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Abstract

Alzheimer’s disease (AD) is a kind of neurodegenerative disease, mainly manifested by cognitive
impairment. In recent years, the brain-gut axis theory has provided a new research direction for AD.
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Significant changes in the composition of the microbiome in old age may play an important role in
the development of neurodegenerative diseases, and AD is closely associated with aging. In this pa-
per, the relationship between brain-gut axis and AD was investigated through microbial action. This
paper combined the pathogenesis of AD with the basic principle of brain-gut axis theory, and dis-
cussed the effect of brain-gut axis theory on AD by the mechanism of microbial action. The pathology
of AD includes amyloid hypothesis, tau hyperphosphorylation and neuroinflammation. Microbial
abnormalities can mediate neuroinflammation, and then affect the pathological process of AD. Intes-
tinal microorganisms and their metabolites affect the permeability of blood brain barrier (BBB), and
the regulatory function of BBB is impaired. Microorganisms and their harmful metabolites enter and
affect brain activities. Thus, deterioration of the gut microbiome may lead to brain dysfunction. As
the first AD treatment drug targeting brain-gut axis in the world, Sodium Oligomannate become an
important research direction for the treatment of AD targeting intestinal flora in the foreseeable fu-
ture, providing a new intervention method for drug development.
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1. 5]

B JR 2% i3 BR i (alzheimer disease, AD)JE —FH AT M A IRBIT RS, B 2050 45, FREKA 800~1100
Ji AD B#[1]. AD (5 2B ERENT 80%, JLHAE 60 & LLEIIEAE N[2]o AN E K #F 55 F (beta-amyloid,
AP)MIANBEHLFN P-tau FRIAH 5 £ 4 48 45 (neurofibrillary tangles, NFT)/& AD FIRFE[3]. AD KR 21T 4.
BAE MR G KR B, XK ABURILE], SRR AR IR R tau 8 H T AERE
Fefk[4]. R Tau Ml AR HAE, BSR4 D)RErERG, SERPEIRITIER, £ AD MilEREI
ZHIAARAE, B RIRERS  RAE[5]. 32BN (mild cognitive impairment, MCT)Ek 5 & fh 28 I\ S i
G2 —Fh i PIRES A T IEH EZ AR Z 0] XMARA T DU R ARE, FELL AD i i6]. HF
FRWH, T AB FI Tau AEVIFRICY) 0T LATE AD R HAM B, B MCI i35 il 5 AD, Fxf AN diL B R )
(P EF AT ERNC W[ 7] MbAh, BR T 33 AD KWEAE G 24, —28)5 R, Qi s 50 |
WEPRIF . i R AR S RIAAE D R R, 3R AD FIXUKE[8]. Faild S A= B R K i 2 1)
IR S FRE R “ - dh” , BES5MEITORE KINIIRE. WHET 2 K9], W - i
VI Sl A M S T DR T PR IR TR 285 [ 10] 0 DR iodocd [B 45 J2 4 MRS T8 5 701 B YT B I IE (32 5l . 3l
VIR M, AT DA R Ek ) R R e R A YR A R T RE10]. IR TE R AE @ 2 FiE R S AD
MR LA TR . A JORE . AR Fo5  Tau BERRAL . #2008 i S T AL B2 (oxidative stress, OS)o
KRR AR AR EA G R, FEEREMERIE. MR ERMEZL AD 1 Ik 57
(blood-cerebral barrier, BBB)ifi& 38 InH 5[ 1], AL XN - 55 AD 2 (8 FI1E FIALHI BT 4508 .

