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B6i canh: Tram cam la réi loan tam than phé bién (khodng 4% dan sbé toan ciu, twong dwong 332 triéu
ngwoi) va lién quan chat ché véi ty sat (727.000 ca tr vong nam 2021). Khodng 230% ngwoi bénh khéng
dap (rng day du véi diéu tri chuan, dat ra nhu cau tim kiém chi ddu sinh hoc va dich can thiép méi. Muc
tiéu: Hé théng hoa vai trd cac chat chuyén hoa chi chét ctia hé vi sinh dwdng rudt trong sinh Iy bénh trdm
cadm theo géc nhin truc ruét - ndo, tap trung vao: (i) acid béo chudi ngan (SCFA, dac biét butyrate), (i) dan
xuét indole tir tryptophan, (iii) truc tryptophan - kynurenine, va (iv) acid mat cung tin hiéu FXR/TGR5; déng
thdi tbng hop bang chirng vé chi d4u sinh hoc va can thiép hwéng dich hé vi sinh. Phwong phap: Tong
quan twdng thuat cé dinh hwéng hé thdng, wu tién tai liéu 2016 - 2026, trong tam la téng quan hé théng,
phan tich gép va nghién ctru trén ngudi; nghién clru thwe nghiém dwoc dung dé 1am rd co ché. Két qua:
Tram cadm lién quan khoéng chi véi thay déi thanh phan (dysbiosis) ma con véi bién déi chirc nang chuyén
hoa hé vi sinh. SCFA, dac biét butyrate, gép phan duy tri hang rao rudt, diéu hoa mién dich, truc HPA va
co ché biéu sinh (epigenetic). Dan xuét indole tac dong qua AhR/PXR, tdng cudng hang rao rudt va diéu
bién mién dich; di¥ liéu tién 1am sang goi v lién quan dén viém than kinh va hanh vi kiéu trdm cam. Hoat
ho4 truc kynurenine do viém phan anh dich chuyén chuyén hoa tryptophan theo huéng lién quan doc - bao
vé than kinh. B4t thworng acid mat va tin hiéu FXR/TGR5 dwoc ghi nhan trong MDD va néi Ién nhw chi dau
sinh hoc tiém nang. Két luan: Chirc nang chuyén hoa hé vi sinh la co ché hop ly ndi ruét - mién dich - ndo
trong trAm cam. Tuy nhién, bang chirng nhan qua & ngwdi con han ché. Cac nghién ciru doc, thtr nghiém
can thiép gén endpoint chuyén hoa va mé hinh da omics c6 thé giup phan tang kiéu hinh “viém - chuyén
ho&” dé ca thé hoa diéu tri.

T khéa: Truc rudt - ndo; trdm cadm; hé vi sinh dwdng rudt; chat chuyén hod; acid béo chudi ngan.

1. DAT VAN BE
TrAm cam 1a mot réi loan tam than phd bién, gay suy gidm chirc ndng xa hdi - nghé nghiép, tang nguy co
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bénh co thé kém theo va lam gia tdng nguy co tw sat. D liéu cia WHO (cap nhat thang 8/2025) wérc tinh
khodng 332 triéu nguwoi trén thé gi¢i co trdm cdm va nhan manh méi lién hé gitra trAm cam va tw sat [1].
DU céc liéu phap chuan (thudc chdng trdm cadm, liéu phap tam ly, can thiép kich thich ndo & mot sé chi
dinh) da gip nhiéu ngwdi bénh cai thién triéu chirng, van con moét ty 1& dang ké khong dat dap (ng day du
hodc tai phat. Trong cac téng quan vé trdm cam khang tri, dinh nghia thwérng dung |a thét bai =2 thir nghiém
thudc chéng trdm cam “du liéu - dd thoi gian - dd tuén thd”, va ty 1& woc tinh ¢ thé =230% [2]. Thwc té nay
goiy réng cac mo hinh dwa trén monoamine va cac tiép can hién hiru chwa giai thich tron ven di hop sinh
hoc (biological heterogeneity) ctia trAm cam, thic day nhu cdu mé rdng “bdn dé co ché” sang cac hé co
quan va mang lw@i tin hiéu ngoai bién.

Trong thap ky qua, truc rudt - ndo tré thanh khung ly thuyét da nganh, mé ta giao tiép hai chiéu gitra hé vi
sinh dwéng rudt va hé than kinh trung wong théng qua tin hiéu than kinh, ndi tiét, mién dich va chuyén hoa.
Cac phan tich gop vé hé vi sinh & trAm cam cho thay két qua khong ddng nhat & chi sé da dang, nhung
twong déi nhat quan & mot sd mirc: gidm cac chilving san xuét butyrate (vi du Faecalibacterium,
Coprococcus...) va ting cac chi lién quan dap &ng viém/dac diém “pro-inflammatory” [3]. M&t khac, cac
nghién ctru chuy&n phan (FMT) t&» ngwoi trdm cam sang dong vat khéng vo khuédn/da xt ly hé vi sinh goi
y tinh c6 thé gay kiéu hinh (phenotype inducibility), ciing cb gia thuyét vé méi lién hé co ché [4].

