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Effects of nicotinamide mononucleotide on hypertensive rats
WEI Yuchen', TIAN Jiasheng?, WANG Daoxin?, LING Qisheng?, WANG Zhi?, MIAO Chaoyu'*(1. School of Medicine, Shanghai
University, Shanghai 200444, China; 2. Department of Pharmacology, Naval Medical University, Shanghai 200433, China)

[Abstract] Objective To explore the effects of nicotinamide mononucleotide (NMN) on hypertensive rats. Methods Two
rat hypertension models including spontaneously hypertensive rats(SHR)and two-kidney two-clip (2K2C) rats were used to be
given single, long-term or lifelong administration of NMN respectively. NMN’s effects were assessed comprehensively by
monitoring survival time, blood pressure levels, and the extent of organ damage in hypertensive model rats. Results It was
revealed that NMN did not exhibit protective effects in terms of lowering blood pressure levels, reducing organ damage or

increasing survival time in hypertensive rats. Conclusion This study suggested that NMN did not demonstrate anti-hypertensive

effects in rat hypertension models and could provide valuable insights for future clinical observation on NMN.

[Key words] NMN; hypertension; rat hypertension models; organ damage; lifespan

G e B IS — A iR (NAD' ) St —Fp 2L (1)
Riftr=9, Kz 524 i, ae s, JLH
TRV DNA G S KB RK . Ik . T
T . LR RIS 8 NAD W B 23 Bifi 25 AT (1 K
T RAARR, DRI, 1435 NAD' ] B8 75 22 fift AH ¢ 10 41 i
TIIRE A AR E R 52 457 T R A SV E Y R BERL
FAAZTF TR (NMN) & NAD AE W& R . 7Ry
SIIFSE F W, #bFE NMN A] DL 7 NAD'7K 9,
NMN 1] DLZE figh- 45 o i 1450 90 1) % e, f 4 o
UL s g 2 O AL LBk M 45T, A, NMIN if
S UEEL BRI RE RN TR PR s b e, L
TG RIR B AR T NMN #h 78 501 (0 A7 300 Fn e 4
PR (bR 3 5 . NCT04228640"", NCT04823260",

[BE£mB] EZEAARRAREEE A0TH (820301105 82330117)
[MEREN]  BMIR, BULAESE AR, BT ). O il I 45 25 327,
Email: weiyuchen@shu.edu.cn

[EEER]  ZHIE, B2, WA I, ORI8O0 1 A 25 34

2#, Email: cymiao@smmu.edu.cn

UMIN000036321" B §iE B 7 0o 1l 457 A2 47 7Y
W1 SR, NMN B RIFEATS AR i = RIS AT 52 1Y
NI ES I, e 1 OC T HRYT 5 I S5 9=
Yo YT AR MR, FOR AR o T — 2 A 2
B 25 SR, (H TG B0 T 37 B BRI 28 RNl A 56 UE
SEHAEAN ] S E B T 0 RO e A

i LR S — RAMERR ) E G N R,
U LB S LA B r JRCAEE il i, S el
HAaREE T A IR ERAET, BEE BT
] A 4% 2 S B A8 5 1000, & 2B Bl Jhkoks ¥ A
b BRI | O 1 R AT AR . e I
1) A 5 o A RN JHE 56 PR 3R A O, T PR 4 A U
T NAD'BE= . M, NAD & N & Il s 5 P 7
BITHLA

H AT 2 T NMN X 5 1L )52 Wi i 53 A0 X A
R A — T PR AT 52 560 2% B NMIN AT LRSI i
BBk R (Ang 115519 i 100 /N BUAY i 1),
T — TG PRAF 5B, #h3E NMN 7] LRI & 1


https://doi.org/10.12206/j.issn.2097-2024.202412006
https://doi.org/10.12206/j.issn.2097-2024.202412006
https://doi.org/10.12206/j.issn.2097-2024.202412006
mailto:weiyuchen@shu.edu.cn
mailto:cymiao@smmu.edu.cn

IR SRS 20254ES H 25 H O 43% B S
214 Journal of Pharmaceutical Practice and Service, Vol. 43, No. 5, May 25, 2025

JE R B9 IR (BRR5: NCT049032101) , SR,
H AT A IE S AS 2 LLEF NMN T % R 30 i 254,
TR LB = B A T B IR T 25 80 o R It
e AR BT TR . NMN S 75 BEAE b & I
FEIRIT 259, A &R IR B (SHR) J&—Fisi (%
P 5 I AR B4, 5 AP 25t
PO 2 (2K2C) K B — i SL 3 1k ) 26 v B I A
PR AL S8, ik 6K BRAEAR S 2 B 100%
RAE MR, E T R 25 . A
TR FH LU P 25 24 R I 245 W i el i 7y 5
257 2K B NMN JRYT, W% NMN X i & Pl
2k % P v I KBRS R % I R A g A G R
Mo DL A, AHE 58 3 W58 T & B 25 25 NMN X
2K2C K RARLBIZE T N A5 A () s i )

