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[ Abstract]  Nitric oxide synthase (NOS) and its product nitric oxide are involved in learning and memory
functions. Increasing evidence shows that NOS plays an important role in the pathogenesis of Alzheimer’s disease,

influencing B-amyloid protein ( AB) deposition, neuroinflammation, oxidative stress, abnormal microglia activation,
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synapse damage, autophagy, abnormal mitochondrial function of nerve cells, and cerebral hypoperfusion or vascular

endothelial cell injury. This review summarizes the recent evidence for the role of NOS in the pathogenesis of

Alzheimer’ s disease and provides new feasible targets for the prevention and treatment of Alzheimer’s disease.

[ Keywords])

Alzheimer’ s disease; nitric oxide synthase; pathogenesis; nitric oxide

Conflicts of Interest: The authors declare no conflict of interest.

EAIRAE , WHRBIT IR 2RI R ( Alzheimer” s
disease , AD) , J&—Ff 5 —2A AL & & BEAH S B9 2517
Mdh BRI MR . BE A BRI R A 1S
LT SR B IS I BER 15 R8s
JE ] 7 WA B 0 R0 HI T T B A 25 FAT
MU H R ARG RE T RESE . o B SRR
J B FEMFESR F ( B-amyloid protein, AR) YT, If:
I tau A 10U B i p 28 ST SE R A, 90 AhiE Kk
LA 28 TC I FNFE T, H IR A A A8 i 28
DI RE AT, 155 75 A I O = A AR AR Y
HIAYT AD B BBk 2 (HAA £ Tt 18 6 g
B 1 751 ( acetylcholinesterase inhibitors, AChEIs)
JEME—IRAL A TIRIT AD RIZ5W251° ) pEE %
WAL 2 IR I | 2 45 51 R i 0 S8 A B H: 51 e i
BB R 55 S A B A B 5 ™
L R SR = e sl & SO A 2 6 L B U K 2
NOS 7E AD KL th BV, il R IA 9T AD
PRAEH I S

1 NOS #ITh&E
AD HA] IR NOS 43k 3 Bl #Y | P 2 —

A Ak A & M (endothelial nitric oxide synthase,
eNOS) | fit 28 ot — A 1k & & M ( neuronal nitric
oxide synthase, nNOS) Fl1i% & % — & fb & & B
(inducible nitric oxide synthase,iNOS) , F Z7E A
Prg s S FcZ A . nNOS Fil eNOS 32
BAEAE T RIS 2T v, OS2 1 47
P, nNOS 5 N-H 3 —D- KA Z R Z A (N-methyl-
D-aspartate receptor, NMDAR ) #H3% , i Ca™ P
MRS . H INOS 75K b il 3 ARk, £
FETE T/ NS T 240 M v, 1 4 ML 1L i 22 W i
AT BIE 2 SRR B

eNOS FTAE [ NO 2 figi Ifil it 2 19 32 229 19
5, Bt R i i 5 B ) 2 e S 5 H D
eNOS BG4 1 NO BEWSAE I T 1L 8 1 3 L
AL, A5 A K IR il A A A, T IR

Y AUSTIN 455 JIE 52 eNOS fif A2 B9 NO fig
PR AB A2 A, B 1k AR 3 FE RGN, 4T 48 AD
e,

nNOS EZE N 1z Fik, B R
itk NO BYEZRIE . A5 naNOS T REFR G 1E
BT JR PV BR9G GABA fE 4 28 028 1 K AH 5 A A
I 2R 1 ik () ELURVE F B A AN 28

iINOS 1 R e KA RE SR 1 — B4, A TR T H:
MR NOS, £t B ) K o, ACHECA 78 LR A N
WELRZ JZ2 A A I PR 43 L e i | 4 HR: [l
RN B #RZe e H i) UL iNOS BERT 635, 76/
T T AR 0 K F INOS 2k H I
J&i ,iNOS FZ3i i ik 22 b, 4 IR 7 J HAth B 2K
R JRE PR 76 /N 2 Jo 240 S R0 4 22 T M J 4 e
FEIR LR, HASHS T 40 M 9 A0 45 8 F 7 A K
NO“ 1 4 iNOS 3 FE AT NO i F 1l 4
£, 5 AD R M 2 W R P L, HIIGIT
XA IR R A SR 18 2 — e e PR PE Hb i
H1INOSHY D BRI 3 Fh NOS M TR 3 A [
WA AD, (HEAEE A&, aNOS = &
SHUN K F INOS il eNOS /K- I (435 h
P =15 ) , 26 W NOS £ 3 F iy AU 2 [] Ky . 4b
KR,

FERCHGE R IR T Lk 3 Fl NOS 7 7Y
ZHN A AE—Fh AR Y NOS B, B4 bz & NOS
( mito-chondrial nitric oxide synthase,mt NOS) , 45
WFSEAE R BRI B B AR i AL o R A
LRI Z AR E AT EBL T mt NOS 1)
FErE HBEEHE NO 19725 F ONOO- B 1k, 33
PR TIRE RS, H L5 o Ath NOS F A 5C &
KA BRI ARERED