Tuy nhién, da sb tbng quan trwéc day thwdng nhan manh (i) thay dbi thanh phan vi sinh va/hoéc (i) dap
&ng viém. Trong khi do6, chéat chuyén hoa do hé vi sinh tao ra/diéu bién (vi du SCFA, indole, acid mat thi
phét; va cac truc chuyén hoa do viém kich hoat nhw kynurenine) cé thé déng vai trd nhw “ngén ngir sinh
hoc” tich hop tin hiéu ruét - mién dich - ndo. Khoang tréng y van ndi bat ndm & viéc thiéu mét mé hinh tich
hop tap trung vao nhém chét chuyén hoa cu thé, ddng thdi d&t chung vao bdi canh cac yéu té gay nhiéu
I&n (ché d6 an, béo phi, thuéc hwéng than, khang sinh, bénh kém) vén lam suy yéu kha n&ng suy luan
nhan qua trong nghién ctvu hé vi sinh & trdm cam.

Vi vay, bai tbng quan nay tap trung hé thdng hoa bdn nhém chét chuyén hoa trong tdm va co ché tac dong
clia chdng lén hang rao rudt - mién dich - truc stress - viém than kinh - dan truyén than kinh, qua d6 goi y
céac chi dau sinh hoc tiém nang (SCFA, dau 4n indole, hd so acid mat, ty sé kynurenine/tryptophan) va mic
dd bang chirng clia cac can thiép diéu bién hé vi sinh theo huéng diéu chinh chuyén hoa.

Phwong phap téng quan

Chung t6i tim kiém tai liéu trén cac co s& dir liéu PubMed/MEDLINE, Scopus va Google Scholar. Tai liéu
duoc wu tién trong giai doan 2016 - 2026, déng thoi bd sung mét sb cong trinh nén tang trwdc dé khi co
gia tri gidi thich co' ché (vi du cac nghién ctru FMT va cac phan tich gép truc viém - kynurenine). Tl khoa
tim kiém bao gdm cac nhém thuat ngi lién quan dén trdm cam, truc rudt - ndo/hé vi sinh dwdng rudt, va
cac chat chuyén hoa (acid béo chudi ngén/butyrate; dan xuét indole; acid mat; tryptophan - kynurenine;
kynurenine/tryptophan ratio; metabolomics signature), véi tir khoa twong tng tiéng Anh.

Tiéu chi lwa chon wu tién: (i) tdng quan hé thdng/phan tich gop, (i) tdng quan co' ché ¢ trich dan ngudn
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rd rang, (iii) nghién ctu trén ngudi (cat ngang, theo déi doc, thir nghiém can thiép), va (iv) nghién ctru da
omics (metagenomics - metabolomics) c6 thdo luan vé chat chuyén hoa. Cac nghién ctu thwc nghiém
(ddng vat/in vitro) dwoc st dung nhdm hd tro' dién gidi co ché va goi y tinh nhan qua, déc biét khi cé sw
twong déng vé dwdng truyén tin hiéu (vi du: SCFA - hang rao rudt - HDAC; AhR - indole; IDO - kynurenine;
FXR/TGRS - acid mat). Loai triv: tai liéu khong lién quan tryc tiép dén trdm cam hodc khong cung cép théng
tin phwong phap da dé ddi chiéu.

Nguyén tac dién giai bang chirng

Thi nhét, phan biét ré “thanh phén vi sinh” (composition: taxa) va “chirc néng vi sinh” (function: gen/dwdng
chuyén hoa/chét chuyén hod). TrAm cadm cd thé lién quan manh hon véi “d4u ra chirc ndng” (metabolites)
so v&i cac thay ddi taxa vén phu thudc manh vao ché do &n, ving dia ly va phwong phap do.

Thi hai, thira nhan mirc dd khong ddng nhét cao gitka nghién ctru: tiéu chudn chan doan (triéu chirng vs
chén doan), tudi, gi¢i, BMI, thudc hwéng than, ché dd &n, ddng méc IBS/viém rudt, va khac biét ky thuat
(16S vs shotgun metagenomics; do SCFA trong phan vs huyét twong).

Th ba, khi ban vé “nhén qué”, wu tién bac chirng cl: (i) nghién ctru can thiép & nguwdi; (ii) theo ddi doc
c6 két cuc 1am sang; (iii) mé hinh chuyén phan va thuc nghiém co ché; (iv) phan tich Mendelian
randomization (MR) nhw goi y nhan qua & murc di truyén nhung can than trong.

Th tw, khi d& xuét chi dau sinh hoc, bat budc xem xét yéu td gay nhiéu: ché do &n va thoi diém 14y mau
(d&c biét véi SCFA), viem hé thdng (&nh hwéng kynurenine), chirc nang gan - mat (&nh hwdng acid mat),
va thubc (d&c biét SSRI/SNRI va khang sinh).

2. NOI DUNG TONG QUAN

2.1 Khung truc rudt - nao theo hwéng chat chuyén hoa

Truc rudt - ndo hién dwoc nhin nhan nhw mét mang Iwéi tin hiéu da téng, trong d6 hé vi sinh dwong ruét
anh hwéng dén nzo théng qua bdn dwéng chinh: mién dich, than kinh, ndi tiét va chuyén hoa. Céc tdng
quan cap nhat vé truc hé vi sinh - rudt - ndo trong trdm cam déu nhan manh sy phéi hop cta bdén duwéng
truyén nay, thay vi quy toan bo co ché cho mét yéu tb riéng I1&. Trong nghién ctru, cach tiép can dwa trén
chrc nang chuyén hoa c6 ba wu diém nbi bat: thir nhat, chat chuyén hoa 1a “déu ra sinh hoc” gan hon v&i
sinh ly ngwoi; thir hai, c6 thé dinh lwong bang k¥ thuat phan tich chuyén hoa (metabolomics), tir d6 gidp
so sanh gitra cac nghién ctru thuan loi hon so véi chi phan tich tirng nhém vi sinh; va thir ba, dé gén véi
céac dich can thiép cu thé nhw didu chinh ché d6 an, bd sung chét tién sinh hoc hodc vi sinh vat c6 lgi, st
dung thubc tac dong thu thé, hay diéu chinh chuyén hoa acid mat [5, 6].

