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B E:. BB %5 p-EIE % R (f-nicotinamide mononucleotide, f-NMN )i i1 1 S AL AL 8 #28 MS- fi
M), sk VRS 105 mg/kg « BW DU RE 146 LA 55 i DRk ] MR A 7 s MRS B, 3522 30 d /4 T
SD K BASIAIRI & 1 -NMN, [l i 5 8 0F 5 shoxt BRAL, S0 A G ok BRI v %) I b | i B A e S A O I
FHATIGE . G5 S-NMN Xof [0 40 B AR A 5y AR OR Bl IUBE A — 2 I AE D, 40 mg/kg 7520 -NMN #]
DL 25 PRI A 1R K BRL Y ILH(P<0.05), SR 2 AR L 170 5040 0~2 h plZE T 1 FH (area under the curve, AUC)
TR 6.77% (P<0.05), IfiLiE H 1fiL 3% I & B% (cholesterol, CHO)5 H i =k (triglyceride, TG)HY % £ 44 1 R A%
(P<0.05), #5541 S 3R PTIEH0 B3 K (P<0.01), I HLA8 0k 41560 IE A UK IR JCAS RS IR . FE 4R
AR & IR 0 0 7 25 2R e, D AR e 5 1R T R RIS N AR I, 20 mg/kg B-NMIN 2 4 £k ) B AL il
(superoxide dismutase, SOD)I% 4R & 5.69% (P<0.01), 4 mg/kg 5 40 mg/kg 204 Bt H ik (glutathione, GSH) & 1
HI 27.36% . 23.79% (P<0.01), 40 mg/kg 3K OB T [ 28.20% (P<0.05), #5513 A % (malondialdehyde,
MDA )5 W Pk 3 AL 5K 7= #) 5% 1R (receptor for advanced glycation end products, RAGE/AGER) & & 14 . F K F
BERIZH (P<0.05, P<0.01), £53® A-NMN 1] @ 1 JHEE I RIS — 17 HR-SIRT 1-Fox03a/PGC-1a Hli ¥ 50 Py I Pk
PrAfLRE S, POl RAGE A0 R AL, VEmi4ERr sl T, w1 bR fA 6T Dbk = it i 4 1
FRAEFR AR
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Research on the regulation of blood glucose balance by f-nicotinamide
mononucleotide through antioxidant mechanisms
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ABSTRACT: Objective To explore the potential of f-nicotinamide mononucleotide (f-NMN) in regulating blood

glucose balance through antioxidant mechanisms. Methods A high glucose model rat was established by injecting
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105 mg/kg « BW alloxan and feeding it with high-fat diet. SD rats were given different doses of f-NMN for 30
consecutive days. Meanwhile, a normal animal control group was set up. At the end of the experiment, the blood
glucose, blood lipids and antioxidant-related factors in the rat serum were measured. Results S-NMN had a certain
regulatory effect on the blood glucose of alloxan model high-glucose rats. The 40 mg/kg dose group of f~-NMN could
significantly reduce the blood glucose of the model rats (P<0.05), and compared with the model group, the area under
the curve (AUC) of the 0-2 h curve of this dose group decreased by 6.77% (P<0.05). The contents of serum
cholesterol (CHO) and triglyceride (TG) in this dose group were significantly reduced (P<0.05). The insulin
resistance index of each dose group was significantly reduced (P<0.01), and there was no adverse effect on the blood
glucose of normal rats. In the determination results of antioxidant-related factors, alloxan caused oxidative stress in
the rats, and the activity of superoxide dismutase (SOD) in the 20 mg/kg f-NMN group increased by 5.69% (P<0.01),
the content of glutathione (GSH) in the 4 mg/kg and 40 mg/kg groups increased by 27.36% and 23.79% (P<0.01), the
protein carbonyl content in the 40 mg/kg group decreased by 28.20% (P<0.05), and the content of malondialdehyde
(MDA) and receptor for advanced glycation end products (RAGE/AGER) in each dose group were significantly
lower than those of the model group (P<0.05, P<0.01). Conclusion S-NMN can enhance the endogenous
antioxidant capacity through the nicotinamide adenine dinucleotide-SIRT1-FoxO3a/PGC-1a axis, inhibit secondary
oxidative damage mediated by RAGE, and thereby maintain blood glucose balance. This provides a theoretical basis
for the future research and application of functional products.
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TEH BRI, 1%4E 30 d 45T 40 mg/kg < BW A f-NMN, 7E
SIS TFUATT AR SR IR £ 3~5 h I HAs i I
1.43  B-NMN K& oo i 55 3

