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Brain—Derived Neurotrophic Factor (BDNF) Regulation by
Gut Microbiota for Anti-Aging

Eunyeong Hwang and Jae-Yong Park’

Department of Food Science and Nutrition, Daegu Catholic University, Gyeongsan 38430, Republic of Korea

Abstract

Gut microbiota plays a critical role in regulating brain-derived neurotrophic factor
(BDNF), thereby contributing to healthy aging and the improvement of neurodegenerative
and neuropsychiatric disorders. This review explores the interactions among gut
microbiota, BDNF, and aging within the Gut-Brain Axis framework. Evidence from animal
and clinical studies indicates that probiotic supplementation and restoration of microbial
balance enhance BDNF expression, improve cognitive function, and alleviate symptoms
of depression, anxiety, Alzheimer's disease, and other neurological conditions. Notably,
short-chain fatty acids (SCFAs), particularly butyrate, have emerged as key microbial
metabolites that epigenetically regulate BDNF expression, promoting neuronal survival
and plasticity. Age-related alterations in gut microbial composition and reduced BDNF
levels are closely linked to cognitive impairment and inflammaging, highlighting the
importance of maintaining SCFA-producing microbes for healthy aging. This review
highlights the potential of gut microbiota-BDNF interactions as therapeutic targets for
anti-aging strategies and emphasizes the need for developing novel interventions utilizing
probiotics and microbial metabolites to promote healthy brain aging.
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F A mBE B0l Ik AREARl A7, E3] ¥ 7|5 et wAof m|X|= 3ol gt At
Hootal itk olof wt A uE +4 £ & (microbiota modulation)& &% A A € A
A 7do] &3] o|Fojx 1 YrHDesbonnet et al, 2010).

AU nE A9 Heks A5 9 7154 A A} 9 Ueius A4l dgtof 7lojeks AeE
4HA UchBercik et al, 2011; Pinto-Sanchez et al, 2017). 3] A Ao Z7lsla Y&
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235, EQRS, 98 29 LY 5HoNADHD) 59 84l A
Hoto] - S(gut-brain axis)?| F8/40] FLHHA,
FU B 49 e H A% SRS BEE S A AS
H3 QItHAarts et al, 2017; Barros-Santos et al, 2020;
Bharwani et a/, 2017; Ming et al, 2018).

& A7l o] HaEiiAgGdeIR brain-derived neurotrophic
factor, BDNF)2] 92 w¢- F-851t}. BDNF= AAIRS] A7t
AES EXI6HL S A 35S B I RIEA, o= QIgt
QA 715 A5t 417 715 Aofe] S =AY Sl T
A w3} ool ZFHHog 7|ofs)y] wiEoltiFaraji and Metz,
2025). ERE, Al vpEo] oA Aiksls tiabilES 53 BDNF
= Qo= At AFlEo] BEl 9o, of 13} of)
151 X8 Ak 2= spt 4= 9tk Molska er al, 2024).
- 2 7|Rke= A n|A3E, BDNF, 121 8} 7t
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Neuroinflammation
Anxiety

