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Abstract

Diabetic nephropathy (DN) patients suffer from impaired renal function, which leads to the accu-
mulation of urinary toxins and disrupts the intestinal flora. This, in turn, exacerbates kidney dam-
age through the “intestinal-kidney axis”. The specific mechanisms include reduced production of short-
chain fatty acids (such as butyric acid), increased intestinal-origin urinary toxins (such as TMAO, PCS,
IS), and involvement in inflammatory responses and oxidative stress. These changes collectively pro-
mote inflammatory responses, oxidative stress, and renal fibrosis. Western medicine treatment mainly
relies on methods such as fecal microbiota transplantation, specific drugs, or probiotics. Traditional
Chinese medicine intervenes through single agents (such as astragalus polysaccharides, atractylodes
polysaccharides) and compound preparations (such as rhubarb and termita pill, Yuye decoction),
regulating the flora structure, enhancing beneficial bacteria, inhibiting harmful bacteria, and im-
proving intestinal barrier and renal function.
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1. 518

AR, R 5 A7 A U S B0 0% (DM) B BeE R4 Bt . 22K I AMUAFAE RS 15 1M T
WIEAN R, KIBINE 5 51 K 2Rk B . BRI B % (DN) RIS R I AoiEz —, Hx R EEE DM
PSR 4 SO E AR G o BB KHAE T I3l )2 S WA, 2B 3% B REIF 51 B /N R4,
AT, AT PR ENE DhRETE Y . DN BH AN IRIR . FIRESE KB RV RE T 450,
i e A Nl BUREIA S, T B E E R[] [2]. BURZGRELART ORI, i w R
Gt AR SRR R —FE, £E DM AR JR bl L EAE I [3] [4]. EImRSEEF, DN %KM
BRI PRl o e R R SR 25 AT T, A AR M R 2@ U AR T . SR, UK U ERIRYT
TRBRAR, W BERRIFFSt . hERGMIRRLR, SSEHBRIEIE, KA SRS
%, VHEEREEE, X DN ] T EZAE[S] [6]. AT, MIERBEERA DN R ZhfE H 52 2156
TEo PLAER 25T AR OVEE AT DN, SO Z U IT Fe £, I i 24t 18 s .

2. DN BEFEERFRFR

WriE W R T e T AR AE AR RS, R R R E 2 MR R R L
B, MR, WA 5 T RRNA” , EUERME BT AR . B RS
T REE LA G IIEY) . RO, MIERAEY AT R Jvia TR, Horhiad 99% )& R AR
B ST BT AT T I AR T ], BOw R Al LB AR GE 5 20 4 0.1%). 2 7% R (type 2 diabetes
mellitus, T2DM) 5 DN 3% H 1 B8 B b Th Re s, 2810 51 & WSS AR A0« AR 05 . IR FIE 55
AR RGN SE RN o AL TR, 2K B E I IE M EMA R R RE R AR ER,
T2DM i il A b, 26100 B (K BE 22 JK B A Coprococceus catus) B %, 7T 5
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e T VR T S5 T M PR A RS PR R U 2 0D . SRR AR ELE, T2DM B 2L U B i TE R
RELER ISR 7] -

3. BEE#HSS5 DN X £ L REHF

DN B i A7 /F B B R 25 L, SR T TR 2R L SCE— A n s B RS (A fg = Meeijers 45
T 2011 3R T “H - WL BEAR[8], “M - AR OGBS T NS T T AR — 5T, B A
H1F DN BEFIhRERZI, RA MR R AR L@ R Ash, SBURBFRBABEAFZR, 3l

SR N T ZE AL I TE S R AR R W TE A B pH B T, s R 2 B B OR 2 i b B B,
PR 2 2T AR D HE AR, 5 o PR MR A0 S fe RAEARMLA 7 B IE TR, 51k SR T
SAEANMGPES S VEJAE, RIS DIRESAL. KUk “fg - B4l 72 DN AR . R JE AT — XA X
Mo AWHTERY, TiE iR MG rE N i E AT A R (L & ZR)BE B R - IS RIKRK RS,
BETMI5 % DN S0 B E5 35 (9] [10]. it T A0 25 L AE W P B s 5 A Je i (K PR PLAR 2 2845 BATR
JUANTT T :