PE 4. 20, 40 mg/kg « BW 3 NZIRXFE N Scue ], st
MEE 30 d. 7ESCERNS 31 d 25 4 h ORI Rl S B . R
4 A AR BRSO 28 G RRA . #EHIZH &2 B-NMIN
BHRLA 2 IR, LAINZOREE 2.5 gke - BW #ZFE

T

(0.5 h. 2.0 h)IMKE, FHITE ML T HF(area under the
curve, AUC); [RJHHINXE M7 IH [E % (cholesterol, CHO) ., il
— T (triglyceride, TG) % ; fif JH 15 & BEAT BT AL N 1
GSH. MDA, SOD. S}k N RAGE/AGER A .

1.5 HELLIE

SRR R T BB v e 2 1T il T ST 3R
AN, RFMSIREAR T RS 5 R Ry 22004, Jr 258k
/M3 225 (least significant difference, LSD)E:uEF7454H
ZIE R BIB RS, #5725 N AR A2, WISR A Dunnett-
Kigi, P<0.05, 2553, P<0.01, Z7WR B,

2 ZERESH
2.1 S-NMN XS MEER KRS EEXRNFER

A

F 1 M) S-NMN X s IUBE AR A RS 1 X
HEA K AR AR, A 1 BRv B H, B-NMN £X} &
AR BRI EA R0,
2.2 B-NMN %/ MAEHR R K 5R A9 I 5% 59 52 Mg

2 MR A R BRUAEAS R B [R5 A5 A i W (5
AUCq 3 no ZGEITHA BT R o, S & 1 5 925 10 iR
AR, BRI K RAELA T 2.5 g/kg WAIHES 0.5 h Ik
I X %) 8.22 mmol/L, 2.0 h UBHEAZERF 7.69 mmol/L,
AUCo, » BB ET &, JFHZEFHRHA B ST RN
(P<0.05, P<0.01), HBIRIZH K B & R AT E e
F(P<0.01), X Z% B & B RIF B T i — 25 LB R
% B-NMN T, f-NMN 40 mg/kg |41 K BLAG 2.0 h IfL
BEH S AUC, ,  #0 E T RIRILL(P<0.05), SRR A L
TR AUCo, v FHE 6.77% 85T & 1K 58 % 1E % K
B-NMN 20 mg/kg F 520 5 4 mg/kg F - 2H 0 Mo B Rk
PR FEEMG I 25, (AEUE FBR TR, B-NMN
4. 20, 40 mg/kg A MRS EAPTIEEEY B A LT
R KR, H2ERHHEAGH#E L (P<0.01), L AT
B-NMN AT L3 DU 4 0 5 A A W T o 55 5, % A1 o
WiEEA — & B AEH

F1 [-NMNWNSMEREXRSESXREERFME(, n=12)
Table 1 Effects of f/-NMN on body weight in hyperglycemic model rats and normal rats (g, n=12)

215 LR GLENEY %1 EkE o2 Bk 53 JEkE 5 4 ikE 55 JHikE

25 0 R AL 180.125.25 256.94+11.91 316.65£19.51 359.10+24.98 394.87+28.89 430.85+35.01
fERg 175.92+4.28 252.68+5.42 312.16£13.90 362.96:20.44 408.95:27.64 445.92+34.30

4 mg/kg *+ BW 178.30+4.37 253.0349.15 310.47+14.50 355.84+19.31 398.16422.98 432.97+28.64
20 mgkg + BW  178.9046.77 249.85:11.18 306.08+12.79 351.80421.07 394.00427.08 424.55+35.79
40 mg/kg * BW  179.98+5.09 251.95+14.25 307.09+25.84 353.71434.23 394.08+45.14 425.71453.05
W0 melke * BW o 4663 251.06+6.58 305.63+11.66 348.3249.64 381.99410.51 413.98+18.79