Depression
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-k S AU BET B Atole] Bt P 4% AAE
omjah, o= HRHAQ A4 AW 83 IS T
(Matin and Dadkhah, 2024). o] ¥ Ay t|¥EL ¥ Wz
7152 AT 5 Qs AR H'2A ¥ A%, & ko) 183
ARERY AolA 9] o] FEE|o] YrHSarubbo er al,
2023). SFABAL} U S A, WA, &H
BEE Bl HEE wesiH, F-x 5 o|&2 | nld=Ee] B9t
2Rl A2E &9 = 7|50 TS & & Us= AXRITHFg. 1.
B oPE tiARel 4l 17 AfolY] TAE vE A tollA
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Fig. 1. Bidirectional communication of Gut-Brain Axis. Stress, infection, aging, and antibiotic exposure are internal and external factors
that can disrupt gut microbiota, leading to mental disorders such as anxiety and depression. During these processes, bidirectional
communication between the gut and the brain occurs through neurological, immunological, and endocrinological pathways linking the
enteric and central nervous systems. CNS, central nervous system; ENS, enteric nervous system; HPA, hypothalamic-pituitary-adrenal.
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7P SHEAL =7to] B2 A 59 sho|cKVallesColomer et
al, 2019). -k %9 Wsk= e A7 -8Rt ofye), &
<35, BLRS, AHE, ADHD, ¥=stolw G A734AIsH J4+9]
o] welo] 7|ofoh= Z o= gRIEY o (Athari Nik
Azm er al, 2018; Bravo er al., 2011; Naseribafrouei er al,
2014; Rezaeiasl et al, 2019; Valles-Colomer et al., 2019;
Wan et al, 2020), 55 A% 5o Z2Hpo]QEA HHol B8
oj&]o] A7 AISHA o] m|A|= P SRITE A3 Table
19 AelotATt. Bifidobacterium infantis® 43 A, A £
A 2do] A 4+ Ald(forced swim test, FST)OA F-5-g0]
AL, H7He] 714 Eoleddd FLE IEAA ZaHt
o|REA A7} LA citalopram A} AR AME Lt
itk AL Y=519tHDesbonnet e  al, 2010).
Lacticaseibacillus rhamnosus JB-12 289 &<t 77 Fofst
OReAE AEA G5 EQF P50 TG om, AR ozt
& FZo] aE|Qltt. 3t AEte] £ vdE o] Hekst
QL LEHP| QYA Fo| T Tof|k 35 59 B} RG]
22 Bt Bharwani er al, 2017). Lactiplantibacillus
plantarum 286 7 Foigt kA= A = AIB(EST), A
2+ o)2 2P )9 Al8(plus-maze discriminative avoidance
task, PM-DAT)& B3 -2 aujo} EQ4st G3H8 Hoj59]
THBarros-Santos er al, 2020). A# ABEZHAoN(autistic
spectrum disorders, ASD) =Rl Iimosilactobacillus
reuterig AE3E W= AR Z29o] A=Y, vl 417 9
£ P5E VYEPHS Bt Seritta er al, 2019). ADHD &
A1) 2Tt 7R i) B 742 o|AlRt B A
w9 s o Bt Alolg YEiRith ADHD el &
W2 OJAIRE HRQAQ] k| SLFofA] Wiz} sfute] iy} SulE
T 4, MRI 42 B9l Q8% 5 Wdnt Azt 54 7t
AEA TAE F9I519 2™, Open field test(OFT)E &3 E£9F
P50| Z71519eS stk Tengeler er al, 2020). &3}
oW B& XN Lacrobacillus acidophilus, Limosilactobacillus
fermentum,  Bifidobacterium  lactis,  Bifidobacterium
longumeg RZol= ZRHP|QEA HIAE Afet I
Morris water maze(MWM) A8 &3] 719 29 S TEst
R, sfure} Akl AEFA BAXESO] FES SRlstiH
(Athari Nik Azm er al, 2018). oFZ&o]= HEKAR) A L=
stojif | mdol MWM Ald, A7)%8Hlong-term
potentiation, LTP), Paired-pulse facilitation(PPF) H] &4&
&9l ZEHPo| A HIAPL FoH 0= S; 7|5 4, PPF H|
3%, 283 LTPAl 3840 %2 FUe= HAslt

[o)

foh
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(Rezaeiasl et al, 2019).

WG Aol ZEHlo] QEIA M7} AZBPAIEH AHof v]A]
L g3 RISt ZAE Table 101 Zo] Ak
Bifidobacterium longum NCC3001& AF3t 34 & 9
irritable bowel syndrome, IBS) A= Z2RAHL Sixl9}
Hwslo] Lo gt "7t Aaskglar, 9] 49 A A
7t BdA 07 Z716IEh MRl 42 B HEA(amygdala),
A5 HA (fronto-limbic) 79 E3HE b9 ¥ FEoA &£
B4R A Aol gt ¥kgo] HASIASZ Ellsiit
(Pinto-Sanchez et al, 2017). A1AJo}e] T 2Hlo] QEJA A F o]
et 34 Ao =W Lacticaseibacillus rhamnosus GGE
SFA 2 IFoA ADHD E= ASDE Hetd 134 ofzlo]
7b 17.1%2 UEEL, ol&9 A% o/fd st Y
Bifidobacteriunds Be|2lo} Bt 5 FAoI9S o, 4743
01290](9.12+0.64 log cells/g)R Tt Agte ofgo](8.26+1.24
log cells/g7t B @A UehstaZ SRIstrkPartty er al,
2015).