Mét diém hdi tu quan trong cua truc rudt - ndo 1a hang rao rudt (intestinal barrier). Hang rao nay gém Iép
nhay bao vé, I&p biéu md véi cac mbi ndi chat gitra t& bao va hé mién dich niém mac. Khi hé vi sinh méat
can béng va cAu tric hang rao bi suy yéu, cac thanh phan cta vi khuén, d&c biét 1 lipopolysaccharid (LPS),

c6 thé di vao tuan hoan va kich hoat tinh trang viém mic do thap kéo dai. Nhiéu téng quan vé tinh thdm
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rudt trong tram cadm mo ta day |a “ctra ngé” dwa tin hiéu viém ti rudt ra toan than va gian tiép anh huéng
dén ndo [7].

Viém murc do thap (low-grade inflammation) dwoc ghi nhan & mdt nhdm ngwdi bénh trdm cadm. Phan tich
gdp l&n vé protein C phan (rng (C-reactive protein - CRP) cho thay ty 1& ngwoi trdm cdm cé CRP>3 mg/L -
dai dién cho viém murc thap - c6 thé dao dong tir gan mot phan tw dén mét phan ba, tuy cach téng hop sb
liéu; ddng thoi ty sb chénh so véi nhém ddi chivng ting dang ké [8]. Cac tdng quan vé trdm cam lién quan
viém hé théng cho rang viém co thé lién quan dén mot sé cum triéu chirng nhw mét méi, rdi loan giac ngt
va méat khoai cam, déng théi déng vai trd trung gian gitra tin hiéu viém ngoai bién va bién ddi than kinh
trung wong [9].

T ngoai bién dén nao, ciu néi quan trong la truc mién dich - mau - ndo. Cytokine, cac tin hiéu viém va sy
thay ddi tinh thdm cla hang rdo mau - n&o (blood-brain barrier - BBB) c6 thé tao diéu kién cho viém than
kinh va hoat hoa té bao vi té bao than kinh dém (microglia). Céc tbng quan vé vi t& bao than kinh dém trong
tram cdm mo ta day la té bao mién dich cw tru ctia hé than kinh trung wong, cé vai trd diéu hoa viém than
kinh, tai cAu tric synapse va anh huéng dén tinh déo than kinh - nhirng co ché lién quan truc tiép dén sinh
bénh hoc trdm cam [10].

O mlrc “d4u ra” tai ndo, md hinh truc rudt - ndo theo hwéng chét chuyén hoa thwong quy vé ba hé qua
chinh. Tht nhét 1a viém than kinh va suy gidm tinh déo synapse: hoat hoa vi té bao than kinh dém va céac
con dwdng tin hiéu viém nhw nuclear factor kappa B (NF-kB) va inflammasome NLR family pyrin domain
containing 3 (NLRP3) dwoc xem 14 tryc trung gian; trong d6 mot s& chat chuyén hoa co thé 1am giam viém
(acid béo chudi ngan, mot sé acid mat, mot sé dan xuét indole), trong khi mét s6 khac c6 thé thuc day viem
(m6t sb6 dan xuat ddc va sy léch can bang kynurenine theo huwéng doc than kinh) [10]. Thi hai la réi loan
mang lwéi stress - cdm xuc théng qua truc dwdi ddi - tuyén yén - thwong than (hypothalamic-pituitary-
adrenal axis - HPA). Nhiéu téng quan cho thay acid béo chudi ngén cé thé diéu bién dap (ng cortisol truéc
stress, trong khi stress man tinh lai c6 thé lam thay ddi hé vi sinh va chuyén hoa theo mét vong xoan bénh
ly [11]. The ba la bién dbi hé dan truyén than kinh & mic co ché, bao gdm serotonin, glutamate va gamma-
aminobutyric acid (GABA). Can phan biét serotonin ngoai bién - phan Ié6n duoc tdng hop tai rudt - véi
serotonin trung wong. Méac du serotonin ngoai bién khong truc tiép di vao nado, céc tin hiéu chuyén hoa lién
quan c6 thé tac ddng gian tiép qua day than kinh phé vi, hé mién dich va truc noi tiét [11].

2.2 Cac nhém chat chuyén hoa trong tam cua hé vi sinh va lién hé vé&i tram cam
Acid béo chubi ngan (SCFA), dac biét butyrate

SCFA chu yéu dwoc tao ra tlr qua trinh vi khuan rudt 1én men chat xo khéng tiéu hoa, trong doé ba thanh
phan chinh 1a acetate, propionate va butyrate. Cac tbng quan vé SCFA va truc rudt - ndo nhan manh day
la nhém chét chuyén hoa c6 néng dod twong déi cao nhwng ddng thédi mang tinh tin hiéu sinh hoc manh.
SCFA ¢6 thé di vao tuan hoan va, it nhat mét phan, tham gia vao cac co ché diéu hoa hé than kinh trung

wong murc thu thé [12], SCFA tac déng thdng qua cac thu thé két hop protein G nhu G protein-coupled
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receptor 41 (GPR41, con goi la free fatty acid receptor 3 - FFAR3), G protein-coupled receptor 43 (GPR43,
hay FFAR2) va G protein-coupled receptor 109A (GPR109A). Ngoai ra, butyrate con cé vai trd 1a chét tre
ché enzym histone deacetylase (HDAC), qua d6 tham gia diéu hoa biéu hién gen theo co ché biéu sinh
(epigenetic) [13].

