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[Abstract] Alzheimer’s disease (AD) is a chronic progressive degenerative disease of the central nervous
system that occurs in the elderly. The pathogenesis is complex. Existing treatment strategies can only alleviate
symptoms and cannot effectively cure the disease. Natural compounds have the characteristics of easy availability,
wide source, and small side effects. They have become a research hotspot for researchers. By summarizing the
literature at home and abroad in recent years, the author has found that ferulic acid (FA), an active ingredient
of Danggui (Angelica sinensis), can be used as a natural compound. Through a variety of mechanisms, including
inhibition of AB aggregation, anti-oxidative stress, anti—inflammation, regulation of Tau protein phosphorylation,
anti —apoptosis, inhibition of cholinesterase activity, regulation of mitochondrial dynamics and dysfunction,
regulation of intestinal flora, inhibition of the reduction of capillary density and diameter in the hippo—campus,
and other comprehensive intervention in the pathological process of AD, it shows great potential in the
treatment of AD.
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eI FEMRLT 1 2= U, B AT, CBEAESH (acetyl choline,
ACh) BRI 1 71 1 4% 22 52 & (N —methy =1 D —aspartate
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JREWI, Caspase—3 /2 21 ML JH T 1Y SC AR A, 3R 91y
ANV B W FALL PR S AR 07 T 85 11 Bel -2 4H XX 2K 11 (Bel -2
associated X protein, Bax).p-JNK.p—C—Jun.Caspase—3/3%
IRAKF-BEAR, Bl 2383576 T F e, R WIFABESE 35 AD AR
/I BRURRG PN A IR T, L AP (40 mg/kg )FASSCR B 8

AR PRI L R G ) — P 4T PR e B, o B
G REMZTTIET, 5 2R R TG A C  ALFEA DS,
JIN YE5u2 PR R AR 4N (sodium ferulate, SF) P 3 i 355148
A E R V53 1 R B Z e 2 oe i T (1) N JZ &
JG80 kDa 76 kDal 45 & I (pu—calain ) 1% K- (w—calain
S T 1) P 2 1 T R 0 L 2 A T RNIRBE 1Y
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system,CNS) NI GABAMRE 5 138 TP I GABA MR FE A7 AR 1E 56
1, 214 i3 P9 1) LI B NSO FF PR B8 DD i, 3l P GABA
WA, B 2 CNSH A GABAZK - T B, i i - B 6.
PERA , 51 R INHID) RE AR B, 22 3 S Oon A S FA T LLE
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SEAD, £ B EFR 3T RIS 07 il 7 F AT A i 5
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HIZIEAERORA R AL Z T, 28 S HTAD R 2 AL AT
VARG SRITAL , i v LA D33 8 P B 2451 o AH H R, v A
TERBE SE 2B AD B A S A AUE S I E R 1 254 . ) 2 22

ARSI AL Ry —Fp Z 50 55 0 RARAC AW, FEADRYIRYT R
WaRHE R

SR, ARG RIS AT 32 2040 R BRA$1 - (1) B AT sh s
TR TG 1% 1 S 1 AD (1435 AL RITIG PR B R, 7E 304
BRI 22 8 Hh PTA ) 25 0 7 I PR 56 v mT RE TG VA 345 51
TARCR . (2) HHT R S50 2 DL BHFA B AT A
2iRa i, X RE S EEERIE I 8. (3) Horh— 2B pA LT
A ) LA R E RAR A IS, R B AT T AT i A
W, I ORGP R #EEIE R R AT B SAAL Tk
B, D RTRTT HLE R TSR B AT AT RE AT B R Y
5 AR Rz FH A o (4 ) T TR ik ol 5 R IR P LI AD K 2k SR 1Y)
DU BRI 2R, FATT LA 8 1A 5% B ( BB ) 46 A0 JBR 5% 2R HIK e
R 4 B AR T 5 R URRE: , 348 R P AR R =R
AT CAZ 05 SR T, 7 56 F FAFE3BUME PRI o Y s o
N7 L AU D AR NI SRR TiX —ii 8 I, Aok 56
T ADFE I 2 8] 25 1) 0 3= BB , (AR iE—25 6. (5)
Wl B K S AR RN AL PR SRR A DG A 4B, B AR T
I e S F A AT i e K, DA T A AL BB
EAS A S, FARR AL IE X E W 52 BLA 28 42 oI BE , Of- ik
YR Py 2 AR (A, LR 5 2 R B R B AL P 2R
ATERENR 45 “ WA -1 S ATE 5 1o 4 23 FAR S50 43 1
24 10 R T i T AR L DA TR R g T TR - i
6, B8 AD BB E NI BE ST i o 45 L, M3 R0 4
FAPE R —Fh Z 80 S KRB FEIRIT AD T T AT T I 1
3%, N AR SLIR A B IR FA S AT A= iR 7 AD I H 2 OR3P AL
il , SR A R AR YT A IR R A RUIR YT T

