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Objectives: This study aimed to review clinical and experimental studies using Korean traditional herbal
medicine for dementia on the improvement of cognitive function and changes in gut microbiota.
Methods: We searched 12 databases for clinical and experimental studies on the effect of Korean tradi-
tional herbal medicine treatment for dementia on changes in gut microbiota. Sample sizes, dementia
types, diagnosis criteria, interventions, outcomes, and results, including changes in gut microbiota,
were extracted from the included clinical studies and analyzed. Subjects, interventions, outcomes, and
results, including gut microbiota changes, were extracted from the included experimental studies and
analyzed.

Results: A total of 22 studies were selected, and most of them were experimental studies. Improvement
in cognitive function and changes in gut microbiota were reported in all studies. The most frequently
used herbal material was Poria cocos, and the most frequently used prescription was Danggwijagyak-
san and Chilseong-hwan. Lactobacillus, Firmicutes, Bacteroidetes, and Proteobacteria were frequently
assessed gut microbiota.

Conclusions: These results suggest the treatment potential of Korean traditional herbal medicine for
dementia by regulating gut microbiota. However, there were discrepancies related to changes in gut
microbiota among studies. Therefore, further studies are needed to clarify the effect and mechanism
of Korean traditional herbal medicine for dementia on gut microbiota.
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Table 3. Frequency of Herbal Materials Used in Included Studies

Frequency Herbal material

8 Poria (Boglyeong)

7 Angelicae Sinensis Radix (Danggwi), Acori Tatarinowii Rhizoma (Seogchangpo), Ginseng Radix et Rhizoma (Insam), Chuanxiong
Rhizoma (Cheongung)

6 Polygalae Radix (Wonji)

5 Glycyrrhizae Radix et Rhizoma (Gamcho)

4 Paeoniae Radix Alba (Baegjagyag), Atractylodis Macrocephalae Rhizoma (Baegchul)

3 Rhei Radix et Rhizoma (Daehwang), Pinelliae Rhizoma (Banha), Rehmanniae Radix Praeparata (Sugjihwang), Coptidis Rhizoma
(Hwanglyeon)

2 Zingiberis Rhizoma (Geongang), Lycii Fructus (Gugija), Codonopsis Radix (Dangsam), Aconiti Lateralis Radix Praeparata (Buja),

Cormi Fructus (Sansuyu), Ziziphi Spinosae Semen (Sanjoin), Bupleuri Radix (Siho), Schisandrae Chinensis Fructus (Omija),
Cinnamomi Cortex (Yuggye), Alpiniae Oxyphyllae Fructus (Igjiin), Lycii Cortex (Jigolpi), Citri Reticulatae Pericarpium (Jinpi),
Asparagi Radix (Cheonmundong), Alismatis Rhizoma (Taegsa), Radix Morindae (Pageugcheon)

1 Cassiae Semen (Gyeolmyeongja), Cinnamomi Ramulus (Gyeji), Carapax et Plastrum Testudinis Colla (Gwipan), Jujubae Fructus
(Daejo), Persicae Semen (Doin), Oleum Camelliae (Dongbaegyu), Eucommiae Cortex (Duchung), Erigerontis Herba
(Deungjansesin), Ophiopogonis Radix (Maegmundong), Menthae Haplocalycis Herba (Bagha), Poria Sclertum Cum Pini Radix
(Bogsin), Dioscoreae Rhizoma (Sanyag), Notoginseng Radix et Rhizoma (Samchil), Tritici Fructus (Somaeg), Massa Medicata
Fermentata (Singog), Forsythiae Fructus (Yeongyo), Cistanches Herba (Yugjongyong), Epimedii Folium (Eumyanggwag),
Broussonetiae Fructus (Jeosilja), Paeniae Radix Rubra (Jeogjagyag), Aurantii Fructus Immaturus (Jigag), Pheretima (Jilyong),
Gardeniae Fructus (Chija), Cyperi Rhizoma (Hyangbuja), Carthami Flos (Honghwa), Scutellariae Radix (Hwanggeum),
Phellodendri Chinensis Cortex (Hwangbaeg), Achyranthis Bidentatae Radix (Hoeuseul)

2 ARHI

Al3] Lo A] OFA TR Z-S ARRE AT 141Ho|Ql,
TUHo] 1082 71 theEgt theoz nag
(piracetam)©] 23] AF&ER 0™, Y= W (nimodipine),
1 -A (huperzine-A, Hup-A)7F 242+ 13] AR2-E i},
TujwEe} wgtdo] B8 A+7E 18 Ik

2%9] QFAT BT MMSE, 55 TR (e i
1), S-a-8{effective rate)2 B7I=T=E ARESIE 1
9] Yang YQ (2021)"79] @704 gzstoluisy xuf A}
9] QIA7]5{(Alzheimer’s Disease Assessment Scale-cog-
nitive subscale, ADAS-Cog), ¥ ©% Z=(Berg Balance
Scale, BBS), vFdX|4(Barthel index, B)E, Chen Y
(2022)'2] AFolA MoCAZ B7IARZ AFG3ISTt.

2) MR

AAE 2olojd ave Brlelr] 98] AMLE AEES
FA B=A(behavioral), S8 (macroscopic), EAYE

& (molecular), &28H (histological), FW TAE(gut

microbiota), 7[EHetc) 402 HFalsto] A5t

= T3oA TEH R 13 P B4 A v|dE
= ARt 4714 A F 27HA] AHS ARERE 4571 104,
37HAE ARERE A7t SH, 47HA1E ARSSE A7t 2 09]
At B AT G nE 9]9 A AHEA] ok
ATE 1H Uik

P& EHoA IR ARSH A2 Morris water
maze test MWMDT}. 1 Qo= Y-maze test (YMT)7}
39, Novel object recognition test (NORT)7} 28, passive
avoidance test (PAT), step-down test (SDT), grip strength
test (GST), novel object location test (NOLT)7} 22} 1
HollA ARG-E| AT

2|9k EXoAE= AF(body weight, BW)T IU=
(bone mineral density, BMD), AX%¥}%Hlean body mass-
es, LBM), AA%3Hfat masses, FIM)E AmHEko, 713
ol Awi 22 BWoISlth. BMDS}F LBM, FM9] ¢
Kim DS (2022)99] @5t 13o]lAgt BA=q]ct

HAPYESHA 2404 71 Eo] ARSE 212 western
blot (WB)2.&, 10%9] A-ollA ARS=|3It. WB= 15
A H#ofl= AP (alkaline phosphatase), occludin, claudin-5,
iba-1, AB, caspase-3 5°| Ut ELISA (Enzyme

Linked Immunosorbent Assay)& ©o]-&3] Al|E7}1&



HIRZE of2] QIR 54t o5 H gt =7 8% Slith
ELISAZ 2913t R HoJ&= TNF- @, NF-« B, IL-18, IL-1 48
SYHSE AtelEZIRIO] ATt 1 2ok ultra perfor-
mance liquid chromatography coupled with triple
quadrupole mass spectrometry (UPLC-QQQ-MS/MS),
high-performance liquid chromatography (HPLC),
gas chromatography (GC)9} &2 I 2uteE 5] 7|4,
AJsskd B4 luminex assay, real time quantitative
polymerase chain reaction (RT-gPCR), multiplex im-
munoassay’t wAPESH EA oA AREE T

ZAH ZA4 & 22 JA B o g 71 Wol ARG
Z1-2 hematoxylin and eosin (H&E) staining®]t}. H&E
stainings Z-&0f SiutRA Q] AFAE &4 S B
St :=Fo] 8H 3t Nissl bodies staining 23 Y&
AA(Nissl bodies)?] 5715 13t =55 3H QJQitt. 1
Qo= terminal deoxynucleotidyl transferase dutp
nick end labeling (TUNEL) staining= 53l apoptotic
celld] AAE Bgt =Fo] 1H I9th. 22T B4 &
Z4] 9 o2 theE AL "WIYFRASeHimmuno-
histochemistry, IHC)o|t}. THCE &84 AS S ¥ 7
A5 1% =70o] 53 QI p-Tau &
=2 24 Ak

7|e} BXorE A xhr B3l AAKoral glucose
tolerance test, OGTT)®} A& Q1&AWA ZHAL (intra-

peritoneal insulin tolerance test, IPITT), S-AIZE 24

{0

A4S Hgh

¢

(flow cytometry), non-targeted metabolomics 0]
Z1ZF 13o]A ARGE|ITKTable 4).

