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Uremic toxins and gut micro biome
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AR, I HRWEEANDIGNMESZOBM S HH S
T3, 1EYEBENH (chronic kidney disease : CKD) H#H TH
o A 2 I N BREE D 284123, CKD R O I A D
WKBG L Twa s fitisns kIick>TER, IEH
IR EETH 2 e b EHAERREENTED, K
VA D & DI, T3V X —{th, MEILEYEE
DKW T v AMEFRFIC > Tw b, Lo L, CKD IZ &
2 (DIRFHE, IREEOKM, @ K PO 7= & ik £ % HlER
T2 ik 2 HE LR O BICR R, @V »Werh
OPUEYE e E O, (X IEEHE & O/ R 2 A
fbxegTw, 2L BENMERE, OF v F* b
B p-7 LY, FYXAFILTIVNAFNARE
DIRFEFF DL, QIEHENMEREIC X > TEE IR
A (colonocyte) D A EE IR T & 5 ku SN Wi o PE 2L A,
2ol ZRI L, JHEBOEITZIEL TWw L,

¥7:, QIFE I o 0REYIRAZY < LG,
JEfH tight junction 2> G S 415 N TREEZ T T 5 25,
CKD TldZ DN 7REGDSHAE L T\ %, @KL 727 L
7 =X E2FEOMEE T VBT RKBLT V=Y LR
AL, B BB TREGZBE T 5, £7, CKD O
72 A HFETH % 9 - MDA AERIGERENIC X 2 158 F
i, 3G 7 M R O T 2 BT IR D BRI 20 BRAK IS X 2
EREMS WG LR PHEREA 22D ST & %
5, ZOX) RIEE LR TREEOREEIE Y R F ¥
VRN, F72, %O DNA W & o R EEYE D
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RAIZIA T 25K & 7 D, CKD & DREERLEILRIC
RESHE2HEA 2 EEZNDMILA F L AR RAEIE
ZEMSETHL,

AT, IEWMEE, BE RN 7RGSOV TE
HIL, CKD & X QWREHIC X 2 Al B R & 7 15
N PHEDHURPHRED 2L IOV TiliR 5, 72, Z
NE TICHE SN T 2 BN AL AINEIR 2 865 L IEH
BAERRZ Y R — N3 5 X9 RIS I O w» T O E
¥ 5,

Short Summary

In the past, little attention had been paid to the intestine and its
microbial flora as a potential source of systemic inflammation in
chronic kidney disease (CKD). Systemic inflammation plays a
central role in progression of CKD and its cardiovascular and
various other complications. The gastrointestinal tract houses a
large community of microbes that have a symbiotic relationship
with the host. The normal microbial flora protects the host
against pathogenic microorganisms. It also contributes to the
energy metabolism, micronutrient homeostasis and nitrogen bal-
ance. Recent studies have revealed significant changes in the
composition and function of the microbial flora in CKD patients
and animals. These changes are driven by altered intestinal bio-
chemical environment caused by : I-heavy influx of urea and uric
acid from body fluids into the gastrointestinal tract, II- restric-
tions of potassium-rich food including fruits and vegetables
which as the main source of indigestible complex carbohydrates
are the essential nutrients for the guts’ symbiotic microbial com-
munity, and III- various medications such as phosphate binders,

antibiotics etc. Together the changes in intestinal milieu and the
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resultant microbial dysbiosis play a major role in systemic
inflammation and uremic toxicity by several mechanisms - I-
generation of several microbial derived uremic toxins such as
indoxyl sulfate, p-cresol sulfate and trimethylamine-N-oxide etc.,
II- reduction of microbial derived micronutrients such as short
chain fatty acids (SCFA)which are the main source of nutrients
for colonocytes. This is caused by diminished substrates (indi-
gestible complex carbohydrates) which leads to depletion of
SCFA-making bacteria. In addition, III- Disruption of the intesti-
nal epithelial barrier by ammonia and ammonium hydroxide
generated from hydrolysis of urea by urease-possessing micro-
bial species which are greatly expanded in uremic patients and
IV- bowel edema due to fluid overload and generalized edema
which are common complications of CKD, and bowel ischemia
caused by excessive use of diuretics (in CKD patients)and
aggressive ultrafiltration by hemodialysis (in ESRD patients) can
impair gastrointestinal epithelial barrier. The resulting break-
down of the gut epithelial barrier (tight junction complex)leads
to influx of endotoxin, microbial fragments, and other noxious
luminal products in the sub-epithelial tissue and systemic circu-
lation leading to local and systemic inflammation and oxidative
stress which are the major cause of morbidity and mortality in
CKD population.