ool & A W AT AuES S HH, A4l
A A 7H SR} 55 B A9 1Rt tiRe] Ay
e T Alol7}h ERIE|GIY, Z2HPo|EIA HAHE B9l AU
nYE 3 3L ot 417 A R, 1R 47784 s

o oo

ZHY O4=3F BDNF

AU wAgEo] 417 WA A B/ Aol a3t 719 E T
The A= A+ 2ot 3 3524 itk BDNF&= $5417%
Ao A JFLERJNAS] A Lo =A, AFAY WA, A,
7taAgo] 83t A eth(Faraji and Metz, 2025). BDNF&=
A1 proBDNF FHIE FHJ=H, Al tje]oflA] dd 2
AA /d&%t BDNF ©ids A3kgrh oJff proBDNF&=
p75NTR =8Ao| Zdtste] A7]2%(long-term depression,
LTD) 9 Al AF&AHapoptosis)oll Tl 4= QU= W, <3t
BDNF&= TrkB =840 Adeiao g ZAslsto] Al P& XS
o2 AR o E Ao E A 2o} 7|5E XETHFaraji
and Metz, 2025).

U WEE Aol 271 SFAEALL Aol ol A-FAl
(hypothalamic-pituitary-adrenal, HPA) 2] &gt W
%93t 95kS ofH, BDNF 284S 5o A3 2 g IS &3

S 4 Qi Molska er a/, 2024). 134, FU =9 E4F
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Table 1. Summary of studies on gut microbiota and psychiatric disorders

Disorders Subjects Treatments Effects Reference
Depression Maternal Chronically treated with Swim behavior W and immobility A  (Desbonnet et al., 2010)
and separation (MS) rat Bifidobacteria in FST
anxiety model Peripheral interleukin (IL)-6 release A
Noradrenaline (NA) W in brain
Corticotrophin-releasing factor (CRF)
mRNA level A in amygdala
Male Swiss mice Orally treated with Open arm time A in PM-DAT (Barros-Santos et al., 2020)
Lactiplantibacillus plantarum — Anxiolytic-like effect
286 over 30 days
IBS patients Bifidobacterium longum Depression score W (Pinto-Sanchez et al., 2017)
NCC3001 Quality of life score A
Negative emotional stimuli W in
amygdala and fronto-limbic region
Stress Male C57BL/6 Orally treated with Stress-induced anxiety-like behavior (Bharwani et al., 2017)

mice with chronic Lacticaseibacillus rhamnosus
social defeat JB-1 over 28 days

v
Social interaction with conspecifics

A
IL-10" regulatory T cells A

ASD ASD mice model
and * Shank3B-/-
ADHD model
e VPA (valproic
acid) model
* MHFD
(maternal
high-fat diet)
model
e BTBR model

Treated with
Limosilactobacillus reuteri
over 4 weeks

Sociability A after treatment

— via the vagus nerve

— synaptic plasticity A in oxy-
tocin-dopamine  reward  system
(VTA DA neuron)

(Sgritta et al., 2019)

Germ-free (GF) Fecal microbiota
mice transplantation of ADHD
patients

Anxiety behavior A in OFT
Structural integrity of white and gray
matter regions ¥ in internal capsule
and hippocampus

(Tengeler et al., 2020)

Treated with
Lacticaseibacillus rhamnosus
GG during the first 6 month

Newborn infants

At the age of 13 years, 17.1%
diagnosis of ADHD or Asperger
syndrome (AS) in the placebo and
none in the probiotic group
Bifidobacterium species A in feces
during the first 6 month compared
ADHD or AS diagnosis group

(Partty et al., 2015)
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Table 1. Continued

Disorders Subjects Treatments Effects Reference
Alzhiemer’s AD rat model Lactobacillus acidophilus, * Memory function A in MWM test (Athari Nik Azm et al., 2018)
disease (AD) Limosilactobacillus * Oxidative stress biomarker

fermentum, Bifidobacterium MDA(malondialdehyde) A and
lactis, Bifidobacterium SOD(superoxide dismutase) activity
longum A in hippocampus
AD rat model Lactobacillus acidophilus, * Leaning function A in MWM test (Rezaeiasl et al., 2019)

Bifidobacterium bifidum,
Bifidobacterium longum

LTP A and PPF ratio W in
hippocampus

— synaptic plasticity A and presynaptic

neurotransmitter release A

o 5t BDNF Hd 74, 7|2 Fofl T4, ©f Hopr} ¥ A%
7] JFE £ 4 UtHAgnihotri and Mohajeri, 2022;
Bistoletti er al, 2019; Champagne-Jorgensen et al., 2019,
Diamanti et al,, 2022; Molska et al, 2024). A v|BE B+
B2 L5, AE A, T, o), YA ARE 5 o7 811
ofsf WA 4= lem, E5] 38A| ARgel AW mldE 4 4
of FA Zgsl= AoR HiEl QJtkBercik er al, 2011;
Diamanti et al, 2022; Sarubbo et al, 2023).

