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Abstract

Diabetic nephropathy (DKD) is a common chronic metabolic disease in China. In recent years, the
prevalence rate has been increasing gradually, and it has become a global public health problem.
The intestinal tract is the second largest organ in human body, with the in-depth study of the rela-
tionship between the intestinal tract and kidney, “enterorenal axis” has gradually become a re-
search hotspot. In recent years, many studies have shown that the intestinal flora of DKD patients
is significantly different from that of healthy people, and the disturbance of intestinal flora and its
metabolites can lead to changes in intestinal permeability, excessive activation of renin-angiotensin-
aldosterone system (RAAS) and chronic systemic microinflammation, which can aggravate the occur-
rence and development of DKD. Traditional Chinese medicine plays an important role in the treat-
ment of DKD patients with good effect, small side effects, wide treatment channels and other ad-
vantages. Based on the theory of “entero-renal axis”, this paper discusses the relationship between
intestinal flora and DKD and the treatment of TCM, in order to provide a reference for the treatment
of DKD.
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1. 5|8

B PR J73 ' 974 (diabetic kidney disease, DKD) &5 R I UL HARE 2 —,  SURRBE IR 14 B /INERBEE AL E
J9BE PRI (diabetes mellitus, DM)&FA BB IEFEACRE, ST, 30%H 1 BUBE RS (type 1 diabetes mellitus,
T1DM) & AT 40%H) 2 HUBE BRI (type 2 diabetes mellitus, T2DM) &% 7] 3% DKD [1]. 1980 44 14 4
7 30 A ANHIRATHR A RNE R, DM BIEBIREN 0.67%; 2007 £ 2008 4, FE 20 & &L FEE AR
DM %R 9.7%; 2015 2 2017 4, FRE 18 & K LI EAFE DM B FIKE 11.2%[2]. DM i RiE
30 SFAE D EFF, DKD SRR IR, 50 8 1RV R N AL BT AR [3 ] ST ERAESR, i
ZW5 R DKD WIRA RIS IGIE W BAFES Y RH . A4S “p - Bih” B u 7 iE w S
DKD X%, EfEAPH DKD f2ftZ% .

2 B - EE E0

“Bo - B XM 2011 FEFRENT RS Bl Ritz [4)3RBH) “BELEEME” fTETRE, it
FRR I 02 1 1 R0 3 T R8O ML I R B A A 2 BRI 5 T AT A R v A A P 5 3K 5 IS A B ) e S
{147 Ji 3 il S I o 40 N A AT 5] R ILEE AN YR JRE OB FR SN R S LA AE 5% o F Bt Atk
., Meijers #2H 7 “Hp'E 57 MBS BFRRWI[6], DKD B I HE R 5 il i 1 2 0L 2 EAH
5. DKD B# MiE S E M. MRl MAwED . BURRIE L, g A S B giE
SR, BURE KRR IR EEE R, B R SO VIR ik 1 5 B T fe I 38 0 A4 1)

DOI: 10.12677/tcm.2024.139361 2436 R 2


https://doi.org/10.12677/tcm.2024.139361
http://creativecommons.org/licenses/by/4.0/

FREHPFE, 2R K

RO B PRI N LRGP 51 & #ORESOBE, N EE DKD #E g 239 i DKD AHSR I ARE T AR A2 2, T2 GBI
[71. FEFEMACBE S SCHR TS “ BRI B 7 X4, AR SOER SR, 2R TSR
O L CHEDTT L KB O SRR BONERE. HIBH A, TR, A0 B B 5245

figstl, BARIRI, SBUKMRZE, KK ARIEAFIUME PIE, RIHA L, 515 E 5 457
2, WK, hEEAE, PEIRIhREREM, Rk 2 B A MNMEHEL, B Ak ) 53— g AR T R I
MUK EA, BRI “RgPRAE” 2k, AR ARk WO HRME T, ey O, 3 R ik ) 2 A
PLAET B (8] [9]-

3. BEE#
3.1. FEERRE

NAR NGB R B AP . LU L b AR B SR PR SR DTS R, S BCETIA 1013~1014, 2 A
PRYHML S H) 10 £ 0L E[10]. AERCE R RE LTk, M T AR BRRIISE RS RG], i
HRA R FZERT LA 6 ANBET], DNJEBERE T SURFIE 1T RERTR 1] TR B T] RRAT B T VR 1],
HAPEBEBETT(Z S 60%~65%)FHAUF H T1(Z) & 20%~25%) &5 22 50[12], A [E] T8 #E 2 [A) 715 35 T 1 3
AP RR, WHEWETSE T AEMEMEEAER, 518 B0 Wik SR BT R Ry 55 77 TH K 4% B 2 E
FA[13 ] AT BI, 24 il i A R A 3R I o 51 22 R g, HLHG 5028 5 0% PR3 A A2 15 9 (chronic
kidney disease, CKD)FJ 3t & Z V) AH [ 14]-[17].

