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# E: BN %I S-IHEI A% FBR (nicotinamide mononucleotide, NMN)X 15 5 Ifil i 45 74 K B i) B8 g A o
FRER R VE R . 733E 50 HMENE SD KRR, BERL/M MIER 41, BRA4LR NMN iR, . @lEg10. 50,
250 mg/kg), B4 10 K, IEF AL TURFREL, HRKHL T o AREHE S Ae R, RNl fE 2 Bk T
BT, TS s, K A s IE R (total cholesterol, TC) . H il =W (triglyceride, TG) . Ik 25 £ I8 2 H (low
density lipoprotein cholesterol, LDL-c) X %% & i & I11 (high densitylipoprotein cholesterol, HDL-c). il #¥(glucose,
GLU). BfP:#mR (alkaline phosphatase, ALP), %R 234 F41ff (alanine aminotransferase, ALT), KRR
B IEE Rl (aspartate aminotransferase, AST) . LT (creatinine, CREA)/K -, FF45& i BUWLE I IE2H 2R A8 Ak Fi
FEATARTPORS 14 BB 7 I 21 343 (nonalcoholic fattyliver disease activity score, NAS)PE4r. S58R  HIER AL,
BRI KRR E RN B &, i i TG, TC. LDL-c fl ALT &4 % - 7H(P<0.01), AST Fl ALP £k
5% 11 FH(P<0.05), HDL-c {4t i FFEMK(P<0.05), GLU Fl CREA i #7251k, SHAELIALL, (PGl TG,
TC. ALT R#HF£{L(P<0.05), H7lE4] LDL-c & FEIK(P<0.01); #5flE4] TG, AST A1 ALT &kt & F#(E
(P<0.05)ifif TC FI LDL-c #% i Z/4{%(P<0.01); HDL-c. ALP. GLU I CREA T2 5, SHBAML, K
FIEEL R A ANARI A, RASRIEYA s, rhEiil el NAS BRI A g # 8 L 4 NMN
REREMREAR MAE SD R B AR, X IEA — & iR B PE R
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ABSTRACT: Objective To investigate the lipid-lowering and liver protective effects of S-nicotinamide

mononucleotide (NMN) on hyperlipidemic model rats. Methods The 50 male SD rats were randomly divided
into a normal group, a model group and low, medium and high dose groups of NMN (10, 50, 250 mg/kg), with 10
rats in each group. The normal group was given maintenance feed, while the other groups were given high-fat
feed to establish a high-fat model. After successful modeling, gastric lavage intervention was performed in each group.
After 5 weeks of intervention, serum biochemical indicators and blood lipids were measured, including total cholesterol
(TC), triglycerides (TG), low density lipoprotein cholesterol (LDL-c), high densitylipoprotein cholesterol (HDL-c)
levels, glucose (GLU), alkaline phosphatase (ALP), alanine aminotransferase (ALT), aspartate aminotransferase (AST),
creatinine (CREA) levels, combined with pathological observation of liver histological changes and nonalcoholic
fattyliver disease activity score (NAS) of liver tissues was evaluated. Results

body weight of the model group rats increased significantly, and the levels of TG, TC, LDL-c and ALT (P<0.01) in

Compared with the normal group, the

their serum increased significantly, AST and ALP levels significantly increased (P<0.05) The level of HDL-c
(P<0.05) decreased significantly, while GLU and CREA showed no significant changes. Compared with the model
group, the TG, TC and ALT levels in the low and medium dose groups were significantly reduced (P<0.05), the
LDL-c in the medium dose group was significantly reduced (P<0.01). The TG, AST and ALT content in the high-dose
group was significantly reduced (P<0.05). However, TC and LDL-c were significantly reduced (P<0.01); there was no
significant difference in HDL-c, ALP, GLU and CREA. Compared with the model group, the low, medium, and high
dose groups improved hepatic steatosis and inflammatory infiltration in rats, and the total score of NAS in the medium

and high dose groups was reduced and showed statistical significance. Conclusion NMN can reduce the blood lipid

levels in hyperlipidemic SD rats and has a certain protective effect on the liver.