2 NOS 7 AD &M F R rIER

FE ST & B, NOS 7E AD KRALEl ha
FEMEH  NOS 76 AD 1 BI1E I 8 K 46 58
55 M B RN SR AR N S R 4 2 AT T, X T



P P AR 2 4Rk 2025 4FE 6 45 35 %5 6 ] Chin J Comp Med, June 2025, Vol. 35,No. 6 153

AD W R REFIGIY AAHEZE L, HI, 5
NOS 7£ AD & m Ll H i 7E T, vT RE A Sk AD
TRYT AW Y SR B RN 1]

2.1 BTN

ZINHSE T AT 2 T RK o 22 B R ) G R
YA, TS A /0N T 20 A 3 A R R 2 3R R
T T BT RN A W5 o A A b e AR P 1
o AHIRAERFSL0 BT, BOTE 1Y /N e 5 44
A R AR A R INOS AR 40 R T A
BRI, TGS B 2 i 5, — RPNV SRUESE T
AD B AD /N BURSEHY i3 v A7 76 500G 19/ i 5
£ it 0 L R 2 5T 44 L TT R 3k iNOS i#E T2 5 AD
)02 LR

TH i Z2 AR R /N RS T 48 AL R ) iNOS 1Y
FIRA IR FVAIF AD B9/E A, RACHELLE %51
R EE SRR B INOS B M I X AD 3L /N
SR P A8 T R0 2 T A0 ) 34 A S B
AR A rE T 3 3 18 4T /0N S S5 40 A iNOS
mRNA F AR, iNOS /0, R B E AD K
AN T RERRRT )

B4R IR AN SRR BR AR 1 A NLRP3 F1 M1
NI R AT RR S INOS I TA, Il EE AR1-42 4
Sz, SRS AD PR R
J5 FE B AR AT 3 35 T 9 /0N B 5 40 Bt R Y iNOS R
B2 JE , R RS ADY WA T
T 1 22 S A BV2 /0N I 440 g v AR R A T
NO ,iNOS B A=, fie Ze 0 2 5 ST, 2 7R 1 B
B AT BESZ TR T AR AE AH JC P 28R 1714 5 95 19 €
BT 7/

AN AHMED %5 9 RIESEHR 4 eNOS Hit =
AIJNEE APP/PS1 AD /NERAAT R 1S AR it T
FEURIZ N J5 240 g R A AR | 3F — 20 4 7 I B2 T g
R 5T AD R IEHLE,

2.2 SEWMERGRIE

P kA 28 RRE A A 28 R GEIRIR bR s, —
HHIA N 2 #E AD BE R RO WK,
BOURGOGNON 5% & W | 7 fe 9 5 /N B,
iNOS TEfEHE A AL A BE R 38 5 350ph 28 5 4 , AT
TERNZE 0 ) BE 10140 R 58 ki B T o v 4 E 2
YER, #E i 78 AD B & A4 &R T k1 AE L
DUMONT 4! SI5IES27E APP/PS /N iz ] iNOS
PO AT AR i 28 90 , Pt JE S B AR FRUR:

ri

it NOS AR 28 50 , Ik BBy iR
AD BFE . 2R A B 4 TR 52 Y BE R 3R iNOS
I CALM1 Hy35, [Alf B9 eNOS f3&3k , i1
MR N AT B U B R A, e P &8 RIEAE
L EAAERDT AD 364 407 T 2 3 R AR
NO 7= & 1 iNOS K, I 2> 1 3 4 %8 (reactive
oxygen species, ROS) F14% Kl + B ( nuclear fastor
kappa-B,NF-«kB) /- R [ 2 HiE {5 5, U0 HA F R
2 R NE I % AD iF R /R Y, Gm & &
(tenuifolin, TEN ) i i< 41 ] iNOS B9 7= A= F 417 il
NF-kB {5538 B (1044 S0 1 v 0y A 2 11 - p42
o 1Y /)N J5T 240 Bl p 28 AR AE , AL I TEN HLA it
M RAEMER, FTRECRH AD B RARIAITF I,
LIU %52 00 2 DU RE I B 0 LPS 1551
IR YR AL R F- — o ( tumor necrosis factor, TNF-at) |
iNOS 1 HMGB1 “#fie & [N -7 BV-2 4 fifg b )™
Az TR0 Bl 28 5, HE TR AD SiEAR

KB 55 INOS 4555 2 41 il 5% 5% 3% 1, BH Wy
iINOS HyZ Ik, il T ECE M A R AE/r 3 AD i E
JEO AE AD /NS AL R TN R AR YT,
FANT T R INOS [ Rk, IR0 28 f
M2 fish )5 20% & 1 95 ( postsynaptic density,
PSDI5) HY7K-F-, VR 52 2 fist (%) AT 98 1 | fe Ul B ot 22
RAE N, B3 AD /NI 22 A 1012 RE T, At
NIRENTTAE R AD M — AN 7 BRI iR