&1 FEREIEST AD HERMLH

WFFRR FEHLH HRHLH ik
APP/PS LSRN, A B =t TR AB 1o B AB o, I BACEL RUBRIGYE, R4E APP A B - MBI IR [18-21]

NIFEKAN & B (HUVECs)  Hra foiis

T A L, 7553 PI3K A1 ERK {5550 % 0% Nef2 B850, FIRPUA LR B3k 5 m A [23-27)

N GSH A NADPH /K, 4 ROS f9774E , T4 AEP T H#IA

/NCSTBLIGNBY 241 BEMARAE

TR TLR4-MD-2 A WAL AL, BLIT INKINF- « B {5 550 8 0% AMPK/ULKI/TFEB HIEfE [29-35)

B, BE I AV p-AMPK p-ULK1 F1 TFEB B975% , FEA% NLRP3 444/ MA& {2

RIFF =R R
JHTTPI3K-Aki-GSK-3 B {7 53 5, HosR AKTIIRERR AL , MR GSK-3 B Gk

NHZFENISH-APPAINE,  Tauk it FEBERR (L
PC124H, AD KRR,
APPPSI FESERUNR M Z BT
BEASE SH-APP 4iff

G R

AD/MR AT RE BRI 5

TR 1 ( p —calain)FEAKF 5 0% PI3K/AkupT0S6K 385, {2k Akt BIBERR{L, 13 Bel2
FIKT#% MEK/ERK1/2 1l 8 , (2 HEBERR 1k MEK1/2 #1 ERK1/2 (K933 ] INK/p38 2 H

TEALANEBTE TR0 5 (PAS), HH) AchE 151, /b A B (o ZEIRANITA

[39-40]

42.44]

[46-48]

Ty EERR P R (ICV-STZ) JRTEoRifka )of & bR ARSI , B POC-1 o IR SRS A Min2 B35 A 2 (53-54]

FFHMADKR TRepEhs Drp-1 MF3E LR AL 2

ADKR TR IE R WG E A GLP-1/GLP-1 R {55 @8, R 1R B R A W n o ARt R A A B IR 45 [60-66]
EiEURS

ADKR R RE R o 4 BRI e AR, R R R R R

APPIPSURESE/NGL AD/NR,  DEME RIS A T-132(KACETRA ), HTET- 1A S0 45 04 , Tt 5 X (R G v 73]

ADKR AN RS C PP2BIDARPP-32/PPL i1, FEAk STEP 1544, FELIST N 2N PQ Y Ca® SE3E , DHIZE i 127,78
frr Ca® fRBE Glu BT

137



+ e S 2025 43 A %315 %34  March.2025 Vol.31 No.3

Sk

(1] B, SR PRGBS A g S L 3l s . A
RSB A ). T E ], 2021, 56(1): 22-27.

[2] XIAO J W, LI J P, WANG J T, et al. 2023 China
Alzheimer’s disease: Facts and fig—ures[J].Human Brain,
2023,2(3): 1-13.

[3] BAI R, GUO J, YE X Y, et al. Oxidative stress: The
corepathogenesis and mechanismof Alzheimer’s disease|]].
Ageing Res Rev,2022,77:101619.

[4] TWAROWSKI B, HERBET M. Inflammatory processes
in Alzheimer’s disease —pathomechanism, diagnosis and
treatment: A review[J]. Int J Mol Sci,2023,24(7):6518.

[5] Edid, P, BimeR , 45.2020—20504F 1 [ B R 9k it
SR S 17 0 IO AT 5[0 B0 7% P BRI B AH OG0 , 2019,
2(1):289-298.

[6] CUMMINGS J L, TONG G, BALLARD C. Treatment
combinations for Alzheimer’s disease: Current and future
pharmacotherapy options[J]. J Alzheimers Dis,2019,67(3):
779-794.