2% 9] AAFAT 2% MMSE He} faeo] Azl
A 2 ET JololA =9k, FOSEFE Hee AR
o] YRTETE FolokA TAstr:. 1 9, Yang YQ
(2021)'72] 9ALo]lA| ADAS-Cog®t BBSE @0l thz
TR {51 Fastglem, Bl X|Ewo| RET
Bol5kAl Z71519ick. Chen Y (2022)®9] 9170)14] MoCA
Aee ARLoA 2=} FolstA S718t9t. & <
T 25 ool gk 7led itk
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2) MR

o] A dellM Fe57d 24 2 A7 N
o] WEET. TR 225H EAoM ANE & &
SieF AB, Tau TPy} g2 A ¥ W] &2 T3
A7t TEEIIoH, EAPETE ZA0A

NF- « B} 22 d5 2 A 59 T&o] AA= .

8. U 014z 2z

HAJEHS FoIFt AL oNNE Bifidobacterium,
Lactobacillus, Peptococcus, Saccharomycete, Bacteroides
7} Z7Yskal, Enterococcus, Bacillus coli, Clostridium
parvunP| T4

ke Eojst Aol Jostridium Oribacterium
o] &7V o Eisenbergiella genusd 735 F-oJgt ¥
S TEEA] XU, T3 Bacteroides®t Clostridium
o] MMSES} o] AAIZF AL, HaemophilusSt
EisenbergiellZ= MoCASt 2] AF3A7} UK Table 6).

B4ihe Bofst A0l Lacrobacillus’t 57Yst

i, E colf= Aastglon, &= 4d nlettol 2ol A

e Foist AT0NKYE Lacrobacillus= Z7¥51L,
Lachnospiraceae NK4A136<2 748I3Att

PANEHE FoIdt A7 A Ephylum) 550
M= Proteobacteria’t 7Yttt THfamily) S=ollA
= Proteobacteria, Prevotellaceae, Lactobacillaceae,
Peptococcaceae, Alcaligenaceae, Helicobacteraceae’}t
Z7Vlal, Firmicutes?} Bacteroidales S24-7, Lachno-
spiraceae, Porphyromonadaceae= TA89t}. $(genus)
FEol|ME= Prevotellaceae UCG_001, Lactobacillus, Heli-
cobacter, Lachnospiraceac-UCG-001, Tyzzerella-3,
Ruminococcaceae-UCG-014, Parasutterella’} S7Vo}
11, Lachnospiraceae NK4A136, Bacteroides, Roseburia,
Anaerotruncus, Lachnospiraceae FCS020, Odoribacter
= a5k,

4294 Eojst ATP\NE  achnospiraceac®t
Firmicutes/ Bacteroides )7t 25 37103t

ARre Fofdk A7l B vl fofgt |



286 Korean Traditional Herbal Medicine for Dementia on the Improvement of Cognitive Function and Changes in Gut Microbiota

16(€202)
senss)} ufelg :Buiurels ssIN (vSI13) nep-d ‘g v LMW dxuell gl
(Anawoiko moy4) 1-eq| 4|
SOSAN ‘sbail nej-d ‘@t gy 0 gy IOH) (Aesse saxapul [eoiwayooig) sisoydode jo [9A87 d1S ‘4 -N4I ‘9-T1
8189 41 's||92 senssi) uielg :BulUEIS SSIN 211 g 1411 "2 4NL ‘NeL-d e gy 0 g YN WNieg \Q0S W8S ‘Xd-HSH wnieg LHON  le20e)
91 's0Q 'SOH senss) ufelg :Buurels 3gH (@M) £ -Hvdd ‘2 -Hvdd ‘SHdIS ‘IMHdS LNA 1dony gk
$8Nss)} U0|0] 2(€202)
‘senssi} wnusponq :Bujurels I9H (¥SI13) 2 -4NL Wnieg ‘ISN Wnieg “J-4N wnieg ‘|-dJN wnieg ma LMW DHUBH |}
\€e02)
(¥SI13) 9-11'g¥ 4N ‘2 -ANL @t g v LAMIN onx ok
2\€e0e)
(@megy LAMIN 72 Bued 6
(gm) nej-d ‘nel g €3S ‘¢ €-4$H-d LOX04 '+0X04-d iy ‘Py-d (]
(40db-14) neL '4IND IN@d ‘¢ 1112 -4NL wal LM
L1idl (VSI73) 2 -4NL ‘UoNenusouod ujnsul wnies ang LNA g leeoe)
1190 gy (0v) pioe opking ‘pioe ouoidoid ‘ploe ofjedy ma 1vd Sq wiy 8
uulwe gy (VSN &gy gy (€e02)
‘€130 ‘UpnoaQ ‘s-uipne;y | (@m) 1-Bql ‘g-uipney ‘ulpnjooQ ma 110N PN 887 L
(2(¢202)
senssi urelg :Buuels 394 (¥SI13) #-ANL 911 ‘g% AN &g v M LAMIN M Buorx 9
&gy OHI (+202)
senssi) uojo) ‘senss ufelg :Buiurels 39 (gm) gL INag LMW %a Buem S
@(+202)
LMW M Bueyz b
(Aesseounwul xajdiyniy)
0L 0ZdZ -0 7=11 '€ 111 2dIN " L-dOIN 4 =Nl “2 -ANL ‘911 g 111 '@ 1Al
(SW/SW-DDD-01dN)
&V OHI (83d 'sDd) Jeprew pidiT ‘(v19 ‘W10 ‘¥d3 'YHA V) SyY4N 'Spioe oulwy ‘s|N (2(1202)
senssi urelg :Buurels pal 06uoy (VSI73) XO1-G '2X0D '1XdD ‘YA ‘d0s LM 4x no )
0\6102)
senssi urelg :Buluels 394 (01dH) ¥ LH-S LAMA ZH oeyz 14
LHON
Sd1'¥g v :OHI (Aesse saxapul [eolway20lg) YA 'Sd1 dv INA g, (6102)
senssi urelg :Buluels 39H (gm dv LMW rm b
sishjeue sishjeue )
213 sisAeue [80160]01SIH sIsA[eue Je|nasjo Joyine 1sli4 ON