[ I; A T /N o 240 e DA e R 2 e 7
o ML A M2 ARZS, AT fi) Jo] PR SR I O e 4 A
T, PR R RAE, SUN 22 BE5E 7k A A/ i 5
MM 25MAd (L. barbarum ,LB) ZAbPR )5 45
SRRU] LB $R B e ] B AR S SR AR i AU/
JBE 5 AL ) 435 3, R R M2 R AR S (INOS
85 IERIR TR HE M2 A Ak T80/ 0 /1N e 5 248 i
FER AR VI AAE R, T RES 35 AD, [F]
It % 9 ppparg F1iNOS Y324 AD £ BTSN E
Wk 240 RE A0 /) 5 4 L S B b Ak, T A iy Y 4 B
PR AT 140 2 D) RE A 1 TR AR5

UHT R BT R Sl ] NOS g & [
TP A I 48 R E ] RE S TR AR YT AD
A~ E N, (BT BRI TR 48 7
T8 Z R A BRI AR A T T B



154 FRE B R 2k i 2025 4F 6 A5 35 %45 6 1 Chin J Comp Med, June 2025,Vol. 35,No. 6

2.3 BE5WMZRGAK

3% 2 240 i PR 08 1 — o = S 98 5 R PR
B, A Bh 138 B 32 300 8 TR0 e, 4 R5 40
MUESES . A WIS BB A AU BR AR K,
2 WD RERR AT, AT RE S I AR AU TCRL
M S 50 AD /9 & B, YT 265 3% B 5 IR wk
(fangchinoline , Fan) J& J7 08 /0 T iNOS 25 /9 7=
o TRy A =N R A ST AL
AB,_, BT AD /N ERUSEAY v () A HT 8 %, 2% B
Fan FJEJE AD MWEFEIRIT R, o—E 5 M ] FRAIE
INOS 7K, 2 5 V75 1 W A0 40 it ) 30 A 356 TR 3%
5N AELE ADY PR Al aE it NOS 7K 573045
M2 R4 A R AT AD -5 T HAAYT
2.4 BE5WMZRFEUNH

1 iNOS 5B NO A 838 I A N 35
HO R AT R AR O R INOS A A i,
() e S i R B, (A5 5 A0 A TR T =X
il e s PR e B 1 O 24 R S T R e S
b, T 53508 5 9 45 A i SR A Th e R, ik
ST A R 6 412 1F i S0 B 3 AL 4 7= ) (AGE) B9 AR
B IS NF-kB 155, T BUEL R R b 28 4%
i, #EMIEM AD %A=, H iNOS AJ7E e /)N
B R HE AR AR N B PR A A5 4 2 T T R 1
TN fu i B F 0 HAD /NP INOS b
B, W21 AR K FF i, i — AR i AD &
A TEIE AR /NS S5 41 A R ) iINOS mRNA
AETH T, e AR DR AT 2 S8 Ak 17 38 i 7= A
SEC L BE B 0 TE K, T R 545 104 3 A 3R
TS AD R

K B 5y 5% A AL B 495 1 58 7 2 T CAL
X — e g v 2 0] S A D SR AL s
TR AT PERm T, 76 CHIU 267 & e
iR H % (SG-Tang, HATZG R H H 42 1 : 1 1
B ) P A AR (At ik, BEAK iNOS 7K
SF, 8 NLRP1/NLRP3 3 i 1Y 2235 15 5 Ak, Jak 12 i
A SAAL AT, R T BEZEZE AD, fE4 I R
Bz A6 UR B 20 B, ZHANG 2515 % 30 5% iz 16 bl
RS B O 1T f 2 BTG NO T iNOS 7K, ]
A AR £ ALSE 3 8 1) MAPK/NF-kB 55 38 % 9 2>
TR oo, I E T DR Nissl /M,
RAARR AD /ISR 1 22 AR R 38

[l if— LB PR PG 25 th X AD AYI6 97 B H ok

WK AITE T o WU Stk i 2 T ok e £ o) 0 33 il
1A ( dual-specificity phosphorylation-
regulated kinase 1A, Dyrk1A ) 1 il 1] =22 42 g B
(harmine) , A] &A% AD /N BRI B2 J2 A 5 op
ROS I & & M 2 ( cyclooxygenase 2, COX2)
iNOS HYZ23A, M TLR4/NF-xB {5 5 18 B% , I 55
P22 T0 9 S AL B O 7, LG Dyrk 1A T RE R 3R
7 AD B
2.5 B5MWMZRMIRGITE

nNOS 727 2] e F 2 fl T 98 M rp i 21 1 5¢
HEAER , RIET nNOS ZR3K 7742 19 NO S HhiX pi 8
RGiPrEAE NO W EERAD AD REF, |
FARRIEMFER T b K 2 TT R 2447 F nNOS
MATEAR NO 2 it = A T B A A T Y
SH s—WAHIETL, X A Sk I N 2 T3 AD
(1 5 fg 43