[71 BREJYEH Z, KARAMAN R. Comprehensive review on
Alzheimer’s disease: Causes and treatment[J]. Molecules,
2020,25(24):5789.

[8] fulf & A SRR AT 1 v R s DU AILAIE 5% B3 7 SEL B 7. st
2 HEEEZ,2012,23(11):2933-2934.

[9] /M, BRI, A 4, A5 T HR 2 4 14 Bl R e R
o5 PRI AL T[], 5 N S 2 2424417, 2024 ,46(4) : 52—
57.

[10] XUJ5 1k, 20 1, Eif, 58 S 2GR B R G 5

B[] AR 2 R - B 25 A4k, 2018,20(9): 1531 -

1539.

LR, T rhie A R 24 80 vh 35 2519 77 50 9 2H

7RV P R 2A 4R, 2021, 36(12): 2708-2712.

THAPLIYAL S, SINGH T, HANDU S, et al. A review

on potential footprints of ferulic acid for treatment of

neurological disorders[J]. Neurochem Res,2021,46(5):

1043-1057.

SR, T BT R A WS )] B 25,2020,

22(1):138-147.

[14] GRASSO R, DELL’ALBANI P, CARBONE C, et al.

[1

—

[12

—

[13

—_

Synergic pro —apoptotic effects of Ferulic Acid and
nanostructured  lipid carrier in  glioblastoma cells
assessed through molecular and Delayed Luminescence
studies[J]. Sci Rep,2020,10(1):4680.

[15] 5KFE, 3655, SRAEMS , A% BT R 2 BRAE A pIL ] S A DG
TRIT AR R D). T E 2 AR R, 2021, 31(6):
438-446,469.

[16] SALMINEN A, KAARNIRANTA K, KAUPPINEN A,
et al. Impaired autophagy and APP processing in

Alzheimer’s disease: The potential role of beclin 1

138

(7

[18

[21

[22

[24

25

26

[27

]

|

|

|

|

]

|

]

—_

interactome[J]. Prog Neurobiol,2013,106-107:33-54.

LI Y M, ZHANG J, WAN J L, et al. Melatonin regulates
AB production/clearance balance and AP neurotoxicity:
A potential therapeutic molecule for Alzheimer s
disease[J]. Biomedecine Pharmacother,2020,132:110887.
TURKEZ H, ARSLAN M E, BARBOZA J N, et al
Therapeutic potential of ferulic acid in Alzheimer’s
disease[J]. Curr Drug Deliv,2022,19(8):860-873.
CARUSO G, TORRISI S A, MOGAVERO M P, et al
Polyphenols and neuroprotection: Therapeutic implications
for cognitive declingJ]. Pharmacol Ther,2022,232:108013.
MORI T, KOYAMA N, GUILLOT-SESTIER M V, et al.
Ferulic acid is a nutraceutical [ —secretase modulator
that improves behavioral impairment and Alzheimer-like
pathology in transgenic mice[]J]. PLoS One,2013,8(2):
e55774.

WANG E J, WU M Y, LU J H. Ferulic acid in animal
models of Alzheimer’s disease: A systematic review of
preclinical studies[]J]. Cells,2021,10(10):2653.

LI D, RUL Y X, GUO S D, et al. Ferulic acid: A
review of its pharmacology, pharmacokinetics and
derivatives|J]. Life Sci,2021,284:119921.

SINGH Y P, RAI H, SINGH G, et al. A review on
ferulic acid and analogs based scaffolds for the
management of Alzheimer’s disease[J]. Eur J Med Chem,
2021,215:113278.

MA Z C, HONG Q, WANG Y G, et al. Ferulic acid
protects human umbilical vein endothelial cells from
radiation induced oxidative stress by phosphatidylinositol
3 —kinase and extracellular signal —regulated kinase
pathways[J]. Biol Pharm Bull,2010,33(1):29-34.

SONG T, SONG X P, ZHU C, et al. Mitochondrial
dysfunction, oxidative stress, neuroinflammation, and
metabolic alterations in the progression of Alzheimer’s
disease: A meta—analysis of in vivo magnetic resonance
spectroscopy studies[J]. Ageing Res Rev,2021,72:101503.
XIA Y Y, WANG Z H, ZHANG Z T, et al. Delta—and
beta— secretases crosstalk amplifies the amyloidogenic
pathway in Alzheimer’s disease[J]. Prog Neurobiol,2021,
204:102113.