2. AD B & FwRHLH
2.1. A BinfR

AP RVERFERT RS A (amyloid precursor protein, APP)HIYIEIF=4), APP & —Fh 695~770 MNE L)

ik
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PREPEE I, EME RIS . AR FEAAENR A, R TRE A0 M4 18] 52 5 fik 7% 14 1) 2 1)
[12]. ABRBA A REFERMFFEAN, HRRT BB RERG[13]. AB BITERUE 51 KT HAl
5 AD MRS AL A, R AAE RN R IR Ap BEEL14]. 7E AD 1, ZHlust AB BEHUE BT 5
JEHR WU AHERTAR B (2™ E Y AD Wi, BESRY BRI SAAR[15]. — T AR B I AB AKF
BE A8 () 3G T FRA, X R B BEE I (B RS, AR AE R A g N[ 16]. AB BIFA R 5 Rl #2470
T FE VIR IG,  E T B2 T0B W A8 T R 5T S S 51 N 25 A 1Ak, R ZE46(17]. EkK-FI AB 1™
A5 HARSCEE A A O, WPELETE R M TTH R S I B R AL 18 ) DI RefEmG[18]. A
IR HAGHH A A I B2 R IE T 5 AN [ (1 B Ak Ty RE R b (B W A4 ) P 338 i i SR 3 i A R fi #E 04
[19]. Ap WRBEE 5ERAREEA . I JEAMIKEA | M E/EHSCRERAAZ) )% [20]. 1AL, H
TR DNA SR TIE S ThREEPFIREE, ABosas AAET Fid P %l(reactive oxygen species, ROS)A:
caspase WUH AN LR ¢ BE(21]. A B IS F2 i AR A7 B 1 Bel-2 TS BRI D) RE L, Bel-2 K%
TR 28RS T 1 caspase %, FEMAIIREER oo RAFEUIRMT[22]. AR VTR AT KA AEE
I RE . ZhAKA/NS K, SR VER RN LR, 3B BE o B A AL, IAMEZS 5 5l
F S5 PN ML 23 ]

2.2. Tau ER T EBERL

Tau s& —MHEMCE A, HTHE RO GHRE N, FEEDERR S, (HOAAE TR R P [24].
RIS I, AD 5 AB BEHURI SR (L A R AT S 10 Tau 22 AR BRERRA K, Tau B ATEW SR E 309
AT BRI R R [25]. 1 R ERIL ) Tau B A2 AD H8 KH R NFT £ B RSy, Hakb ] DLx it NFT
P B, HPaf: 1) ML, —F NFT, BRI Tau 8RR A KM SR IX = AN i
WRNELZ, 2) A NFT, HAFIER Tau 8EMLREE, MM AAEL R SME 608, 3) diush
JEeh e KR NFT BB, X2l T KRR Tauw EASEMMEILER, X EEKEA ST I[26],
FAh, AR BE GSK-3p Fil CDK-5 Wit Tau 25, WU caspase-3 Al calpain 1 /Kfi# tau &, JEHK tau
HEM27]. Tau HEYZE Tau (—Fhp AL, £ NFT R AT T, A FHI[28]. Tau HEH—
Bl JERigtl, ok 2 HAEME G B E P i Thae, B T iE gh i 21 [29] .

2.3. SR

OS & ROS 774 i it 4 f e AL B 8 R G 1 — FIORAS[30]. XM RGUREAZE 5 52 31 OS KI5,
Ji PR, 456 L R A B TEAS 5 A i R v A FH AS ) O3 PR I DA K sk = B s AR [3 1] AL AR 7K
PR 3G IR AT S8 77 AL A PR sk 559 76 2 4 N R L, IR SR WSS AR N T 2 AH S BBUR PR AT 14 55 ) 52 i)
BK[32]. OS AIHNIE AB VIR, 51 KEALRB[33]. RAMIRNTIFE R, OS 31 #E 1 E ARy 1/
FIEREE 2A (PP1/PP2A)KIE S Tau £ 1 FEBEER (b AN 40 M 4132 (R IEF(ERK) 172 I ZEKBERR b A K
[34]. RAAATREREMG FT Ae 5 AD &0 Ak i ik 7% b S ST Ja B A/ B 3676 0% [35]. MG &Rk e
PR A1 ROS F= A NS AD KIS RAIEE A, I T XG53 — PR [36] . A IEHE R B,
0S 5 AD I E R FEZEA T 4y, Wi AL FSIMAF M. Taw W2, LRIAThRERERS[37].
BRI BEREAT AN BE MR I 5K OS S HAH BAE R A AT RETE il — MMM, Bl AD B s A7
TERISIM D) REA 4 AREEAS JE AR P (R FAE[35]