O murc rudt - mién dich, butyrate dwgre ghi nhan gitp duy tri tinh toan ven ctia hang rao rudt béng cach
téng cwong cac protein lién két chat gitra té bao biéu mé va cung cap nang lwong cho t& bao biéu mé dai
trang. Ddng thoi, butyrate cé xu hwéng thic day can bang mién dich, bao gdm tang t& bao T diéu hoa
(regulatory T cells - Treg) va gidm tin hiéu viém [14]. O m&c hé than kinh trung wong, cac co ché thwéong
duoc dé xuat gdm diéu bién viem than kinh, diéu hoa truc dwdi ddi - tuyén yén - thwong than (hypothalamic-
pituitary-adrenal axis - HPA) va anh hwéng dén biéu hién cac gen lién quan dén tinh déo than kinh
(neuroplasticity). Cac tdng quan chuyén biét vé SCFA trong trAm cadm mé ta butyrate nhw mét “mét xich co
ché” nbi chuyén hoa rudt véi diéu hoa viém, stress va chirc nang synapse [11].

V& bang chirng trén ngudi, di liéu hién con chwa hoan toan théng nhat nhung da xuét hién nhirng tin hiéu
dang chu y. Mét nghién ciru quan sat & ngudi tré cho thdy méi lién hé gitra ty 1&6 SCFA trong phan va mic
do triéu ching trdm cam: ty 1é butyrate va propionate (twong déi) co6 xu hwéng lién quan nghich véi triéu
chirng, trong khi acetate cé thé lién quan thuan, tuy theo cach chuén hoéa theo tébng SCFA [15]. M6t sb
nghién ctru gan day tiép can & mirc SCFA trong huyét twong cho thy cac chat nay co thé lién quan dén
mirc d6 ndng cla bénh va tham chi dw bao kha nang thuyén gidm sau 6 thang theo dai & rdi loan tram
cam dién hinh (major depressive disorder - MDD), goi y tiém n&ng cla SCFA nhw mét chi dau sinh hoc
dong theo thoi gian [16]. Tuy nhién, can than trong khi dién giai két qua vi SCFA chiu anh huédng manh
ctia ché dd &n, cach lay va bdo quan mau, ciing nhu sy khéac biét gitra do trong phan va do trong huyét
twong - von phan anh nhirng “khoang sinh hoc” khac nhau. Do d6, SCFA khéng nén dwgc xem la mot chi
d4u doc 1ap tach roi khdi bdi canh dinh dwéng va chuyén hoa toan than.

Dan xuét indole va cac san pham chuyén hoa tryptophan do hé vi sinh tao ra
Tryptophan 1a amino acid thiét yéu, c6 thé di theo nhiéu nhanh chuyén hoa: (i) tdng hop serotonin (cha yéu
ngoai bién), (ii) chuyén hoé theo truc kynurenine (chd yéu do enzyme cla vat chd, ting manh khi viém),
va (iii) chuyén hoa bdi vi khuan ruét tao thanh indole va cac dan xuét (IPA, I1AA, ILA, IAld, tryptamine...).
Cé4c tébng quan vé truc hé vi sinh - ruédt - ndo trong trAm cam nhan manh nhanh indole 1& “duong tin hiéu vi
sinh dién hinh” vi nhiéu chét cé thu thé dich rd rang trén mién dich/biéu mé va cé thé diéu bién viém [17].
Co ché trung tdm clGa nhém indole thwérng dwoc dat trong truc AhR/PXR. Cac dan xuét indole do hé vi
sinh tao ra c6 thé hoat héa thu thé AhR, qua d6 gitp duy tri can bang mién dich tai niém mac va gép phan
bao vé tinh toan ven cla hang rao rudt. Cac bai tdng quan vé indole trong bénh ly viém ruét ciing cho thay
rd vai trd clia ching trong viéc cling ¢ hang rao ruét, chéng lai tdc nhan gay bénh va diéu hoa sw twong
tac chuyén héa qua lai gitra cac vi sinh vat trong hé vi sinh dwéng rudt [18]. Vé mét khung sinh hoc, AhR-

IL-22 dwoc xem nhu mét “truc bdo vé niém mac”, gilip phuc hdi hang rao va kiém soat viém [19].
15



Vietnam Journal of Physiology 30(2), 6/2026 ISSN: 1859 — 2376

& mic lién quan trdm cam, di liéu hién nay manh nhat vAn ndm & tién lam sang va cac nghién ctru co
ché: vi du, cac nghién ctvu trén mé hinh stress man cho thay thay ddi dan xuét indole (nhw ILA) c6 thé lién
quan dén viém than kinh va hanh vi kiéu trdm cam, va viéc bd sung chdng vi sinh c6 kha ning tao ILA
(psychobiotic) c6 thé dao chiéu mét phan diu 4n chuyén hoa - hanh vi [20]. M6t sb bai tdng quan riéng vé
IPA md ta IPA nhu phan t& cé dac tinh chéng oxy hoa, diéu bién mién dich va lién quan chirc ndng néo;
IPA ciing dwoc coi la chat gén ciia AhR/PXR va cé thé hé tro toan ven hang rao rudt - nhirng thudc tinh
pht hop v&i md hinh “ruét - mién dich - ndo” [21].

