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ABSTRACT Objective: To observe the protective effects and mechanism of Nicotinamide ribosidefor the injury of mouse diabetic
cardiomyopathy. Methods: Eighty male Kunming mice (20~25 g) were randomly divided into four groups: control group (n=20), con-
trol+NR group (n=20), diabetic cardiomyopathy (DCM) group (n=20) and DCM+ NR group (n=20). The mice were intraperitoneally in-
jected with streptozotocin to induce type 1 diabetes. Mice with random blood glucose2 16.7 mmol/L were considered as diabetic mice
and they were fed for 12 weeks. Mice with impaired cardiac functions evidenced byechocardiography were chosen as diabetic cardiomy-
opathy mice and twenty of them were randomly chosen to receive intraperitoneal injection of NR (1000 mg/kg, twice daily) for 2 consec-
utive weeks, grouped as DCM+NR group. Cardiac functions were evaluated by echocardiography. Myocardial interstitial fibrosis was
evaluated by Sirius red staining. Expressions of Atg7, Beclin-1, P62, Sirt3 were detected by Western blotting. Results: Compared with
those in DCM group, the values of LVEF and LVFS in DCM+NR group were increased: the values of LVEF with 2.12 times to the DCM
group, the values LVFS with 2.79 times to the DCM group.While the values of LV Vol; s and LV Vol;d were decreased (P<0.01): the LV
Vol; s with 0.25 times to the DCM group, theLVVol; dwith 0.63 times to the DCM groupCompared with those in DCM group, myocar-
dial interstitial fibrosis was reduced in DCM+NR group (P<0.01) and expressions of Atg7, Beclin-1, Sirt3 were increased (P<0.01, P<0.01
and P<0.05, respectively) and expressions of P62 was decreased (P<0.05 and P<0.01). Conclusion: Nicotinamide riboside could reduce
myocardial interstitial fibrosis and improve cardiac function in diabetic cardiomyopathy mice. These protective effects of NR may possi-
bly be through the activation of Sirt3 signal pathway.
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FOWE PR £ BOEEER R 2 SR KM, Rubler S5 4R H T4
JR% 0 HLK (Diabetic Cardiomyopathy, DCM)AH#ES , HLZ2 BN
LA T3 O AIUE BT AR, A2 = ETIK DI REZ AR, 5
BRI EEIRSZ R, I B0 B, 25U B IR R
AN A BE TR ORAIE S R O ILER RN D, DI RETEAL,
I A mE DR RE 2 DCM R K 2 —1, HHETA K, Atg7,
Beclin-1 /2 A WEAREY) , 5 F S IEAE G, P62 WA o) —4
H AR, 5 B R AAEDC . B LS RIS T %
T g PR (o U 8 R 82 28 IE AR O 8 55 ) % ALY
A,

NR 2 KSR A TE T 45 5 v 9 0 Ik e it W vl — 4% 7 1R
(nicotinamide adenine dinucleotide, NAD+) BRI AY T, #F5¢
22 NR GBS HSUP ) NAD /K-, TG N5 5 25 Bt |
R RS R BTG EE Sirtuin FREAIhEE IKPTR ISR
1%, Sirtuin K SE—41 B A NAD+ IK# T 1 25 2 Wi 3L 7%
Mg, )12 2 S EI3EE R O I 5 AE R B AR e,