3.2. DKD BEFEREEIFA

DRI TR B, DKD B35 738 s i 5 18 R AAFAE 2 57, ZF0i [/ 7E DM Al DKD 5 i N & 5
WAUATFEE T BARBE T XBATEE T FUAFETT. D IRE TSR], Kb ERREE . RE W S FrE
I B J@ 25 JE 7F DKD &8 il B R P 0 =E & FE [ 18] 35 ZhangL 25 AW 7T[19], ¥ DKD 3 I7iE #
HEE DM B AT LU, DKD F8E et | TR AT B8 11 (K 5238 v e [ B VAR G08 PRV RIE FEAAE 52
[20], DKD &3 iz g B b SO s A 3 0, AT e K9 DKD B #F AR, HUAK AL T 5 i
PRI AL ROECIRAS , W 40 8 A AR B3R, BT B 5 e I I, DU G 2 240 P4 52k S i o
e, HGENUVRRIIEMEROE. 25 LATA, DKD B3 E MRS R AR, WHiEWEE 2 s, Hit
Fi € 8 AR . A ARG YT B S B TE B R R, MUK AL TR SORE S SR 3 T
FEAQ U =4 25 5L 55 T N DKD R A2 80K J&

3.3.DM 5piEE

DM & — R A B, A L2y TIMD HI T2MD #Fh. TIMD & T35 8 5 % %E S80S
B ARE R SR, BERD, U DM B S 5%, T2DM N2 i T 5 5 4 i 1 fe FErs A0 B 5 24K
PLEE21]. HFBIRKRIERZUZ IR 2K 2 B0 AR E TR, B A 9% = 0 MRS, FR
RIRHUEIE 2%, S RYe, fk. JEMHEMREE 2 MRZREVIMEG, HilmKEZIRaEH. 53
B30, MR 2R R R . FAREIE N DM BRI 771k, (HITRIEMRIA & DM [22]. iTEedEsk,
PiE S DM Z R V)R8 2 Kk, R AR, WME i Ral el 5l RIpEb sz, 18
PESRE SN R By 2 HCHT A 67 0 T o AR 35 6L 55 5 S50 PR 1 R A R g (23]

4. DKD S5iiEE#
DKD & 75 1 3 L L fe 8 7 S M 9 00, JEROBLIBI S 2 S5 DS A1 5 6 7 L
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JE 5 FARPUAIIR P = S 2 M R R S BUE DB R S K-W S BRIEREL . R E
W2 B/NERIES % (glomerular filtration rate, GFR)ZEAT 1 T B2 UM 52 [24] . IR AR SR A& G
PRAN/BE, eGFR HEATHE N B~ T BHRFAE . BRI B2 BibriE N : © HERT IR ERRE R, /£ 3~6 4
H W3 A 220 2 8 UACR > 30 mg/g 800K & (HEME% > 30 mg/24h (>20 pg/min); @) eGFR <
60 ml/(min-1.73m?)¥F4: 3 MHLL s @ BiEA AT & DKD [P As, (EANHEE B R Ip 8 AT B
ZERNERE: TEBIRR BT RE RIS B BB, IR AR R R SRS E R R LR, B A&
H—T A2 Wiy DKD [25]. BRRERZ (R 5T 0, Wi e . Fh2s. A AmrIscl . ARl &L
T FL N iy P PR B % 45 M BE I E DKD FI R A R R k3% 7 AR .