3.1. MaEAEAER R

EH T R I 8 R B AR B AN B ) (/K SRR 3E), S UG AR RN AL, IR i v
AL R AR R D b i R A i TR (SCFA) A 4. SCFA 2 F i 18 B A I G £ 47 4 i 7= 2
T I H /NE R A R AR A B S SR IE SR %[ 11] [12] . SCFA B 218 WA T R Hrb T
ST AR AN A ) S B RE R IR[13], WI{EHE A R S FLThREMK S, H0 ) 98 RE 4l P IR 1 AT A, R 6 A
[14]-[16] . fEAEBUIRAST, SCFA R Il b R 4l MR THI 1Y) G i B K 52 44 (G-protein coupled receptor, GPR)
GPR41 5 GPR43. GPRA1 @it {i#kAk YY (peptide YY, PYY) B LA 5 iz 8 1% 5, GPR43 NI AEWS IR 4
PiE SN, I IR e B SRR K 1 (glucagon-like peptide 1, GLP1) 70 . GLP1 aJ 4kl & 4T . (ki &
MBS B AT, T R IEBURE PR RLSA[17]; AN, BT RS NERE S 5 E AR [18], A
DN WA B — @ Wi fEH[19]. HAMBF R iEsL, SCRA @IIAEH F ARk Z RS 50T & -
1% 55K 2 & St (renin-angiotensin system, RAS), EHDIRA TN S5 R0 W FER2ma 1 2 T RE[20]; DN iy 2
WET, WHiE R A SR 5 MR R L IR B N RAS fl-F 47, 530 SRS B 5
PR [21]

32. BiRMRERES

W PR IF 5 95 r B A LR B P O T BE R B, SRS A B v A U AR B TR I R B R AR AR N B R
FEAFEE A = H IZ (Trimethylamine-N-Oxide, TMAO). fifi g X} F 3 (P-cresolsulfate, PCS). Hi M| B (In-
doxyl sulfate, 1S)%% .

TMAO & —HM/NyFHNULEY), i R & b e S B il = i, P48 I IR AL
724 . TMAO /KPR 2 5 il T R R B UIA DG [22] . AR, MR B, JRH T e N %
(eGFR < 90 mL/min/1.73m?)%, I3 TMAO 7K1 i F =5 [23],  $&7~ Hu B AR 55 05 R0 B s v i
A ZEEL I E hREOR FUIAH G . R EE TMAO FI¥E NF-xB BEIR1L, (it R ER T IL-6 5 TNF-a &
1k[24] [25], #EMTH N K DhRE, I 5 1 5 R AP B 18] o7 21 4R A0 S50 B R AH 9C [26] [27]

Jiries o T A R PR T R R A B 4-F2 i 1R, AR FE St H By, RIS 38 o 171 gk P
Ik, HEBRER AR B 2L R PCS. Wl R B3 Bl Dhae b SO A8 N s i, I AER B L35 PCS IR
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BRI, 5 ThRtiRbr B0 fUA CEk[28]. M H PCS A DL i Ak S Ak N 2 SENLE], S ECE N
BN SR E . BRI EAL DU NEREEAY,, B NIk B Dy e R [29] .

REE B B 0 TR 2 W T A AR A s | R SRAR & 9 5 S8 e 9t 1 b Rl B B, ik 171 ik e 2 2 AR
FEERF A N 2L R SRR R N 5 & A 1S TR R G001 1S #Eid 90% L 5 K & H(FE N A E
H)E GRS, ZEEMH T RSFRTHEIENT LR, DA iz A e LA 250k JL5 B
VR B 1S BRI E A RLEOK S, (et B 2R AE AL, FF IR RREA IR I RIE . AR RN, IS
1 RUWE PRI BB I R I 1 3 REAF AR OCHR[30]. B FRp B e 2 e BAR, E/NERpEE ThRE PR,
PEBE A TE RS KR 5 A AFBUR IG5, O BIRME R B R (W0 1Sy PCS Al TMAO) & UM CBEE I« 1%
K RIFELRB S, MinpEdEE, SN, FRAEGMERES SRR, I
PRI B9 IR A
33. B5RERMN .. FHH