Tuy nhién, khi chuyén t tién Iam sang sang Iam sang, bang ching tryc tiép cho tram cam & nguwdi vé “hd

29

so indole cu thé” van con han ché, chi yéu do khac nhau vé ky thuat do (targeted vs untargeted
metabolomics), nén bénh kém, va viéc indole cé thé phan anh ca mai trwéng dinh dwéng/viém/gan - than.
Do d0, gia tri thwc té& ctia nhém indole c6 thé ndm & viéc né két hop véi cac truc khac (SCFA, kynurenine,
acid mat) thanh “ddu &n chuyén hod da chiéu” hon la moét chi sé don 1&.

Truc tryptophan - kynurenine nhw ntt giao viém - chuyén hoa - ndo

Khac véi nhanh indole do hé vi sinh dwéng rudt chuyén hod, nhanh kynurenine chd yéu do co thé vat chi
diéu hoa, nhwng lai chiu &nh hwéng chét ché cda tinh trang viém. Khi phan trng viém tang 1én - dic biét
duéi tac dong cla interferon-gamma (IFN-y) va cac cytokine tién viém - enzym indoleamine 2,3-
dioxygenase (IDO) dwoc hoat hoa manh hon. Enzym nay xuc tac chuyén tryptophan sang kynurenine, lam
gidm luwong tryptophan sé&n c6 cho qué trinh tdng hop serotonin. Vi vay, ty sb kynurenine/tryptophan (KTR)
thwong dwoc st dung nhw mét chi dau gian tiép phan anh mic d6 hoat déng cta IDO, du can lwu y thém
vai trd clia enzym tryptophan 2,3-dioxygenase (TDO) & gan va cac yéu t6 chuyén hoa khac cé thé anh
hwéng dén két qua [22].

Céc phan tich gop I&n (bao gdm phan tich gép 101 nghién cu) cho thay trong cac réi loan khi s&c nhw rbi
loan trdm cam dién hinh (major depressive disorder - MDD) va rbi loan luéng cuc (bipolar disorder - BD),
c6 xu hwéng chuyén dich chuyén hod tryptophan sang nhanh kynurenine, déng thdi thay ddi cac chat
chuyén hoa phia sau. Trong d6, acid kynurenic (kynurenic acid) thwdéng duwoc xem I c6 tinh “bdo vé thén
kinh” do d6i khang thu thé N-methyl-D-aspartate (NMDA), trong khi acid quinolinic (quinolinic acid) c6 xu
hwéng “déc than kinh” do hoat hoa thu thé NMDA va lién quan dén viém [23]. M6t phan tich gop khac vé
rbi loan cam xuc ciing khuyén nghi nén danh gia dong thoi tryptophan, kynurenine va KTR dé& phan anh
toan dién hoat déng cla truc enzym - viém, thay vi dwa vao mot chat don 1& [24].

Trong mé hinh sinh bénh hoc cta trAm cam, truc kynurenine cé ba y nghia chinh. Thi nhat, day la cau ndi
gitra tinh trang viém mic d6 thap & ngoai bién (low-grade inflammation) va cac thay déi sinh hoa trong
n&o; mot nhém ngwdi bénh c6 kiéu hinh “trdm cdm lién quan viém” (inflamed depression), trong d6 viém
c6 thé diéu bién mang lu6i stress - méat khoai cdm [9]. Thir hai, sw mét can bdng cac chat chuyén hoa
kynurenine theo hwéng “déc than kinh” cé thé lién quan dén réi loan dan truyén glutamate va viém than

kinh, gép phan giai thich triéu chirng méat khoai cdm [23]. Thi ba, truc nay cé tiém nang lam chi dau sinh
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hoc: KTR va mét sb chat chuyén hoa phia sau dang dwoc nghién ciru nhw cac marker lién quan dén mic
do triéu chirng va dap trng diéu tri. Tuy nhién, khi dién giai can kiém soat cac yéu t6 gay nhiéu nhw nhiém
trung, bénh tw mién, bénh gan, tinh trang dinh duwéng va thuéc, ddng thoi dat trong béi canh cac chi dau
viém nhuw protein C phan &ng (C-reactive protein - CRP) hodc cac cytokine tuan hoan [22].

Mét diém can dwoc nhan manh 1a phan Ién béng chirng hién nay vé vai trd ctia hé vi sinh duwéng rudt va
cac chat chuyén hoa trong trdm cam van tap trung cht yéu & réi loan trdm cam dién hinh (major depressive
disorder - MDD). Trong nhém nay, cac thay ddi vé acid béo chudi ngén, truc tryptophan - kynurenine va
acid mat da dwoc mo ta twong déi nhat quan hon, ddng thdi moét sd nghién ctvu doc con goi y gia tri dw
bdo mirc d6 ndng va kha nang thuyén gidm triéu chirng. Ngwoc lai, & giai doan tram cam cua réi loan
lwdng cwe, sb lwong nghién ciru con it hon va chd yéu 1a nghién ctru quan sat; do dd, chwa thé xac dinh
ré liéu cac réi loan chuyén hoa ghi nhan dwoc phan anh co ché dac hiéu clia bénh hay 1a hé qua cua trang
thai khi séc, thudc diéu tri hodc bénh ddng mac. Déi véi rdi loan thich (rng véi phan (rng tram cam, di liéu
truc tiép vé hé vi sinh va chat chuyén hoa hién gan nhu chua c6; cac gia thuyét hién tai cha yéu duoc
ngoai suy tr sinh hoc stress, tang tinh thdm rudt va hoat hoa cac con dwéng tin hiéu viém. Vi vay, viéc suy
réng cac moé hinh sinh hoc tr MDD sang cac thé trAm cam khac can dwoc thwe hién than trong.