01d00s0IoBy  [elolABYSg

salpnIg [eluswiiadx3 papnjou] 8y} o siolealpu| Buunsesy Jo Alewwing 'y s|qeL



MR Choi, JH Lee, SH Park, BK Kim, JH Lim 287

'9SeJ8jSUBI] BOD-8e1a0Y (B0D-lIAing 1 Ng ‘eselhxoqiedsq eod-[AuojewAyis |y (ININ ‘9SBULY 81BI8aY YOV YOS PIoY JIpolad 8nig ueldlY :Syd-gy ‘Buliage pug yoIN ding aseisjsuel] |ApnosjonuAxosq [euiwial :1INML ‘g Ueloid
Buipuig pioy Aled :zdgy4 ‘UpniooQ INTQ0 ' 1-SUBpPN|adQ BINUOZ :L-0Z ‘8SBuIN-g aphisouloydsoyd :yeld ‘| JeHodsuel] alelAxogieaouoyy pajdno-wnipog : | QNS ‘| jepodsuel] 81ejAxoqedouol |1 Q| ‘Ad0dS0I0I) ULD3|T UOISSIWSUBIL
JNIL ‘B 1-UMnapiRIU| 18 1-| 'G-UMNSpBIU| G| ‘IS8L Poseloy LY ‘Is8) WBusng duo i SY ‘Ise) umoQ-dsig 1L QS ‘eseury qeddey| :g ¥ | ‘aseury qeddey| psjelhioydsoyd :g ¥ I-d ‘Gad patelhioydsoyd :G9d-d ‘y 10jdaoay 8MIT-OL (pHTL ‘SIIeD
Jossaiddng paalaa-pIojsAN :SOSAN ‘Sli8D L AoreinBay :sbal) ‘s|9D | JadjaH :S[199 UL ‘s||8D 1 2IX0l01AQ :S]199 oL ‘S||8) anupuaq :$OQ ‘se1oads usbAxQ aaloeay (SOY ‘eleydsoyd-| auisobulyds id1S ‘g-umnapeiy] ig-1 ‘esepixolad
JUOIYIBIND Xd-HSH ‘Bulien-101daday PaIBAIlOY-I0jRIaN|0Id SWOSIX0Id : 4 -HYdd 'Byd|y 101deoay paleAlloy-UONBISY|0Id SWOSIX0I8d (@ -HYdd ‘G 101dedsy ereydsoyd-|-auisobuiydg :GHdLS ‘| aseury suisobulydg @1 yHdS
‘asejou3 olj1oadg-uoinaN 3ISN ‘UIBlold urey) BT JusweloinaN 1-4N ‘IS8 8ouels|o] ujnsu| [eauojladeliul 1 1|dl 18l 80uBIa|0l 8S0oN|9) [eJQ 11D ‘Nel patejAioydsoyd nel-d ‘g e-4so palelloydsoyd g £-4S0d ‘g g-aseury
aseyjuAg usBooAlD 1 ¢ g-4SH ‘Lox04 parelhioydsoyd L OX04d ‘Loxog PO (L OX04 ‘(Qid)My pereifioydsoud My-d ‘(ayd)g oseuly uieloid My ‘Uoiioeay urey) eselswilod eneniueny swi] [esy :HOdb-1Y Y0104 oydosoineN
Areqio :41ND “AydeiBorewoly) sen 100 ‘sessely 184 (4 ‘Sessey Apog uea :NgT Aisus( [esauly auog (QiNg ‘1Se] SOUBPIOAY BAISSEY :LYd ‘@ousdsalonjounwwy 4| ‘| 8jnos|o}y Jaldepy Bulpuig-wnioled paziuoj : |-eq| ‘1s8) UOIRI0T
108[90 [9AON :LTON ‘SI[8D g PaleAldy JO Jaoueyu3-ueyd-jyb-eddey Jojoe4 Jesjony g ¥ -4N ‘1uBIop Apog :mg ‘g aseury Jojdeoay uisoAwodol :gyi] 0j0e4 aiydosoinaN paausg-urelg :4NAg ‘0 L-UMnapaiul (0111 ‘0Lde L-umnapiaiy|
1020z 11 ‘g L-upnapialul (g 11 p-Unapsiy| tp-| ‘g-ulslold Alojewiwelul aBeydosolpy sunpy iz-di | UIslod J1oeloway) alA00UON L-dDIN ‘.7 -U0JBlaIY| i £ -N4| '} 101084 SISOI08N InoWN] :» -4NL ‘9-Unapalul :9-1| ‘g -unapaul
18 L1 Y L-uinapisiuy o || ‘Aijewoiosds ssej sjodnipent sidul uim pejdnod AydesBojewoyd pinbry souewiopsd BN 07dN ‘eulwejoueli3 IApireydsoud 134 ‘euloyolpieydsoud (0d ‘pioy dus|ourt- 7 1y19 ‘PIoy 018l
Y10 ‘ploy olouaejuadesols (43 ‘PIoY 010UseXayes000( YHQ ‘PIoY OIUOPIYIBIY (Y ‘SPIOY Alle4 pajeiniesun :Sy4n ‘Sieliwsuenoinap :S|N ‘Aessy juagiosounwwi payur-awAzug g3 ‘eseuabAxodi-g ;x-S ‘g 9seusbAxoojoh)
ZX0D ‘| 8SEpIX0iad BUOIYIEINID (1-XdD ‘eseinuwsig apixosedng :q0S ‘“AydesBorewoiy) pinbry souewiopsd-ybiH :01dH ‘euiwedoq yq@ ‘(uiuojoies)auiweidAnAxiopAH-G 1 H-G ‘Bleg-plojAwy gy ‘Alisiaydoisiyounwu] (OH|
‘Buiurels uiso3 puy uljAxojewsy :Buiuiels I9H ‘9pAUSP[eIPUCIEN (YA ‘seplieyaoeshiodod|T :SdT ‘101G uIaisam (g ‘asereydsoud auleyy idy ‘1sel uonuboaay 1981q0 [AON LHON ‘158L 8ZBN-A :LINA ‘1S8L 8Ze| JaleM SIION LINMI

Senssh ureIg (3L @(€202)
senssj uteig :buiurels 39H (@m) 8/¥€01'$91v/159dY ' 1-uloeg ‘g-esedse) LAMN JAMT  0¢
(SIN-0D) areshing ‘ereuoidold ‘alela0y

sanssi} uojoy :bulurels Syd-gy (40db-1d) N100 ‘1-0Z ‘2 -4NL & <11 911 'LLOWS 'L LOW 'LN8 ‘AWIN "MOV

N30 ‘1-0Z I

(Aesse saxapul [oIWaYo0Ig) YA ‘A0S

sonssi uieig :Buiutels TINNL (vSI73) 2 -4NL "¢ <11 ‘911 'UINUOZ ‘2dav4 'Sd 1s€202)
senssi uielg :Buiuiels I39H (M) N100 ‘1-0Z ‘¢-esedse) peaes|] ‘g-asedsed ‘1Y ‘IMv-d ‘Meld 'LLOWS ‘T LOW LAMIN HHONY 6l
sojwojogelew (40db-LH) 01191 g 111 @ -ANL w(€202)
pajabiel-uoN senssi urelg :Buluels 394 (Aesse saxaput [eojwWayo0lg) 4OS 'YAW M LMW mLog 8l
SoNssy urelg (NJL
&V OHI «(€202)
senssi uelg :Bujuiels [ssIN Mg LMW AaZn oL
(vSI13) asejAxoipAy suiuefelfusud ‘» -4NL ‘81-11 "¢ 111 +(€202)
(am) & v LM HAIND 9L
14
8jel [eAIMNG 159
ajel yieaq LAMN g(€202)
(Aesse xouiwin) » -4N1 ‘9-11 ‘61| Mg 108 ADOBIX Gl
nej-d :oH| (€202)
sonssf} Asupry JoA ‘urelg :Bujurels 394 (@m g 1-11'g ¥ 1 'g¥ 1-d ‘g9d-d ‘sod ‘pH1L Mg LNMN Ddbueyz  y1
213 sisAjeue [82160]01SIH sISA[eue Je|nasjo sisheue sisheue joyineisli{  ‘ON
k ' ’ ' 01d0os0I0B ) |eloIARYSg k

| panuiuoy 'y 8|qeL



288 Korean Traditional Herbal Medicine for Dementia on the Improvement of Cognitive Function and Changes in Gut Microbiota

Table 5. Summary of Results in Included Experimental Studies

First

No. author Results
1 LuJ 1. Improved effect of cognitive impairment
(2019)" - Reduced Escape latency, Increased Time spent in target quadrant and Number of crossing platforms (WMMT)
- Increased Percentage alternation (YMT)
- Increase Preferential index (NORT)
2. Decreased expression of AP in brain tissues (Hippocampus) (WB)
3. Decreased LPS Levels in the Gut, Liver, Serum, increased AP in gut, liver, decreased AP in serum, Decreased MDA in gut,
liver, serum, brain (Biochemical assay)
4. Alleviated nerve cell damage of brain tissues (Hippocampus CA1) (H&E staining)
5. Decreased expression of A g1-42, LPS (IHC)
2 Zhao HZ 1. Improved effect of cognitive impairment
(2019)% - Reduced Escape latency, Increased number of Crossing platforms (WMMT)
2. Increased concentration of 5-HT in the hippocampus (HPLC)
3. Alleviated nerve cells damage of brain tisssues (H&E staining)
3 Gu XR 1. Improved effect of cognitive impairment
(2021)2” - Reduced Escape latency & Increased Times acrossing platforms, Distance percentage, and Times percentage (WMMT)
2. Potential to Attenuate oxidative stress (ELISA)
3. Increased the levels of NTs, and essential amino acids, decreased the level of L-cysteine (UPLC-QQQ-MS/MS)
4. Reduced CNS inflammatory microenvironment (UPLC-QQQ-MS/MS)
- Increased levels of AA, DHA, EPA, OLA, GLA on brain & Reduced levels of GLA on brain
- Reduced levels of COX-2, 5-LOX on brain
- Increased lipid markers(PCs and PEs) in the CNS
5. Regulatory effect of CNS & Peripheral inflammatory cytokines (Multiplex Immunoassay)
-CNS: IL-1 @, IL-6, TNF- @, IFN- 7, IL-13, IL-12P70
- Peripheral: IL-1 8, IL-6, TNF- @, MCP-1, IL-13, IL-4, IL-10
6. Decreased accumulation of A 8 plaques in brian tissues (cortex and hippocampus) (HC)
4 Zhang WJ 1. Improved effect of cognitive impairment
(2021)% - Reduced Escape latency & Increased Number of crossing platforms (WMMT)
5 Wang DK 1. Improved effect of cognitive impairment
(2021)% - Reduced Escape latency & Increased Time spent in target quadrant, Number of crossing platforms, and Total swimming
paths (WMMT)
2. Increased the expression of BDNF, TrkB in Brain tissue (hippocampus) and BDNF in colon tissue (WB)
3. Alleviated the pathological changes of brain tissues (hippocampal CA1) (H&E staining)
4. Decreased the expression of A £+.4 in brain tissues (hippocampus) (IHC)
6 Xiong W 1. No significant difference in bodyweight
(2022 2. Improved effect of cognitive impairment
- Reduced Escape latency & Increased Time spent in target quadrant, Number of crossing platforms, and Number of
crossing platforms (WMMT)
3. Decreased A 8142, NF- £ B in hippocampus & Decreased IL-6, TNF- @ in hippocampus and colon (ELISA)
4. Alleviated histopathological damages in brain tissues (hippocampus) (H&E staining)
7 Lee MJ 1. Improved effect of cognitive impairment
(2022)% - Increased Time spent exploring the object zone (NOLT)
2. Increase in body weight curve within normal range
3. Increased Iba-1, Claudin-5 in brain tissues (WB)
4. Decreased A B1.4/A B1.4 ratio in brain tissues(whole brain) (ELISA)
5. Increased expression of Laminin, Claudin-5, Occludin in brain tissues (IF)
8 Kim DS 1. Improved effect of cognitive impairment
(2022)26} - Increased Latency time to enter the darkened room (PAT)

2.
3.