4.1. 'BE - MEEKE - BEERIZER S (renin angiotensin aldosterone system RAAS)BUEE

fE R DKD B B8, B R M R IKE RARAAS) I BEHUE e T EEER .
RAAS J&—F ) ZAAE T N 5 S VIR N 250, MR 1 RAAS AT DL i i 17 ifin & F0 4
AR PIRBNS R HA AT, RAAS FIFEAFE T AL ST H, JUH BN R RAAS IR E[26]. B/
BR 554 M 43 b B A I 5K 2 R A N I R 5K F T (angiotensin I, Ang 1), Ang I7E I 5 5K 2 4 10 iy
(angiotensin-converting enzyme, ACE)FI/EH T~ #4: y IfLE B 5K K10 (angiotensin 11, Angll), AngIIt4i ¥
FENFIE HBIK, Wede R DD RERT MR &, (2RE B /NVE K BRI, o =5 U s 38 o5 e % ¢
SEFEFE(27]. WEFCUERA, M AU = s & R 2 B EGE RAAS, 5 DKD HHA'E E 1 7775
)% R[28]. Wang [29)Z5 8% T EEEhVEAN Ang-IIE S SD KEAEMN, s2ied/ NS IER ACEl %
ki, BERZM(PRR) MERKEFEEL A, EH 7T ERE AT ReH)'E AN RAAS. BLEBHEIER
TEREHE LAWY S RAAS ZRIfEEM BAEH, Z#F ZBIF2C &%y DKD B 54 K67 - 408 1)
BRI .

4.2. BiEBEENKNE

i T 3 1 5 i TR M5 B 5 e MR B R ISR AR (301, Ikt 7 5 32 2 e RV A b B S5 A 21
B, EA WRSCE R R L5 R I N AR R T BE[3 1. W b B 5460 v i b e 4 R 5 25 e e 2 g, A 3
RETF, KB DA SR B, R R S5 A IR A BT OR,  RIETE LA
WEiFase, BRESER e 51X T8 Bt B it gh A Fase , 2 R0 fig 26 608 3% 1 1) G4 R 3 [32]. DKD &
TV R T S L AR P A 1) SR A b R 2 T £ R B B e B 1 2 B 5 T 5 B 0 R RS2 A S8 i R
B VE[33]. e 40 i AR B /KA S 0 mT DL A — PR AH i AR =4, B A ISP R i 107 B2 (short chain
fatty acid, SCFAs), T BZHIMRZF HOAT B OUFF R AT XCSAT B 7= 4, s SCFAs B[ —Fh[34]. BFFLER
BH[35] T BRERIATT W] LM S5 1 R 88 1 Muc2 FIR %48 1 ZO-1. Claudin-1 {1381k, AT I05@ 1M
I SR Y () i B R D g o DKID R i A 10 T IR Ascf e N B R k> [36], DR, DKD 3% ml R
T WiE T AL S 0T U A SCFAs A B k>, SEUWIE b 45024, G i i 1k .

4.3. HEEFR Y
4.3.1. 554&RE AAE& (short chain fatty acid, SCFAs)

SCFAs /el Pk IE T4 <6 RIRREANAY, BGEN 2R 2 5w n AR
PR, G0 ERETE (S B & EE P SCFAs IAHE, P A 60%, T EITICEE LK)
4] 20%. SCFAs FEAFE L. W, TR, BA R ERBERE. 81 BmMEmE. sz pH
B W HEMERS. Wk, Z5RTHEN W IIREETNRE[37]. H b L2 M N BB =41
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SCFAs T & &R Z M —M, L85 IECs H IS NRNIER 14 2 (free fatty acid receptor 2, FFAR2)FIJif &5
RE IR 524K 3 (free fatty acid receptor 2, FFAR3)Z: &, ity 2 il S BRI, ik vy I WE A AR 1
(glucagon like peptide 1, GLP1) [38] [39], GLP1 EA{RERFEEM:, LLA A O 7 XAl 5 2= g 48
MIBET-56 7 XS HIFATINE, AR R RAELEES, TS REA R M 7RIS, AR SO0 R MV [40].
WHERIA[41] T2MD B H 7iE R #E MR, 28 SCFAs (MHERE XL, H5@RAfEEEE
Ft, NI SBUR B RIPT. KR el R EL5E .

4.3.2. BBt}

PR R A IR I F By, A i 485 & BV T BRI AR B i ORI T, BRGN—38 1, &
 BEEE /K ff B (bile salt hydrolase, BSH) [ B B H AR AR 45 & IRV TR, Jf it — 2B Hak 7 n T, ek
WHREIT IR« IR BN BRI T T Je i X SZ AR (FXR) TR Py & A0, 0% G R A EBEAE VTR
ZAK 5 (TGRS), fEukRsEFER 7 L 400050 GLP-1, 43 IR M8 s & piitit, 5T, %k
FEFIRE AR [42]. 1M7E DKD B3 TGRS Ri& N, H N RS RIEMA 44 /KFAH5%. BSH fE45 &
RN R e 45 & BV BR e e ik B AT 2 OCHEE T, BSHs OB UESRTE N SAEMA 117 DN EJE M
591 MERRTRIE, MWARF BSH RGBS AR S, BSH-T3 HIBES I m, /EALA @8 R
L, BSHTS 1 BSH-T6 M) RGN FERBMUMEE, RILHE AR MBS £85I 1E[43]. B
(AR A AT RE 2252 m0 BSH BSIEZRIE, T2 WIS IH TR MR BT BRI A Ak A2, NS & P IE
SR E YT R AE A 2 BEAR U R VR (44 BEFCRWI[45], T2MD B3 RIS RH VTR 2 B ANl = o =
BIRASE, T2MD e M5 IR 5 I 18 B R & P A DG VR, DRIG U BA, Wi b 5 Iy R B
FEPER,  EAHPHT LR e 4 i 18 K A B R AR e