Dan xuét acid mat va tin hiéu chuyén hoa - mién dich trong truc ruét - ndo

Acid mat (bile acids - BA) la nhém phan t&r c6 tinh chat ddc biét: chung vira I& san pham chuyén hoa
cholesterol tai gan, vira hoat déng nhw nhirng phan te truyén tin hiéu sinh hoc twong tw hormone. Sau khi
duoc gan téng hop thanh acid mat nguyén phéat, chung duwoc hé vi sinh dwdng rudt tiép tuc chuyén dbi
thanh acid méat th(r phat thong qua cac qua trinh nhw khir lién hop (deconjugation) va khir hydroxyl
(dehydroxylation). Vi vay, hé vi sinh déng vai trd then chét trong viéc quyét dinh “hé so” acid mat trong co
thé. Cac téng quan gan day vé truc acid mat - rudt - ndo md ta acid mat nhw nhirng “st gid” két nbi hé vi
sinh v&i chuyén hod, viém va tin hiéu than kinh, dac biét théng qua hai thu thé la farnesoid X receptor
(FXR) va Takeda G protein-coupled receptor 5 (TGR5) [25].

V& co ché, cé thé chia thanh hai I&p tin hiéu chinh. Lép thi nhét 14 tin hiéu ngoai bién: hoat hoa FXR va
TGR5 gitp diéu hoa tinh toan ven hang rao ruét, dap (rng mién dich, chuyén hoa nang lwong va tuwong tac
v&i cac hormone duwdng rudt nhw glucagon-like peptide-1 (GLP-1) va fibroblast growth factor 19 (FGF19).
Nhiéu téng quan nhan manh truc FXR/TGR5 nhu mét hé diéu hoa tich hop gitra hang rao co hoc, hang
rao niém mac, hé vi sinh va mién dich [25].

Lé&p thir hai la tin hiéu trung wong hodc gian tiép dén nao. Mot sé acid mat c6 thé vwot qua hang rao mau
- n&o (blood-brain barrier - BBB) hodc tac dong I&n viém than kinh théng qua cac thu thé clta chung, tov d6
didu bién hoat hoa t& bao than kinh dém va cac co ché duy tri sbng con cua té bao than kinh. Cac téng
quan vé vai trd acid mat trong viém than kinh ghi nhan kha nang ching tham gia diéu hoa dap (rng viém

tai ndo qua FXR va TGRS, tuy thudc loai acid mat va bbi canh bénh ly [26].
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Lién quan dén trdm cam, nhiéu di liéu mai dang xuat hién tlr cac nghién clru da omics va nghién ctvu 1am
sang. Mot nghién clru & ngwdi bénh trAm cam dién hinh giai doan dau (first-episode major depressive
disorder - MDD) ghi nhan sy bat thwérng déng thoi cia hé vi sinh va chuyén hoa acid mat, ddng thoi goi y
méi twong quan gitra hai I&p di¥ liéu nay véi bénh ly [27]. M6t nghién cliru d&ng trén Translational Psychiatry
nam 2024 tap trung vao suy gidm nhan thirc trong MDD va cho thdy sw twong tac gitra hé vi sinh va acid
mat c6 thé lién quan dén co ché viém va rdi loan nhan thirc [28]. Cac tdng quan gan day cling mé ta sy réi
loan truc acid mat nguyén phat - thir phat va dé xuét acid mat nhw mot chi dau dong, cé thé lién quan mirc
do triéu chirng va tinh trang khang tri, du van can thém di liéu xac nhan [29].

Tuy c6 tiém néng Ién, nghién ciru vé acid mat hién con gdp nhiéu han ché, d&c biét vé chuan hoa ky thuat
do lwong va kiém soat cac yéu td gay nhiéu nhw chirc nang gan - mat, thudc, ché dd &n, nhip sinh hoc
ngay dém va cac bénh ly chuyén hoa. Vi vay, acid mat c6 & phtt hop nhét khi dwoc st dung nhw mdt phan
ctia bd chi diu sinh hoc két hop nhiéu thanh phan (multi-marker panel), ciing véi acid béo chudi ngén, dan
xuét indole, ty sb kynurenine/tryptophan va protein C phan &ng.

2.2 Mb hinh tich hop, chi dau sinh hoc va can thiép hwéng dich hé vi sinh

Néu nhin theo hwéng “ddu &n chuyén hod”, co ché co thé dién giai thanh mét chudi lién tuc va dé hiéu nhw
sau:

Hé vi sinh mét can bang va hang rao rudt suy yéu — tang tinh thdm rudét — cac thanh phan vi khuan nhw
lipopolysaccharid (LPS) di vao mau — hinh thanh tinh trang viém mac dd thap kéo dai — kich hoat truc
dui ddi-tuyén yén-thwong than va céc tin hiéu mién dich (cytokine) — lam thay dbi cac con duwéng chuyén
ho& quan trong (acid béo chudi ngén, dan xuét indole, acid mat; tdng ty s& kynurenine/tryptophan) — dan
dén viém than kinh, gidm tinh déo than kinh va réi loan mang lwdi cdm xtc-stress — biéu hién 1am sang
cla trdm cam, dc biét 1a mat khoai cdm, mét mai va suy gidm nhan thirc & mot sb kiéu hinh [7].