FENLIRDIBE R PR A5 T, INOS R g JiE
R E NOS R AR, 7 A K iy it SR I A
FRER M AR OG0 o 1 7K T 9 2o S0 Al 7R k1
TSR AD B — AN ZRWALH, [, o
AWAEIRER AT 5 B-TE AL I O, i LAl Ak
O T HA = B, [ B 75 T 58 i 4 4
U AL 3o BE A IR B—TE Ry RE IR A SR AE
KIM %52 52 % % ( Linderae Radix, LR) 1 I8 %%
HRXT AR FEMERY A, i p38 MAPK il
BEAMEl INOS FI COX-2 ik, i & /> NO Y=
Az TRt w400 ] /0 B S5 40 i 4 A R 2 fis 453 43
AR e AZ A . it LR TR X hupp g &
FE RS MMAIGIT AD BT TEMR 259, W7 i
XFNO A BA DRAPVE R (B 3 28 40T
[ AT BV2 40 g th iNOS () JNK W iR 1k Al
iINOS & F AT REAL, T T /0N i BT 40 i34 A, A
ME T AR S RIKE TR R Al 8 M:, g id 12
B, DAL Ik G AT A Sy — D 68 £ A 11 B B HE 2%
AD By % 4. BOURGOGNON Z512! % #il iNOS
mRNA 32 3k 5 58 fil i 473 F1 b 28 1) i s A AH G
7E{d ] NOS #1415 L-NAME JAJ7 5, /1N LGS fi il
PGSR . XIS U AD BIIRIT IR
HET T A
2.6 5| %1% JT o 2R B 4 e 2k AL Th B
(ER

KIM 2510038 38 SEHIESE , 2ok PR T e 5% 3 vl

tyrosine



P P AR 2 4Rk 2025 4FE 6 45 35 %5 6 ] Chin J Comp Med, June 2025, Vol. 35,No. 6 155

WS AD WK TR LR R P K Y A7 AE—Fh
mt NOS, 24 H =4 pob &5 NO B}, & S E LR AR R T
NI 8 H BT Ak, [\ B A o A A R
(ONOO) , i 5 2 i 1A Ty B B A5 i 4 2 )
mt NOS JE 1 NO 1 S 4k 22 T i 7 2 b7 44 3 Joit
IR FE ) 3,4- "R IEIK LR (DOPAC) , 11
Tl R o AALEF(Z AW V), HEL R,
[FlF NO 5 2 ARt = e S B 3 745 & vl
BT AN, XM E A ZMEENE FELS
Y, EREFE DNA #i1 R F ERIT& Lobiik
JH X6 & A RS T 355 R 2, AT RE I AD
)3 2

MANCZAK 2512 JE sS4 bR D REFE S & AD
BB R A AR 7 Y L P, Y 2 e
B, 238 A Ak P i 5, TR meNOS 8 K 3
TS NO KT, 2R L £ (i 80 ,
| RAR T BE AT, I e AN RSt T, (R 2E AD
kAR AT LR BT TR, L
TR LR BE DI R IS VR G 0 |, 18 Sy kL AR I
WAt r )RR AR R 2R A, 90 P ST AT NOS
TR WG S 5 2ok ot BT (bR A W kR
AW ) (15 53 B, IF B 185 R T & | A )
R HILA T AD BAITF ™,
2.7 ®Nm AR FERK

AD (4 2 40 B A0 JE AR 2R I BEBR, B e
Wy AE 25 H R 22 H (amyloid precursor protein
APP) INTATARY AR BRI I, DL Bt 220 N
P2 5 2T 4 28 25 (neurofibrillary tangles ) | FH i &
BERR ALY tau FRFIE AL, NOS [ 5 F i M 7] LA
s AR A ATDTAR, RIEE AR ] L2 M NOS
F7KF, LI NOS R AR A=A i
B ol SR A S X ph 22 e i = AR AT L2 AD

S NOS (7K 520 AR A AT IR
eNOS J7AE 1 NO 7F 4E 5 145 Uy g v e FE 2LAE
FLIERETE AT AR BYP= RS Bk, AHMED 42!
WESE T #8743 eNOS = e APP/PS1 /MR AY
TMBERT i AR VIR, i — 2R eNOS 25T
AD 9 %%, COLTON 25" JEB AD /N k=
iINOS & AR /K F-Tt i, JHAR HE i 2B 15 A,
FHR PR AR AL 1 5 & i 17 i 5 X iNOS 7K,
IR 35 0% AB1-42 15 3 19 %5 8] 2% ) i 2 i

i, PER N ERENXT AD (W36 7 HA B B 4E I A
W A RER NS, g R A B ) A 2
AN R T INOS A9 3k 7K -, M B AT 14
P AB IS B B BT 1, CHEN 451
KIL/NBERH, (Ber) £E AD i i 8 7 miR-188/
NOSI Jil#% AR 5yt