MAHAMAN Y A R, HUANG F, SALISSOU M T M,
et al. Ferulic acid improves synaptic plasticity and
cognitive impairments by alleviating the PP2B/DARPP-32/
PP1 axis —mediated STEP increase and AR burden in
Alzheimer’s disease[J]. Neurotherapeutics ,2023,20(4):
1081-1108.

SRHE , AP, X057, A AR R S R AE R h 24
ARSI R[] 4R U 253 447K, 2021, 36(3): 331 -
33s.



2025 4F3 A %315 %38 March.2025 Vol.31 No.3

+ & 3 Far

[29] REHMAN S U, ALI T, ALAM S I, et al. Ferulic
acid rescues LPS-induced neurotoxicity via modulation
of the TLR4 receptor in the mouse hippocampus[]J]. Mol
Neurobiol, 2019,56(4):2774-2790.

[30] ZHOU X L, CHEN X R, CHENG X Q, et al
Paeoniflorin, ferulic acid, and atractylenolide I

of BV2
microglia cells by enhancing autophagy[J]. J Pharmacol
Sci,2023,152(2):151-161.

[31] SWANSON K V, DENG M, TING J P Y. The NLRP3
inflammasome: Molecular activation and regulation to
therapeutics[J]. Nat Rev Immunol,2019,19:477-489.

[32] EVIBUE, 5852, J5 5, 45 B R i B A LA K Ak Py
SRR ST E 1] S5 5 B IR, 2024, 41(3): 79-84.

[33] SINGH G, SHANKAR G, PANDA S R, et al. Design,

synthesis, and biological evaluation of ferulic acid tem—

improved LPS —induced neuroinflammation

plate-based novel multifunctional ligands targeting NLRP3
inflammasome for the management of Alzheimer’ s
disease[J]. ACS Chem Neurosci,2024,15(7):1388-1414.

[34] FRAELH , MR, da ik P25 A 80 3 (00 B IR BT R K
T SBR F40 BIE 5 JRE (). v VG B 45 5 o I ML A 4 A
2022,20(20):3733-3737.

[35] Bt BRIRTE , e 260 o 0 1 o i 2 /) B A T ot 40 B 0
5 RN I TR B B W ). o R R Be 2y~ A s
2018,38(1):50-53.

[36] ZF B, R T, 22002 , 45 26T Taudk AR IR (LA 1
B2 T A /R B B W R JE ). AR rh BE 252 )
2024,42(1):161-165.

[37] KANNO T, TSUCHIYA A, TANAKA A, et al.
Combination of PKCe activation and PTPIB inhibition
effectively suppresses AP —induced GSK -3 activation
and tau phosphorylation[J]. Mol Neurobiol,2016,53(7):
4787-47917.

[38] WA, B b, Ak, 55 LT GSK-3p 15 5l I %6
225X ADRERLR SN D RE R AT A S R[]+ [ 2 32
] ,2021,37(12): 1775-1776.

[39] 75 h0 BT BP0 il A B 75 3 1) PC 1 2.2 vaw 2 o8 J3E 056 R
ALBIHLHIBEFE D) M R BE 2K, 2014,

[40] VFHE, BEES, 9K 25 BTARER S i VA Y GSK -3 R AR BT /R
IRUFERIEAS R [T]. T R 25, 2022, 20(4) : 805-811.

[41] SHARMA V K, SINGH T G, SINGH S, et al. Apoptotic
pathways and Alzheimer’s disease: Probing therapeutic
potential[J]. Neurochem Res,2021,46(12):3103-3122.

[42] E3, IO, T, 55 BB Bl ZR DI BR I e 2 PR /N Bl
i DAY 4 A 7 R T AR S SR 9] R AR IS
5% ,2017,29(5): 762-766.

[43] KIHARA T, SHIMOHAMA S, SAWADA H, et al
Protective effect of dopamine D2 agonists in cortical
neurons via the phosphatidylinositol 3 kinase cascadelJ].

J Neurosci Res,2002,70(3):274-282.

[44] JIN Y, YAN E Z, FAN Y, et al. Neuroprotection by
sodium ferulate against glutamate —induced apoptosis is
mediated by ERK and PI3 kinase pathways[J]. Acta
Pharmacol Sin,2007,28(12):1881-1890.

[45] ARARET, TI , SO Bl 2R S it BROAE A WL i) B ity T 25

WISk R [)). B S A B R (R 22 AR) . 2021, 30(5) :

146-149.