KEY WORDS: S-nicotinamide mononucleotide; hyperlipidemia model; lipid-lowering; liver protection
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5 I I 2 — i eh A AR S 9 S0 i b H
SRR R R AR R Y — A s 2 R L I R
TS A i . SRR Z A KRR, S
L | SRR RS S — RS e e, 45 A RIAL
Sy KR R, R E KT AT B E IR
1R B IR A s, b A S {at e A AN

- Wi Bk % B 4% B BR (nicotinamide mononucleotide,
NMN)ZE—Fh HA EEAY G AL R, & NAD+(F
it} 1)F1 NADP-+(4iifiE 1D B FT A 2 —50, X PR
2B 5IRNFZEENAA RN S HA 5, 155 DNA &
S, AT, i A AR AT Y NMN
BAEFIEIE . BORMIPEREYH, HEERmD,
DR LM — 2 ] GBSy 8 D R R £ 7 590 SR 1l
. FRT7E E T, NMN Sl i #5355 v pg iy 2 ff
RZUH NMN B it AE WY, [, AR5 da
KETFRAEAETEW A LL NMN S 3 5508 AY £ 5 AR {d
Bho TE 2022 4 8 H 12 H, {B-JHMBEM A IR = dh 2K
FR 55 ) (T/FDSA 029-2022) B AR E E X 580, 3t
B NMN 77 i A = R e B4 TRt B, A
FMFFE R NMN A 78700 AT LA RAARR I I A3 I 4 P B2

il

F 9 E BN, N FE NMIN ] TS /0 BB I 0 55 B I
FATE A J2 1 5 RER S BT R AL A RE 1), HRSE NMN BT
Z AR A, AR4E B BT AT 52 A vk 28 O e ki g
BB ik (median lethal dose, LDsg)>5000 mg/kg!'¥, A<
oK NMN AR, 4k, B & 3 ARl m g
MAE SD REGHEE, PPN HRENERCR LGNS RO 1
FH, AU B NMN B & SRR R4

1 MR5ERZE

1.1 SEIREhY)

P FH SPF gl SD KR [(JRE 200 g+20 g), A= =i%F
AfES: SCXK(#1)2019-0004], W T HiH 5 S50 5h MRl
FAHBRAF] SRR AR EEFE 22~26 °C, B 4ERETE
40%~50%, SEEGEhPH I ATES: SYXK(#E)2019-011,
SIY)SEIG 25 TR P TR 4 ] O SEEG Sl A R A PR
ReHHE, %S 2024003,

1.2 iR 7

NMN(E B, 4 99.9%, FHiHTH AT BRA R,
ERE RN B 20%FEE . 15%E 0 . 1.2%/B R EE . 0.2%
AHCBR )V 75 48 P TR S 25 26 90 20 w)); R [ 1 (total
cholesterol, TC), Ht =Fh(triglyceride, TG). K% N5 &
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[ JIH [%B% (low density lipoprotein cholesterol, LDL-c). &%
& BE % A JA [ B (high densitylipoprotein cholesterol,
HDL-c) . %% #¥(glucose, GLU) . N & 82 & F: % F4 [ (alanine
aminotransferase, ALT). K& %R % FL %% #% liff (aspartate
aminotransferase, AST). Bi{4:WiELN(alkaline phosphatase,
ALP)  JJLAT (creatinine, CREA)(H [ Il 75 B FE /R A28 wl); o
ARG DT Yo €0 0 (R DL R AE WA 7).
1.3 UFE5EE

AU480 4= F sh/E Y L2E BT (1 DL 5 2 PP TR R
A]); RM2126RT £k A7 855 BLY) H L (g R 1= 28 w));
HP300 4= A gl HH 2B /K AL . DP360+CS500 Jig R YL 3 —
PRHL(P AR R 7 BHE 23 w); OlympusBX51 i fili( H
A BARE 2w ); L4-5K 22 B OGRS ] AR R A A
H]); JA1203 LT R-CREE 0.001 g, EHPIERMUAS A A .
1.4 R BE