RAESAE DN 975 BEERE rh P oG A 0 o g HURERIR 265 m e S et i S5 S s 2 P, i e R 2R
FEHF-an AYIMIANF-18 K AN 3=-6 SRR PR, B ZRE T «B. 557 $ 57
DA 7~ 3 545 5 g I 40 35 [31] . AL RIBAR HLAA A S80S P A A F R A 1) — P BRAS o 2B %
TR, B A BRI 1 A (reactive oxygen species, ROS) Al il ¥R 4k S84k RS nukazs, M5l kK &4k
U N [32] o T ELR A B S SE IS 2 RIAELE 25 V) G Bk . 72 DN H, ROS BB I 1L NF-«B {5518 %,
TEHEZ RN AR, IR RIE RS, HdE— 2 IR A S AT S H 2345 [33]

4, b EFEGEEEETT DN
4.1. BAEA/IT

FAF A VI FERS A (fecal microbiota transplantation, FMT)J& — g 7 ik,  Hul bk e B AR i oh g
PRI AR A 2 B R SR TR AR I W Y, DA 8 R ) B A R [34] « FMIT A% 38 I 1% A Mok 2403 DN
ANERBIAREPIRIL . BEAE S, AR PR FERE VA T (G 5 SR IR 5 IR RR) /K ~F B R B, B R =5 7R B 2 a2
[35]. FMT Rl Pk B B H I TE A AP AT, AES8pi it fs, AImx DN K4 —@ BRI IHEAEH . IR
SeErh, 2R TR T S e Y L AESE DN BERE . B, AU HE S DO R B R S A5
$2Tt SCFA AERE I F S, Jrimid S 15 VE H G EAC S, HETIX DM P2 AR i [36] . i A 1R 2
— R E R TAE AR TR E LA M VE AL A B S PR I[37]. #E DM B, A
A 5 7T R (Lactobacillus) A A= il 71 FROK B, RT3 oS0 54 (Bifidobacterium) A1 7L AT 1 55 i A2
W, IFIESE B IR T 4 A 3R [38] [39]

4.2. RERTT

R ZGE BT VA HE P B (DN) 7 R I 23 il 2088 A R R BB S 3. BEFE R, iy
A I U B ARSI DN IBG . TE  AE  B seAC h 2 e e Ry, HET IR L2 B A

4.2.1. hEGRE R

T 1 % #l (astragalus polysaccharides, APS) & 11 24 5 ¥ 1 2GR 2 — o WEFERWI[40], APS fig
Pt B PR S BUR B A, (2 Allobaculum FIFLAT B 26 s B A K, BRI VA1 Mol TR 454, 5
BRI S 5 R A R, T8 R e A VR IS B R R . S A W STAESE[41], APS BT [
RSB B S5 AR A TR A AR FBE kD R PR 28 307 AR, AT SE 22 B A0 T b A2 o 1L 28 v PRV M i
25 2 WERE% 7l DN AR K BRIl 18 B T e FL B DhRe . BEE ZRRE TG, JFBERE 1454 o 1 1)
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B BT, AT T 5T B T 15 5 w28 b . [FIN, DNOKE 24 /N IREEE . VG
UL A0 IR 25 UK 25076 oty , B IR 10 75 P2 A9 B 22 i [42] o /NBET(berberine, BBR) & B 3% 1) = 23 P
B2, BRI B AR U 5 2 AR R AP [43], i Re AT I TE B AR A, i 2 B DL AT 1
FLERAT IR SR B BR B FE o 1850 FT 82 SCRA 5 IRV RR(BA)VAHS, #MIHl S8 BA ik, it
M FEAC I T8 V5 JE BE X 5244 (farnesoid x receptor, FXR)TEYE, 4Ed 17 bef e Bk, I RIEHURE IR S H I R
SERIYE[44]. Yang S8 7T o, A RE R HEREAS RIS DN K BIZIEMAE I 2 FErE, AR (2 A &
TR PR I S5 A0 T2 FE SR T o A0 3 P AU U 8 RE S B S £ AE A I s Ak, AT BT 43P s AR
B REFAE RS0V, HRFEE RS S DN PG EA[45]. EEZ . W& 2. DB & HE
B2 WESE T 2SR A3 B BRI RIS A, R R B T, A A,
IR ARG . XS RRE, 2 AR LSRR e R AP . R ThRe A Biie DN T RA
TELE N A -

