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Fig. 9  Expression levels of AKT and Sirtl proteins in
HBZY-1 cells in control group and high concentrations of

glucose group
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Lane 1, 2: High concentration of glucose group; Lane 3, 4: Control
group.
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Fig. 10  Electrophoregram of expression levels of AKT(A)

£4 HBZY-1 4iffitp AKT(A)fil Sirtl (B) F H £ ik

and Sirt1(B) prioteins in HBZY-1 cells in various groups
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AR JECF A 440 M A 3 T OV A0 B A R BEL A . SRS
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YERIB 58, p27kipl. Bim F1 MnSOD 4 3t [ & ik
AT T, DT A ARG 4 A i) 3 1 SRR . R BT
FTVER . WOE AKT Bl A8 98 8 5 400 0 40 g A mi
A 0 8 2 P il T 4 A A 1 T 2 40 A R I TR R LR
A B S FHBR T, i A0 O T R N B £ 4 Ak TR
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WY FEMUARALL T 05 R B W L 4 defb it b,
ANERFE /NG A R N IR Sirtl i AKT 23R
RAKOF 35 B RS AR TR AL N NAMPT /948
W= NMN il s SRy, A B 1R TR AE
¥ NAMPT £k maise ~, & Sirtl HH
By 2% 35 3G M. 38 3 Sirtl-p-FoxO3a #l AKT-p-
FoxO3a %I DN & JIif £F 4 Ak 1) A ¢ 35 R & #E4E .
AT T 45 R W . SD BE IR K RAE N — @ &
NMN J&5, B/NEAVE Nk Sirtl 1 AKT &
P 2% 15 7KOF- 34 558 oK it fin NMIN i 6 B8 28 B 2 7 5
5 [ e, MR+ NMN 4 ok BUCE 4n i R
p-FoxO3afl Cav-1 £ 13 5 /K Ft B W & T X))
AT I N/ S S IR (A A = (i T
(200 mmol « L™ 43 HBZY-1 40 M )5, 0
AFH B NMN 4 #, 4 AKT 5 Sirtl 3
BRI NMN 13 m, AR R ER: Y
NMN ¥ &3k 100 pmol « L 'R}, Sirtl 5 AKT &
R IR K IR B I (. LY I W T BB 4L, 7
A Iv) oy o 2 ) B VR FE 35 R 45 R, Y NMIN
BERE—& I K E] 200 pmol « L7'HF, 40 H Sirel
5 AKT & [ R KK H oKk W8I &, 3]
NMN B % {5 R 9 RS T K BB /N Bk A /N A8 4t

Mk Sirtl 5 AKT & H &k K FF &, B NMN
il 0% 7 T R i 480 B S0 Ak N OR8N il HBZY-1
ifrh Sirtl 5 AKT A RBKFEH B, 7
it B, 22 NMN A4b B 40 i H p-FoxO3a Al
Cav-1 AR IBKFEA H BH BTh sk dh . LR &
WA T Bon . BERRM R RS/ NERI B A2/, BH'E
NERIN AR HES 2 FLTC R, R R A 4IRS,
B45 7 NMN J5 KBS /BB AR B & Fe R i
NMN Bf F %, B /N Bk N 4 B HE 5 A Jp, B W
NMN i if 38 i B 248 ff %2 3k Sirel 5 AKT HH .,
(8] 3805 T p-FoxO3a 1 Cav-1 & H ik, MilifE
— BN E T DN B R R PR bl B, AL
s T i T NMN fEg i Sirtl-p-FoxO3a
Al AKT-p-FoxO3a % DN 5 ¥ £F 4 1k (1) #H ¢ %& 7
KAEAE ., NMN BE & 00 B e i e e — % 1F 1R
(nicotinamide adenine dinucleotide, NAD ) i {&
Y, MJ& Nampt & HREEY . 7FEIEFHERT,
Nampt 220 M4 8 DNA Ay 56 g R 5 i), sk,
FEALMAR AL F 540 B FCIR S R . Nampt BB 4E Jy il
SANE PR 300 BORY Y 5% 0 5l B TR SR T kB
(NF-«B). J3 3 & fE-2F 4 fb i g, B ks
FUS I LE IR . 7E200 mmol « L1 2 0 48 Ak B
B R, 50 pmol « LY PA F NMN B B % i i
R B 30 ) 9 JR M Nampt 223k, [R] B 7ZE AS 5% 0
NAD™JE R Bl 1, 4 3 Sirtl F1 AKT & 1%
BACETF RIS AR SRR . NMN fE g 2
e W PR R R N IR Al B e Y R R Sirtl 5 AKT
fIF IR K, I p-FoxO3a & [ 1 1k F#E R
FRIRAS . AT AE Cav-1 238 15 JF 40 i (4 4 E £F 4
FERAS . $E78 NMN KCH 2 W) vl Be A W7 MR 9T
DN B /NBREF 4 fb b B ARAE . A B i — 4
IER . 7E NMN /R, Sirdl E AR p-
FoxO3a I LB 5 T 7%, i p-FoxO3a & H &4 %
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