S (R IR IR S PR 5 14(2023 4ERR) )
(7 LA TS S0 . SR R N Mk A 3R — ], SRR
REREHLA A 2 21, 10 H KU T4 F5 i b o 1E 4 41, 40
HKBRATRASFRE BRI, AEEFRE—IK, 2 FE,
B, JONER M IE43 8 M, UE M TC. TG. LDL-c.
HDL-c /K-, 4 5IEH 414, TC, TG, LDL-c 12
SE B, PIERRIN T
1.5 oA R FH

i e U L 40 L, BEAILAY 4 415 BEAIZ, NMN K
) ZH(NMN-L), NMN 7520 (NMN-M), NMN =518 4H
(NMN-H), 25958 10. 50, 250 mg/kg(HRHE M AHEFE A
W LRSS, 25 f5RIKE). &4l 10 2, L1 mL/100 g
B HHEE ST 2R Y, IF 5 4 AR 20 45 F 2 AR 4l
K, HHERWES, ELETW S BE, M7,
F 400 18] % IE 3 %ot R 4 4k 2 A R i R R 5%, HAR S LM R
T R
1.6 KERERIEREN

5 H SRR, IRZS, BRI RUAT, JHo.
1.7 HiErsnzE

THHALE R Sl bR, 1S CREEMFE . 48l
T, AN I A fb 8RR, 1MA8(TG. TC.HDL-c,LDL-c); Ifi

BHGLU); AFEIIBE(ALT. AST. ALP. CREA),
1.8 HLOAREBEFME

B Ay IR T 4% Z2 S rh i, WK, A
H EEYH (5 pm), FAKE-JH2L (hematoxylin-eosin, HE)
yua, rp R E A, OlympusBX51 R WAL P IE 4 27
A LI RAE I

PP AR 25 i J3E 38 2o S VPR M B U P43 20 8
4¥(nonalcoholic fattyliver disease activity score, NAS): (1)
4 Ji 1 05 A8 (IR A% 85 F)H<5% A 0 43, 5%~33% N 1 47,
34%~66% K 2 4F, >66%H 3 43, (/NN AR SEp AL
(0 IR ]y 0 43, <2 D RAEWELEN 143, 2~4 DRI AN
293, >4 ANRIEFIEN 3 715 )AL ERFEAE D 0 47,
SERFEASD UL 1 4, SERREAEZ W 2 435 34 IR
ZFIEIH NAS fa4305]

1.9 HIELE

R SPSS 27.0 M SLR Bm AT e A, T Bk
B A S B bR v IR 22 3R o PRI LR F Bk vy A
ARYVEL ¢ K5y 24N AR SR Ry 220 B A TR 56,
FJT 2255, K&/ B3 2215 (least significant difference,
LSD); #& )5 2ZA5F, XM Dunnett-3, 5 Lh P<0.05 1AM
EZREGIFFE X

2 ER5HH

21 fERIEST

2 JEUG ZEERRIE, O BRECR AN A 4 Wi, Mg 1
Al HIEH AR, B4R TG, TC Ml LDL-c ¥ &
FHE T IR A (P<0.01), FIIAN &G MUAE SD K Bl Bk
Iy, H iR A R BR IAE s WA . W HEAT R — 25 T
SR
2.2 NMN s &= AEILYE SD KR A ZE RIS

FARILAE SD K RUATE LA AR L Nk 2 B
TRo FESLEPIM, SAKRBMEZERARE . LR Ep
TEH AR B A B B K R 3 A Ry -8, TGS TR 201 11 1A
K, H5IERAMLL, BA B EMEWP<0.05). NMN &%
SR AT A g2 LR B 1 1, I NMN-M Al NMN-H 41
RE R SR EAAE, {5 NMN T3 4 5, NMN-M F1
NMN-H 41 {48 35 g K FHRIRL (P<0.05),

F 1 &R 2 ARERES FE4E AR L (mmol/L)

Table 1 Comparison of blood lipids in model group and normal group after 2 weeks of modeling (mmol/L)

215 e TG TC HDL-c LDL-c
IEH 4 10 1.80+1.37 1.3740.49 0.78+0.14 0.32+0.26
R 2] 40 3.04+1.24™ 2.2440.42" 0.73+0.13 0.81+0.20"

W SIEWAXT L, "R 22 S 8 25 (P<0.01), £ 3~5 A,
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2 NMN W& MAE SD KR AEZAI SN (n=8)
Table 2 Effects of NMN on weight of SD rats with hyperlipidemia (n=8)

T 3

TR 4 JA

TR 5 A

450.22+35.48

441.22435.25

486.14+40.35

492.38+34.57"

523.38+29.19"

545.00+£33.59"

483.44+40.88"