- Increased Percentage alternation (YMT)

- Reduced Escape latency, increased Time spent in target quadrant & Frequency to the zone 5 (WMMT)
Increased bodyweight & Protected BMD, LBM losses, Reduced abdominal fat mass in FF group
Increased serum butyric acid concentrations(GC)

4 Decreased Serum TNF- @ (ELISA)

5.
6.
7.
8.
9.

Reduced TNF- @, II-1 8, Tau, increased BDNF, CNTF (RT-gPCR)

Inhibited levels of pAkt, pGSK-3b, and pFOXO1 pTau in brain tissues (hippocampus) (WB)
Decreased A £ deposition in brain tissues(hippocampus) (IF)

Reduced serum glucose concentrations (OGTT)

Reduced serum glucose concentrations and HOMA-IR (IPITT)
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First

No. author Results
9 Pang 77 1. Improved effect of cognitive impairment
(2022)%") - Reduced Escape latency, increased Time spent in target quadrant (WMMT)
2. Decreased the expression of A 1., (WB)
10 XuQ 1. Improved effect of cognitive impairment
(2022)28} - Increased Time spent in target quadrant, number of crossing quadrant, and number of crossing platforms (WMMT)
2. Decreased A B1.42, TNF- @, NF- & B, IL-6 in brain tissues (hippocampus) (ELISA)
11 RenHQ 1. Improved effect of cognitive impairment
(2022 - Reduced Escape latency & Inreased Time spent in target quadrantm Number of crossing platforms, and Movement
distance in the quadrant (WMMT)
2. Stablized body weight
3. Increased the expressions of MCP-1, NF-L, NSE, and TNF- @ in serum (ELISA)
4. Alleviated the pathological damage of duodenal and colonic mucosa (H&E staining)
12 GuoPL 1. Improved effect of cognitive impairment
(2022)* - Increased percentage alternation (YMT)
- Increased discrimination index (NORT)
2. Increased the levels of PPAR- @, PPAR- 7 in the brain, decreased S1PR5 and SPHK1 (WB)
3. Decreased Relative protein expression of SIPR5, SPHK1 PP& Increased relative protein expression of PPAR- @, PPAR- 7 in
brain tissue(hippocampus)
4. Biochemical assay
- Decreased S1P, Serum MDA, IL-2, IFN- 7, IL-6, TNF- @, IL-1 2, and Apoptosis rate in brain tissue.
- Increased the levels of Serum GSH-Px, Serum SOD
5. Restored the number of neuronal cells, alleviated the levels of A B 1.42/A 8140 and p-Tau (H&E staining)
6. Increased the number of Nissl bodies (Nissl staining)
7. Decreaseed the expression of A 8140, A 8142, p-Tau in brain tissue (hippocampus) (IHC)
8. Reduced the number of Microglia in brain tissue (hippocampus) (IF)
9. Flow cytometry
- Increased the numbers of Th cells, Tc cells, DCs n peripheral blood and splenic tissues
- Decreased MDSCs, Treg cells in peripheral blood and splenic tissues & Decreased ROS in brain tissue (hippocampus)
13 Tian XP 1. Improved effect of cognitive impairment
(2022)3” - Reduced Escape latency, increased Time spent in target quadrant, and number of crossing quadrant (WMMT)
2. Decreased the expression of A £, p-Tau (ELISA)
3. Increased the number of Niss| bodies in brain tissue (hippocampus) (Nissl staining)
14 Zhang PQ 1. Improved effect of cognitive impairment
(2023)% - Reduced Escape latency, increased Time spent in target quadrant, and Number of crossing platforms (WMMT)
2. Recovered weight loss
3. Decreased the expression of protein level of TLR4, p-i £ B/i # B, p-p65/p65, and IL-1 8 (WB)
4. Alleviated nerve cells damage in brain tissues and No significant changes in the structure of the liver and kidney (H&E staining)
5. Decreased protein expression of p-Tau in brain tissue (IHC)
15 Xiao QY 1. Improved effect of Ability
(2023 - Increased laatency to fall and Decreased Latency to fallweight (RT)
2. No significant change of body weight
3. Decreased the cold-stressed induced death rate and prolonged the days of survival
4. Decreased TNF- @, IL-6, increased IL-5 (Luminex assay)
16 CuiMR 1. Improved effect of cognitive impairment
(2023)*" - Reduced Escape latency, increased Number of crossing platforms and Distance percentage & Time percentage (WMMT)
2. Decreased A 8 deposition in half of the brain tissues (WB)
3. Decreased the levels of IL-1 &, IL-18, TNF- @ (ELISA)
17 LizY 1. Improved effect of cognitive impairment
(2023)% - Reduced Escape latency & Latency to first entry (WMMT)

4
5

. Ameliorated body weight loss

. Increased Nissl staining positive cells, Inhibited neuronal injury in brain tissues (Cortex and hippocampus of left hemisphere)
(Nissl staining)

. Decreased A B deposition of brain tissues (Hippocampal CA1 and cortex) (IHC)

. Alleviated synaptic structure damage in hippocampus (TEM)
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Table 5. Continued 2

No. First Results
author
18 BoTW 1. Improved effect of cognitive impairment

(2023)% - Increased Time spent in target quadrant and Number of crossing platforms (WMMT)
. Recovered weight change
. Attenuated the expression of TNF- @, IL-6, and IL-10 but no significant change on IL- 8 (RT-qPCR)
. Alleviated nerve cells damage of brain tissues (Hippocampal CA1, CA3) (H&E staining)
. Non-targeted metabolomics

- Restored alterations of serum metabolites(significant of neurotransmitters, amino acids, tryptophan metabolism, and

phospholipids)

- Regulated tryptophan metabolism, glycerophospholipid metabolism, tyrosine metabolism

19 GuoHH . Improved effect of cognitive impairment
(2023)3” - Reduced Escape latency, Time searching platform, increased Time spent in target quadrant and Number of crossing
platforms (MWMT)

. Western blot

- Increased protein expression of P13K, p-AKT in brain tissues (hippocampus)

- Decreased protein expression of Cleaved caspase-3 in brain tissues (hippocampus)

- Increased protein expression of SMCT1, MCT1, ZO-1, OCLN in Caco-2 cells and colon tissues
. Decreased IL-6, IL-1 8, TNF- @ in brain tissues & Decreased LPS in plasma (ELISA)
. Increased SOD activity, decreased MDA activity in plasma and hippocampus (Biochemical indexes assay)
.RT-gPCR

- Decreased IL-6, IL- B, TNF- @ gene expression in brain tissues

- Increased ZO-1, OCLN, SMCT1, MCT1 gene expression in colon tissue and Caco-2 cell (RT-qPCR)

- IncreasedSCFA-producing enzymes (ACK, MMD, and BUT) in feces
.Increased SCFA(acetate, propionate, butyrate) levels in plasma and brain tissue (GC-MS)
. Alleviated neuropathological changes in brain tissues (hippocampus) (H&E staining)
. Significant decreased number of apoptotic cells in brain tissues (hippocampus) (TUNEL staining)
. Decreased the expression of ZO-1, OCLN in colonic tissue (IF)
. Decreased the number of mucin-producing goblet cells and the expression of ZO-1, OCLN in colon tissues (AB-PAS staining)
20 LuYC . Improved effect of cognitive impairment

(2023)% - Reduced Escape latency, increased Time spent in target quadrant & Number of crossing quadrant (WMMT)

. Regulated autophagy in the brain (WB)