4.3.3. SL=HBE(TMAO)

AN =T E(TMAO)E B M E ARSI =2 —, —RUE mpURE S I &R m ke, HFREaYk
V8 3 EAFEARGRR A e e, NG S, TERIE SRR = R (TMA) R B 7 i TMA, K5
HBENJFEA 5 2 ARG 3 Adb[46]. TMAO EAZFAYNEN:, HOMEBRWN. WKW B IEHSE%Y)
FHIE[47]. FEAHEMRAS T, TAMO F Z@E B FHEE, Hmg bk BRI [48]. BFFUE R[49], DKD &E#
TAMO B &5 TN, - H a5 IRE A E N, TAMO K £H SRR BTt . TAMO WK RT5Y
M) " Th AN /NBRE I 22, I HLOAT DA IR B I I 115 BL[50]. TAMO R DA B b A2 i 1 AU IR K ST T
A SRS PR B AIG, 3 5 52 2 A C I R B U B, N E B 45455 [51]. DKD 38 775 B . (1 g
ERHBERE, SEUENHIE BRI TAMO WREER N, InEXHEAER G4, ERCEEIEIR.

5. EZETT DKD

HAREFE ISR REIRIE R XA R0 E, K O FRE RO o3 8 9T B AR K
b7 CRERT L CORRET L CIRBRT BOVERE, PR B IOK, KiERE, MpER” . B5hAE
Ja T A, SEEINUAKBARE DI RE . AE PR, SKRE VORI EZ R, i B=E2 S, =
BNy “KIE” KIS 2 8, AR SRS DI Gk, i AR P e 2t
KRN ARE A E R B, (KR« REFIGE) H. Dok, ZBRZE, WS, 7
FUKE: OREETE, ZEFM, 2ORk, AKX, ME2EZE, WS 7 KRR
FEr, BB NG, BRSO B TS, BRI, ERaR. (R
e HEAER) H: “TEE, BE, ETHERMEANG. 7 dtal Ly - 8 - B2 3L E KA
WA R RV “ B BRI AHMRIE[52]. BB K2 “HBER” JHEE A,
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SO, BETRE, B BIULEE, FARHM R PtEdE— D R RN RSy, B R, S
PHAEER, REBEANIE, KBz IE[53]

IAESR, Bl R e R 2 PR B R IR T B RRBIRNBIE L, 2 e B R T IR TE IR R AT TR,
PRI BIER /N SRR E SRR A BT 2852 . A LA EAR S R s A 32 B
B, WORAR R 2 FE R IR 2. RSN E 28 S, ARARNG: ARt a . i S5
FEPE BV RE A R, A, BURAE AR BE . PSSR ENERGE, EI
IR Z H . s SCARE AT R [54], DKD NRE WG ZHEIT EpEEr ERERET]. BgEE. 6
IR JE . AT R AT E . TR BB AR FE T, WATEETT IR R E . 85
WiE. EWEE. DITHBHNEE TR, BREAKE TR, BIhitfhirdcE; maSmainrss],
FHEZEM B R K P SRS R 25T P fE A B 2 SR RE B 1 BT, AT T TR R B%, SCFAs & i
Fhirs AT /N R N R B R B EL . o R IR B OR R T RE B TR TR IR B, S
% W TS A R B PR B IR TT, ORI E, WETIESE[S6], SIEH AR G I/ R A T A
BLZTURA, BURE> TR, HIL-18. IL-6. TNF-a M1 TGF-g1 /KA Ti6y7 G X R4, ks
JE R 2 REE, RIS RE B, IR B IR . BR R AR 2546, ARYE “HFIRIT, W, RsibRAE”
HRTT R ANATE R 25, IR EEUS I Bk, s KT B, e N R 2 R
SE B NTIS @M, BB A ROR, (REMALEE . SRR BRI e, Y R R, i e
B IIRE[S7] BRULZ AL, BFRIIT I SROIHELR . ORIiEST . S RITIRSIMNATREZMRE IR, (i E ik,
TS SR U 1 AR LT AL (58]