1 MR5EE

1.1 EBFHY

Sprague-Dawley (SD) KK 5L(160 ~ 180 g)
T LG Lyl R AR A BRA R . 2K2C KR
i SD K BRI 2l ik i £ 0.2 mm NARIY U AR
el Emi AL . HEYE SHR(250 ~ 290 g) 4 b 5t 4
ARSI Z Y H AR A BRAF]

fi A KRB R IR Tl B & (VO R4
o R SRR R (2442)°C, FHXHEE R 40% ~ 60%,
HE B E] A 8:00 ~ 20:00, H K& FRK (BT
BLBRAN) o ASSZUG BG4 T ST S5 0 ) 4 R S
FRIE
1.2 FERA AL E

NMN(Ht5 20210468 ) i 1 Bk A4= 9 = 245 (1 ifg)
A R R, VP8 (Losartan) (k5 LOSB-4-
06210326) H #i VL3 T AL 25 M1 Iy A PR ZA w] S 4L,
R H 4R T ] Merck 23 ), 15 55 2540
I F AR E e 2y By A R, ARGt
H3v60) Il T ¥ A4 WL A RN ], EVG 3
Ner gl R &M T R ERHEA R A A

U AU4R 2 (0.2 mm P42 | IILUE 5 0 R &
4t (F15 MPA-HBBS) W F I ¥ BURBHREEA: YR
H R T, BN S8 0T E Biotrol A ],
1.3 Sk
1.3.1 SEERAHANARIT R

NMN LR 25 257697 WF 5% : f24% SHR A1 2K2C
KRR, 7245 [ A SE G v, K BRI gk R b
Ay BC AT HRLH (GEIRZK) AT NMN 252540 (200 mg/kg),
I B ESERY.

NMN K 4525 (4 8 )G I7 A5 6045 SHR #

2K2C KRR, 7E 25 ARSI SCa v, R R34k
Bt ML 3 BE A %o AR (B ARDRE) AT NMIN 25254 [ 24
YRk, S50 NMN 5 200 mg/(kg-d)].

A= AE I RDULEE 5% : 2R FH 2K2C KRR AY, 5
AR F AR (TR SD KB, 538 18 kL) il
2K2C A, 2K2C i 15 2H K Bl -4 B L 53 A A
RIZH (- iRRE) . RUPIHAZHA [ 29Tk, 255K
FHE 20 mg/(kg-d)] I NMN 252541 [ 255k}, 25
R 200 me/(kg-d)].

1.3.2 2K2C kRS RI %%

2K2C R o AR 1EH SD K BRI~ 5l
Jik bR 0.2 mm RUSH B ER S J5 1 R4 v i AR
R, 28 AR PO e 30 SCHR By 20, SD K
U 2% 100 240 (40 mg/kg) SRR, BERBYI T, 5%
BRI, i R B KR i B AR SR 0.2 mm
1) U BRI a5 — MBI AR . /N0
S WE AR AL 2 AR AR R BT AH R 7
PRVE U INAT IR, (URTCE U B, b
BEHUG, WINE B R, 885 . Rk KEER
L I, BERIE I IVC RSG5
133 EERALIAE

FH 2% 1% B FE 240 (40 mg/kg) IR Y R B, 358
XS B RE, H 815 TR DI 2 em,
i FHTC AR 2N B R R, FUr e Bt Bk
LA AR o A T A, T00ER DX s P R i /N AL, RS
B AT O A v A N, PR A SR
S, WL TS 2R R IR, B,
A LUR RS 5 X T 15 5885 1L s
HEIR ., FARERS, YT AE LIRS
=D
1.3.4 &R [ RIS 2hil & i

25 R Y & 30 SCk X 29, H 2%
P H 2244 (40 mg/kg) BRI AR B, 70 0 B0 DX Jk
J B I B, IS e S Ak 7 1 VI e ik, 2 58 e 5
Jik o UEEs th— B Bk, Hi AR PE IR S45,
FE R AT B IK . #% S kIt fa iE A
J =5 Bk, SR L R B S s bk i, A
Tyl B2 N AT AT R S 2R
e, A0 0. Ra, KEFEFETNERS
98 HLE N AR, H IR MK, 24 h 5, IS
VR L RS, 4 MPA-HBBS Bl /3 2 40
VLB ey A R T Sl WA SIA TN AN LT
He o [FIRFLL 0.3 mi/h (35RE S25 T 25 U/ml T
KB, Bl 10 Head R B