- Decreased protein expression level of Caspase-3 in brain tissues

- Increased protein expression of Beclin-1, APG5L/ATGS5, LC3A/B brain tissues

3. Alleviated nerve cell damage in brain tissues (hippocampus) (H&E staining)
4. Alleviated cell damage in brain tissues (hippocampus) (TEM)

MWMT: Morris Water Maze Test, YMT: Y-Maze Test, NORT: Novel Object Recognition Test, AP: Alkaline Phosphatase, WB: Western Blot, LPS: Lipopolysaccharides, MDA:
Malondialdehyde, CA1: Cornu Ammonis 1, H&E staining: Hematoxylin And Eosin Staining, IHC: Immunohistochemistry, 5-HT. 5-Hydorxytryptamine(Serotonin), HPLC:
High-Performance Liquid Chromatography, ELISA: Enzyme-Linked Immunosorbent Assay, NT: Neurotransmitter, UPLC-QQQ-MS/MS: Ultra-High-Performance Liquid
Chromatography Coupled With Triple Quadrupole Mass Spectrometry, CNS: Central Nervous System, AA: Arachidonic Acid, DHA: Docosahexaenoic Acid, EPA:
Eicosapentaenoic Acid, OLA: Oleic Acid, GLA: I'-Linolenic Acid, COX-2: Cyclooxygenase 2, 5-LOX: 5-Lipoxygenase, PC: Phosphatidylcholine, PE: Phosphatidyl
Ethanolamine, IL-1 @ Interleukin-1A4, IL-6: Interleukin-6, TNF- @: Tumour Necrosis Factor A, IFN- 7 : Interferon- I, IL-13: Interleukin-13, IL-12P70: Interleukin-12P70, IL-1
B Interleukin-1.B, MCP-1: Monocyte Chemotactic Protein 1, IL-4: Interleukin-4, IL-10: Interleukin-10, BDNF: Brain-Derived Neurotrophic Factor, TrkB: Tropomyosin
Receptor Kinase B, A 2: Amyloid-Beta, NOLT: Novel Object Location Test, Iba-1: lonized Calcium-Binding Adapter Molecule 1, IF: Immunofluorescence, PAT: Passive
Avoidance Test, BMD: Bone Mineral Density, LBM: Lean Body Masses, FF: Forsythiae Fructus, GC: Gas Chromatography, CNTF: Ciliary Neurotrophic Factor, RT-gPCR:
Real Time Quantitative Polymerase Chain Reaction, OGTT. Oral Glucose Tolerance Test, IPITT. Intraperitoneal Insulin Tolerance Test, NF-«B: Nuclear Factor
Kappa-Light-Chain-Enhancer Of Activated B Cells, NF-L: Neurofilament Light Chain Protein, NSE: Neuron-Specific Enolase, PPAR- @ : Peroxisome Proliferation-Activated
Receptor Alpha, PPAR- 7: Peroxisome Proliferator-Activated Receptor-Gamma, S1PR5: Sphingosine-1-Phosphate Receptor 5, SPHK1: Sphingosine Kinase 1, S1P:
Sphingosine 1-Phosphate, GSH-Px: Glutathione Peroxidase, p-Tau: Phosphorylated Tau, Th cells: Helper T Cells, Tc cells: Cytotoxic T Cells, DCs: Dendritic Cells, MDSCs:
Myeloid-Derived Suppressor Cells, ROS: Reactive Oxygen Species, p-i « B: Phosphorylated |kappab Kinase, i «B: |kappab Kinase, p-p65: Phosphorylated P65, RT:
Rotarod Test, TEM: Transmission Electron Microscopy, CA3: Cornu Ammonis 3, P13K: Phosphoinositide 3-Kinase, p-AKT. Phosphorylated Akt(Pkb), SMCT1: Sodium-
Coupled Monocarboxylate Transporter 1, MCT1: Monocarboxylate Transporter 1, Zo-1: Zonula Occludens-1, OCLN: Occludin, Caco-2: Cancer Coli-2, ACK: Acetate

Kinase, MMD: Methylmalonyl-Coa Decarboxylase, BUT. Butyryl-Coa: Acetate-Coa Transferase, SCFA: Short Chain Fatty Acid, GC-MS: Gas Chromatography-Mass
Spectrometry, TUNEL: Terminal Deoxynucleotidyl Transferase Dutp Nick End Labeling.
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No. First author Results
1 Yang YQ (2021)"" 16 rDNA sequencing
- Bifidobacterium 1, Lactobacillus 1, Peptococcus 1, Saccharomycete 1, Bacteroides 1
- Enterococcus |, Bacillus coli |, Clostridium parvum |
2 Chen'Y (2022)"® 16S rDNA sequencing

1. Clostridium 1, Oribacterium 1
2. Eisenbergiella: no significant change

3. Correlation

- (+) MMSE with Bacteroides & Clostridium
- (-) MoCA with Haemophilus & Eisenbergiella

9} Escherichia-Shigella, NF- k B} Prevotellaceae UCG-
001, IL-62} Streptococcus, TNF- a @} Escherichia-Shigella
AtoloflA] o] AJHAZE TEE T Xu Q (2022)2] A
AN B 5204 Bacteroidetes’} Z7V¥AL Frmicutes
%} Proteobacteria= A3, & 20X Escherichia-
Shigella, Prevotellaceae UCG-0032 Z718 ¥ Lachno-
spiraceae NK4A1362 451l BacteroidesO A=
FrolRt Wabrh wEEA] ettt

B Ro%t APPNNE Lacrobacillus= Z7V8H,
Bifidobacterium, Ruminococcus, Anaerostipes, Clostri-
diume& 5% A

Awel 2YAS Folgt A\ME Bacreriodales,
Lactobacillales, Bacillales= Z7FstL,
Erysipelotrichales, Coriobacteriales, Desulfovibrionales
= Aash

GRS Eofgt AT F Pang 77 (2022)2] A7
ME & $20\A Frmicutes’} S7V5tAL, Bacteroidetes
7t A}, 3 S50\ M= Lactobacillacea®t Lachno-
spiraceae= 373t WH, Ruminococcaceae, Bacteroid-
aceae, Helicobacter pylori= ZrA3Tt. Tian XP (2022)
o] AV M= & S0l A Prevorell®, Butyricimonas,
Lactobacillus, Ruminiclostridium®7} S7Fotct. BH,

Bacteroides, Helicobacter, Alistipes, Sutterella, Myxo-

Clostridales,

bacterium Aot

FALAARS: Eolst APPoNE Prevotella, Bacte-
roidota= S7VoHl, Firmicutes, Lactobacilluse 7345}
At G Aol A A uBET 2 7HA] QIR At
TAZE A=A MCP-13%+ Lacrobacillus, TNF- a 9}
Prevotella Moo= 9] AL 3o, MCP-13%

Turicibacter B= Prevotellaceae GaGAl Alolofl= &2

AL AUt NE-L GA| Prevotella2t &2 /3
A7t Y= AoZ BN

Zule = 2ojst Ao B SZolME Bacreroidetes
7V Z7VSKAL, Firmicutes’t AR o, & FEAAE
Frolgt Walrh TEEA] ot

=0l |ke Eofdt APl ME Ruminococcaceae
7t F7Fell o, tE AU nEEolE Refet Hst o
ZHe]A] ekt

AE g Fofdt ATVoE & oM ROt
S TEER] QA 1 2N Erysipelotrichaceae
7} 37Yskal, Bacteroidaceae, Rikenellaceac’= 4013,
.

i) ee Fojgt Ao folst wslr B
E|A] Qo oiRt, o Re Fokte] A WA=t A
O|E7IRI Afolo]l o] AFeiA7t EASHIT.