Diém manh cla céach tiép can nay la cac “truc chuyén hod” cé thé do lwdng va theo ddi theo thoi gian, thay
vi chi dya vao triéu ching.

The nhat 1a hd so acid béo chudi ngan gdm acetate, propionate va butyrate, do trong phan hoac huyét
twong. Céac chi sb nay phan anh twong tac gitra ché dd an giau chéat xo, vi khuan sinh butyrate va dap (rng
mién dich. M6t s& nghién cru theo d&i cho thay ndng d6 acid béo chudi ngan trong méau cé thé lién quan
kha nang thuyén gidm & réi loan trdm cam dién hinh, nhung d6 nhay va do dac hiéu van can duoc kiém
dinh & quan thé doc lap [16].

Th hai la nhém dan xuét indole nhw IPA, IAA, ILA va cac chét lién quan thu thé AhR hodc PXR. bay la
nhém c6 co ché sinh hoc hap dan vi lién quan dén bao vé hang rao rudt va diéu hoa mién dich, tuy nhién
hién chwa c6 nguwéng chuén va con thiéu nghién ctru 1am sang quy mé Ién & MDD thuan [17].

Th ba 14 truc kynurenine gdm tryptophan, kynurenine va KTR, cling cac chét phia sau nhw KYNA va QUIN
khi c6 diéu kién do. Truc nay cé nén tang bang chirng manh va lién quan chét véi viém, nhwng dé bi anh

hwéng béi bénh kem va tinh trang viém khéng dac hiéu [23].
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Thi tw 12 hd so acid mat (BA), bao gébm ty 1& BA nguyén phat/thlr phat va cac BA cu thé nhw CDCA, CA,
UDCA, LCA, cling béi canh hoat hoa thu thé FXR va TGR5. Day 1a hwéng nghién ctru méi, can chudn hoa
tbt hon vé ché dd an, thoi diém 14y mau va chirc néng gan trwdc khi dwa vao ng dung thwe hanh [27].
Xu hwéng nghién ciru hién nay chuyén sang tiép can da tang dir liéu (da omics), két hop phan tich hé vi
sinh va phan tich chuyén hoa dé tim méi lién hé gitra loai vi khuan - chat chuyén hoa - triéu chirng. Mot s6
nghién ctvu I&n ghi nhan nhiéu réi loan chuyén hoa & ngwdi bénh trdm cdm va quan sat thay mot sé chét
chuyén hoa thay ddi theo hwéng “ddo chiéu” sau diéu tri, goi y ching c6 thé phan anh trang thai bénh va
dap wng diéu tri [5].

V& (rng dung, cac can thiép diéu bién hé vi sinh can dwoc nhin nhan theo mirc d6 bang chirng.

Déi v&i dinh dwdng, cac nghién clru quan sat cho thay &n nhiéu chat xo lién quan nghich véi triéu chirng
trdm cam va lo au. Tuy nhién, cac thir nghiém bd sung chat xo dang vién chwa cho két qué nhat quan [30].
Diéu nay cho thay can phan biét mé hinh &n uéng toan phan véi bd sung riéng 18, va nén gan can thiép
v&i chi sb chuyén hoa nhw SCFA thay vi chi danh gia diém triéu chirng.

Déi vé&i probiotic, prebiotic va synbiotic, cac phan tich gép cho thay probiotic cé thé cai thién triéu chirng
trdm cam v&i mire hiéu qua nhd dén vira, nhwng con khac biét Ion gitra cac nghién ctvu do chiing vi khuén,
lidu duing va thoi gian can thiép. Liéu thwéng ding trong thtr nghiém 1am sang ngau nhién cé déi chirng
dao déng tlr 10°-10" CFU méi ngay trong 8 - 12 tuan, chd yéu céac ching Lactobacillus va Bifidobacterium.
Hién chwa cd liéu chuén cho trdm cam va probiotic nén dwoc xem la bién phap bd trg, khdng thay thé diéu
tri chuan [31] [32].

Ghép hé vi sinh phan (FMT - Fecal Microbiota Transplantation ) hién con & giai doan nghién ctru. Cac thr
nghiém bwéc dau cho thdy phwong phap nay kha thi va an toan, nhwng chwa dd bang chirng khang dinh
hiéu qua cai thién triéu chirng trAm cam [33]. Két qua phan tich gop con chuwa thdng nhét va chiu &nh
hwdng bdi tinh khéng ddng nhat cia quan thé nghién ciru. Vi vay, FMT hién phu hop nhét trong bbi canh
nghién ctru, véi yéu cau chuan hoa ngudi cho, dwdng thuc hién, sé 1an can thiép va theo déi dai han [29]
[34].

Mét yéu td rat quan trong trong thwc hanh la tac déng cla thubc va khang sinh 1én hé vi sinh. Thubéc hwéng
than va ché do an la nhivng ngudn gay nhiéu I&n khi nghién ctu hé vi sinh & trdm cam [3]. M6t sb tong
quan cho thay thuéc chéng trdm cam c6 thé 1am thay ddi cAu tric hé vi sinh va lién quan dén tinh trang lui
bénh hodc khéng lui bénh, do d6 khi st dung d4u &n vi sinh hodc chuyén hoa nhw diu 4n sinh hoc can
kiém soat hodc phan tang theo tinh trang dung thubc [35]. Ngoai ra, mét sé nghién ciru doan hé cho thay
phoi nhiém khang sinh c6 thé lién quan tang nguy co trdm cam theo liéu va thoi gian st dung, goi y viéc
st dung khang sinh hop ly ciing c6 thé cé y nghia dbi v&i strc khoé tam than dai han [36].