6. B4

ia F BT S i AR T DKD FEIL AR IR ZHTHE 2, & 207Uk m, il B < R R
H DKD HRA KR, TR b BE AR 1209 AN [ 0 AR e st IR IR o T M 2 T R ) R 5 ROR [
%, £ DKD BiiG U5 i Ar ) i, (A M S HEBREE S, T TREA, RS
FEABR AR D, A2 AR RIHLE_E B S0 Rk, AEARRAN TR — 209 REEA R R, SN
Bl e, X BRI TVAAE DKD 6T o BARE f0A Ay EAT SR BT T -
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[11] GBD Chronic Kidney Disease Collaboration (2020) Global, Regional, and National Burden of Chronic Kidney Disease,
1990-2017: A Systematic Analysis for the Global Burden of Disease Study 2017. The Lancet, 395, 709-733.

[2] EEZESHIRRYS S, HE 2 BB RRBE A TR (2020 SERR) (L) [1]. R ESZHNRIZE, 2021, 41(8): 668-
695.
[3] EEFS, WEZR, By, 55 T s BER DT A BB RV BE IR B [I]. HEEEHR, 2024, 39(7): 1374-1383.

[4] Ritz, E. (2011) Intestinal-Renal Syndrome: Mirage or Reality? Blood Purification, 31, 70-76.
https://doi.org/10.1159/000321848

[S1 Meijers, B.K.I. and Evenepoel, P. (2011) The Gut-Kidney Axis: Indoxyl Sulfate, P-Cresyl Sulfate and CKD Progression.
Nephrology Dialysis Transplantation, 26, 759-761. https://doi.org/10.1093/ndt/gfq818

[6] M. il AL A AL S 1R M Th RS v K S R R B FE[D]: [ Ane 3], oM FT EEFRRE, 2014,
[7] 44, SEed. ETg-EHr i ieya T 18 M E RO U R, BRUE R R 2 K24, 2022, 45(3): 114-119.
[8] HERERZi%ES. ZYYXH/T 3. 3-2007 F#JRHEE[S]. dbat: HEHERZ5H AR AL, 2007.

[9] FRAAYT, BEAGZE. LT M 'S Bk @ ity R e 12 M B IR Va7 TR R [T]. R EIGIRBEAL, 2016, 29(3): 417-

419.
[10] Ramezani, A., Massy, Z.A., Meijers, B., Evenepoel, P., Vanholder, R. and Raj, D.S. (2016) Role of the Gut Microbiome

DOI: 10.12677/tcm.2024.139361 2440 R


https://doi.org/10.12677/tcm.2024.139361
https://doi.org/10.1159/000321848
https://doi.org/10.1093/ndt/gfq818

FREHPFE, 2R K

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]

[22]
[23]
[24]
[25]

[26]

[27]
[28]

[29]

[30]

[31]

[32]

in Uremia: A Potential Therapeutic Target. American Journal of Kidney Diseases, 67, 483-498.
https://doi.org/10.1053/j.ajkd.2015.09.027

Hooper, L.V, Littman, D.R. and Macpherson, A.J. (2012) Interactions between the Microbiota and the Immune System.
Science, 336, 1268-1273. https://doi.org/10.1126/science.1223490

Letchumanan, G., Abdullah, N., Marlini, M., Baharom, N., Lawley, B., Omar, M.R., et al. (2022) Gut Microbiota Com-
position in Prediabetes and Newly Diagnosed Type 2 Diabetes: A Systematic Review of Observational Studies. Frontiers
in Cellular and Infection Microbiology, 12, Article 943427. https://doi.org/10.3389/fcimb.2022.943427

Rackaityte, E. and Lynch, S.V. (2018) Rules of Engagement in the Gut Microbiome. Nature Medicine, 24, 1642-1644.
https://doi.org/10.1038/s41591-018-0242-0

Said, 1., Ahad, H. and Said, A. (2022) Gut Microbiome in Non-Alcoholic Fatty Liver Disease Associated Hepatocellular

Carcinoma: Current Knowledge and Potential for Therapeutics. World Journal of Gastrointestinal Oncology, 14, 947-
958. https://doi.org/10.4251/wjgo.v14.i5.947

IR, G, £, 52 BRS8N S E AR 2 RS T]. R E RS
2k &, 2020, 32(11): 1273-1278.