NMN R 45 25505, KRB sh kG F A



2k S gs 20255 25 0 43 SRS
Journal of Pharmaceutical Practice and Service, Vol. 43, No. 5, May 25, 2025 215

JEWR H A 9:00 3 I R S5, 8 SE 10 S 1 H A
ODF[FT . 12:00 B, il BEA THIN 24 (NMN
IR . ELRICSE 24 ho IR ALL AL (LS
24T 1 h ABEVE A LRI AR RO ) . NMN K
W25 255256 v, NMIN 25 25 20 A6 BR A A R BT R
i FH R 5 s R AT I AL SR, 34 R SR
2h,

1.3.5  #VE RIS ARG B A28 40 #

T 5T L AL 3R 5, R R RR R
EFT MO, I 4 °C FvA (0 A B K K Bk A7
O MEREE . B L R L GO E L B AN 322k O
ZEBE T Bk Ay X BIREIR B, Ml B B, D
K EBNKA R | 20 FREJRRE | B R R R o R
FEo BRI DR sk, AR 4% 2%
R 15, - HEA TR BR824 5007, 136 EVG., 5
AKZ P41 (HE) A1 Masson 4 £a181
1.3.6 Stz atr

FIF A S92 0 K0 9 ¥ DL 359 {8 445 1 1% (mean+
SEM)” %/~ . {i | GraphPad Prism 10 {84758
M. AR X Student-r 46 50547 4H 18] Ho AL,
A7 TR Log-rank #:56434 . LA P<0.05 A E
AGiE2S

2 H#HR

2.1 R NMN &7 ABA&% SHR #9 o JE Fo 35 B 45
1HA2E

SHR & — P J5t & P 57 1 K BRUBE AR, BRI 25
T 200 mg/kg NMN J5, 2 h P, NMN Z5 25 41 fig
XL P L BTk SE R B ka0 A
BEZF(E 1: A-D), X} NMN 4324)5 2 h fl 24 h
DAY ) DX ) 0 267 7000 S 0, R 2 AU L & ok
AN 5]} SRR SOl CRURCZERTE =S (S
E-H).

RS ] SEOD F LA E KIS B
KRGS H . D R K R
INEMITREE, SUAFI IR, NMN 45 2541 Y
Jili LD R O E | RO E MBS E A
X AR AT AR (B 1. D) R, Wi e £ 3
ik SR L, 200 B RE TR R R o 5 e o )
B BB B R (A 1. J-L),

X BRI HEAT EVG Yt ALK BRI 30 ) 21
HEXTIEI . TERE, WA A A A R BB 35 KO R
PEAT Masson {4, %4 & B NMN 1] DL 23 1fiL
T L) R Dt 28 4t 43 A1 5 6k 3 3l Dk RN B I 2 Ay
HE Je 0, [ARESA % B NMN U842 3 3 ik 5 2 5

O B /INERZR AR SR AR (] 1: M) o X sl LRI
#£ SHR A | BRYR 25 25 NMIN X I e 2% 28 B f
PO A IRITER
22 K NMN &7 A %A% SHR #9 . JE F 35 B 45
1AL

o M — Rl PR, i — D7 SHR i A
RIS T NMN 259 R kR 4 8], SER000 & R
200 mg/(kg-d), PEAR HXT i He AN 48 B 545 A 2
5% BRZH AR [, 251 NMN 259050 RHA 7 20 18 B
RE A B, A5 4 BB, NMN 452540 K
B B (& 2: A-B) . NMN 25¥)ia k)
WEFE 4 JE e, R HRZH A NMN 25 25 26 AU 4 1 L &7
SRR PRSI BLO R IR B 2 5 (] 2: C-
F

FLAS A K R a8 B B, 5 NMN HLK
Y PIRYT 0SS S, NMN 259 EHE ST 4 JEHK
SR B E WA B R ER (B 2: G-K) . Xt
25, 78 SHR BRI, NMN K25 25 i fy
R I B a8 B O AR
23 R NMN % 577 A% 2K2C X R 09 fn JE Ao
BEMGAZE

2K2C KRR B 2 4k & 4 e I R 1 SE G
BAY, 58 ) 2K2C FAR @B 5, KB i W 2 Tt
O g — RS T AR 2K2C K U vh R 25 2
200 mg/kg NMN FIRYTRCR . 5 SHR AAIrhilge
25 R — 3, 5XF IR L, BOR 45 25 NMN J5
2 h 5% 24 h PG I FILC 2R BT 520 (E 3: A-H) .
2K2C KB BAYKIRH NMN Ji, i, (O B A 32
£5)) A A N N S A R DS A ERURL Z SR TN
WA 28 B AR VE (] 3: 1-M) . ik sbgh I,
TE 2K2C FE A, FLYR 25 2 NMN X IR s B 1
PO A WA R
24 K NMN % 77 K A% 2K2C K 89 o J&E Fw
BEMAGARE