24. B - BRFER

MNAETAERERA R GRS ATE B By b7 R AR AR AN S b Rz B B T e 45 5 22 2R
Y FDIRe[38]. WAEIRE - i - il O BN AR S0 TR T AR RGUIIR I TR AR R,
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ML, Wit BRSNS W E T A e 5 P A # £8 5 St (central nervous system, CNS)E 2K,
X TR RS 2O E B(39]. W1 - i A= MBI D ReRRAG 5 AD I AJw WL A 5 [40]. TFLEN
VIR AE R AR . . B BRI AR AR, XA AN T IE RS, AR N
Frek 2~3 4, HBNABRRE M N[41]. FiE A YT i 20 e A B A i A B AT A 4k, B e
Vs Rt e E AR ), REEE S IR AR T S IR AT B PR A [42] . I TE AR M) EE R RE LA
SRR ABRBCR B KINES, B OEE. BHNIEERAERM -2 TR, UKEDES
Elz. MiERMANE, S5RWAHEAER[43]. Wok, MiE ey 2 i mnes 5 f e i o S 8 S s 2
P9I DL R /N R B A PR D RERRAS (44 BB A 2 FEEA & 22 S BURZE RS TR A& JERES AN
BEFE @S RN, A X RN REPLEL R RS, A FEAD HIARHE[45]

3. EEEY AD NEHEER
3.1. BEEEE AD FRTL

HET, T2 AD R = S AL LR 3xTg-AD /M, BB =R PSTyisey
APPs,. Hl Taupsoir), FFHIMHBEAT M. AERMKEIE AB BEHURI NFT, LR ICIZEhIG . DR /N BB 2k
B AD 5 BEBL I ATBI L 3L 5 T ) 5 Bt TR [46]0 K 2 HUF: S DR G A s A R 2 A2 /N B P OT AR, JF
HEAEXT APP Ml PS1 JER I 5RAR[47], FAMNEME N2 tau RAZ (h-Tau), 43751448 APP F tau i1,
T AD JEL 48] W TS FHBTT K B BE R AD /N BRBERL, R /0N BRE S50 3 A 1T 5 B AR 2B (wild type,
WT)/N R[] i 1 B B A RO i 22 5, (IR 22 e /N RS A H I TR 4R O I B, XK AD
{1993 BEOIR 750 T RE 5 B0V T8 B RE AR A . X 3R B R IR S 10 7 ANt 2 5 e i T TR R 1 4L [49]
APP/PS1AD /) AL A 22 A KRR 5 T8 B AR AGAH OC . BRI, AR X RRZH, BEKF iR
FF B FHRD AR I R DA K S 4 1 S 40 B FMEAT B B3 N [50]. A WRAESE, 5 WT X HEVNERAHLE,
AD /MR IGTE AR VIR 2 BEVE R A OO, AR DT IR KB, HL 3 R 2 22 52 AD /) FRASAY
HE URPRITE R, AT SFECARIEE . AB VIRRIIZIE R H[51]. H4h, AD /NEUGIE HE BN RS+
X ABIKFH R, AD /NRIITAEVIRF M G, £ R R I AB LR IE n[52].