MUGUNDHAN V, ARTHANARI A, PARTHASARATHY

P R. Protective effect of ferulic acid on acetyl —

[46

—_

cholinesterase and amyloid beta peptide plaque formation
in Alzheimer’s disease: An in vitro study[J]. Cureus,
2024,16(2):e54103.

IR, X L, 2, A5 BT BRI A B 7% P B 45T )
TRk I). T E 25 ik 2%k, 2021, 31(10) : 844-854.
[48] P R B, MAO X X, CHAO X J, et al. Tacrine—6—

ferulic acid, a novel multifunctional dimer, inhibits

[47

—

amyloid —B -mediated Alzheimer’s disease —associated
pathogenesis in vitro and in vivo[J]. PLoS One,2012,7
(2):€31921.

[49] SRATHR, AT A8, , v I L (A ) B e A ol /% % e K
iE AR R SR 0. v S F e 2 24, 2022, 25(4) :
518-522.

[50] P21, 5K 2= LR AT RE REAG-75 Ff ZR o Hh B
PER[D.H E 25 B 5 R 2%, 2023,37(7): 514.

[S1] COLPMAN P, DASGUPTA A, ARCHER S L. The
Role of mitochondrial dynamics and mitotic fission in
regulating the cell cycle in cancer and pulmonary arterial
hypertension : implications for dynamin-related protein 1
and mitofusin 2 in hyperprolifera—tive diseases|J].Cells,
2023,12(14):1897.

[52] HAO S, HUANG H, MA R Y, et al. Multifaceted
functions of Drpl in hypoxia/ischemia —induced mito—
chondrial quality imbalance: From regulatory mechanism
to targeted therapeutic strategy[J]. Mil Med Res,2023,
10(1):46.

[53] ZAFEER M F, FIRDAUS F, ANIS E, et al. Prolong
treatment with Trans—ferulic acid mitigates bioenergetics
loss and restores mitochondrial dynamics in streptozo—
tocin—induced sporadic dementia of Alzheimer’s type[J].
Neurotoxicology ,2019,73:246-257.

[54] EAiF, B, RN SC BB E 18 2 Lok AR 2Rl
RATHLHIBCEABTE T A ADBAL/ N L7 2T L ARt 1.1
E 2242475 ,2019,54(9): 703-710.

[55] i, BAfd, T, 45 kTl R P 25 PR B 2R K
BRI AT ST 4 R [0). P I S 24 5 4%, 2022, 19(3) : 38 -42.

[56] LIU P, WU L, PENG G P, et al. Altered microbiomes
distinguish ~ Alzheimer’s disease from amnestic mild
cognitive impairment and health in a Chinese cohort[]].
Brain Behav Immun,2019,80:633-643.

[57] FUNG T C, VUONG H E, LUNA C D G, et al.

139



-+

& <3 512

2025 3 A %315 %38  March.2025 Vol.31 No.3

[58]

[59

—

[60]

[61]

[64]

[65]

[66

[l

[67]

[68]

[69]

Intestinal serotonin and fluoxetine exposure modulate
bacterial colonization in the gut[J]. Nat Microbiol,2019,
4(12):2064-2073.

BARRETT E, ROSS R P, O’TOOLE P W,
¥ —Aminobutyric acid production by culturable bacteria
from the human intestine[J]. J Appl Microbiol,2012,113
(2):411-417.

AGUIAR-FURUCHO M A, PELAEZ F J R. Alzheimer’s

disease as a result of stimulus reduction in a GABA-A-

et al.

deficient brain: A neurocomputational model[]J]. Neural
Plast,2020,2020:8895369.

2, R AR, S5 BB AP R BRUAL
A LB R E IR )] AR AR, 2021,
48(6): 116-125.

SILVA 'Y P, BERNARDI A, FROZZA R L. The role
of short —chain fatty acids from gut microbiota in
gut-brain communication|J]. Front Endocrinol (Lausanne),
2020,11:25.

LIUJ M, JINY J, YEY L, et al. The neuroprotective
effect of short chain fatty acids against sepsis—associated
encephalopathy in mice[J]. Front Immunol,2021,12:
626894.