1 2K2C R P45 T NMN 200 mg/(kg-d),
XML L, K2 NMN S O T 3
Ak, SR 4 JE R B B B (K 4: A-B).
LS4 T NMN 4 J8 5, W03 9 20 KRR A% U 4 T
EPOKE . s Bk B0 R, WA MR F B
(Bl 4: C-F) o JEAZEVPAL, G . . 5O ME.
D AU S IR B T Rk
TSR 00 5 BE R R B T o
s 454 EVG. Masson # HE 4e 0, Wi 4H 2 [A]A
BEER (K 4. G-K), XEZEREH, 7F 2K2C 4
Rl KL 25 NMN X IR sas B PR iAW



SR SRS 202545 H 25 H 43 4S5l

216 Journal of Pharmaceutical Practice and Service, Vol. 43, No. 5, May 25, 2025
A 260 B 180 - Wi
= 240 0160 = NMN 4254
£ E
g 220 g
% 200 Lﬁz
v 180 i
= ¥z
160 1 1 1 1 1 ] 80 1 1 1 1 1 J
0 20 40 60 80 100 120 0 20 40 60 80 100 120
#5255 IE] (#/min ) #5245 )5 ] (#/min )
C
é\b 220
= 200
E 180}
= =S ess i e
= L
= 140
@ 120
B 100 . . . . . , 300 . . . . . ,
0 20 40 60 80 100 120 0 20 40 60 80 100 120
21t R] (¢/min ) L5255 TE) (#/min )

E F = K R ZH
250 150 == NMN 425 254
20 200 | gk 50 . .
T T
= £ 100
E 150 g
~ 100 et
= ¥ 50
& 50 #
= &
FERE 2h  24h FERE 2h  24h 24 h
Uss i
g40t E 0015 iy 08 .
Z el B3 mh
i 35 I' N B 0.6
& 30 & 0.010 g
= 10 . W =
o 8t *
= 2- ﬂm 0.005
|
% o . = |
. \ N N 1
il AF W o wEZLES ES oy B i
%= Jkx10 A7 g
M IRl -EVG L>JE-Masson
b
k=3
o
w
Lo

4

NMN

Eo 100 ym 200um (55
Bl 1 )% NMN ;8773 SHR fIL/E . (OFRKREEFEREEE (n=5)

A-D. YA ZEIE 2 h IR . AFIIE | BB A B AL E-H. S0 25 RTRZA 2505 2. 24 hiX Al AR . 4F3KIE . F-
BIFIKIE AL ZE I L F B OHE. 0% ZE S RSO BT T ). E R S He K. e OB EE L. B R S

BT e M. IS EVG e, LI Masson Jeft, . 3K AIIIE HE Jef6,

AU MK B AATG IR 367300, 4540 K BRI IR
2.5 ¥H NMN 857 R3EK 2K2C KR 69 A& 01 Wt EENA B EER (K 5. A-B) . SERFARA
NMN 7£ ZFpp #EAE P R p i 5 BN, AH L, 2K2C #ER A B A AT I ) g 25 b, 2@ v
YE— 2B S AR NMN 275 1] USEK: 2K2C 55 HIGYT 5, 2K2C KBRS A7 0 B 18] I 25 S 4 . g

20 um



e SRS 20254E5 A 25 H 4E43% S

Journal of Pharmaceutical Practice and Service, Vol. 43, No. 5, May 25, 2025 217
A 350 1 B 80 -u- X HEAL
g, —— NMN 42541,
32571 'SD
¥ = 60
Z 300t )
4 — 50 L
o e
= 275} i]é 40
250 . . . . 30 . . . .
0 1 2 3 4 0 1 2 3 4
R (oJH) 2 JEasE (o))
E F
€ 300, D 00 ¢ 250 400 -
—~ o’ A — /;\D
o o 150 T 200 ~ 300
T 200+ = g
e g E 150 £
=z Z 100 e X 200
= o0t = = 100 .
g E 50 = 2100
= & T 50 =
B
ry 0
o
A §W§>
G 4s - H 1 I
~ L pilEa] a
> a0l £ 0.015 ~6r 0.8
£ = NMN A%H s E \ ﬁ .
i 0010 ~ 4 i 06
< < u £
- = o w0
i & 0.005 # ) =
fm i) 9 202
= % 0 Q 0 =
WA o oEALEg M B B P
NS ) NS W
%= k<10 AT AT R

&

K i &-EVG LE-Masson

XL

200 pm

AR

4

NMN

[ 2 4<HA NMN ;87 % SHR AV EF ORISR (n=5)
A KHE B R C ~ FKIAS 2 4 G IR R SF5K K FRIBIIKERLG R G s B O, O A0S M FEZPKFRT 8 E E
T H Bk E R SR L AR, 1 5 e SRR H; K. NI EVG 44 O Masson et EahKANE IE HE Y iy CRE
"P<0.05, NMN Z5 2520 5 %F BR2H Hes