422 PHEEHFRPEE

P46 FUIESE, K i AL(DHZCW) REWS T2 TH 5 AR 4k K R IE U AE S I 2R, T &%
EHEBOERE A, AR pIE E A FB L. [N, 1205 0] BB AL R SR P iR KA
BEINER C. MALET K 24 /N IR R 8 &, (R B DAk, om0 S5 4 i S TR e 0 B A 4 405 R4 55,
T A28 P AP A AR . R W2 N 38 SR IR I6 7 BB s S HL R R AR R 7 » VR TS B 4 K2 1E DN
K AMLRERR B T 5 45 L SO0 B0, PRI . 24 /MR &R (3. Mfi§. BUN A1 SCr 2545 k5, i
TR i R BEVE, IR SE I KAE, IF B IS SERE A Occludin 55 Z0-1 KA, Mifick s
FERESCIE, dE B AR E [47]. ERGREMI LSS, B E ST ZIREHHPES DN B
Prevotella_7 B @ FI=F R, B9 I7EHAE VX BRI S EIRRE 71, HFEGE B IRAER . B IhAg i
WEE[48]. AR RN, HIEMEZ I NE T2DM KRR 55 5 hEmES R, miEhiE
FIE, PR HE AR R A R A AR, IR ALERAT A R IR KA S A S A L, (R T R
RS A o8 S A 1 SO T P 3 i, OO Y 1 R B 45 2457 e AT R K T AR A [49]

BAAKRE, 2R R B E AL, RTHE AR L], MBSO E AR, FEE D
BE ARSI, RBUNIR A A SRALET AU ACE 50T B, DUR B IR RS 1 kst . 258 5 )
2 T 305 SO P B RS M B UIAR O, ISR I . PRI B T AR R R
M. X st FUNTRZE 2GR 97 DN IR FBLHIRGE T 1 .

5. ZHiBERE

LR, BEEEYE S SR EBRI) 2R, ST IE A S A PRTT DN KA St
WHFTH 234 2 . DN B8 A7 AL Il B R, 12K R A IR P PR T 3R, IR B ORE OB 5 AL
REEAERAE, IRIZIREERE . N FMT. f € 29 s as A2 18 T, PIHEom iR AG e Ik . i Ay ok
A FAE R, AT REAESE DN e . BUACHTFUIRIESE, B2 24 e Sl i 5 R 4 45 Rk DN
LIPS

SR, BUARTFCOAAAER TR I PRI A AU A/ FLisk = KSR, DAPPA Hoz 77 2%
NREG LRI E W a5 LR 2R, RAEN SR EERE L HEBE RREAR IR RAT T TIESS & 3hY)
AL AR I T3 1 M AN BE SE AR SRAIEAR, R A B 2 R BOR FBOE 58 AL A &R R
Ty 2% VEME R ZRE, A FFREX R RSN A —, B A R AR LT BN R . T
HHEH EH#ES DN A B FIHLEIIARAN R, ShZE X1 DN BB REG,  #HOGIR

DOI: 10.12677/acm.2025.15103036 2500 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.15103036

(03

T M 107 2 15 %2 A 0 7 5 2 W AT T LR, O3 6 P TR IR AN LIPS
S5

(1]

(2]
(3]
(4]

(5]
(6]

[7]
(8]

(9]

[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
(18]
[19]

[20]

[21]

[22]

[23]

Fernandez-Prado, R., Esteras, R., Perez-Gomez, M., Gracia-lguacel, C., Gonzalez-Parra, E., Sanz, A., et al. (2017) Nu-
trients Turned into Toxins: Microbiota Modulation of Nutrient Properties in Chronic Kidney Disease. Nutrients, 9, Arti-
cle 489. https://doi.org/10.3390/nu9050489

Chen, W., Chen, Q., Chen, Q., Cui, C., Duan, S., Kang, Y., et al. (2022) Biomedical Polymers: Synthesis, Properties,
and Applications. Science China Chemistry, 65, 1010-1075. https://doi.org/10.1007/s11426-022-1243-5

Song, S. and Lee, J.E. (2018) Dietary Patterns Related to Triglyceride and High-Density Lipoprotein Cholesterol and the
Incidence of Type 2 Diabetes in Korean Men and Women. Nutrients, 11, Article 8. https://doi.org/10.3390/nu11010008

Jeon, J., Jang, J. and Park, K. (2018) Effects of Consuming Calcium-Rich Foods on the Incidence of Type 2 Diabetes
Mellitus. Nutrients, 11, Article 31. https://doi.org/10.3390/nu11010031

VL, i, XIFR. BRI BRI &2 T R[], HEE4 &, 2022, 63(2): 190-197.