Xét theo tirng thé 1am sang, cé thé thay mirc do trwdng thanh cla bang ching hién chwa ddng déu. Réi
loan trAm cam dién hinh hién Ia mé hinh dwoc nghién clu nhiéu nhét trong céc tiép can microbiome -

metabolome, nh&» d6 da hinh thanh dwoc mét sb truc co ché twong déi rd nhw SCFA - hang rao ruét -
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viém, tryptophan - kynurenine - glutamate va acid mat - FXR/TGR5. Trong khi d6, & trdm cam lwéng cuc,
béng chirng van con phan tan va chwa da dé xac lap cac diu &n chuyén hoa dac hiéu. Véi réi loan thich
&¥ng c6 phan (rng trdm cam, khoang tréng nghién ctru con I6n hon do thiéu cac nghién ctru thiét ké tbt, co
phan tang chan doan va kiém soat yéu té gay nhiéu. Diéu nay cho thdy nhu cau can cé cac nghién ctu
doc, da trung tdm va tich hop da omics dé xac dinh vai trd nhan qua ctia cac rdi loan chuyén hoa hé vi sinh
trong tlrng nhém réi loan khi sic va stress lién quan.

3. KET LUAN

Cac bang chirng hién nay cho thay cach tiép can truc ruét - ndo theo hwéng chat chuyén hoa mang lai mot
khung giai thich tich hop va cé tinh co ché cho trdm cdm. Thay vi chi md t& mat can bang hé vi sinh & mirc
loai vi khuan, hwéng tiép can nay tap trung vao cac chét trung gian sinh hoc thwc sw tac dong lén mién
dich va ndo. B4n nhém truc ndi bat gém: (1) acid béo chudi ngan, dac biét butyrate, véi vai trd duy tri hang
rao rudt, diéu hoa mién dich va anh hwéng biéu sinh; (2) cac dan xuét indole lién quan bao vé niém mac
va diéu bién viém; (3) truc tryptophan - kynurenine nhw diém ndi gira viém va réi loan dan truyén glutamate
lién quan méat khoai cam; va (4) acid mat nhw nhom tin hiéu chuyén hoa - mién dich méi néi, co thé lién
quan dén nhan thirc va kiéu hinh bénh.

Tuy nhién, m&c d6 chirng minh quan hé nhan qua & nguoi con han ché do khac biét thiét ké nghién ctru
va nhiéu yéu td gay nhiéu nhu ché do &n, béo phi, thubc, khang sinh va bénh ly tiéu hoa kém theo. Trong
twong lai, can wu tién cac nghién ctwu theo ddi doc cé do chuyén hoa theo thoi gian, thir nghiém can thiép
gén v&i chi du sinh hoc, chudn hoa quy trinh 1y mau va phan tich, ciing nhw két hop nhiéu I&p dir liéu
dé xay dwng bd chi ddu tébng hop. Huwéng tiép can nay co tiém ndng gitp phan tang kiéu hinh “viém -
chuyén hod” trong trdm cam va mé ra kha ndng céa thé hoa diéu tri theo truc rudt - nao.
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THE ROLE OF MICROBIAL METABOLITES IN DEPRESSION: A GUT-BRAIN AXIS
Tran Minh Tien', Nguyen Van Thong'*
T Can Tho University of Medicine and Pharmacy
Background: Depression is a prevalent mental disorder affecting approximately 4% of the global
population (around 332 million people) and is strongly associated with suicide (727,000 deaths in 2021). At
least 30% of patients do not respond adequately to standard treatments, highlighting the urgent need for
novel biomarkers and therapeutic targets. Objective: To synthesize evidence on the role of key gut
microbiota-derived metabolites in the pathophysiology of depression from a gut-brain axis perspective,
focusing on: (i) short-chain fatty acids (SCFAs, particularly butyrate), (ii) indole derivatives from tryptophan,
(iii) the tryptophan - kynurenine pathway, and (iv) bile acids and FXR/TGRS5 signaling; and to summarize
emerging evidence on microbiota-targeted biomarkers and interventions. Methods: A narrative review with
a system-oriented approach, prioritizing literature published between 2016 and 2026. Systematic reviews,
meta-analyses, and human studies were emphasized, while experimental studies were included to clarify
mechanistic pathways. Results: Depression is associated not only with compositional alterations
(dysbiosis) but also with functional metabolic changes in the gut microbiota. SCFAs, particularly butyrate,
contribute to gut barrier integrity, immune regulation, hypothalamic-pituitary-adrenal (HPA) axis modulation,
and epigenetic mechanisms. Indole derivatives act through AhR/PXR signaling, enhance intestinal barrier
function, and modulate immune responses; preclinical data suggest links to neuroinflammation and
depressive-like behaviors. Activation of the kynurenine pathway, driven by inflammation, reflects a
metabolic shift of tryptophan toward neurotoxic and neuroprotective metabolites associated with
depression. Altered bile acid profiles and FXR/TGR5 signaling have been reported in major depressive
disorder and are emerging as potential biomarkers. Conclusions: The metabolic function of the gut
microbiota represents a plausible mechanistic layer linking the gut, immune system, and brain in
depression. However, causal evidence in humans remains limited. Longitudinal studies, metabolite-focused
interventional trials, and multi-omics approaches may enable identification of “inflammatory - metabolic”
phenotypes to support personalized adjunctive treatments targeting the gut-brain axis.
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