NMN JA¥7 1Y 2K2C KR EUEAFIIR SRR S A1 2K2C K RUBTRL, FE1 T NMN G & il i o] 68
FHRF(E 5C), DL ESSREY, 78 2K2C BiAlrh, 5P, WFRE5 R, 76 iR BiRl v, sk sl K
NMN &A1 K BRI I ] A H NMN EI7 AR R 0 W h e R MO a8 B
3 e ?ﬁ%ﬁﬁﬁ , VA T AE AR TR A

fei I Xl A7 7 T U, 43 S BU™ E I
AT ST A P PR D S 5 I R BRBR Y : SHR JRE, ACo IR . o UMM PR B 45 . o il &



SR SRS 202545 H 25 H 43 4S5l

218 Journal of Pharmaceutical Practice and Service, Vol. 43, No. 5, May 25, 2025
A 280 B 180 o A
"o 260 "o 160 F = NMN 52541
: : e bibided
E 240 g 140 F
w220 w 1207
§ 200 g 100 |
180 . . . . . . 20 . . . . . .
0 20 40 60 80 100 120 0 20 40 60 80 100 120
2RI (¢/min ) 2R IHA (¢/min )
D
220 460
on
T 200 —~ 440
£ =
E 180 § 420
g 160 3 400
& 140 D380
H_ 120 1 1 1 1 1 J 360 1 1 1 1 1 J
0 20 40 60 80 100 120 0 20 40 60 80 100 120
25 25)5E1E]) (/min ) Y525 RtIR] (#/min )
G
E 300 F R
s = 200 ;D 250 _ 600 r == NMN 252520
& & - 200 = :
T 150 |« £ £
£ 200 E E 150 E 400
£ E 100 é 100 K
. 100 = s —
s B 50 = 5 w20
& o R g
= 9 % 0 a o0 0
HRE 2h 24h JEREE 2h 24h L KR 2h 24h HRIME 2h 24h
I J K L
—~ 60 ) 2 s 08
£ . 5 0.020 = .
=0 : . EBfia 2 ;
30 I & 0.015 Z 4 Eﬁ( 0.6
=T 8 =3 < 04
= .. ¥ 0.010 o :
Hﬁ & g 2 2 E
: 0.2
= @ 0.005 ! =
I — = =0 Ll
WO H o bEAELES R A, S B
3 H S =W
% k<10 NS NS
%§ %§
M

IR M4 -EVG JL>JE-Masson FEPk-HE B WE-HE

73

X HRZH

200 um £

SESEH

4

NMN

100 200 um - §

3 HOR NMN AT 2K2C KRAIE. (ORMEBERGHEN (1=5)

A-D. JUR4AZ5)5 2 h NAURAE R . §F 3K SE SRR AL R AGSEHHI B8 E-H. FARAZRTAIZAZG)5 2. 24 h X[ AU s R . #F9KE
SESS B KA RS O AT B DE, OF | O E MBS RS E i ) ESkE R S RKE L K ORI L. B S
SRS Hes ML LS EVG Je @, O IE Masson (%, FESIKAIE JIE HE 4 (0,

RIS MLERE R B2 0HE, AVHE—F K 5L (SHR-SP ) A5 Y v 9 1 BH A7 78 B AR 1L, a2
BT R 259, RENS R RSP A ok & 1T EW, ERAFTE R R A 7E U, R, R
B AT, BISZIR, F-7E 2K2C F1 526 vp [ &M e i T KUPIHE R P R 259, & W K T iR



e SRS 20254E5 A 25 H 4E43% S

Journal of Pharmaceutical Practice and Service, Vol. 43, No. 5, May 25, 2025 219
B
400 ¢ 120
= Xf AR
- —— NMN 442541
_ < 100} "
o 3001 &
E i 5 80 I *
£ 200t = —_—
% 60
100 1 1 1 1 40 1 1 1 1
0 1 2 3 4 0 1 2 3 4
2y E] (o) 2y IE e (o))
C D E F
400 1 200 1 250 1 500
= 300} ®ef aaa =150 20200 | 400 r
T sl g £
E E E 150t €300
Z 200+ Z 100t w £
g 1 2 100 Q 200 |
E 100} T osof ) 5
£ % T 50F ~ 100
H_
0
&
%):S\ %/
&
G 5 H I J
2 a0l - R =
= 35 ;  NMNZA 24 S
| I -
% 30 i
= ¥
4 i
i 5
EE =
0 e Ay Ay Ay > ﬁ
ik HFOE L O AL M