Del Chierico, F., Rapini, N., Deodati, A., Matteoli, M.C., Cianfarani, S. and Putignani, L. (2022) Pathophysiology of
Type 1 Diabetes and Gut Microbiota Role. International Journal of Molecular Sciences, 23, Article 14650.
https://doi.org/10.3390/ijms232314650

Afsar, B., Vaziri, N.D., Aslan, G., Tarim, K. and Kanbay, M. (2016) Gut Hormones and Gut Microbiota: Implications

for Kidney Function and Hypertension. Journal of the American Society of Hypertension, 10, 954-961.
https://doi.org/10.1016/j.jash.2016.10.007

Du, X., Liu, J., Xue, Y., Kong, X., Lv, C., Li, Z., et al. (2021) Alteration of Gut Microbial Profile in Patients with
Diabetic Nephropathy. Endocrine, 73, 71-84. https://doi.org/10.1007/s12020-021-02721-1

Zhang, L., Lu, Q.Y., Wu, H., Cheng, Y.L., Kang, J. and Xu, Z.G. (2023) The Intestinal Microbiota Composition in Early
and Late Stages of Diabetic Kidney Disease. Microbiology Spectrum, 11, ¢0038223.

PVHEGR. LI91EF DA i) 2 BB BRI B BT R Tt FE[D]: (A2 AR 3], K& KIEEEERHER, 2016.

American Diabetes Association (2019) 2. Classification and Diagnosis of Diabetes: Standards of Medical Care in Dia-
betes—2020. Diabetes Care, 43, S14-S31. https://doi.org/10.2337/dc20-s002

TR, TRk, B TR 2 BORE RN o ORI SO R I]. IRIR 252K, 2024, 39(3): 274-278.

Craciun, C., Neag, M., Catinean, A., Mitre, A., Rusu, A., Bala, C., et al. (2022) The Relationships between Gut Micro-
biota and Diabetes Mellitus, and Treatments for Diabetes Mellitus. Biomedicines, 10, Article 308.
https://doi.org/10.3390/biomedicines10020308

Zeng, ].Y., Wang, Y., Miao, M. and Bao, X.R. (2021) The Effects of Rhubarb for the Treatment of Diabetic Nephropathy
in Animals: A Systematic Review and Meta-Analysis. Frontiers in Pharmacology, 12, Article 602816.

VM, SRV, R DR PR TR B TR HE (2021 AERROMEEE]. R EIEE T, 2022, 57(2): 133-138.
Moratal, C., Laurain, A., Naimi, M., Florin, T., Esnault, V., Neels, J.G., et al. (2021) Regulation of Monocytes/macro-

phages by the Renin-Angiotensin System in Diabetic Nephropathy: State of the Art and Results of a Pilot Study. Inter-
national Journal of Molecular Sciences, 22, Article 6009. https://doi.org/10.3390/ijms22116009

B, PO BR-IE BRI RS 50 RE SR FARIEREIN 2 EFETRR), 2015, 9(4): 523-527.

Lu, C.C., Ma, K.L., Ruan, X.Z. and Liu, B.C. (2018) Intestinal Dysbiosis Activates Renal Renin-Angiotensin System
Contributing to Incipient Diabetic Nephropathy. International Journal of Medical Sciences, 15, 816-822.
https://doi.org/10.7150/ijms.25543

Machado, A.S., Oliveira, J.R., Lelis, D.D.F., de Paula, A.M.B., Guimaraes, A.L.S., Andrade, J.M.O., et al. (2020) Oral
Probiotic Bifidobacterium Longum Supplementation Improves Metabolic Parameters and Alters the Expression of the
Renin-Angiotensin System in Obese Mice Liver. Biological Research for Nursing, 23, 100-108.
https://doi.org/10.1177/1099800420942942

THr Ry, XU, FARF. i imiE AR B s R 2R IR ALt B (0], R AEaRHER T4, 2017, 16(4): 320-
323.

Wang, S., Shao, B., Zhao, S., Fang, J., Gu, L., Miao, C., ef al. (2018) Impact of Paneth Cell Autophagy on Inflammatory
Bowel Disease. Frontiers in Immunology, 9, Article 693. https://doi.org/10.3389/fimmu.2018.00693

Monaco, A., Ovryn, B., Axis, J. and Amsler, K. (2021) The Epithelial Cell Leak Pathway. International Journal of
Molecular Sciences, 22, Article 7677. https://doi.org/10.3390/ijms22147677