AB ATLISE N NOS 1 FE . M B
PN R B Z 4] AR HIFL Y iNOS Al COX-2 3%
ik, NiMisgii ADY' . BEREZUTSKY %5 §EB] T
A R 24 RIS AE T 40 i v ) £ A ek 2 AR A
ROV I E R A B KRR N TIE R IEAS R
P2 e IR D T g, D T INOS R4,
M ECSE T AD, FFZS i 1A 5% FR &l mT L) ¥ B
AD, STS#THT AR I FRAY AR AR
BEPE, BN T INOS MR B, ULEHFHS T 1A Bk i
AR NCRIRYT AD R ZY Y BRI
JoT T 4 AT AR B AR I ARS8 (EV) 7E AD /)N RS
Rk B A 2B, vl AR il AR 5
iINOS fIZR15, Tk 3% ADPY . NOS Fil AR Z [
A EAEHAE AD (09 & HLH] ke 2 AR
ELELAA (8 BIL 1 05 o 47 T 22 3 — 20 i F 53 oK
WA
2.8 FMMmREEMERES

M7 DIy R A 2 11435 3k SRR, ik 1 97
W BB E SR AD R AL i F
PR 24 eNOS 5 i 859 B Y CaM &5 & B 7= A=
(4 NO 25 R i I3 30 77 22 B SR sER R
T EA RGBS A B GERE 1, DRI Ak X R
20 P 00090 AL 1 E SR A 5, > eNOS KPR AR i
PEIREG T, #B 2 T2 NO A8 s/ | 1 1L 37 2 5+
WA & AD, it AHMED %' 3 i 1) Fi]
eNOS Bt Z JF & H1 T APP/PS1 /N P eNOS #8435
BRBE B FH AR eNOS I8/ % AD &% 5%
M, R T eNOS it = 233 APP/PS1 /NI
NN RERE R | R At X K v AR UTRL RN /NG
o 210 g PHE A 7 A R il R H i T A M rp
AL NO, AN SEH T eNOS Hit= T S 200 I
MR 3h 1240028 | I8 55 BACEL 2 /K, i
R eNOS 151, W/ AR WUUTAL, Rtk iR H
AT TFRT B NO W8 S 25004 A 1 9 2 ek 2D i
HIH AD,

ZHOU %5'315iE 52 BACE FhE i, £33 1) %)



156 FRE B R 2k i 2025 4F 6 A5 35 %45 6 1 Chin J Comp Med, June 2025,Vol. 35,No. 6

FEUNSEA -1 BERE NS EA-1 Sf %
PR A B RRE ff 35 T 5 eNOS 454,
13 eNOS G MU S , H B BACE1 T 7™ 2k 191
AR, LA eNOS WAk, BN K TR sz, T
S W] N B A0 2 5 | A i A O 3 k2 |t
BrBEB e AL tau o BERERR fb 5 fih 2% < RN
HIIREREAT, NI A& AD, BR T A8 Hhoh, #
G FARN R T R =Ry 1 R ek v
REST AR5 Z AR B A2, FIIAS B0 TT AT FEAS 52 e fik
W tau 5 F1EL eNOS BEFR ALK IE AL T 38 1) 4
T eNOS AR 7 (%) M ¥4 1 , o005 1l P L 4, D
M AD AT RS TR Aot I ik 2 ok e
75 (LIPUS) J7 L RE S TE UG eNOS 1Y [A] i JE 81 1Y)
TACSEE G I 378 DA SR 56 B DRI A ) TERIF 9 4L
T/ 2L 209 7 A A5 2R F A ( mammalian target of
rapamycin, mTOR ) I8 55 RE1i 5% AD H (%) i 1fiL 2 B
B it AC A2 SR B 5F &2 B, mTOR 3l 2 #0 | AD o
i L% 2) R B A 10 A4 28 10045 1B BB ( neurovascular
coupling, NVC) f #1255 nNOS FIFE NOS i 4
By K B E AD B AL ) NVC 5 47, JF H 24
mTOR 550, & IPKE NVC, [F B} mTOR £ X}
nNOS LK NVC [ NOS 4377 A )12 i 67 1
SEM A WARHE T AD A A fi i D REFEAS , AT
P& AD, H mTOR 23 NO /- FHY NVC K
RS AD 1 AEYE, P, mTOR 9855 AJ fE
A BITIRYT AD B H A L o) BB AR

3 INEFIRE

ZE BTk, AD & A IR R 5 NOS 1)
FIRA K, ki 5T NOS 78 AD & Bl il
o SEEEE T R R LA NOS i HE S B AD V897 5K
WSR3 Ay 2 A0S T A L AR 22 I AR i 9
SR i 2 B SFK-INOS-NOX2 {553l [t Az 41
HIFATAE R AD VAR AT HE S, B A A o AR
AD HERMFEY . A #F5EIN N INOS AT fig 2
FE nNOS 5§, eNOS B 7ERY AD A 7405 5
FR T (#0525 W A NOS T 1 2 111 i pf 22
RGHRAE ALNIFL . B W5 il BE RN IR YT AD
HITTEIRYT RS A B IE S AD it R R AR e

S

[ 1] DUBEY H, GULATI K, RAY A. Alzheimer’ s disease: a

[2]

[3]

[4]

[5]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

contextual link with nitric oxide synthase [ J]. Curr Mol
Med, 2020, 20(7): 505-515.