%= k=10

X HRZH

2

%

i

NMN

200 pm

Bl 4 1<HI NMN ;8773 2K2C KRR A E F1O AR (n=>5)

AMRTE; B #FE; C-F. K25 4 RERIER R . 673K K SEXIshBRFLOR; G, i I B O E, 0= 28D E M E Sk HIxT 48 B i
i H B KE RS K L AADEREE; J. B 6 1 K. N4 EVG et OME Masson Je(a . E ik AE HE Jeta

"P<0.05, NMN £ 2540 5% B2 LA

A AEIE I ) o AHELZ T, NMN I35 28 1 & i FEFIL I — I E T, 6 Ang 151 =L
FER BUAAG IS fE] o BEAh, 72 2K2CK B SHR AR /N RS fhiE B T NMIN A5 7L i3 1 R 28 B A
R, ISR YR TR R RKIIR, NMN X AR A LA R AT RE S B IF T 10 A B 5 1%
FERES B AR A R VB 4 B 22 () A7 A 25 5, QNS IR | 25 2507



IR SRS 20254ES H 25 H O 43% B S
220 Journal of Pharmaceutical Practice and Service, Vol. 43, No. 5, May 25, 2025
900 B 90 ;Egﬁzlgéﬁ C100
- 2 - %ALV 1 2]
~ 700 T T % - bz %0 gt
= = ~< Ak S N
5 500 - MWNMN A S 60 — b2
- . e S, . 3 40 NMN %2454
: 30 o

E. 300 I =20
T & T

100 3

0 8 16 24 32 40 48 56 0
s 2jfamtE ()
&5

8§ 16 24 32 40 48 56
25 IE ] (o))
KHA NMN 5897 %f 2K2C KRR 2 5EATE ARG (n=25 ~ 27)

0 ML T - VT
0 60 120 180 240 300 360 420
#h2hJa ] (¢d)

A KEE; B EE & C. AN
P<0.001, SR TR LA #P<0.001, SHIRIZH FLH; 44 P<0.01, NMN 452520 S5V LA 2520 AR, C 48] Log-rank K307

%5 NMN 25 24 ik (] A0 i, 300 8 7 92 AR 2 A, 495 531
JE BT MR 2 [l (22 5, SHR il 2K2C K SR B
3z M IS B R 25 R ROR: . FRAT A
T 5 A B AL 25 9 70 S A T B R R 45 24 3]
e PFAl NMN 2530, {HiZ A A HBF o TR IS 245
ICAR, SEBG B4 4 i H I 77 1k ] RS LA 2 45 AR
2 E RN o AT G R T A HE 4 T B [4]
H 376 Sl Bl H I 5 75, Tz AR A T HE R A
PEREL . BRRUL, AR HEIAE T NMN
Xf SHR 1 2K2C K Bl 28 M e 1 A5 28 v iy 1 5]
PRI, I NMN S i i T R B A If s
s B R ER

A, SYDH R IR RIZERT S E 2 1O
UESE, Bl an, 76 2K2C A A -, K 45 25 S VD 41
4 J8, Wi AR 29 40 mmHg!™, 3 B A Vb (7]
JEAE B E N AN Z IR . RIESE NMN R Y7
Xof I P45 M S 36 o, AN SR U0 3 PH 1 24 0 R AL
T AT HHFRATT AR B 2 S U % BR A5 i i s i, A (8]
e VDA A BT IR 258, & T R K
TR BR A AT B ]

KF 3 NMN FlEpy s £, BT, NMN 7645
ol N r 3 AR 8 I R o, 390 B4 L R 50 ~
150 mg/d™”, /INEUE F NMN 5154 300 mg/kg, X
I R BRI 29 200 mg/kg, XF 0 A (70 kg) 74
33 mg/kg; M RIS ) i e K — M 900 mg/d”,
R, bR AR C R i, A i )
AT SEBRn B, SR BT PR R 2

25 b, ARWFFEIEAG T R ] NMN R Y7 %
SHR F1 2K2C K BB A v i i, A8 B 4 1 52
M, 25 5L R HH, NMN X & 0 e K BRI L 2% 5
PG N FF A YA R, 32 % B NMN 9 &k
Il RIS AL T A B WL 22

(&% k]

[1] COVARRUBIAS A J, PERRONE R, GROZIO A, et al. NAD"

(2]

(9]

[10]

[11]

[12]

metabolism and its roles in cellular processes during ageing[J].
Nat Rev Mol Cell Biol, 2021, 22(2): 119-141.

WANG P, MIAO C Y. NAMPT as a therapeutic target against
stroke[J]. Trends Pharmacol Sci, 2015, 36(12): 891-905.
YOSHINO J, BAUR J A, IMAI S 1. NAD+ intermediates: the
biology and therapeutic potential of NMN and NR[J]. Cell
Metab, 2018, 27(3): 513-528.