This review is intended to provide an overview of the effects
of CKD on the gut microbiome and intestinal epithelial barrier
structure and the potential interventions aimed at mitigating these
abnormalities.

Key words : uremia, microbiome, intestinal epithelial barrier,

chronic kidney disease, systemic inflammation
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AREAREE TP ORIEEY A AL Vo7 €S
A VORENEISEL, £, b nzaimEkic X -
THALA R L ADJEIA & 72 % reactive oxygen species (ROS)
DREAESNT O, JUE IR G ST 5 2 &
IZ & > T ROS % nitrogen species, halogen species D PE4E %
P LI LA PV ADRR E 5, EEINBLA L
ANIRIEMED A S A4 v rEh4 vORIEHETTH %
nuclear factor-kappa B (NFxB) DHAG % G4 L, LY F
EACHLEMZTERT 52 2 L CRIEZBRLL T3, L
7e3o T, WA b U R & RORE RS 13 1 8 B D
(chronic kidney disease : CKD) D }EFT 2 /Lol B D A

WWRECHEL TR EEZ NS,

CKD BE T EHEORIEIC > TMET V7 2 v
feaL 25w —), LDLaL A5a2—), HDL 2L X5
u—), b7V RA7 ) VERMENEA L, HERS
7V FUPHMLTY5, i, 2EMEORE XSGR
JEDOMKT, =V 2uRF Viitthglm, OmEREICX 2
ABE, B 27 2RISR 2K &> Twb, CKDIC
BUABLA ML A, RIEEOEKICIZDOIRAERS Z ORGH
YIoER, @ BRSSP HOREERE L vo A E, O
W=7yt 7 v rRoilEtl, @ barvry
TR A, O MBOREISEINE, © BY9E (N v v b
PHEBLGENT A 7 — T VD&Y, R L), @AREDH
el & L O {38 o FEE 2 HlH KT T b % TRF2 path-
way DAL @ B R T (i & Bl #fh, %
DT 75 HRINEE 572 £) 1012 2 L T@ BN MTEE oM
BPHEREDZEAL, N BRI D 3 ) 7 K& O e H3 B 5
LTw3LEEZLND,

AFTIE, ZNEFTIKHAISNTWVLSCKD ZDH DR
CKD (B U 72 PREEHDS, I 5 LEAIao x
) 7 REEANKIETHEIC O WTIE L, 2o AlEICD
WTHIERZ,

BERHERE & 7 DEYFHIHEE

t b OBEAEICIEEE DL LT 100 Jefilic X S22k
BLTED, HETHSE P EHEREFEEZECTHEY,
HALENICHEET 2 MO E I E N T 10° ~ 10* {iil/
mL, [ IE 10° ~ 10° ff/mL, #5HIC % 10" ff#/mL
PLEETHATIF ERA ML T, #EffidhoERE
D 65% ZHENMETH B L INTEY, £, BENICHE
T 2MEMOBITENO ML D b L vt vwbiT
VW, EETIERIR S — 7 v — 2 o 7 R T
DFEEL WA H 2K DNA @ 16S rRNA RIAFHTIC & -
T, &% ORENME QWM X O & 0B
DI TRBFENICHRHS NG L) Ickhotz, S E%MN
HIFERE 2 (LG L 9 2 SRR, & & & AR
BRERDS ~EDNT VAR EIREICHE, 2D
HIBIRAEIC & 2 L RER 2 N B S & RS, (R H OIS
MR I IE SR S 203, AR TOHER D %\,
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H 3 2 MNUCHAIET B Bacteroides, Alistipes, Prevotella,
Porphyromonas, Clostridium, Dorea, Faecalibacterium,
Eubacterium, Ruminococcus, Lactobacillus & T % 13)0 ¥
7z, & b OENMEE X, AESER, Hlcerb s
RELFUT3IDDYA FIHFTHIENTES, 2D
TEEBAME I Ta v A4 7 EERD, ZIZ A Bacte-
roides TV 70 % A 7, Prevotella T~ 7T Q% A 7, Rumino-
coccus TV F QY4 FIyins Y, ZolgNRflET Y 7
¥4 7%, RN EBHICRE CIKEFEL, KT Bacte-
roides T 7 0 % 4 7 I3BYIMEE IR O H IR &
Prevotella T 7 0 % 4 73 AR ORHE & BI#D 5
32D ITEoTRB Y,