498.78+40.25

519.56+40.44

466.50+33.30

484 .88+38.77*

506.75+40.21%

25 T 1A T 2
EHRH 353.00+41.61 394.89+34.28
RERIZH 384.40+18.56 426.25+27.87
NMN-L 376.17+27.07 414.00+34.00
NMN-M 365.25+26.75 412.38+30.80
NMN-H 368.65+19.45 411.25+23.63

463.50+26.60

486.88+30.15%

507.13+27.85%

e SIEWAINTH, FOR 225 B3 (P<0.05); SHETILNT L, *RoR 24 5 35 (P<0.05), 3 3~5 [Al,

2.3 NMN %5 BE IAE SD A 5R [0 AR F0 0 #E 59 220
% 3 Fin, SIERFANH, BAARFIMEF TG,
TC 1 LDL-c % 8 3% FTH(P<0.01); HDL-c f/K - 2.2
PR (P<0.05); IBEEA LT, (HARE, SBIRXS L,
NMN A FIEALMHE A TG, TC & i AL (P<0.05 5§
P<0.01), H NMN-H 2HF#IE 3R e 2, HDL-c At
1 AR TG B AR
2.4 NMN x=AEILYE SD KR AT S INEERI RN
& 4 FR, SIEHAXE, B2 K R i
ALT. AST Ml ALP &3 FFH(P<0.05 3 P<0.01), {H
CREA TG 2128k, SRR X b, NMN 45 57 2 20 1 375
i) ALT 5 5 53 25 (5 (P<0.05), i NMN-L A NMN-M 41
ML AT AST BA FRE, I3, NMN-H 4 B & 1 TR
(P<0.05); ALP Fil CREA J&ig & 1E48 1k

2.5 NMN & BEIfE SD KR AFA RIS AIS N

W 1 FR, IEH AN RS A, ISR
W AT L, SRBCERIRHES, JUF- R UL AR i AR . IRE
SR . BRI AT AN BRI B R 00, RS540 8,
N K E/DIR RS A Mk 4, Bk FESh
Mo EHERIZAXT L, NMN THU5, 2524009 K BUH-20 i 43
AR ek, R Rs D& AR D, A H i K e
3 H AR A AR e
2.6 NMN }= A5 MAE SD K FRATFLELAFRIZF A NAS
oA

nge s s, SIEE AU, BRI A2l IR AR
P, NIERAE I TE 4 34 | 4 & (P<0.05 5% P<0.01), BR
NMN-H AN RAETSY, #A WL B SRR, S
ZHAA L, NMN-H 41 BRI AR BTFE5 A NMN-H 21 1)/ N8

#*3 NMN =B SD A R A5 A1 M HE Y #2088 (mmol/L, n=8)

Table 3 Effects of NMN on blood lipids and blood glucose of SD rats with hyperlipidemia (mmol/L, n=8)

2651 TG TC HDL-c LDL-c GLU
R 0.69+0.15 1.28+0.20 0.78+1.59 0.50+0.50 8.59+1.23
RERIZ 1.18+0.14" 1.98+0.19" 0.69+0.12" 1.25+0.12" 9.40+0.99
NMN-L 0.91+0.25* 1.75+1.27% 0.65+0.08 1.15+0.17 9.9440.59
NMN-M 0.89+0.20" 1.73+1.49* 0.61£0.05 1.11+0.11* 8.61+1.26
NMN-H 0.86+0.16" 1.61£1.98" 0.67+0.08 0.97+0.08" 9.29+0.56

T SRR L, R 25 R B (P<0.01), T3 4~5 [,
#F 4 NMN =S BEMEE SD X AT S I eI F2 0 (mmol/L, n=8)
Table 4 Effects of NMN on liver and renal function of SD rats with hyperlipidemia (mmol/L, n=8)

451 ALT AST ALP CREA
EHA 32.74+4.02 89.83+12.60 173.29+35.31 28.33+3.49
HERIZH 70.26+44.27" 163.88+112.70" 254.57+38.92" 28.31£1.26
NMN-L 44.87+14.51" 142.08+53.06 240.86+79.73 30.04+3.96
NMN-M 44.37+4.63" 131.21£20.31 224.86+30.34 27.60+2.68
NMN-H 43.14+8.12* 105.10+8.99% 219.57+54.27 28.63+4.87
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%16 &

TEr AL IEH 4L B. B4 C. NMN-L 41; D. NMN-M 4;
E. NMN-H 41,
B 1 T HUR S IRIMLAL SD K B2 HE FFEEYT [ (x200)
Fig.1 HE-stained pathological sections of liver tissuesfrom SD rats
after drug administration (x200)