N2 Rofdt ATl & 20l Lacro-
bacillus, Bacteroides, Alloprevotell#=37Y51al, Staphylo-
coccus= FARY. T FEONM= Lactobacillus reuteri
7} 27V, Lacrobacillus reuter’= MWMTOlA] &
Z ZE7](Escape latency), First entry2R= <2 A3
7h B Slehs ] oA A

A B AR Fofdt AT ME & SO Bac-
teroidetes?’t S7Yolal Proteobacteria= AT 4
$FNA= Muribaculaceae unclassified, Blautia, Para-
bacteroides= %7Yotal, Enterococcus, FEscherichia-
Shigella, Serratia= FA5IAT). I &A= Rumino-
coccaceae, Muribaculaceae’t S7Yol1l, Enterobacter-
iaceae, Moraxellaceae, Pseudomonadaceae, Xantho-
monadaceae’t 4510t 9] ATtollA= Ul =
g4 @54 % olRPIEAl @4 A 9 EYEL o
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AL Atole] ARtAI7E =] QI
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Table 7. Summary of Gut Microbiota Analysis in Included Experimantal Studies

No.  First author Results
1 LuJ 16S rRNA gene sequencing, RT-qPCR
(2019)" 1. Lactobacillus 1, E. coli |

2. Correlation between E. coli and Lactobacillus: (-) (2=0.3318, p <0.0001)
2 Zhao HZ 454 pyrosequencing of the V3-V4 regions of 16S rRNA genes

(2019)2 - Lactobacillus 1, Lachnospiraceae NK4A136 |
3 Gu XR V3 and V4 regions of 16S rRNA gene sequencing
(2021)2" 1. Phylum level: Proteobacteria 1
2. Family level

- Proteobacteria 1, Prevotellaceae 1, Lactobacillaceae 1, Peptococcaceae 1, Alcaligenaceae 1, Helicobacteraceae 1
- Firmicutes |, Bacteroidales $24-7 group |, Lachnospiraceae |, Porphyromonadaceae |
3. Genus level

- Prevotellaceae UCG-001 1, Lactobacillus 1, Helicobacter 1, Lachnospiraceae UCG-001 1, Tyzzerella-3 1,
Ruminococcaceae UCG-014 1, Parasutterella 1

- unidentified |, Lachnospiraceae NK4A136 group |, Bacteroides |, Roseburia |, Anaerotruncus |,
Lachnospiraceae FCS020 group |, Odoribacter |

4 Zhang WJ 16S rRNA sequencing

(2021)% - Lachnospiraceae 1, F/B ratio 1
5 Wang DK 16S rRNA sequencing

(2021)% - Firmicutes, Acidobacteria, Tenericutes, Candida: no significant change
6 Xiong W 16S rDNA amplicon sequencing

(2022)*" 1. Firmicutes/Bacteroides ratio 1

2. Bacteroides, Methanobrevibacter, Escherichia-Shigella, Bacteroides, Lactobacillus, Treponema 2: no significant change
3. Correlation between species abundance and biochemical factors
- (+) A B4 with Lactobacillus, NF- « B with Alistipes, IL-6 with Lachnospiraceae NK4A136, TNF- a with
Lachnospiraceae NK4A136
- (-) A B1.42 with Escherichia-Shigella, NF- k B with Prevotellaceae UCG-001, IL-6 with Streptococcus, TNF- & with

Escherichia-Shigella
7 Lee MJ 16S rRNA gene amplification sequencing
(2022)% - Lactobacillus 1,
- Bifidobacterium |, Ruminococcus |, Anaerostipes |, Clostridium |
8 Kim DS Next generation sequencing (NGS)
(2022)% - Bacteriodales 1, Lactobacillales 1, Bacillales 1

- Clostridales |, Erysipelotrichales |, Coriobacteriales | , Desulfovibrionales |
- Bifidobacteriales: no significant change
9 Pang 77 16S rRNA sequencing

(2022)?" - Phylum level: Firmicutes 1, Bacteroidstes |
- Family level: Lactobacillaceae 1, Lachnospiraceae 1, Ruminococcaceae |, Bacteroidaceae |, Helicobacter pylori |
10 XuQ 165 rRNA sequencing
(2022)% 1. Phylum level:

- Bacteroidetes 1
- Firmicutes |, Proteobacteria |
- Actinobacteria: no significant change

2. Genus level
- Escherichia-Shigella 1, Prevotellaceae UCG-003 1
- Lachnospiraceae NK4A136 group |
- Bacteroides: no significant change

11 RenHQ 16S rRNA sequencing
(2022)% 1. Prevotella 1, Bacteroidota 1, Firmicutes |, Lactobacillus |

2. Correlation between gut microbiota composition and serum biochemical indexes
- (+) MCP-1 with Lactobacillus, TNF- @ with Prevotella
- (-) MCP-1 with Turicibacter & Prevotellaceae GaBA1, NF-L with Prevotella

12 GuoPL 16S rDNA sequencing
(2022)® 1. Phylum level
- Bacteroidetes 1, Firmicutes |
2. Genus level

- Bacteroidetes, Firmicutes: no significant change
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Table 7. Continued 1

No.  First author Results
13 Tian XP 16S rDNA sequencing
(2022)*" 1. Genus level

- Prevotella9 1, Butyricimonas 1, Lactobacillus 1, Ruminiclostridium9 1
- Bacteroides |, Helicobacter |, Alistipes |, Sutterella |, Myxobacterium |

14 Zhang PQ 165 rDNA sequencing

(2023)® - Ruminococcaceae 1
- Actinobacteria, Muribaculaceae, Lachnospiraceae: no significant change
15 Xiao QY 16S rRNA amplicon sequencing, macrogenome sequencing
(2023)% 1. Genus level
- Bacteroides, norank_f: Oscillospiraceae: no significant change
2. Family level
- Erysipelotrichaceae 1, Bacteroidaceae |, Rikenellaceae |
16 CuiMR 165 rDNA sequencing
(2023)* 1. Genus level

- Ruminococcaceae UCG-014, Muribaculaceae, Escherichia-Shigella, Christensenellaceae R-7 group, Lactobacillus:
no significant change
2. Correlation between Herbal medicine group’s gut microbiota and cytokines in Redundancy analysis: (-)
17 LizY 16S rRNA sequencing
(2023)® 1. Genus level
- Lactobacillus T, Bacteroides 1, Alloprevotella 1, Staphylococcus |
2. Species level
- Lactobacillus reuteri 1
3. Correlation with Morris water maze test
- (+): Lactobacillus reuteri with crossing numbers
- (-): Lactobacillus reuteri with Escape latency & Latency to the first entry
18 BoTW 16S rDNA sequencing
(2023)™ 1. Phylum level
- Bacteroidetes 1
- Proteobacteria |
2. Genus level
- Muribaculaceae unclassified 1, Blautia 1, Parabacteroides 1
- Seratia |, Enterococcus |, Escherichia-Shigella |
- Ruminococcaceae NK4A214, Lactobacillus, Ruminococcaceae UCG-014: no significant change
3. Family level
1 Ruminococcaceae, Muribaculaceae
| Enterobacteriaceae, Pseudomonadaceae, Moraxellaceae, Xanthomonadaceae
4. Correlation between gut microbiota and potential serum biomarkers
1) Serum bile acids
- (+) Acinetobacter
- (-) Ruminococcus 2
2) Serum arachidonic acid
- (+) Romboutisa, Dubosiella, Ruminiclostridium 5
- (-) Ruminococcus 2
3) Tryptophan metabolism: Correlated with Acinetobacter, Bacteroides
- Bacteroides: (+) Tryptophan, (-) Kynurenic acid
- Acinetobacter: (+) Kynurenic acid, (-) Tryptophan
4) Serum phospholipids
- Ruminococcus 2: (+) PC (16:1 (92)/22:2 (132, 162)), PC (18:1 (112)/20:3 (5Z,82,112)) (-) PE (20:4 (5Z, 8Z, 11Z,
147)/20:2 (112, 142))
- Romboutisa: (+) PE (20:4 (5Z, 82,112, 142)/20:2 (11Z, 142)), (-) PE (22:1 (132)/15:0), PC (18:1 (112)/20:3 (5Z,82,112))
- Acinetobacter: (+) PE (20:4 (5Z, 82,112, 142)/20:2 (11Z,142)), (-) PC (18:1 (112)/20:3 (52,82,112))
19 GuoHH 16S rRNA sequencing
(2023)"" 1. Bacteroidetes 1, Firmicutes | F/B |
2. Correlation
- Correlation between the abundance of SCFA-producing bacteria (Lactobacillus, Blautia, Phascolarctobacterium,
Prevotellaceae, Alloprevotella) and cognitive behaviors
- (+) Intestinal SCFA levels with learning and memory abilities




Table 7. Continued 2

MR Choi, JH Lee, SH Park, BK Kim, JH Lim 295

No.  First author

Results

20 LuYC
(2023)%

16S rRNA gene sequencing
1. Phylum level
- Proteobacteria 1
- Actinobacteria |, Firmicutes |
- Bacteroidota: no significant change
2. Genus level

- Lactobacillus T, Romboutsia 1, Turicibacter 1, Phyllobacterium 1, Rothia T, Comamonas 1

- Bifidobacterium |, Limosilactobacillus |

- Bacteroides, Ligilactobacillus, Pseudomonas, Romboutsia, Turicibacter, Sphingomonas: no significant change
3. Correlation between gut microbiota and metabonomics
- (+) NAA with Pseudomonas, 8-Oxo-2-deoxyadenosine with Ligilactobacillus, Angoletin with Sphingomonas,