T 72 AT 2 R I © i B2 R L,
RELMRLY, N EE AR ORI % IEAET 2
TETIALF—RBICEHES LY, ERRNBee s 2 v
BHf, €4 IV K Lo iR EROEEEZMRSE, Y
YR LAZYREDT IV BOBKET S 2 L THN
DEFNT VAL RIERES h sk
W, ¥ Bacteroides D37 ) 1 v rfRlER & W T B T L
IZ & o THIREER A Y TREICE TS, HEEES
) TR, ORI O—RFEREIC L > TKEP R
B, T8/ —)b, BRI - BRI - 7 E A RS - FL
s 7 & ORISR ICERI S 5, FEEHIR TR 3 R
Jidd (colonocyte) D EFLZ 48 i & L Cflibi, fiofiE o
TRFWOIE L L CH b s, MYEROLHEE, —
DT v 70 bF v EQHEHLIZ R ISE TR, K
NICHAES 2 & £ 3 E %Ml L > TERFMS N T
o BWMIBE#RIE 7 2 7 B2B7 < /ML, BALVEX L
fLL, XFAZVRLRATA v Lo EHiT I/ BD
ifb 2119, ZOMT I /MUICk>T7 vy E=Z 7B L OH
SRR ERE NG, Fry Yy, 7227592y, b
V77 7y EQFHFRT 2 /B 6 BIREFERTH 54
Y FYOVIRIER p-7 L Y VIR O E Th 5 A4 ~ F—
AR p- 7 LY =N ED7 = ) — LB ER I NS,
72/ BOWANRF LK > T= b r Y 7 2 v Dl
WWE LR 57 I vERINS,

S oI ENME R AN O IR 2R 2, FIZROET
M2 MR 2 B &E 2 R0, IR~ 7 R P
IC K BERDWIERAND T QT T SV TISRES D7,
WA GIERRREE BT 2 2 LMo T, %
7o, HERICa 0= — 2T 2 N E, R 2
s Btk T & 2 WA ) >R, S TN Y Vo8
IEIEDORAZ L, IgA FifFEEZFFEL, ~N 38— Tl

filh 2 %4 537

oI EE T Mz Fe - JIL T 24 &, s 25 4
RSP A E 2 B LTw ™,

L7258 CTIER A B ME & 2 R R ch b, 1B
P DHURDBERE DAL T 5 2 & T, SIEMEIS R,
PEPRPE, MERLACE RATRE, ME, OmAEsEiE, HEEs,
TULX—PRE, TgA BHE, Z Do M JAE0E o Fi
DTS NG 2 EWE I N T 563,