nEdpo|egA HE HH o4 YA Fof 50| BDNF U
SRR &= 9l30] Tl B E ATES B9l ERIEIIKTable 2).
Lactiplantibacillus plantarum B3 #9] |2} Aojl4] BDNF &
@2 7RO, I A AEYA R 55 1LY
sfimtollA] BDNF €& 371711 -5 fAF Fe= HaAF
(Choi et al, 2019; Ranuh et al, 2019). Lacticaseibacillus
rhamnosus GG= A2 F=3t AR DA 7HAas x| BDNF
$EZ JEAPIHEA TrkB A4AE sHolo] B3t BDNF 83945
AASFAK Orlando er al, 2020). Lacticaseibacillus rhamnosus
TF3182 FE2E|FAEE(CORT) F= 925 H TdoflA A o]
Ve FirmicutesT] FHA F5FE Rt S7HA1714, sfnt
W BDNF &2 AT A0 =M 9-F 52 diichs 2=
Bt Zhao er al, 2023). Lactobacillus gasseri NK1092]
AT Eoj= uke-AoA ZATHER(Lipopolysaccharide, LPS) 5
T QIAPgo FAF B2 TAA7]AL, Wolbkl BDNF 22 S7H]
FHYun er al, 2023). EZF, Ft vkAE ofjuiet s oA
AoflA BDNF &&o] WA ueston], Fg mReAo] SPR
(specific-pathogen-free) U940 EH-E o]A|5}A L} EHo]
QEYAE Fofgt 23}, BDNF A7} 802 = WA 4
A5E] e Sudo er al, 2004). o]t k= Z2Hlo|QEA H

tlo

78 | https://doi.org/10.35732/ctlabp.2025.11.2.74

o] BDNF W@ wshiA 4174 A 4=, ¥t 2 442 24
3 4 9= 71AHS BIOINA 20k Bercik SQ011DE % 714 4
B B A vRe) Msph 34144 BDNF ¥ast A3%
At Ao] GaFe & 4+ olrke AMIS BolRlt A, SPF
o

AR
g0 PYAE 7UE AT Fololdle W, AW ndE 240l
YA H o= Hslelly B Y53t ofute] BDNF Wado] S71skd
O}, PRYA| FoiE Tt AAstE= Zlo] RIS o] At
£ 7 B30l 2J5f BDNFS] @Hao] Yolr|= thE AgEe] 4
b= oA YERHANEE 8] Fof ol e 4AdskE= A
< 59 A B3 BDNF 239] IAIE Slsk=d] oJul7}
U AOZ STt FHA, kA AT 71e] Pt A H|AY
E 74J9] AjolE &-galo] BALB/c uRg-A0] B ujAES NIH
Swiss HR-A0] o] 4619l o FEatt S541747] BDNF 4=x]9]
312 lo15}93t}. NIH Swiss TR-ARTH BALB/c BRQ-A7} AAlS}
= EXS 0]8519] step-down AARE 3199w, S A%t
NIH Swiss BF-A7F B FA0K: 352 ERl6l L = o] A3
< T AA Aol skt HarstitiBercik et al,
2011). of& vReAo] 23 7 PAAE AP o, FU ==
L33} 37 sfmjollA] BDNE} TrkB o] sk 28E|9l1, o]
Aik= FRAR et AU vE EFo] o nReAo] ok
gk} A 2] JFe & 5 Y22 HoFAhBistoletti
et al, 2019). T3, BDNF 514} 2 vheA= th Rt} Hlwst
of U Exrde YeRdor A Auh A8 7]so] AT o
Z34= BDNF: Y 88 o83 o 7159 93 & &
PSS HojFQUAKLI er al, 2018).