1 pERAN R i%

L1 #h4

80 Rtk BB, (8~12) A% , A (20~25)g, 451
ZERER2ESY LR 25 B O 3 b ERA AR A
YA FRA T ) B FHL(DMSO)BCA & [ E ik H & (W B
%[ Sigma A F]), St Sirt3 ik (14 H £ E Cell Signaling 2
A, T Atg7 Pk, bt P62 HiAAK (W 5 e [E Abcam 4 H] ),
Bt Beclin-1 H1A (14 FI SE[H Cell Signaling 23] ) , HE IR A R
STZ(W F 2E[E Sigma A ] ) ; T GAPDH & (W 3 b [E 42
ST, Bw 5 M (PVDF) I (1 3 32 [ Milipore 2%
A ), LipofectamineTM2000( ) H 3 [E Milipore /%] ). Visual
Sonics Vevo770 BI/Nsh¥#8 75 /% (1 5 Phillips SONOS 5500),
2w (W B H A% Olympus #RzUa4t) .
12 Ak
1.2.1 LIS HEFUNR DCM BV ESL (8~ 12) i, 1K
H(20~25)g BWI/NEL, JE B P9 5 66 IR 4 7 STZ(50
mg/kg), ELLFGT 5d. HIRSE—IK STZ FEH5E MU 5 5d, 1M
WEASCRM /N B #8408 2 B, =il = BELINLEE= 16.7
mmol/L ¥ bR /N BRI, ARSI FR 12w, /Bl s R0
REWUR /MY DCM /DL BEALE L 20 H, IR 5 NR
(1000 mg/kg),2 K / B ,#4% 2 w, i DCM+NR 21, FEHLEEL 20
H DCM /MR, 4R EEMEFR 2 w, ol DCM 4, 20 H X A ZH (CON
2H), B RN T 5T (R SRR AR Y A= 4R 7K . CON+NR 41, 4E 20
R, JEELS 25T ERI T AT DCMA+NR 20/ BRUARTE], T NR
(1000 mg/kg),2 W/ H ,iEZE 2w,
122 NROThEe AN /DRI K RS (0 EMLE
&, FIH Visual Sonics Vevo770 HU/Nah i 75 461 R 4810 5 4
/N DIRER AR ARYE FriC SR M BUGEE 7S R, e s
A3 M AL A% 2 /N BB 22 0 2 5 143 B (left ventricular ejec-
tion fraction, LVEF) . 2 .0> % 47 %5 43 $X (left ventricular fractional
shortening, LVFS) 7.0 E U 48 KW S FLULV Vol;s) L E&F
KARIAZAFALY Vol;d),

123 DGR EUMRIREDSRE K/ NEURRRE, B O
JIE, F PBS K O EBRAR I R B 40 o/l ZRH T ,4°C
S AT AR E DG A DA i i (Olympus) Wi 4¢
HHDNFDER R BL Y AL R, A AN IRIRA Y, BN
kYR BEALPEE 3 A4~ 200 5 M EFEATHI R, B ] Image-Pro
Plus6.0 {445 H A i IR 21 €0 i R 2 2 |5 2 A~ 2H S AR A L
RN AT A AR E 73 L (%) 6
1.2.4 Western blot AL LCAALREAMRIE  BUMNRAELE
TIRELH AU A I 24, (RIRATES J5 & F K _EAEA 30 min,
B0 G I, W 35 B AN AT il S UCUE R , LA i AR
M4, F Bradford & #1478 A 2 i . I A F4T
SDS-PAGE Hik , #R f5 541K % PVDF [ -, i f7E & s ik
R A 37 CYE L h s A 1 1 1000 BYHT Atg7
Beclin-1 P62 Sirt3 HiiA, 4 CHE IR H o1 7%, TBST W ¥t 3 X,
N HRP 12405 1gG Pk (240, 1:5000 k) HE
1h, TBST vk 3 .. HL= kGBI B &, 3HH
Bio-image (Bio-Rad) & 451t 5%, Ll GAPDH i N 2 Hrfb 448
FIKMKT-
1.3 Frit4abiE

K HH SPSS16.0 Geit # AT 4eit %0, I BERERE
H xt s &R, RH] GraphPad Prism 5.0 #4748 1143 B il 14
AL Z Al L # R ] One-way ANOVA J34fr, M HE 45 R
Bonferroni ¥ 55, P< 0.05 FREFAA5IT%E X,

2 &R

2.1 HHANMR—RIF RSB

80 NUMEMERLBARL, MO AU K2, b 8W, K.
(25% 1.056) g; /Nl — AR AT HOK IEH , PREEIEH B FRAE /1N
SRR R EE, — RS oK, IR TCH ARk, 4H4%
MEFE 12 W, IEF /R, (R EE (432 2.856)g; /N FRUATRIEHE, —
FRCRAS AT, oK IREEBIE R PR /N B, 1R (18+ 1.756)
g /INEUTHIE , —JBRIRAS 22, 20K, ZIR IR TR,
22 £LRLIhEER/IN B A A T UG T