Prostaglandin F2 o with Sphingomonas

16S rDNA: 16S Ribosomal Ribonucleic Acid, RT-qgPCR: Real Time Quantitative Polymerase Chain Reaction, MMSE: Mini Mental State Examination, MoCA: Montreal Cognitive
Assessment, E. coli: Escherichia Coli, A 8: Amyloid-Beta, NF- « B: Nuclear Factor Kappa-Light-Chain-Enhancer Of Activated B Cells, IL-6: Interleukin-6, TNF- @ Tumour
Necrosis Factor A, MCP-1: Monocyte Chemotactic Protein 1, NF-L: Neurofilament Light Chain Protein, F/B: Firmicutes/Bacteroidetes, SCFA: Short Chain Fatty Acid.
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Appendix 1. Search strategy

@® MEDLINE via Pubmed

#1 “Dementia’[MH] OR “Alzheimer Disease’[MH] OR alzheimer*(Title/Abstract] OR "Dementia, Vascular‘[MH]
OR MCI[Title/Abstract] OR amnestic[Title/Abstractl] OR cognit* impair*[Title/Abstractl OR cognit* de-
clin*[Title/Abstract] OR cognit* deficit*[Title/Abstract] OR cognit* disturb*[Title/Abstract] OR “cognitive dis-
orders‘[Title/Abstract] OR cognit* defect*[Title/Abstract] OR “Cognitive defect’[Title/Abstract] OR “Cognition
Disorders’[MH] OR “Amnesia’[MH] OR “memory impairment’[Title/Abstract] OR dement*[Title/Abstract] OR
“mild neurocognitive disorder’[Title/Abstract] OR “AD’[Title/Abstract]

#2 “Plants, Medicinal’[MH] OR “Drugs, Chinese Herbal’[MH] OR “Medicine, Chinese Traditional’[MH] OR
“Medicine, Kampo’[MH] OR “Medicine, Korean Traditional’[MH] OR “Herbal Medicine”[MH] OR “Prescription
Drugs’[MH] OR “traditional Korean medicine” OR “traditional Chinese medicine” OR “traditional oriental medi-
cine” OR “Kampo medicine” OR “oriental medicine” OR “alternative medicine” OR “complementary medicine”
OR herb* OR decoction* OR botanic*

#3 “gastrointestinal microbiome”[MH] OR “microbiota’[MH] OR “dysbiosis’[MH] OR “gut” OR “intestinal” OR
“gastrointestinal” OR “feces” OR “stool” OR “fecal” OR “intestine” OR “bacterial” OR “flora” OR “microflora” OR
“microbiome” OR “microbio*” OR “short chain fatty acids®

#4 #1 AND #2 AND #3

@ EMBASE

#1 ‘dementia’/exp OR ‘alzheimer disease’/exp OR ‘alzheimer*:ab,ti OR ‘multiinfarct dementia’/exp OR
‘MCI:ab,ti OR ‘amnestic:ab,ti OR ‘cognit* impair*:ab,ti OR ‘cognit* declin*:ab,ti OR ‘cognit* deficit*:ab,ti OR
‘cognit* disturb*:ab,ti OR ‘cognit* defect*:ab,ti OR ‘cognitive defect’/exp OR ‘memory disorder’/exp OR
‘amnesia’/exp OR ‘memory impairment:ab,ti OR 'dement*:ab,ti OR mild neurocognit* disorder*:ab,ti OR
‘AD’ab,ti

#2 ‘medicinal plants/exp OR ‘chinese drug/exp OR ‘chinese medicine’/exp OR ‘kampo medicine’/exp OR
‘korean medicine’/exp OR ‘herbal medicine’/exp OR ‘prescription drug’/exp OR ‘oriental medicine’/exp OR
‘traditional korean medicine’ OR ‘traditional chinese medicine’ OR ‘traditional oriental medicine’ OR kampo
medicine’ OR ‘alternative medicine’ OR ‘oriental medicine’ OR ‘complementary medicine’ OR herb* OR decoc-
tion* OR botanic*

#3 ‘microbiome’/exp OR ‘bacterial microbiome’/exp OR ‘intestine flora’/exp OR ‘microflora’/exp OR ‘feces
microflora’/exp OR ‘dysbiosis/exp OR ‘gut’ OR ‘intestinal’ OR ‘gastrointestinal’ OR feces’ OR ‘stool’ OR ‘fecal’
OR ‘intestine’ OR ‘bacterial’ OR ‘flora’ OR ‘microflora’ OR ‘microbiota’ OR ‘microbio® OR ‘short-chain fatty acids’

#4 #1 AND #2 AND #3

® CENTRAL

#1 MeSH descriptor: [Demential explode all trees

#2 MeSH descriptor: [Alzheimer Disease] explode all trees
#3 MeSH descriptor: [Dementia, Vascular] explode all trees
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#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

MeSH descriptor: [Cognition Disorders] explode all trees

MeSH descriptor: [Amnesial explode all trees

‘cognitive disorder’:ti,ab,kw

‘Cognitive defect:ti,ab,kw

‘amnestic’ti,ab,kw

‘alzheimer*:ti,ab,kw (Word variations have been searched)

‘MCI":ti,ab,kw (Word variations have been searched)

‘cognit* impair*:ti,ab,kw (Word variations have been searched)

‘cognit* declin®:ti,ab,kw (Word variations have been searched)

‘cognit* deficit*:ti,ab,kw (Word variations have been searched)

‘cognit* disturb*:ti,ab,kw (Word variations have been searched)

‘cognit* defect®:ti,ab,kw (Word variations have been searched)

‘memory impairment’:ti,ab,kw (Word variations have been searched)
‘dement™:ti,ab,kw (Word variations have been searched)

‘mild neurocognit* disorder*:ti,ab,kw (Word variations have been searched)
"AD’ti,ab,kw

#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15

or #16 or #17 or #18 or #19

#21
#22
#23
#24
#25
#26
#27
#28

MeSH descriptor: [Plants, Medicinall explode all trees

MeSH descriptor: [Drugs, Chinese Herball explode all trees

MeSH descriptor: [Medicine, Chinese Traditional] explode all trees
MeSH descriptor: [Medicine, Kampol explode all trees

MeSH descriptor: [Medicine, Korean Traditionall explode all trees
MeSH descriptor: [Herbal Medicine] explode all trees

MeSH descriptor: [Prescription Drugs] explode all trees

‘traditional Korean medicine’ or ‘traditional Chinese medicine’ or 'traditional oriental medicine’ or

"'Kampo medicine’ or 'oriental medicine’ or "alternative medicine’ or 'complementary medicine’ or herb* or de-

coction® or botanic*

#29
#30
#31
#32
#33

#21 or #22 or #23 or #24 or #25 or #26 or #27 or #28

MeSH descriptor: [gastrointestinal microbiome] explode all trees
MeSH descriptor: [microbiotal explode all trees

MeSH descriptor: [dysbiosis] explode all trees

‘gut’ or 'intestinal’ or 'gastrointestinal’ or 'feces” or 'stool” or 'fecal’ or ‘intestine’ or 'bacterial’ or 'flora’

or microflora’ or ‘microbiome” or microbio* or 'short chain fatty acids’

#34
#35

#30 or #31 or #32 or #33
#20 AND #29 AND #34

@ CINAHL via EBSCO
#1 MH “Dementia” OR MH “Alzheimer’s Disease” OR “alzheimer*” OR MH “Dementia, Vascular” OR MH
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“Amnesia” OR “MCI” OR “Cognitive defect” OR “cognitive disorder” OR “amnestic’ OR “cognit* impair*” OR
“cognit* declin®” OR “cognit* deficit*” OR “cognit* disturb® OR “cognit* defect*” OR MH “Cognition Disorders”
OR “memory impairment” OR dement* OR “mild neurocognit* disorder*”

#2 MH “Plants, Medicinal” OR MH “Drugs, Chinese Herbal” OR MH “Medicine, Chinese Traditional” OR MH
“Medicine, East Asian Traditional” OR MH “Medicine, Herbal” OR MH “Drugs, Prescription” OR “traditional
Korean medicine” OR “traditional Chinese medicine” OR “traditional oriental medicine” OR “Kampo medicine”
OR “oriental medicine” OR “alternative medicine” OR “complementary medicine” OR “herb* OR “decoction™’
OR “botanic*”