3.2. BIERIERT AD BRI

OB IR I AD AR R FRPEIN JORE I 25 58, T HLA 2 A1 & 20E S B 1 45 2R [53]. It A vt
5 AD Z 8] Ik R AR RAEAE IR B TP A 5410 SOAE(IN NLPR3 ZAE/IMAS) 40 18 B0 75 (1 12
PERRYL . B2 RJRES> T-(0Ss ROS Fl TMAO)AE Al i 55 R R 4R 2 S B E P i 8 4k A9k
EAT ENIS 42, JXE9HR & S 2 A AD J 35 2R [55] 0 T8 AR 25 SR IR R B3/ Nl 4 138 A A i i el
375 1 3 0T T BO S R e P R G I O B R T R A 4 B MR RN/ B X 4 R St (central nervous system,
CNS)RAE[56]. T i 51 S F1 4 B ST S5 W Xof o 457 473 5 18 5553 P /08 JI S5 A 7 A= S, gk — 2B il p 2
RAE, HEMEEREINE AD BIRAERURRE[ST]. A A2 B G 2 0855 N 25 3 AT B0 M A e R0 (a0 e %
SHARBOE « AR TR, (R A A S5 20 M v J AL IRE AT 51 R AR R4S R G A RE 58] 7E RIE
IERRAT, A A PR TS A W] R DR AT S AR B BT, Qi A A i R A A ) AR S R e
PEWE[59]. BRltl, il Y e w51k 2R R T §2 T AD g BEERE o

3.3. MAFREAIEXT AD B9

BBB & —fi#4 CNS 540 MG 73 JT (2 40 L4 45449 [60]. BBB 2 3 BUMAE 0w AR HEN,
GRMEVIRR, MU ISR, LU0 M AME R I B k(P YR, 774 ROS A1 OS [61].
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AR F AR 2 B 5518 bEfE A BBB, 514 5 SORE RS 2 To A I A8 TR0 20 2345475 (e i
B), SEIE M INE AR S RGRN[62]. BBB R M 2 5 Iz fi 21 n] 5 5 B0 48 48 E 1O 41 g
R, Tz e 2 PR DA 7 W] 2 T /NIR BT 4B L, BRI/ IR B TS BRIt AR IIRETT,  FRAIR/INK BT
Y ) 5 fh B B AE Fy, SEUAS AT IS B R ST RS [63]. — UM W AR JRAA AR 55 2 TR AT DLE S
HEUIE T UM r=4 1 RGN PR 7R (21 BBB (MIEIEME[64]. Witish IR RIR I, 1E % i s B k&
FEU BBB [#E PRI, 1005 S5 ) il R 2 k2 BBB [T RE[65]. Tl P v& it i 3 350 B
BBB H &% %85 [ occludin A claudin-5 #7125 75%, 17 CNS X4 I3 0 U PE[65]

4. GitERE

AR, W R S LB FEAENAE AD BT 1R EROIRTTZ o BB E M 0 A 2 R A il
TRAEIRE - JiE - B 2 KN D RE AT N I RBE R 2, B AD R RE. 2019 4F 11 A H #4588 1E v
PrE R AD WRITRTE, TSR R MR AHE L. Ml A SRR S AR - W -
Jivi k75 TR AR EE IR, JFINR AD BUARIERE . Il Rl A R4 S AD AL EAR
s AB 5% Tau BERRAL. FRERAEA OS, RUEYIRE - Wil - i AD MfE I LB E R m, A
SRR FIRIR TR, ML R B, KT A IS T 7T 75 17 _EXT T AD HI/ERTRT
TR BEGOTRI R K. BIRHATTIE LA Ul BB E RS T AD B8 e A ERIBLE, ER%
B REYIO TR MR E Y S AD Z R RER, W TRIERMEMRES AD fFAAEE IR
R AT o TN BT R AD 7 b, WS BIE R E RUE YRR AD MIBIR G R
fE55. ARK, W BEA G i i i il ) B AR BIE AR BAE. AD J7 [ b RV BIE T8 S

E&WE

ARCHR 2019 T HEIRVE e 5] 3N A 0 H £ 4:(2019Y20) 2021 4R 4 4L R £ 78 5 HEE I H
(FJ2021X023) K% 2022 78I 5 B 51 13 A A T H 3£ 4:(2022Y24) 3 FF o
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