TR HRZH
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2 B-NMN 3= MBS A R AR LA R R B R IR is B (n=12)
Table 2 Effects of f/~-NMN on blood glucose and insulin resistance index in hyperglycemic model rats (n=12)
21 51 25 i B/ (mmol/L) 0.5 h LA/ (mmol/L) 2 h ML#E/(mmol/L) AUC) 51, Jo 2 Z BT HR AL
= papiit| 5.89+0.78 7.1940.96 6.59+0.60 13.60£1.12 8.74+1.69
LAY ZH 6.04:0.61 8.22+0.79* 7.69+0.94" 15.37+1.11%# 12.57+2.69%
4 mg/kg * BW 6.00+0.59 7.75+0.73 7.17£0.82 14.63x1.24 9.81+1.817
20 mg/kg * BW 5.67£0.47 7.90+0.63 7.46+0.93 14.91£0.99 9.76£2.26™
40 mg/kg « BW 6.11+0.32 7.66%0.45 6.86+0.61" 14.33+£0.63" 9.52+1.34™

T 7Ry 5 A P B2 R HE 22 S BB 35 (P<0.01); " SRR A HE 22 5 B 25 (P<0.05); " S AR R4 AR e 25 B B 2 (P<0.01) . FIAl,

2.3 B-NMN XS #ERE KR ME CHO 5 TG #Y
=AU

CHO 5 TG Mk hFEE AR Aoy, A RM,
BEPRIR R B CHO Ml TG /K% i A w20 4
% 3 FiR, HERIZ AR CHO 5 TG 525 (Xt FEZAH [ B
ETh v, HOFTEEH A 22 5 BA Gt 2R R L (P<0.01,
P<0.05), FRERIZE K BRI ZEEL. -NMN 3 N5
A CHO S TG MR FAIMA, H 40 mg/kg FiE4 CHO
5 TG MIREA%, A& 20 mg/kg FHEL TG ML LI H
T Hiit2¢ 22 5(P<0.05), iXFEE B-NMN AJ LIE—EFE -
A4 i AR AR R E

3 P-NMN WESMAEREKERIME CHOV TG #20E
(mmol/L, n=12)
Table 3 Effects of /-NMN on serum CHO and TG in
hyperglycemic model rats (mmol/L, n=12)

205 CHO TG
25 N B2 1.38+0.35 0.5940.20
HERIZH 1.96+0.41% 0.88+0.34"
4 mg/kg * BW 1.70+0.49 0.69+0.20
20 mg/kg * BW 1.68+0.24 0.69+0.17
40 mg/kg * BW 1.63+0.26" 0.65+0.23"

2.4 B-NMN X 1E 5% K R A MAE{E S0

%% 4 FoR, MiE4E 30 d DL 40 mg/kg «BW BUZA T
BT IEHE KR B-NMN G, 525 A IR EL, mobs (R
PRI R, JXFAR A-NMN S 1E R B B 1

}%ﬁurﬂo

=4 A-NMN 3 IE 5 K B MAEE A 200 (mmol/L, n=12)
Table 4 Effects of /~-NMN on blood glucose levels in normal
rats (mmol/L, n=12)