/NSRS R S R R, 5 CON 214 Lt , CON+NR
(LVEF(83% 2.963)% ,LVFS(50.67% 1.778)% ,LVVol;s(11.67+
1.736)uL, LV Vol;d(65% 2.653)uL)HICIETH B AR . 5
CON (LVEF (74% 3.055)% ,LVFS (35.3% 1.764)% ,LVVol;s
(29.33% 2.012)uL,LV Vol;d(69.33% 2.963)pL) 41 [ % ,DCM
(LVEF (33+ 2.887)%,LVFS (14.33% 1.782)%,LVVol;s (52+
2.309)uL,LV Vol;d(83% 2.867)uL) > I BEMEAR , I LV
Vol;s Fl LV Vol;d #4 (P<<0.01 fil P<<0.05),LVEF } LVFS
WA (P<<0.01), 5 DCM 41 k% ,DCM+NR (LVEF (70%
2.646)% ,LVFS(40% 1.355)%,LVVol;s(13% 2.082)uL,LV Vol;
d(53+ 2.362)uL)ZH 14 LV Vol;s #l LV Vol;d % DCM 245 F&AI%
(4331 P <0.01), LVEF I LVFS #7185 (P<0.01), LA 1.
23 DR ECHNRIRELD LR E

5§ CON 4 He 4%, CON+NR £ iy 2T 4 b 2 B TG I B A8 1k,
DCM 2/ LT AR 34 (P<<0.01). 5 DCM 4l Fh#%,
DCM-+NR 41U LA 2 A0 R BE 2 (P<<0.01), ULIET 2,
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Fig.1 Detection of cardiac function in small animals by ultrasonic detector(a P<<0.05,A A P<<0.01 VS CON; *P<<0.05, **P<<0.01 VS DCM)
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B 2 EHEOERF4EHLHIFEEQR P<0.05,2 4 P<0.01 VS CON; *P<<0.05, **P<<0.01VS DCM)
Fig.2 The degree of interstitial fibrosis in each group(a P<<0.05,a A P<<0.01 VS CON; *P<<0.05, **P<<0.01 VS DCM)

24 FHOAHALEARIER Western blot il FIRIKPFEAR(P<<0.01),P62 FihFHm(P<0.01), 5 DCM 4 Lt
CON /11 CON+NR 2/ Atg7,P62 TR HFKIAKFE2EFT B, DCM+NR 4 Atg7,Becin-1 8 A8 in(P<<0.01), Sirt3
Ziil24# X 5 CON 4 He# , DCM 41 Atg7,Becin-1,Sirt3 Z5 [ [ AHN(P<<0.05); P62 & 1 #EFR(P<0.01), LK 3,
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Fig.3 Blot protein expression of myocardial tissue in each group by Western(a P<<0.05, Ao P<<0.01 VS CON; *P<<0.05, **P<<0.01VS DCM)
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PR NI o BRI AR B AN T, o] b ) S B o 15
WY R TR FR AT, T I — R B I AT , L HE A i 400 P
a7 A B 5 L A B ) LA 2 A8 L R PR A Il A E
TR O WU 7R S5 2 T O ARE 5 B 248 FR B R LRI & 3F 1
J1 R AR AZ B BRI 2 1 BB R FR A
RIRAEEE  GBHLE 30 AT, M HE 2021 16 & Z ik
s R, 2R ZIR ' R T, W i ELS kAR
Wi BRSERAE B2 rh 2 , FLE s , 00 o0 I 718 45 e 2E RN 22 5 i LAYA
FPREIRIN e NS G IRIT W IR I RO E RE WA RS . 72
W PRI 425 T Z0E oG I8 R G 0T JRE S - BOHE PR 28 3
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1) & Az AT F o BB PRI L R PRI IR T — 2l ~r.
B0 WU ZE , e A PRI At ST 1 I T R RE o BT ISR R,
FRIR R EA DILG LA A28 46 1, DCM & L L] T £F
Al O IV RO JA T35 0 DA B 2O T REAS 4 RRAE 1) —Fh4¢
NG T ] N 22 R TN 210 9 R N (LT 26 T
BE IR AR, I 2 BB 00 B 47 ik ThBEREAT !, DCM LA 7]
WA L IIRER S , (E B A (] A 4R RS B ) 2 J , AT R B0
DIRERER . BRI T DCM WIATF IR RS e ik, 2
B X PRI BRI IR TT O LA AL 0% R AP R G I R AEAR 1
VI, AR TR A R R, 5 IEE H/NEAE L, DCM 4/
FUOTHRE T, RIS 222 I 1M 4355 R 22 2 S U 4 36 T I
L BT IRA IS TR 2 O B WA A AT N 55 DCM 4
AH LG, DCM+NR 20 7 % 3 Il 43 8508 7 2 S il 4 4 238 388, 60
BN AR A O S IORIAS TR . 5 1E w20/ B
e ,DCM /) B0 WLEF HEAE R B2 38 s 55 DCM 2 M 1
DCM+NR 4.0 AR AR /0 UESE T, NR X T35 DCM
ANEUCHEDIBEA TR E T