5 NMN XEBRIAE SD ARATLALR NAS iF5 HIS0E (n=8)
Table 5 Effects of NMN on NAS score of liver tissue in
SD rats with hyperlipidemia (n=8)

A5 N s 728 INHRAE RERFEAE NAS B4
IEWH 0.25£0.46 0.25+0.46 0+0 0.50+0.76
FERIZH 2.6340.52" 1.88+0.83" 00  4.50+1.20"
NMN-L  2.50+0.53" 1.250.71°  0+0 3.75+0.71"
NMN-M  1.75£0.46™  1.38+0.92"  0+0 3.13+1.25™

NMN-H  1.13£0.64™  0.50+0.53" 0+0 1.63+0.92"

PO BEFFIN(P<0.05 51 P<0.01). 44 NAS B4%, IEW 4R
fIX, BRI e, &R T ZIE . SR LA L,
NMN-M #l NMN-H 20/ NAS 47 & FEA%P<0.05 5
P<0.01),

3 FHie51ie

Bl 5 AT A 36 2RV ER 5 A I B, i R S A
R Z, R . O A 2 P AR ER S HAA o6, B
B UM T e R f e R U R, IR
AT DR UOTER B IR R IR AR, (AT &
JULTA S 0 T 1 S A S PR R, FLAE 24 )5 5 3 3l
Jig B s> (R b, SR & HAh A A 2 HA R

TS R B RS TR LB : 20% FEHH L 15% 363 . 1.2%
RS, 0.2%HARAM)ESE SD KB 2 J&, 2 Ag 2k AkAas i,
PR TIRA R S IS MEAE T . 50 % 4L A b, AR ZH K R
B TG, TC A1 LDL-c (P<0.01)7K 4% & 2Tk, T
HDL-c (P<0.05)7K°F- &A%, X 5@ la k& i n A
SALHIAT A5 AR SR 1 — 807> NMN (10,550,250 mg/kg)
TG, XL migEmmaal T 8EUCEE, £:52 TG, TC
Fl LDL-c (P<0.05)1 . FEAR, H S5 Romit: . 2% T
AR AR E ST AL, Wik, Hdhd s
AR ERE KBS B, MILLS £ 51H 100
1300 mg/kg A NMN VEH/NR 12 N A, BREE
SUSAEI M OC R A BREEIR, ol /D Fh 4F %17 e B 1A B2 3 o,
JE 0 S R, FERIAE K, 2K . TIAN

SOV S I 1L RN 76 NMN PR NAD+K T, SRR
HFD /N ILAE o LT 255 & BUAN 78 NMN 34 il NAD+
(7K, B3 T HFD /N BUFFIE (4 Ak B R ok 4 T g
B, DI RS A ZE AL . AP RFES T SD KR
#hFE NMN A B il iR

JHEMESE AL AR S 0 I A AN A0 ) B 2 2 B 8 i g
IMLAE 9 & A SRR T R N AR A -, 8RN 2
(B8 284 5 ARGy X A7 T IR Anpa b, s R A 2 A= g
Ji s, AT ik — A 5 SO A0 M5 45 B T R B A . I
ALT FEAMEM A, AST S MifEdpiiid, &
IR Ry JHE R P9 S ) S RE R TiE, 7T DA 32 458 1) JHF 40 i sl T
4 240 PP s i IR TR, FF 200 B2 453 S 2538 o .
&K, AT B T R A I G A AR ER 201 AR5 1Y
ZER B IR, NMN B3R T ALT (P<0.05)F1 AST HI7KF,
X S R 1) 3 1 TR S A M A S TR v . b, R
NMN X AST (P<0.05)FARARTE Jy i 2, X Al e
BRI A NMN HAT s 4 R VR . e 32
LUEMEA S TixX— i, H &l NMN 9 NAS 74572
AR, /R R NMN TR K BUIT IS 453 5054

SR NMN (R B R0 R4 1 FH R S 55 B IE
AH T IS 1R 7 S B TRl A, OF FLHAT JF & AR
U N K8 TR ) R 1 6 i S A S iV T, (R HARYE
PLEM T — 85T . Ak, K NMN 922 4P Al
B, DRt A2 R G AR i )5 T T 2 G I
PRI R I E o
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