205 SIS M E SEG A IMBHE
EEpoyiiE) 4.9340.50 5.89+0.78
40 mg/kg * BW 4.9340.48 5.51+0.47

2.5 B-NMN XI5 MmEEER KREANRELETFIL
& RAGE/AGER HI&20

A I AR BUA S, S B ANMER I, Mlik
RAEALRI, 7R AR R ROSPY, — T L H AR 40
M NAD*, fifi SIRT1 BEHIIRYIA KRG, 57— HaS
3 Fox03a/PGC-la Z A RTEIEF: S B AR, 14345100
FOMEE 1), WE 1b FraiRa KEARN GSH FEIL
13.39% (P<0.05), Préafbpr Ry EIg5fl ROS [l ok
VR NG T AL AR (b, 0l lo~d PR, BERULIR
FUA N MDA 52 1 St i 2 TR (P<0.05). ROS [AIi#4
I NF-kB @&, 3 IL-18. TNF-o 2558 H TR, 3%
SO TR A 0 A e 0y 2R R DR SR R L 1 R,
LIE R B - RAE- T M BG4 T A-NMN /]
PIANE NADWK & SIRT1 1&:, {2ff FoxO3a/PGC-1a 25 LBt
PEIIEAL A N, SsR AR BT AL TR RIE, WA 1a~d
Fi7R, f-NMN 44011 SOD .GSH i 1t TARIZH R, HL
MDA | & FH RIS TERA K R, HA, 20 mg/kg 74
2 SOD SRt FRZHAH LUAR =5 5.69%, FRILHR i E 12
F(P<0.01), 4 mg/kg Fl 40 mg/kg FIE2H GSH AN B
ISR BN 27.36% . 23.79%, R 5 EE2ER
(P<0.01), 40 mg/kg 2B [ FTFRIE S AR RN HRZH A EL
11§ 28.20%, FILH 5 PE2557(P<0.05), 4. 20, 40 mg/kg 7l
4 MDA 4 R TARIZ (P<0.05, P<0.01). HILAT L,
S-NMN 7] LA NAD*-SIRT1-FoxO3a/PGC-1a fHEIH 4
PEHUE AL, BB EA bR R B B A RS E 5551
XA, VIWrSe Al -JERE- 2 T RV EIE3E

ROS RYBEMS T RAGE (IR IX/KT-, HAEmIL#G
R W5 538 B R 22 AR T RE, B A“ROS-RAGE- R HE”
IR FEER, PE—RIAE | AL SO AN A2
Bl 2 s, IR A4 K RAGE .25 = T 0 R4l
(P<0.05), B-NMN 5|1 14 41 1) RAGE ¥ 8 2 IL TR IR
ZH(P<0.05, P<0.01), AT UL, B-NMN A DL3g 3 30 RAGE i
IR AT BT — ok AR AR, B S A RO K B 4473 -

M, B-NMN — Jy i if NAD*-SIRT1-FoxO3a/
PGC-la Bk & WIEMEBL AL RE F1, 55— Jy 1T o 7 il
RAGE ik B 1SN B ROR, SO S H R 4ERe ik s B
S5 F S Re e ek, DA Al R AR P T A
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—ix

B2 A-NMN St MR K BUA N RAGE/AGER FY21 (n=12)

Fig.2 Effects of -NMN on RAGE/AGER in the bodies of

hyperglycemic model rats (n=12)

Effects of f-NMN on antioxidant factors in the bodies of hyperglycemic model rats (n=12)

3 54

AR, B S e PR B E R A E R W2 B2
Ke3E, B-NMN 1E R NADHHIRTARY) 5, RERSE L #25 NAD*
BRI SIRT1 25 115 SIRT1 1 —Fh 2= 2 EAL I, Ak
AT Z A0 S5 AP R AAR A N K3k, TG SIRTI
A DA R B AN B0, [ Bk i i 40 A i B AL T i,
FfpEAL, BE RSP RILRE T,

AHIFGE HEST T E DU AR I B A v A e ML
28 BB 47 7 v OB AR R B, Sl 322 30 d 45T o IR AR
IR B-NMN, AHF 5% Hxt B i 4 55 A 80 A0 1 1
o &5RER B-NMN 1] LIAG R REAR 70 40ms e 5 [ A i
BT, TR) e ARG g B AR K R 5 A9 CHO 5 TG,
AR i EARHUIE B, HAKT IR Sh 4 (0 b A R

SR, BUEALHLHI BT 25 3 R, B-NMN REfS I 1 #h 78
NAD"#% SIRT1 {§i18 Fox03a/PGC-la £ LRELIF A,
Hfn SOD Ml GSH &1, [RlHFFEAE MDA FIEE [ Bk EE 0
Era, AR IR SRR R IRE, D8 SR A R O
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