HO L, ONO K, TSUJI M, et al. Protective roles of
intestinal microbiota derived short chain faity acids in
Alzheimer’s disease—type beta—amyloid neuropathological
mechanisms[J]. Expert Rev Neurother,2018,18(1):83-90.
ZHANG Z, YANG P, ZHAO ]. Ferulic acid mediates
prebiotic responses of cereal —derived Arabinoxylans on
host health[J]. Anim Nutr,2022,9:31-38.

SUN J, LIU S Z, LING Z X, et al. Fructooligosac—
charides ameliorating cognitive deficits and neurodegen—
eration in APP/PS1 transgenic mice through modulating
gut microbiota[J]. J Agric Food Chem,2019,67(10):
3006-3017.

ANTONOPOULOU I, SAPOUNTZAKI E, ROVA U, et al.
Ferulic acid from plant biomass: A phytochemical with
promising antiviral properties[J]. Front Nutr,2021,8:
777576.

PARK S, MOON N R, KANG S N, et al

acid and vinpocetine intake improves memory function

Ferulic

by enhancing insulin sensitivity and reducing neuroin—
flammation and oxidative stress in type 2 diabetic animals
with induced Alzheimer’s disease[J]. J Funct Foods,
2022,95:105180.

KELLAR D, CRAFT S. Brain insulin resistance in
Alzheimer’s disease and related disorders: Mechanisms
and therapeutic approaches|J]. Lancet Neurol,2020,19(9):
758-766.

DE LA MONTE S M, TONG M, DAIELLO L A, et al.

140

[71]

[74]

[75]

[76]

[77]

[78]

(791

(80]

[81]

Early —stage Alzheimer’s disease is associated with

simultaneous  systemic and central nervous system
dysregulation of insulin—linked metabolic pathways[J]. J
Alzheimers Dis, 2019,68(2):657-668.

BROWN W R, THORE C R. Review: Cerebral
microvascular pathology in ageing and neurodegeneration|]J].
Neuropathol Appl Neurobiol,2011,37(1):56-74.

WRE B4 , 20 9 IR PR R 2R 2 T B 2 28 K e v i A
F. Atk 5 A W o B gk ) 2015, 42(12): 1077 -
1083.

5K LT AEPSY D] oo 73004 il R P2 1 A S5 BT 2 R
EIR BT[] 20 B R, 2021.

WANG N Y, LI J N, LIU W L, et al. Ferulic acid
ameliorates Alzheimer’s disease-like pathology and repairs
cognitive decline by preventing capillary hypofunction in
APP/PS1 mice[J]. Neurotherapeutics,2021,18(2):1064 -
1080.

CHELI V, ADROVER M, BLANCO C, et al. Knocking—
NMDAR1
neurons in the rat hippocampus impairs learning[J]. J
Neurochem,2006,97(Suppl 1):68-73.
CHATTERJEE M, KWON J, BENEDICT J,
STEP AB —mediated
dendritic complexity and spine density in Alzheimer’s
disease[J]. Exp Brain Res,2021,239(3):881-890.

WON S, ROCHE K W. Regulation of glutamate receptors
by striatal—enriched tyrosine phosphatase 61(STEP61)[]].
J Physiol,2021,599(2):443-451.

DEWACHTER I, FILIPKOWSKI R K, PRILLER C, et al.

Deregulation of NMDA-receptor function and down-stream

down the subunit in a limited amount of

et al.

inhibition prevents damage in

signaling in APP[V717l]transgenic mice[J]. Neurobiol
Aging,2009,30(2):241-256.

LIN TY, LU C W, HUANG S K, et al. Ferulic acid
suppresses glutamate release through inhibition of voltage—
dependent calcium entry in rat cerebrocortical nerve
terminals[J]. J Med Food,2013,16(2):112-119.

WhRITE , XA, s T, A B BRIRIA YT B R S RS 14
YRR 55 T A2 IR [)). 2525 9T L 2024, 43(5) : 428-434.
STANIFORTH V, HUANG W C, ARAVINDARAM K,
et al. Ferulic acid, a phenolic phytochemical, inhibits
UVB -induced matrix metalloproteinases in mouse skin
via posttranslational mechanisms[J]. J Nutr Biochem,
2012,23(5):443-451.

SHACKLETON B, RINGLAND C, ABDULLAH L, et al.
Influence of matrix metallopeptidase 9 on beta—amyloid
elimination across the blood—brain barrier[J]. Mol Neu-
robiol,2019,56(12):8296-8305.

(MAS B #1:2024-08-29 %3k T 3£4%)