CKD I &L 2 IEAHMEEANDTE

i P 38 D LK, & BRHE 13 2R L2,  WIBRAEN 72 5 DI B
BoZiceE %225, £7, CKD TRIMFHDIRFED |
FT 27 0MENIC S IREDKRICSTRAL, BAMED
TLT7 =W ko TKDRIN TV E=ZT L% 5[CO
(NH,) ,+H,0—CO,+2NH;], # LT, 7 ¥ &= 7 3K 7
Ve A E %) [NH+H,0—>NH,0H], &N pH %
AIRBROKIA L 7% 5329, KIC, REEPY 2 7B
BIPEIME T 2 4 9 72 ol LR & B8 NI KR ISy
WENBH0 ZoEEIckoT, KB ARICE>T
b MR PRIEAE D LRSI Z 6 T2, B IC KR
IS E N IRFPLIRIE L, MLENOEL AR % 4
25 2 LA THEEMAL R A IR O R RV & L C
IENME ISR S %, S 612, CKD BEWEA Y 7 4
MAE OB T %2 T B 2 72012475 T 3 BRI,
BN OB 2 K E (AL S Y 2, BNMEIZEY
it 2 JISHAR IR ML 5, BEICAH Y 7 22 E50RY
LI EOBAGIRA B HHROTLTH 22, ZNsIEFR
VIO BE R BURTH 2 72O, BNMIEZEONH, B
B8, MICS KW EL2 52 5, IBNMEH LT 2 MH
MG R e b B Ao A T Ml o BE 3 2 S & 7
%, Ez, WM T M REROMER, SEEYE O
HAICEETH 50, KBEARBETEEL AL T
VB EBRESN TR, K, BYETILICE
CRASEIR NI D3R PR P 2> © B & R L, (LA
N L ZARRRERIGZ BT 5 2 &5 S H s> T 3%,
7o, RMBAEEZICT S NS CIESE S BT
IR G Z TOW AR H B L EZ onD, REIC,
NAX 27—« 771 AER Z DALD EFRE DG I
MR I N2 HiAEE D NS Ic S R EL 5
29 %,

btibiud, RERVIGENO L ENREEZEZ 5 2
ECIENME DMK EEA S 2 2L, RIBAR4E
BE DWGE W TIERFIC Actinobacteria, Firmicutes, Proteo-
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bacteria DSHEML T2 2 L 2P Hz Lz, £ 72K
BARBEOHENTIEYIL Y —X, 2 h—%, p-7L
V=R, A v F= 0V EEEEE A LTS llEDs
Wz, F7, WEHNENEREELET AR EAE LT SE
DD EVH T EBS I LY,

A EE O IE 5 2 S AEBIR S EE 3 5 &, BuidEmE
PRIEMGEVE, Z DD FLEFEV OIIEE X ORI
DEEIN, DHEAMBERERIRZ L, REEHEPRE, O
MR, REREZ 25 SR T4 CE KRR
PAEd, ARSI 5 2 T, IR MR
Xk 2 A AMEOEADTHIRI N, Mor0kFx Lk
VIR Z A LT 3 HTREME D & 5, flEE Tl
B Ze i MR 23D § 000 L EAE L 7207, PRAFE R
HCRAFRNE, BERMERE 2SI IS 2 20, Lol
DA 38 D HUR BB DZALIE & & 1B & 72 2549,

NAIRE R R ER LR T 2 2 L T ES TR AKSE
JOET 2 ZEEL, 205 RWRRIE, o
HTE %, WEEIC X 2 NI DL HERE D21,
Z DEALEN RO 2 E, RFEHIRSLERN A X S
WEL LY AR E L Z T, CKD B TImAT
DEEAADHRPKE LT 2 LEbMEINT W
%, btbio v FZHWRHET, AR -%
COBEBN A ZERL 826 b L 2, £7,
CKDETILT v FTHKHDA Y 7L vasge, %
F=LRANFYF—)L, ANTYF—IUPETFL, &L~
BWEFDOSAF NI ANLT 4 K, PAFILEYRALT 4 F
DELIHMLTWE L 2WME LY, By vyEe=7
FRICR S BE LN AMIRERSYEHDO D> THY, ¥
L7 —X&HT 2 ENME»IREZ AT 2Bk
T2, EBRICH L 2SR Th D7 v 7 RIZIRAHEE 2
Wi 2 Eto—>ThH -7, bitbilk, CKD I &> TH
LR G SRR O e 9 2 BT ICIRFE kD 7~ €
=7 LAKBALT v = AL R EEIE R L Tw
ZEERHSMIZLTREY,

BRMERORESENDE I

KA 2 EE TIXENESE O A A2 B Al
O - BREOZEIZ k> T, BT LLRegttoRk
HE, RERMN, Wik EOAIHEL T &l 2 TWHEE
EINDEEZ LTS, Aronov b X, HERREHTRE D
MU TR0 5 4 ¥ K ¥ S OURREE S p-7 L & VUi
18 &\ o 7o JREEFR DSR2 O IR i o s 5 13