CHEN Z R, HUANG J B, YANG S L, et al. Role of
cholinergic signaling in Alzheimer * s disease [ J].
Molecules, 2022, 27(6) ; 1816.

REICHMAN W E. Current pharmacologic options for
patients with Alzheimer’ s disease [ J].
Psychiatry, 2003, 2(1): 1.

IOVA O M, MARIN G E, LAZAR 1, et al. Nitric oxide/

Ann Gen Hosp

nitric oxide synthase system in the pathogenesis of

neurodegenerative disorders-an overview [ J]. Antioxidants
(Basel), 2023, 12(3) . 753.

AUSTIN S A, SANTHANAM A V, HINTON D ], et al.
Endothelial nitric oxide deficiency promotes Alzheimer’ s
disease pathology [ J]. J Neurochem, 2013, 127(5): 691-
700.

POLIS B, GUREVICH V, ASSA M, et al. Norvaline
restores the BBB integrity in a mouse model of Alzheimer’ s
disease [ J]. Int J Mol Sci, 2019, 20(18) ; 4616.

CHOI S, WON J S, CARROLL S L, et al. Pathology of
nNOS-expressing GABAergic neurons in mouse model of
Alzheimer’ s disease [ J]. Neuroscience, 2018, 384. 41
-53.

BECHADE C, COLASSE S, DIANA M A, et al. NOS2
expression is restricted to neurons in the healthy brain but is
triggered in microglia upon inflammation [ J]. Glia, 2014,
62(6) : 956-963.

AKTAN F. iNOS-mediated nitric oxide production and its
regulation [J]. Life Sci, 2004, 75(6) : 639-653.
MACCALLINI C, AMOROSO R. Neuronal nitric oxide
synthase and  post-translational  modifications in  the
development of central nervous system diseases: implications
and regulation [ J]. Molecules, 2023, 28(18): 6691.
MINHAS R, BANSAL Y, BANSAL G. Inducible nitric
oxide synthase inhibitors: a comprehensive update [ J]. Med
Res Rev, 2020, 40(3) . 823-855.

CHEN S, JIA J. Tenuifolin attenuates amyloid-B42-induced
neuroinflammation in microglia through the NF-kB signaling
pathway [ J]. J Alzheimers Dis, 2020, 76(1) : 195-205.
FERNANDEZ-VIZARRA P, FERNANDEZ A P, CASTRO-
BLANCO S, et al. Expression of nitric oxide system in
clinically evaluated cases of Alzheimer’ s disease [ J ].
Neurobiol Dis, 2004, 15(2) . 287-305.

RODRIGO J, FERNANDEZ-VIZARRA P, CASTRO-
BLANCO S, et al. Nitric oxide in the cerebral cortex of
amyloid-precursor protein ( SW ) Tg2576 transgenic mice
[J]. Neuroscience, 2004, 128(1): 73-89.

DUMONT M, WILLE E, CALINGASAN N Y, et al. N-

iminoethyl-L-lysine improves memory and reduces amyloid



P P AR 2 4Rk 2025 4FE 6 45 35 %5 6 ] Chin J Comp Med, June 2025, Vol. 35,No. 6 157

[16]

[17]

[18]

[20]

[21]

(22]

[23]

[24]

pathology in a transgenic mouse model of amyloid deposition
[J]. Neurochem Int, 2010, 56(2) : 345-351.
RACHELLE B, LEZANNE O. Getting to NO Alzheimer’ s
disease: neuroprotection versus neurotoxicity mediated by
[J]. Oxid Med Cell 2016,
2016: 3806157.

T, W, Hallh, % R RN B T I
BT IR PR K BUA I T REREAT IO ML D5 (9], %
HIWFFE, 2023, 48(11); 1069-1078.
LIZ, L M X, QIN Y P, et al

nitric  oxide Longev,

Electroacupuncture
improves cognitive dysfunction in rats with Alzheimer’ s
disease by regulating microglial cells [ J]. Acupunct Res,
2023, 48(11): 1069-1078.

GAO Y, LI S, ZHANG Y,

et al. Cattle encephalon

glycoside and ignotin  attenuates  AB1-42-mediated
neurotoxicity by preventing NLRP3 inflammasome activation
and modulating microglial polarization vie TLR4/NF-kB
signaling pathway [ J]. Neurotox Res, 2022, 40(6): 1802
-1811.

NGO F Y, WANG W, CHEN Q, et al. Network
pharmacology analysis and molecular characterization of the
herbal medicine formulation Qi-Fu-Yin for the inhibition of
the neuroinflammatory biomarker iNOS in microglial BV-2
cells; implication for the treatment of Alzheimer’ s disease
[J]. Oxid Med Cell Longev, 2020, 2020 5780703.