DOI: 10.12677/tcm.2024.139361 2441 R


https://doi.org/10.12677/tcm.2024.139361
https://doi.org/10.1053/j.ajkd.2015.09.027
https://doi.org/10.1126/science.1223490
https://doi.org/10.3389/fcimb.2022.943427
https://doi.org/10.1038/s41591-018-0242-0
https://doi.org/10.4251/wjgo.v14.i5.947
https://doi.org/10.3390/ijms232314650
https://doi.org/10.1016/j.jash.2016.10.007
https://doi.org/10.1007/s12020-021-02721-1
https://doi.org/10.2337/dc20-s002
https://doi.org/10.3390/biomedicines10020308
https://doi.org/10.3390/ijms22116009
https://doi.org/10.7150/ijms.25543
https://doi.org/10.1177/1099800420942942
https://doi.org/10.3389/fimmu.2018.00693
https://doi.org/10.3390/ijms22147677

FKEHRH, ZEfhAK

[33]

[34]

[35]

[36]

[37]

[38]

[39]
[40]

[41]

[42]

[43]

[44]

[45]

[46]
[47]

[48]

[49]

[50]
[51]

[52]
[53]
[54]

(53]

[56]

SMER, BRALE, RN, JIE AR T M T A R B B I b BT T RE R D). B S E AT
FoAEZR &, 2023, 32(5): 477-480, 454.

Fu, X., Liu, Z., Zhu, C., Mou, H. and Kong, Q. (2018) Nondigestible Carbohydrates, Butyrate, and Butyrate-Producing
Bacteria. Critical Reviews in Food Science and Nutrition, 59, S130-S152.
https://doi.org/10.1080/10408398.2018.1542587

Gonzalez, A., Krieg, R., Massey, H.D., Carl, D., Ghosh, S., Gehr, T.-W.B., et al. (2018) Sodium Butyrate Ameliorates
Insulin Resistance and Renal Failure in CKD Rats by Modulating Intestinal Permeability and Mucin Expression. Neph-
rology Dialysis Transplantation, 34, 783-794. https://doi.org/10.1093/ndt/gfy238

Zhong, C., Bai, X., Chen, Q.,Ma, Y., Li, J., Zhang, J., et al. (2022) Gut Microbial Products Valerate and Caproate Predict
Renal Outcome among the Patients with Biopsy-Confirmed Diabetic Nephropathy. Acta Diabetologica, 59, 1469-1477.
https://doi.org/10.1007/s00592-022-01948-2

van der Hee, B. and Wells, J.M. (2021) Microbial Regulation of Host Physiology by Short-Chain Fatty Acids. Trends in
Microbiology, 29, 700-712. https://doi.org/10.1016/j.tim.2021.02.001

Lavelle, A. and Sokol, H. (2020) Gut Microbiota-Derived Metabolites as Key Actors in Inflammatory Bowel Disease.
Nature Reviews Gastroenterology & Hepatology, 17, 223-237. https://doi.org/10.1038/s41575-019-0258-z

V5, MR, BRARN, . B AR NIR S R AR RD]. B R SR AP A 2R, 2022, 31(5): 508-512.

Drucker, D.J. (2018) Mechanisms of Action and Therapeutic Application of Glucagon-Like Peptide-1. Cell Metabolism,
27, 740-756. https://doi.org/10.1016/j.cmet.2018.03.001

PINER, TR, 2 BUHE PRI B MRS RE S B MAS. MEEEIIR. D-FLER. SyZdn /K- IAE ¢ 7 HrJ].
Il R P R4 &, 2024, 41(6): 408-410.

B, TEE, GREE, 5 G SRR R S M W AT SR R ()], AT I K R (R AR,
2024, 44(7): 839-846.

Song, Z., Cai, Y., Lao, X., Wang, X., Lin, X., Cui, Y., et al. (2019) Taxonomic Profiling and Populational Patterns of
Bacterial Bile Salt Hydrolase (BSH) Genes Based on Worldwide Human Gut Microbiome. Microbiome, 7, Article No.
9. https://doi.org/10.1186/s40168-019-0628-3

. T IE - R AR AR IE 2 AR T 2 TR IR S S AL [D]: [ L&Anie 0] K&
KEPEZA K, 2023.

Wang, X.X., Wang, D., Luo, Y., Myakala, K., Dobrinskikh, E., Rosenberg, A.Z., et al. (2017) FXR/TGRS5 Dual Agonist

Prevents Progression of Nephropathy in Diabetes and Obesity. Journal of the American Society of Nephrology, 29, 118-
137. https://doi.org/10.1681/asn.2017020222

Wk, REWBINE, 28035, 5. FIRPESEAL = HIRAER M S W PE ). R ElaE, 2018, 30(5): 580-584.