FEALBDONLE-TZ EEHEL, KEBEN DA
EOIRFROEERE R >TED, FLEASNTORVIK
FEOHEEL TR NSRS 2 2 L 2R LAY, $1,
% { O CKD BEDMEMIEZ AP L T0 32, BENEY
DRI A A IFRIAE S (2 B AR 1 & 2 FsBE 2 IR S ¢ %
PO RAFEDIEEDE 5ITTUET 2%,

FUXFILT I VNAFY F(TMAO)IZH A7 7 FY
Lay)vhrsay) yEBiT 2BICERI N A IBEHRD
RFEZETHY, FA77FINaY v IBNMEZIC X >
ThrURFATIvAEHING, 20, FUXFLT
VD E 2 A F 27— B k5T TMAO 122
IND, M TMAORED ERIZLIME A X> b EB L
TW3 I EBRESNTE O™, BT 7L TRk
M D IR BIIRMEAY, & O BIHASH] & 22 %> T 5%,
MH TMAO IR 1%, CKD, KIABEAL2EET LA LTV
ZENHEINTE DY, CKD BEOEMTHRAROT
MHT- £ Z 250 TWw 2%,

EEBRELRNY 7EEDRE

W BN ) 7 S GRS & AR 2 4 0 H24
BEEP SRR STV 2, 18 LG M % 2
ZHEI - BEEINICIT ) L TRYRAZGIRL, #EEA
IR 2 & DBGEIC X 2BAEYT OO, BEBAE
1%, tight junction, adherens junction, desmosome @ 3 F%H THE
JRINT W %, T HIRRIGE#MEZ 95 D A3 tight junc-
tion TH O, WY, BWMEIC X 25y, i, HE
e, b L 7= BYMH % & O EWE ORNEE~ DR
AZBi\CWw %, Tight junction I3 MIEMM A 1 'E (occludin $°
claudin), 7 7 7 Vi &AL 5 1 E (zonula occludens (ZO)
protein), 727 F v« AT VEEERP SBEINTNT,
NGB L 7o ER L B35 2 LTI
LN 7R L T3, ZO protein 13\ W 2 i D 1%H]
Rl L CEEEAGKREZHIEILTEY, T2F v - 3
F ¥ VAL tight junction DRI HERE 2 FAET L AH AL
DBEIEEFIFL T 577,

I CKD - REXREBE LE/NYFPESE

PREEERBE TIE, BS 2 REGEN 42 L DB R
DIV F X VIMEZFI SR I T EPMEINTWL
23>0z E LT, B8 LR 7 otReREE)
EZoNTW5, b -EYETILEBIC, REEIETHET
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TRV ZF LV 7)) a—VoOlEEEEESTEST 2 2 Lo
A5NTR329 bibiud, RIFEETFNL T v b DM
b (Kils, ©, 28, [IHS) K<l tight junction DRERL
EITE TH % claudinl, occludin, ZO-1 23 L { K%L T
VBT E RS LMY & 5ict b R AN R
BT OBHTHTARE Z AT 2 & bRz 1 H
L, &L ieESEyin#E L <IET L, tight junction D
BREAEDSRET 5 2 &2 WG L, £, @i
T3 7% BN Z BN L 72854513 2 1o D fE sl
WMz 2L bWSITL, BT CHRETREZIRER W
BEEAN) THSEORINE %5 2 L B WE L2, KIS, 1
IR b o TIRE, 7L 7—X 2L Mz 7-
Teo RFBIFIBERAFICHZE LN 7R E % 5] 3t
L, MRV L T7—E¥2IFNT 5 &2z M558 L
BNy PHBEESD SR Lz, LEdoT, 7L 7 —
Yo7 vEZTEAR, SEHEEZERL D 2KBLT Y E
= LEEERDEEG LT 2 AR R L2240, bR
N PREG ORI RIT R SE R B R LY, 20
SAEIE T 72 5 RN N ) PREEOWHEZ S S L v
) BEB E 2 297, 25 L EatEE OMIEE DRI < &
ZUREHEIIZ Y PR3 v ELTAISNT WS, N
A HEK, <717 7 — D Toll-like receptor 4 (TLR4) & V)
REPEIESLT 5 2 & TNF-kB % AP-1 WGt an, %
JEVES A S AL v EAA v, MlEESES T, ROS -
nitrogen species * halogen species 7 & DPEA: 2/~ L T, [k
AV APRIERIEDIRR E 725, CKDIZ X > THEML 7=
IV F ¥ &I C-reactive protein (CRP) L5, FET-H
BN, BIIRRELERE & AHRE L Cuazess0o) g 2R
k¥ 2 A TN DNA 28 CKD BE € 7L i)
DI TR I LT 5, REFEIC X 5 BRI Y 7HE
BOWHEIC L >T, =V FFF>roaks THHNMED
RS 3 EWEN 2 & RIS A L, MERBEITEE B &
ORI R 2R E ol S IS N T» 387
kI, ISR % O DNA Wil % CKD €7V 7 v b0
BN R Y R EIcBo®, S 512, HEFRRENT
HF O WS RIS OB R 280 2 2 L Y
WMEIN T35, NS DRI, RINEAREH TG
RN THEREREEDSILZ D, 2N RERRE DN &
BRoTWBIEZRFBLTWS™, kdoih, =~ Fk
¥ v EOREWE RO RIEZ IR T L, WO
RIEIF S A VIR x F—E2 ) VRLL, Yus7y—
LI X % claudinl P occludin D3Rz eiEd % Z & T, N
V7RSO I 61T 5, bbb, CKD €7