KIM N, DO J, BAE J S, et al. Piperlongumine inhibits
neuroinflammation via regulating NF-kB signaling pathways
in lipopolysaccharide-stimulated BV2 microglia cells [ J]. J
Pharmacol Sci, 2018, 137(2): 195-201.
AHMED S, JING Y, MOCKETT B G, et al. Partial
endothelial nitric oxide synthase deficiency exacerbates
cognitive deficit and amyloid pathology in the APPswe/
PS1AE9 mouse model of Alzheimer’s disease [ J]. Int J Mol
Sci, 2022, 23(13) : 7316.

BOURGOGNON J M, SPIERS J G, ROBINSON S W, et al.
Inhibition of neuroinflammatory nitric oxide signaling
suppresses glycation and prevents neuronal dysfunction in
mouse prion disease [ J]. Proc Natl Acad Sci U S A, 2021,
118(10) : €2009579118.

JINS, LI'Y, LUO C, et al. Corydalis tomentella Franch.
Exerts anti-inflammatory and analgesic effects by regulating
the calcium signaling pathway [ J]. J Ethnopharmacol,
2024, 321, 117499.

EO H, LEE S, KIM S H, et al. Petasites japonicus leaf
extract inhibits Alzheimer ’ s-like pathology through
suppression of neuroinflammation [ J]. Food Funct, 2022,
13(20) : 10811-10822.

LIU Y, ZHANG B, LIU J, et al. Mogroside V alleviates

lipopolysaccharide-induced neuroinflammation via inhibition

[27]

[28]

[29]

[30]

[31]

[32]

[35]

[36]

of TLR4-MyD88 and activation of AKT/AMPK-Nif2
signaling pathway [ J]. Evid Based Complement Alternat
Med, 2021, 2021, 5521519.

YEO I J, YUN J, SON D J, et al. Antifungal drug
miconazole ameliorated memory deficits in a mouse model of
LPS-induced memory loss through targeting iNOS [J]. Cell
Death Dis, 2020, 11(8): 623.

LANG W, LI X, WANG Y, et al. Sodium propionate
improves cognitive and memory function in mouse models of
Alzheimer > s disease [ J |]. Neurosci Lett, 2022,
791: 136887.

SUN Z Q, LIU J F, LUO W, et al. Lycium barbarum extract
promotes M2 polarization and reduces oligomeric amyloid-f-
induced inflammatory reactions in microglial cells [ J].
Neural Regen Res, 2022, 17(1): 203-209.

DONG L, SHEN Y, LI H, et al. Shared genes of PPARG
and NOS2 in Alzheimer’ s disease and ulcerative colitis drive
macrophages and microglia polarization: evidence from
bioinformatics analysis and following validation [ J]. Int J
Mol Sci, 2023, 24(6) . 5651.

NTSAPI C, LUMKWANA D, SWART C, et al. New
insights into autophagy dysfunction related to amyloid beta
toxicity and neuropathology in Alzheimer’s disease [ J]. Int
Rev Cell Mol Biol, 2018, 336; 321-361.

YI L, LUO M, WANG M, et al. Fangchinoline alleviates
cognitive impairments through enhancing autophagy and
mitigating oxidative stress in Alzheimer’ s disease models
[J]. Front Cell Dev Biol, 2023, 11 1288506.
GUGLIANDOLO A, CHIRICOSTA L, SILVESTRO S, et al.
a-tocopherol modulates non-amyloidogenic pathway and
autophagy in an in vitro model of Alzheimer’ s disease: a
transcriptional study [J]. Brain Sci, 2019, 9(8): 196.
JUSTO A F O, SUEMOTO C K. The modulation of
neuroinflammation by inducible nitric oxide synthase [ J]. J
Cell Commun Signal, 2022, 16(2): 155-158.

CHIU Y J, LIN C H, LEE M C, et al. Formulated Chinese
medicine Shaoyao Gancao Tang reduces NLRP1 and NLRP3
and mouse models for

in Alzheimer > s disease cell

neuroprotection and cognitive improvement [ J ]. Aging
(Albany NY), 2021, 13(11): 15620-15637.

ZHANG H, CAI W, DONG L, et al. Jiaohong pills
attenuate neuroinflammation and amyloid-B protein-induced
cognitive deficits by modulating the mitogen-activated protein
kinase/nuclear factor kappa-B pathway [J]. Anim Model
Exp Med, 2024, 7(3) . 222-233.

JU C, WANG Y, ZANG C, et al. Inhibition of DyrklA
attenuates LPS-induced neuroinflammation via the TLR4/NF-
kB P65 signaling pathway [J]. Inflammation, 2022, 45

(6) . 2375-2387.



158

P P AR 2 4Rk 2025 4FE 6 45 35 %5 6 ] Chin J Comp Med, June 2025, Vol. 35,No. 6

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

GU Y, ZHU D. nNOS-mediated protein-protein interactions ;
promising neurological  and
neuropsychiatric disorders [ J]. J Biomed Res, 2020, 35
(1): 1-10.