#3 MH Gut Microbiota OR MH microbiota OR dysbiosis OR “gut” OR “intestinal” OR “gastrointestinal” OR
“feces” OR “stool” OR “fecal” OR “intestine” OR “bacterial” OR “flora” OR “microflora” OR “microbiome” OR
“microbio® OR “short chain fatty acids®

#4 #1 AND #2 AND #3

® CNKI

(SU="FiR"+"Alzheimer+" MR+ A ISR AR+ T/ SRVERA "+ ZAEIR+ BRI+ AR+ — A
FAR -+ U HISTHERERS + R A MR+ T U REEL + T AR+ FERE LA HIRERS + it LA KBRS ) AND (SU="th#5"+
“HhUE )+ AR AU+ B+ T+ R+ 8+ B+ herbal | medicine™+“Chinese  medicine”+“traditional
medicine”+ powder”+ " pill"+ Prescription”+‘Capsule”+‘Herb "+ Decoction”) AND (SU="I7:&&k "+ 178w+ 4
VKR A"+ gut”+ “intestinal ™+ gastrointestinal +“feces ™+ stool "+ “fecal +“intestine ™+ bacterial "+ “flora”+

“microflora’+*microbiome”+‘microbio®’+“dysbiosis’+‘microbiota’+ % B4gilE "+ short chain fatty acids”)

® KCI
(A9l | alzheimer |7 ¥ | &=5lo]H | dZ2Rslo|H | G =5to]H | A=A X0l | QIR | AAEA)) AND (B1eF|5:9] | 515t
8} kampo|herbal medicine|Korean medicine) AND CSWUIAE | WAt [T AletZ | A A A SRS A 4D

@ RISS
(X]ul | alzheimer | g | &=5to]H | g & slo|H | d=oto]H | H QIR | IR0 [IAEA) AND (§HeF| 59l |slste]
8} kampo|herbal medicine|Korean medicine) AND CSWUISE | WAt WAl | Sl A A SARS A HAD

OASIS

(A or alzheimer or ™Y or ¥=3tolH or EZsto|H or FZ5te|H or FE=AXAN or QAR or AAEAD

© CiNii

(Dementia OR Alzheimer’s Disease OR alzheimer®* OR Vascular Dementia OR mild cognitive impairment OR
MCI OR cognitive* OR memory disorders OR FZ4HiE OR #ik OR H1E9 OR ICABH L & 5 OR amnesia OR cogni-
tion disorders) AND (medicinal plants OR chinese drug OR chinese medicine OR korean medicine OR herbal
medicine OR prescription drug OR oriental medicine OR traditional Korean medicine OR traditional Chinese
medicine OR traditional oriental medicine OR Kampo medicine OR alternative medicine OR complementary
medicine OR herb* OR decoction* OR botanic* OR #A% OR 7/»—7 OR #% OR #1) AND (gastrointestinal micro-
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biome OR microbiota OR dysbiosis OR gut OR intestinal OR gastrointestinal OR feces OR stool OR fecal OR
intestine OR bacterial OR flora OR microflora OR microbiome OR microbio* OR f#4:## OR IBNAIE OR BN
491 OR i OR A7 12— OR <A 7 1 3A A — 1 OR #{EHAYE# OR #7101 —7 OR short chain
fatty acids OR ZH#HiENIEE)

AMED

#1 SU Dementia OR SU Alzheimer Disease OR alzheimer® OR SU vascular dementia OR SU dementia multi
infarct OR MCI OR cognit* impair* OR cognit* declin® OR cognit* deficit* OR cognit* disturb* OR cognit* defect*
OR SU Cognition Disorders OR amnestic OR amnesia OR memory impairment OR dement* OR mild neurocognit*
disorder*

#2 SU Plants, Medicinal OR SU Drugs, Chinese Herbal OR SU Medicine, Chinese Traditional OR SU Medicine,
Kampo OR SU Medicine, Korean Traditional OR SU Herbal Medicine OR SU Prescription Drugs OR traditional
Korean medicine OR traditional Chinese medicine OR traditional oriental medicine OR Kampo medicine OR
oriental medicine OR alternative medicine OR complementary medicine OR herb* OR decoction* OR botanic*

#3 SU gastrointestinal microbiome OR SU microbiota OR SU dysbiosis OR gut OR intestinal OR gastro-
intestinal OR feces OR stool OR fecal OR intestine OR bacterial OR flora OR microflora OR microbiome OR
microbio* OR short chain fatty acids

#4 #1 AND #2 AND #3

@ PsycARTICLES via EBSCO

#1 DE “dementia” OR DE “Alzheimer’s Disease” OR DE “Vascular Dementia” OR DE “Amnesia” OR DE “Mild
Cognitive Impairment” OR “alzheimer*” OR “MCI” OR “amnestic” OR “cognit* impair*” OR “cognit* declin*” OR
“cognit* deficit*” OR “cognit* disturb® OR “cognitive disorders” OR “cognit* defect*” OR “cognitive defect” OR
“Cognition Disorders” OR “memory impairment” OR “dement*” OR “mild neurocognitive disorder”

#2 DE “Medicinal Herbs and Plants” OR DE “Alternative Medicine” OR DE “Prescription Drugs” OR “traditional
Korean medicine” OR “traditional Chinese medicine” OR “Traditional oriental medicine” OR “Chinese drug” OR
“oriental medicine” OR “Chinese medicine” OR “Korean medicine” OR “herbal medicine” OR “Kampo medicine”
OR “complementary medicine” OR “herb*” OR “decoction®*” OR “botanic*’

#3 DE “Gastrointestinal Microbiota” OR “dysbiosis” OR “gut” OR “intestinal” OR “gastrointestinal” OR “feces”
OR “stool” OR “fecal” OR “intestine” OR “bacterial” OR “flora” OR “microflora” OR “microbiome” OR “microbiota”
OR “microbio*” OR “short chain fatty acids”

#4 #1 AND #2 AND #3

@ Scopus

#1 TITLE-ABS-KEY ( “dementia” OR “Alzheimer’s Disease” OR “Vascular Dementia” OR “Amnesia” OR “Mild
Cognitive Impairment” OR “alzheimer*” OR “MCI” OR “amnestic” OR “cognit* impair*” OR “cognit* declin*” OR
“cognit* deficit*” OR “cognit* disturb*” OR “cognitive disorders” OR “cognit* defect*” OR “cognitive defect” OR
“Cognition Disorders” OR “memory impairment” OR “dement* OR “mild neurocognitive disorder”)

#2  TITLE-ABS-KEY (“medicinal plants” OR “chinese drug” OR “chinese medicine” OR “kampo medi-
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cine” OR “korean medicine” OR “herbal medicine” OR “prescription drug” OR “oriental medicine” OR “traditional
korean medicine” OR “traditional chinese medicine” OR “traditional oriental medicine” OR “alternative medi-
cine” OR “complementary medicine” OR “herb*” OR “decoction*” OR “botanic*”)

#3 TITLE-ABS-KEY ( “gastrointestinal microbiome” OR “microbiota” OR “dysbiosis” OR “gut” OR “intestinal”
OR “gastrointestinal” OR “feces” OR “stool” OR “fecal” OR “intestine” OR “bacterial” OR “flora” OR “microflora”
OR “microbiome” OR “microbio* OR “short chain fatty acids®)

#4 #1 AND #2 AND #3

TITLE-ABS-KEY ( “dementia” OR “Alzheimer’s Disease” OR “Vascular Dementia” OR “Amnesia” OR “Mild
Cognitive Impairment” OR “alzheimer*” OR “MCI” OR “amnestic” OR “cognit* impair*” OR “cognit* declin*” OR
“cognit* deficit*” OR “cognit* disturb*” OR “cognitive disorders” OR “cognit* defect*” OR “cognitive defect” OR
“Cognition Disorders” OR “memory impairment” OR “dement®” OR “mild neurocognitive disorder”) AND
TITLE-ABS-KEY ( “medicinal plants” OR “chinese drug” OR “chinese medicine” OR “kampo medicine” OR “kor-
ean medicine” OR “herbal medicine” OR “prescription drug” OR “oriental medicine” OR “traditional korean med-
icine” OR “traditional chinese medicine” OR “traditional oriental medicine” OR “alternative medicine” OR “comple-
mentary medicine” OR “herb*” OR “decoction®” OR “botanic*”) AND TITLE-ABS-KEY ( “gastrointestinal micro-
biome” OR “microbiota” OR “dysbiosis” OR “gut” OR “intestinal” OR “gastrointestinal” OR “feces” OR “stool” OR
“fecal” OR “intestine” OR “bacterial” OR “flora” OR “microflora” OR “microbiome” OR “microbio*” OR “short

chain fatty acids®)