YOSHINO J, MILLS K F, YOON M 1J, et al. Nicotinamide
mononucleotide, a key NAD(+)intermediate, treats the patho-
physiology of diet- and age-induced diabetes in mice[J]. Cell
Metab, 2011, 14(4): 528-536.

WANG S N, MIAO C Y. Targeting NAMPT as a therapeutic
strategy against stroke[J]. Stroke Vasc Neurol, 2019, 4(2): 83-
89.

YAGI M, DO Y, HIRAI H, et al. Improving lysosomal ferropto-
sis with NMN administration protects against heart failure[J].
Life Sci Alliance, 2023, 6(12): €202302116.

DENG H Y, DING D, MA Y, et al. Nicotinamide mononu-
cleotide: research process in cardiovascular diseases[J]. Int J
Mol Sci, 2024, 25(17): 9526.

SONG Q, ZHOU X F, XU K X, et al. The safety and antiaging
effects of nicotinamide mononucleotide in human clinical trials:
an update[J]. Adv Nutr, 2023, 14(6): 1416-1435.

HUANG H. A multicentre, randomised, double blind, parallel
design, placebo controlled study to evaluate the efficacy and
safety of uthever(NMN supplement), an orally administered
supplementation in middle aged and older adults[J]. Front Ag-
ing, 2022, 3: 851698.

YI L, MAIER A B, TAO R S, et al. The efficacy and safety of
B-nicotinamide  mononucleotide(NMN )supplementation  in
healthy middle-aged adults: a randomized, multicenter, double-
blind, placebo-controlled, parallel-group, dose-dependent clini-
cal trial[J]. Geroscience, 2023, 45(1): 29-43.

IGARASHI M, NAKAGAWA-NAGAHAMA Y, MIURA M, et
al. Chronic nicotinamide mononucleotide supplementation ele-
vates blood nicotinamide adenine dinucleotide levels and alters
muscle function in healthy older men[J]. NPJ Aging, 2022,
8(1):5.

XUTY, WANG P, TIAN J S, et al. Pharmacological character-
ization of MT-1207, a novel multitarget antihypertensive
agent[J]. Acta Pharmacol Sin, 2021, 42(6): 885-897.


https://doi.org/10.1038/s41580-020-00313-x
https://doi.org/10.1016/j.tips.2015.08.012
https://doi.org/10.1016/j.cmet.2017.11.002
https://doi.org/10.1016/j.cmet.2017.11.002
https://doi.org/10.1016/j.cmet.2011.08.014
https://doi.org/10.1016/j.cmet.2011.08.014
https://doi.org/10.1136/svn-2018-000199
https://doi.org/10.26508/lsa.202302116
https://doi.org/10.3390/ijms25179526
https://doi.org/10.3390/ijms25179526
https://doi.org/10.1016/j.advnut.2023.08.008
https://doi.org/10.3389/fragi.2022.851698
https://doi.org/10.3389/fragi.2022.851698
https://doi.org/10.3389/fragi.2022.851698
https://doi.org/10.1007/s11357-022-00705-1
https://doi.org/10.1038/s41401-021-00636-1

LS g5

20254E5 H25H 54334 5

Journal of Pharmaceutical Practice and Service, Vol. 43, No. 5, May 25, 2025 221

[13]

[14]

[15]

[16]

[17]

RAPSOMANIKI E, TIMMIS A, GEORGE J, et al. Blood pres-
sure and incidence of twelve cardiovascular diseases: lifetime
risks, healthy life-years lost, and age-specific associations in
1-25 million people[J]. Lancet, 2014, 383(9932): 1899-1911.
QIU Y M, XU S'Y, CHEN X, et al. NAD" exhaustion by CD38
upregulation contributes to blood pressure elevation and vascu-
lar damage in hypertension[J]. Signal Transduct Target Ther,
2023, 8(1): 353.

TIAN J S, WEI 'Y C, WANG P, et al. Pharmacological effects
of MT-1207 in bilateral renal artery stenosis hypertension and
its hypotensive targets validation[J]. Biomed Pharmacother,
2024, 178: 117234.

LING Q S, ZHANG S L, TIAN J S, et al. Allisartan isoproxil
reduces mortality of stroke-prone rats and protects against cere-
brovascular, cardiac, and aortic damage[J]. Acta Pharmacol Sin,
2021, 42(6): 871-884.

WUMY, MA X J, YANG C, et al. Effects of allisartan, a new

(E#% 212 W)

[34]

[35]

[36]

(371

VACHALI P P, LI B X, BARTSCHI A, et al. Surface plasmon
resonance( SPR)-based biosensor technology for the quantita-
tive characterization of protein—carotenoid interactions[J]. Arch
Biochem Biophys, 2015, 572: 66-72.