A W EUZ R TR 1 A A IR R A Y R A
AR A7 P A 1 S A A 2 ) A BT 1 W — o i 2
B TGRS, | IZAAAE T2 B4 RGP AL AT B FRAR
I ZEALE] , 4ERF AR N ) o X re AR AR PIRR
AT I T FORREIE 5 O S5 F A D RE AT 5 2L Y,
AW AT AN RN RIS, AE 2Rl 2B,
SR AR HWEER, AW 2258008 REER T
ZH5ELOIALK 0I5 0 , SAKAERELL , O LAY e 1 P
05, L FER R PR T BT M E R R
FFEIESE , AWES 520 7 g i B v & AR 1 U R LG 2=
T, S HACENRERE R, A0 S g, BT R
P L, (B R S v, AT R AN RS T , i — 25k
LIIEE.

NR 2 KSR A7 A6 T 40 405 v 1) 08 5 i g 8 4 — % 1 R
(nicotinamide adenine dinucleotide , NAD+) 1 Bij {44 it , A H TG

BEVE, AR 2B VTR, AN 2 W LT A A Bl T, 2 RS A SN
NAD+ #hsE it o NR Sy gl B, 7 AN [ 0 L 40 e 2% ] 1l
NAD+ Jt 50%-170% ,NR i AZJE A, NR i sh AU,
R L NAD+ MR AL E R AR L R It fe A
G fifp A MR P B Y IRR , ORI e B T -2 e AR A
R R RIS il NAD+ RHEFEA/EH 1, A 3CHkiR
I, NR AL 5 T LR AR A Y NAD+ K, iE— 2530
LRI TEAL SIRT3 , HEATR &7 A 1T g e 2k FIIR M 2247
M2 IR WFTERIT, 45 TARE AN 8 NR, Al 9 1 £&
KR I RESS s IR R 5 R /N AR AL Sirtuin S007%
Je—2H HA NAD+ HIME R £ OIS I, |22 53
&R O S A5 A B B AR SIRT3 Jiz/E 52
MER, 52 AMAY e, SIRT3 2 o fe— R 5 A
FRFFM AT B5 5701 Sirt3 AT ORI TP, SIRT3
FENL T EORLAR R, R T ORI 1 25 2 AL R TG
NAD+ J& SIRT3 fEfb 25 ZBEAL S B A F B A 5+, |1 T SIRT3
i Km {E555, I NAD+ K-F-2& SIRT3 K445 LBtAL A
AR SRR R T2, A RIETE S P, TR B AR RN, Sirt]
AEM Atg7 Atg8 2 ZMtfk, B fe dE4nAE AN, DLW Atg dEH
P EAE IR CIEACRL, IR Sirt3 ATREVEH] TS
T 1A W), T3 3 Al 0 2 PN i sz 40 L, AT
BISERR A R R, HIEH AR L, DCM 4 [ A e s AtgT
Beclin-1 FKIKFHAK, Sirt3 (YR ILTRFEAR, P62 Rk, 5 DCM
ZHAR L, DCMHNR 4 [ BEARSCH 1 Atg7 \Beclin-1 RiA14 M,
Sirt3 FIHT N, P62 FKIAFEAL. HIESLT NR nliliid SIRT3 fy3
ISR E A WA A PR PR O U (8 AT DR A
AHFFEIE S/ B DCM U LA 20 SO REBRAR O JULIW] 27
AEAb3gm, Sirt3 I8 T FE,NR 7] U2/ L DCM .0 L] 5T
efe . BEEROIRE. R, NR BB B3 Sirt3 9Kk, R
Sirt3 i HYIE FTAES 5 T NR I/ Bl DCM 45475 B £ 37
YL, NIRRT DCM #2447 35 A JE i
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