filh 2 %4 539

7y PICREEIIHI RIS D & % nuclear factor erythroid
2-related factor 2 (Nrf2) #EY'E dihydro-CDDO-trifluoroethyl
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FERME MDA S, HFEEZ, PIIRELEIEEHF AL D
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§>7 . CKD O IR ABHETH 5 9 o LA 4P
ARWORRE, JRIEIE, B RN PRS2 ST
JRRE %%, 72, @R 2 RED M PENTIC & 2 ik
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ez, &512, REEIC K 2280 RS BET
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M FIER S NIz 5] S LY, B8 LA
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e EOHED S, BT K 5tk D NGE R A M
YEFFUUVIEERRMZ S 2EKN EEZ BHBEEIZE
T2 > T3,

FREEEIC & 2 BEAMEREOKIE L BE ER/INY 7
FBEICX T 5 iaREE
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T8 7 CKDIZBT BIEMLA b L AP LRI
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ZENEDH B T EHEWE SN T LY bitbid, AST-
120 e G k> TIRFEHRDO 7 v 2= 70 KBL7 v E=
7 LONEA L, H§lE ERZ tight junction 23R 7z 4, I#E T v
Fh¥s vBERBLA LA, BEMIGHEHRT 22 &
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7MY kR T a7V, (R A AR,
R D B AT O MRIR NI, IRFEZET IS¢ 3
IZATHBTH S I EDRINT VS,

3. Rk

CKD EFILF v LT I a7 F v IR 5 (EHHE
5 L <13 HAM-RS2 & M4 2 FE I nI B 7 il &2 (7
Su—REH MY ER 3V EEEN LT Y 7 V) 2R
L7k 25, Gt aftCldifils LR tight junction 23R%F
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WRBEEIME T2 2 L 2o L7, BERERET
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RO Y, CKD HE#H TIEEMIC X 2 IREEFREATLED
ETWBEEZOND LD, BIEEHOPEa b
O — LSRRI D035 LIRS T v S, B THLE
TRAR(7IT4 =) IEZCKDET L2 A%\
e, WaRsriic & 288 FERICA T, 1B BEOH
HELDBEHRE LT LA A T 4 7 AR X - T Lacto-
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7% £ ORE IR IR #BEZ DM IRE A L, 512 CKD
DHEFTF 2 2 & & ARG ST 210,
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TanNA AT 47 AL, ERCROWEERZLZ 25BN

M 723202 5THRPRMHDI LT, 7L A4
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ETHD, 7anAF T4 7RELTILT—X¥2HT 5
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