ZHU Z L, QIU X D, WU S, et al. Blocking effect of
demethylzeylasteral on the interaction between human ACE2
protein and SARS-CoV-2 RBD protein discovered using SPR
technology[J]. Molecules, 2020, 26(1): 57.

ZENGS W, YUX, LAWW C, et al. Size dependence of Au NP-
enhanced surface plasmon resonance based on differential phase
measurement[J]. SensActuat B Chem, 2013, 176: 1128-1133.
PENG J J, LIU G K, YUAN D X, et al. A flow-batch manipu-
lated Ag NPs based SPR sensor for colorimetric detection of
copper ions (Cu®") in water samples[J]. Talanta, 2017, 167:
310-316.

(18]

[19]

[20]

[38]

[39]

[40]

[41]

AT(1)receptor blocker, on blood pressure and end-organ dam-
age in hypertensive animals[J]. Acta Pharmacol Sin, 2009,
30(3):307-313.
OTALI D, FREDENBURGH J, OELSCHLAGER D K, et al. A
standard tissue as a control for histochemical and immunohisto-
chemical staining[J]. Biotech Histochem, 2016, 91(5): 309-326.
SHIMAMURA T, IWASAKI T, HAYASAKI-KAJIWARA Y,
et al. Effects of losartan and benazepril on abnormal circadian
blood pressure thythm and target organ damage in SHRSP[J].
Clin Exp Hypertens, 2002, 24(3): 187-205.
SOMA M, LALM S K. Therole of nicotinamide mononu-
cleotide (NMN) in anti-aging, longevity, and its potential for
treating chronic conditions[J]. Molecular Biology Reports,
2022, 49(10): 9737-9748.
[¥FaBHA]  2024-12-02
[AxHmE] HERR

[(1EEIEH] 2025-03-10

JANANI B, SYEDA, THOMASA M, et al. Enhanced SPR sig-
nals based on methylenediphosphonic acid functionalized Ag
NPs for the detection of Hg (II) in the presence of an antioxi-
dant glutathione[J]. J Mol Liq, 2020, 311: 113281.
YUAN H Z, SUN G Y, PENG W, et al. Thymine-functional-
ized gold nanoparticles (Au NPs) for a highly sensitive fiber-
optic surface plasmon resonance mercury ion nanosensor[J].
Nanomaterials, 2021, 11(2): 397.
DEYMEHKARE, ALITAHERM, KARAMIC, et al. Synthesis
of SPR Nanosensor using Gold Nanoparticles and its Applica-
tion to Copper(1l) Determination[J]. Silicon, 2018, 10(4):
1329-1336.
MAURIZ E, GARCIA-FERNANDEZ M C, LECHUGA L M.
Towards the design of universal immunosurfaces for SPR-based
assays: a review[J]. Trac Trends Anal Chem, 2016, 79: 191-198.
[¥FsBHA] 2023-09-07 [fEEIBHA] 2024-06-21
[Axsmig] FHER


https://doi.org/10.1016/S0140-6736(14)60685-1
https://doi.org/10.1038/s41392-023-01577-3
https://doi.org/10.1016/j.biopha.2024.117234
https://doi.org/10.1038/s41401-021-00684-7
https://doi.org/10.1038/aps.2009.11
https://doi.org/10.1080/10520295.2016.1179342
https://doi.org/10.1081/CEH-120003200
https://doi.org/10.1007/s11033-022-07459-1
https://doi.org/10.1016/j.abb.2014.12.005
https://doi.org/10.1016/j.abb.2014.12.005
https://doi.org/10.3390/molecules26010057
https://doi.org/10.1016/j.talanta.2017.02.015
https://doi.org/10.1016/j.molliq.2020.113281
https://doi.org/10.3390/nano11020397
https://doi.org/10.1007/s12633-017-9608-z
https://doi.org/10.1016/j.trac.2016.02.006

	1 材料与方法
	1.1 实验动物
	1.2 实验试剂和仪器
	1.3 实验方法
	1.3.1 实验分组和治疗方案
	1.3.2 2K2C大鼠模型制备
	1.3.3 胃瘘给药操作方法
	1.3.4 清醒自由活动测量血压
	1.3.5 器官大体形态学和病理形态学分析
	1.3.6 统计学分析


	2 结果
	2.1 单次NMN治疗未降低SHR的血压和器官损伤程度
	2.2 长期NMN治疗未降低SHR的血压和器官损伤程度
	2.3 单次NMN治疗未降低2K2C大鼠的血压和器官损伤程度
	2.4 长期NMN治疗未降低2K2C大鼠的血压和器官损伤程度
	2.5 长期NMN治疗未延长2K2C大鼠的存活时间

	3 讨论
	参考文献