U AolA . m2Hlo] QEIA 437} BDNF Ldat 417741
512 Aol n|x|= gFo] ZRIF|KTable 2). <t Hashemi
5(2025)9] 2RolA 18A] o QNS tFo=E H A 25F ol
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Table 2. Summary of studies on gut microbiota and BDNF

Subjects Treatments

Effects Reference

Wistar rat Lactiplantibacillus plantarum

BDNF A in brain and gut (Ranuh et al., 2019)

Stress-induced depression
mice model

Lactiplantibacillus plantarum

BDNF A in hippocampus
Depression-like behavior W

(Choi et al., 2019)

Celiac disease (CD) rat Lacticaseibacillus rhamnosus GG

model

BDNF A and TrkB W in brain (Orlando et al., 2020)

CORT-induced depression  Lacticaseibacillus rhamnosus TF318

rat model

BDNF A in hippocampus
Firmicutes A in microbiota
Depression-like behavior W

(Zhao et al., 2023)

C57BL/6 mice Lactobacillus gasseri NK109

BDNF A in hippocampus
LPS-induced cognitive impairment behavior W

(Yun et al., 2023)

GF BALB/c mice Fecal microbiota transplantation of SPF
BALB/c mice or Bifidobacterium infantis

treatment

BDNF A in hippocampus and cerebral
cortex

(Sudo et al., 2004)

GF BALB/c mice Fecal microbiota transplantation of Swiss

mice

Exploratory behavior A
BDNF A in hippocampus
Hesitancy ¥ in step-down test

(Bercik et al., 2011)

C57BL/6J mice Cocktail of antibiotics (vancomycin,

neomycin, metronidazole, ampicillin)

Microbiota dysbiosis
BDNF ¥ and TrkB ¥ in hippocampus

(Bistoletti et al., 2019)

BDNF gene knock-out -
mice

Microbiota dysbiosis
Intestinal mucosal barrier (IMB) function W

(Li et al, 2018)

>=18 years adults
(meta-analysis)

Probiotic supplementation

BDNF A in serum

Significant effect beyond 10 weeks treatment
Stronger effect in participants with cognitive
impairment or mental disease or gastrointestinal
or neurodegenerative disease compared to
healthy participants

(Hashemi et al., 2025)

IR2HP|QEAE Fofolal EF BDNF $31E Hgh & 20749
T2 RAIE S wekEA A}, 105 oY A7 EHlo]
QYA Eojl9lS ] % BDNF 4| Hslr} of F3isHA Uet
okl Huseinh A7t FofRtEt Q1A Ao, HAl Ak 7t
7 ZrojzpoAA Gt o FEHFY, AT e AERAY A
3R 71 FeolA 7Ht & a3F TEE G s Y
3183 J= QI thaig A4tol| QJsf| BDNF Wdo] S71gt A
o5 A 7|40 5 7Fsst, vlEREA] dloly dAolA E
% BDNF 4] Zlo] ¥ o] BDNF ¥d H3ls
5] HHgsHA] £3l= 7hsAdol Qlo] AB B, HASH 24
9] Z7Hd AFE Qa7 sl chHashemi er al, 2025).

= A0 Okx
ZHEEE

@A) BDNFE HY%02 2 niEg E4e i
mazfo] 98 A% A R
29l oz Mahd 4

i 0]Y=a} st

Tohs A4, B34, A 8]0 o3 9= e
ABEeH Igelnt. U vidE 2 A Aol 24
& 25kt S8 A S, Ze dHilA kot
Astet o2 vl Aol e vlAlke a<dol AUl
T Holoh Aeagole WAE 7HAIH, 7idle] Yolg

]

of, ok

-

J

o AL M o

o o3

nﬁ
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e} Hat 7ol ARt HStE A1l 5 AW EF B o]
ojZlt}. o|AL BF F7F WY U3t A AohE Ao FFA
Lol AZEY, A AR g gy Ak oAb dglo]
710351 EcHGhosh er al, 2022; N'V and M, 2025). LeEEQ] 15}
o el A F8 T Pewotella  Faecalibacterium
FBubacterium Lachnospira, Coprococcus, Bifidobacterium )2 3¢
a8 BRI, of= A oR Rofet 57 S Akkermansi;
Christensenellaceae, Buryricimonas, Odoribacter, Butyricicoccus
5 T= AR HYX T (Eggerthella, Bilophila, Fusobacteria,
Enterobacteriaceae) 22  tiAlEct. A
Akkermansiaz59) "\V¥E, E39| Akkemansia muciniphila= 3¢
Ao | APAHSCFAs)E: Aol FQlgh nER a4
Aol B35 Bt H 9-2F5Z st s FAE 5= k= A
& HolF £2 do|H(Shen er al, 2023; Wang et al., 2025;
Zhang and Wang, 2023), =8}of| & A J 8 3484
ol&0| tiAlok= Zo] Bt AoE AlmH:

Ghosh 5(2020)2] EHEA2 20-894] 2,5007 °1d9] 7Hl&
HIIS= ths FZE HlofEoflA 57k4] 8 ASKIBD, 2% T
I, O 5, RS W)l IE AU e 2 Aol
Hsiole}. ohgat Zo] At Age] wet Hsteh= A A
=2 7H] IE0E Witk 2E ARtiolA At A 57t
8= G1(Clostridium, Streptococcus), 60A| oA} =919] ZHw} 3t
H| Z7VR= G2ASolobacterium, Ruminococcus, Streptococcus),
20-60AIoIA A3t A F7Vol= G3(Bacteroides, Actinomyces,
Dialister,
Fggerthella, Erysipelotrichaceae, Escherichia, Fusobacterium,

Streptococcus,

Bifidobacterium, — Clostridium, ~— Coprobacillus,

Granulicatella, Lactococcus, Prevotella, Rothia, Ruminococcus,
Streptococcus, Subdoligranulum, Veillonells), H-= @A
298yt S ZAASKe L1(Subdoligranulum, — Bacteroidales,
Alistipes), 604 oV =R19] A8} 3| 7HAsl= L2(Roseburia,

Pseudofiavonifractor, Odoribacter, Fubacterium, Coprobacter,

Bifidobacterium, — Barnesiella, — Bacteroides,  Alistipes,
Akkermansia),  20-60AIP1A At A Aoke 13

(Peptostreptococcaceae, Fubacterium, Dorea, Coprococcus,
Butyrivibrio, Bacteroides, Anaerotruncus(Ghosh er al,
2020). °]ot Z2 AR} Ao o JY nBE A Wil
Bradley®} Haran(2024)0] £43t =914 Ak 71A]&= 71919
i vE LT Zol7t AUSiH: =9l AgE 7= 7Y
9] A nE FH B 2 ok IAAE e vt
A+ Enterobacteriaceaee] 37}, Alistipess, Bacteroidetes
9 $7h B ST ke A S o A A

80 | https://doi.org/10.35732/ctlabp.2025.11.2.74

gL At itk 74733t oo W A nES =2 o
¥/dE UePHIL Akkermansia%;, Christensenellaceae?}9] 5
7}, Enterobacteriaceae®o] 744, thal]l XAl Ay n|BES] =
715 EA o0& StHBradley and Haran, 2024). A¥9] $59}
glofe] i 2 24 HPHo| w2t Aatof| Zjo7t vt AoE
S, EAF0R gxsto|n| kRloA F7lole Alistipess,
/gRlo] A Firmicuteset &7 AHolA PO E EAs=
PBacteroidetes] W37} H2A Uey g E Ao & 4
W e 9 et oke] ARIQIA] ATRIA] T HAFY
AIRIAE Ha&s] & 4 QIctHHaran er al, 2019; Saraswati
and Sitaraman, 2015). o]=|3t B E Btk A B4
£0] BAikole tiipiiEe] JE2 Esith A e o] A8
Al tiAbEES A pEY] 7154 g HEH, o
A A0 R ZESIAY FHS Fofl ftoh WRAAI 55
A17Ae] AXF 07 A8 SttiBradley and Haran, 2024;
Guo et al, 2022). JJEAOCZ A= GIE 7IX= 4 24t
it nES] F7he kRlo A5 B4 =3E A 4= 3L
THChang er al,, 2014). o] 3FolA 732t L3k 7t A 1]
AE 48 28 H22 583 A+ kes ydE 4 Qltk

3|2} BDNF

BDNF&= 9%, =dt AEHA Lk, ol 3 5 T3t 8219
oJef Pk wrom, BDNF] AHZQl A1 B3 762 /42
3} IHolA 715 Alotet sieksle] thek S8 S 4= itk
(Faraji and Metz, 2025). =5Fs o4& proBDNFe} AJ<35t
BDNF Afolofl E+8 22 I3} proBDNF Hl&°| S7Fsh= 3]
o, ol ot T QA Aot € 417 75 HolE ok
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Fig. 2. Prediction of BDNF expression regulation by butyrate-producing microorganism in Gut-Brain Axis. Butyrate produced by gut
microbiota enters systemic circulation and reaches the brain, where it contributes to the regulation of BDNF expression. In the brain,
butyrate enhances ACSS2 activity and inhibits HDAC2, thereby loosening DNA-histone binding. This process enables phosphorylation
of the transcription factor CREB, which in turn activates the BDNF gene promoter. ACSS2, acetyl-CoA synthetase 2; HDAC2, histone
deacetylase 2; CREB, cAMP response element-binding protein.
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