NAKAMURA T, OH C K, LIAO L, et al. Noncanonical

targets  for  treating

transnitrosylation network contributes to synapse loss in
Alzheimer’ s disease [ J]. Science, 2021, 371 ( 6526):
eaaw(0843.

KIM S H, JUT G, KIM J H, et al. Linderae Radix

ameliorates cognitive dysfunction by inhibiting
neuroinflammation and synaptic damage in Alzheimer’ s
disease models [ J]. Mol Neurobiol, 2023, 60(12) ; 7196—
7207.

KIM D H, GIM J A, YOON D, et al. Metabolomics and
mitochondrial dysfunction in Alzheimer’ s disease [ J].
Genes Genom, 2017, 39(3): 295-300.

BOVERIS A, ALVAREZ S, NAVARRO A. The role of
mitochondrial nitric oxide synthase in inflammation and
septic shock [ J]. Free Radic Biol Med, 2002, 33(9):
1186-1193.

MANCZAK M, PARK B S, JUNG Y, et al. Differential
expression of oxidative phosphorylation genes in patients with
Alzheimer’ s disease; implications for early mitochondrial
dysfunction and oxidative damage [ J]. Neuromolecular
Med, 2004, 5(2) . 147-162.

GUREEV A P, SADOVNIKOVA I S, POPOV V N.
Molecular mechanisms of the neuroprotective effect of
methylene blue [ J]. Biochemistry (Mosc), 2022, 87(9):
940-956.

COLTON C A, WILCOCK D M, WINK D A, et al. The
effects of NOS2 gene deletion on mice expressing mutated
human ABPP [J]. J Alzheimers Dis, 2008, 15(4): 571
-587.

HE M T, PARK C H, SHIN Y S, et al.

medicinal mushroom, Cordyceps militaris ( ascomycetes ) ,

Caterpillar

protects AB1-42-induced neurologic damage in C6 glial cells
[J]. Int J Med Mushrooms, 2020, 22(12): 1203-1213.
CHEN M, LI L, LIU C, et al. Berberine attenuates AB-
induced neuronal damage through regulating miR-188/NOS1
in Alzheimer’s disease [ J]. Mol Cell Biochem, 2020, 474
(172) . 285-294.

YOUN K, LEE S, JUN M. Discovery of nobiletin from

[48]

[49]

[50]

[51]

[52]

[54]

[55]

[56]

Ciirus peel as a potent inhibitor of B-amyloid peptide toxicity
[J]. Nutrients, 2019, 11(11): 2648.

BEREZUTSKY M A, DURNOVA N A, ANDRONOVA T A,
et al. Alzheimer’ s disease: experimental and clinical
researches of Chinese herbal medicine neurobiological effects
(a review) [J]. Adv Gerontol, 2020, 33(2); 273-281.
ZHANG D P, LU X Y, HE S C, et al. Sodium tanshinone
IIA sulfonate protects against AP-induced cell toxicity
through regulating AP process [J]. J Cell Mol Med, 2020,
24(6) : 3328-3335.

WANG S S, JIA J, WANG Z. Mesenchymal stem cell-
derived extracellular vesicles suppresses iNOS expression and
ameliorates neural impairment in Alzheimer’ s disease mice
[J]. T Alzheimers Dis, 2018, 61(3) . 1005-1013.

VAN SKIKE C E, HUSSONG S A, HERNANDEZ S F, et
al. mTOR attenuation with rapamycin reverses neurovascular
uncoupling and memory deficits in  mice modeling
Alzheimer’ s disease [ J]. J Neurosci, 2021, 41(19) ; 4305
-4320.

MALIK A, IQBAL M N, ASHRAF S, et al. In silico
elucidation of potential drug targets against oxygenase domain
of Human ENOS Dysfunction [J]. PLoS One, 2023, 18
(4): e0284993.

ZHOU H, GAO F, YANG X, et al. Endothelial BACEI
impairs cerebral small vessels via tight junctions and ENOS
[J]. Circ Res, 2022, 130(9): 1321-1341.

NAKAOKU Y, SAITO S, YAMAMOTO Y, et al. The
dipeptidyl peptidase-4 inhibitor linagliptin ameliorates high-
fat induced cognitive decline in tauopathy model mice [ J].
Int J Mol Sei, 2019, 20(10) : 2539.

EGUCHI K, SHINDO T, ITO K, et al. Whole-brain low-
intensity pulsed ultrasound therapy markedly improves
cognitive dysfunctions in mouse models of dementia-Crucial
roles of endothelial nitric oxide synthase [ J]. Brain Stimul,
2018, 11(5) : 959-973.

GAGE M C, THIPPESWAMY T. Inhibitors of src family
kinases, inducible nitric oxide synthase, and NADPH

oxidase as potential CNS drug targets for neurological

diseases [ J]. CNS Drugs, 2021, 35(1): 1-20.

(Yfm BHA)2024-12-21