Dambrova, M., Latkovskis, G., Kuka, J., Strele, I., Konrade, 1., Grinberga, S., et al. (2016) Diabetes Is Associated with
Higher Trimethylamine N-Oxide Plasma Levels. Experimental and Clinical Endocrinology & Diabetes, 124, 251-256.
https://doi.org/10.1055/s-0035-1569330

Wang, Z., Bergeron, N., Levison, B.S., Li, X.S., Chiu, S., Jia, X., et al. (2018) Impact of Chronic Dietary Red Meat,
White Meat, or Non-Meat Protein on Trimethylamine N-Oxide Metabolism and Renal Excretion in Healthy Men and
Women. European Heart Journal, 40, 583-594. https://doi.org/10.1093/eurheartj/ehy799

BN, 2B, HES SR, HEIRIE B R MLE = W A = G L L S B BT AR SR AT 0], PR P A 2
&, 2020, 37(9): 659-660.
. A = R s e B I R RO SR [T]. BRSBTS AR A4 K, 2019, 28(5): 474-478.

Ke, Y., Li, D., Zhao, M., Liu, C., Liu, J., Zeng, A., et al. (2018) Gut Flora-Dependent Metabolite Trimethylamine-N-
Oxide Accelerates Endothelial Cell Senescence and Vascular Aging through Oxidative Stress. Free Radical Biology and
Medicine, 116, 83-100. https://doi.org/10.1016/j.freeradbiomed.2018.01.007

A, ER. - E B ADUR & ], FEF RS S B R AR E, 2017, 18(7): 656-658.
SACHN, BEEE, T BERIE R IR SR V] AER R 2 K AR, 1994(2) 2-6, 72.

TROCAS, WURMT, MR (252 HER T R RE TR 1 5 R BRI AR R 5% B et L T BB RN g A A TR R T 1]
i E A A R A, 2021, 33(1): 37-42.

TRE, DA, W/REE, . FHS SR 2 BUNE PR BN B s AL A M R R R I, 2
1, 2021, 56(4): 1035-1048.

M, Wk, BRFE, S SRR NIRRT U P RE TR PR IS B 0 T ROU 5% Rkt g 3 T R AN JE R T

DOI: 10.12677/tcm.2024.139361 2442 R


https://doi.org/10.12677/tcm.2024.139361
https://doi.org/10.1080/10408398.2018.1542587
https://doi.org/10.1093/ndt/gfy238
https://doi.org/10.1007/s00592-022-01948-2
https://doi.org/10.1016/j.tim.2021.02.001
https://doi.org/10.1038/s41575-019-0258-z
https://doi.org/10.1016/j.cmet.2018.03.001
https://doi.org/10.1186/s40168-019-0628-3
https://doi.org/10.1681/asn.2017020222
https://doi.org/10.1055/s-0035-1569330
https://doi.org/10.1093/eurheartj/ehy799
https://doi.org/10.1016/j.freeradbiomed.2018.01.007

FREHPFE, 2R K

[T PSR IRZI3E, 2021, 32(4): 566-572.
[57]1 Mo, 2R, AIHES, 5. BEERENA 71697 50 PR B AL FR AT 9E 7). BraB R 24, 2014, 32(4): 5-8.
[58] ZRiA, ZYUF, ¥I5F5. RIERAMNGIEIRTTHE IR BB 7t R[], Frsm Ry, 2015, 33(5): 97-100.

DOI: 10.12677/tcm.2024.139361 2443 R


https://doi.org/10.12677/tcm.2024.139361

	基于“肠肾轴”理论探讨肠道菌群紊乱对糖尿病肾病的影响及中医治疗
	摘  要
	关键词
	Discussion on the Influence of Intestinal Flora Disturbance on Diabetic Nephropathy and the Treatment of Traditional Chinese Medicine Based on the Theory of “Entero-Renal Axis”
	Abstract
	Keywords
	1. 引言
	2. “肠–肾轴”学说
	3. 肠道菌群
	3.1. 肠道菌群概述
	3.2. DKD患者肠道菌群特点
	3.3. DM与肠道菌群

	4. DKD与肠道菌群
	4.1. 肾素–血管紧张素–醛固酮系统(renin angiotensin aldosterone system RAAS)的激活
	4.2. 肠道通透性的改变
	4.3. 肠道菌群代谢物
	4.3.1. 短链脂肪酸(short chain fatty acid, SCFAs)
	4.3.2. 胆汁酸
	4.3.3. 氧化三甲胺( TMAO)


	5. 中医药治疗DKD
	6. 总结
	参考文献