([ 2 E R PR TA IR IR TR R ) iS4, hEZ4E 2 BB R BT VA Ik AR 6 R (2022 4ERR) [I]. F FEIHE PR 9 %
&, 2022, 30(1): 2-51.

K, LB, B, 5. 2 BURE RN B B W REAAE[]]. P E AR A, 2024, 36(7): 753-760.

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

Lu, C., Hu, Z., Wang, R., Hong, Z., Lu, J., Chen, P., et al. (2020) Gut Microbiota Dysbiosis-Induced Activation of the
Intrarenal Renin-Angiotensin System Is Involved in Kidney Injuries in Rat Diabetic Nephropathy. Acta Pharmacologica
Sinica, 41, 1111-1118. https://doi.org/10.1038/s41401-019-0326-5

Kumar, R., Priyadarshi, R.N. and Anand, U. (2021) Chronic Renal Dysfunction in Cirrhosis: A New Frontier in Hepa-
tology. World Journal of Gastroenterology, 27, 990-1005. https://doi.org/10.3748/wjg.v27.i11.990

Felizardo, R.J.F., Castoldi, A., Andrade-Oliveira, V. and Camara, N.O.S. (2016) The Microbiota and Chronic Kidney
Diseases: A Double-Edged Sword. Clinical & Translational Immunology, 5, €86. https://doi.org/10.1038/cti.2016.36
Pluznick, J.L. (2016) Gut Microbiota in Renal Physiology: Focus on Short-Chain Fatty Acids and Their Receptors. Kid-
ney International, 90, 1191-1198. https://doi.org/10.1016/j.kint.2016.06.033

Pryde, S.E., Duncan, S.H., Hold, G.L., Stewart, C.S. and Flint, H.J. (2002) The Microbiology of Butyrate Formation in
the Human Colon. FEMS Microbiology Letters, 217, 133-139. https://doi.org/10.1111/j.1574-6968.2002.th11467.x
Augenlicht, L.H., Mariadason, J.M., Wilson, A., Arango, D., Yang, W., Heerdt, B.G., et al. (2002) Short Chain Fatty
Acids and Colon Cancer. The Journal of Nutrition, 132, 3804S-3808S. https://doi.org/10.1093/jn/132.12.3804s

Segain, J., Raingeard de la Bletiere, D., Bourreille, A., et al. (2000) Butyrate Inhibits Inflammatory Responses through
Nfkappa B Inhibition: Implications for Crohn’s Disease. Gut, 47, 397-403. https://doi.org/10.1136/qut.47.3.397
T, BUIREE, PRS0, S JHET T ERA B B T ER AL T AL R D). R AR A AR, 2006, 14(25):
2531-2534.

Drucker, D.J. (2006) The Biology of Incretin Hormones. Cell Metabolism, 3, 153-165.
https://doi.org/10.1016/j.cmet.2006.01.004

Muskiet, M.H.A., Smits, M.M., Morsink, L.M. and Diamant, M. (2014) The Gut-Renal Axis: Do Incretin-Based Agents
Confer Renoprotection in Diabetes? Nature Reviews Nephrology, 10, 88-103. https://doi.org/10.1038/nrneph.2013.272

Chen, Z., Zhu, S. and Xu, G. (2016) Targeting Gut Microbiota: A Potential Promising Therapy for Diabetic Kidney
Disease. American Journal of Translational Research, 8, 4009-4016.

Pluznick, J.L., Protzko, R.J., Gevorgyan, H., Peterlin, Z., Sipos, A., Han, J., et al. (2013) Olfactory Receptor Responding
to Gut Microbiota-Derived Signals Plays a Role in Renin Secretion and Blood Pressure Regulation. Proceedings of the
National Academy of Sciences, 110, 4410-4415. https://doi.org/10.1073/pnas.1215927110

Lu, C.C., Ma, K.L., Ruan, X.Z. and Liu, B.C. (2018) Intestinal Dyshiosis 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

Koeth, R.A., Wang, Z., Levison, B.S., Buffa, J.A., Org, E., Sheehy, B.T., et al. (2013) Intestinal Microbiota Metabolism
of L-Carnitine, a Nutrient in Red Meat, Promotes Atherosclerosis. Nature Medicine, 19, 576-585.
https://doi.org/10.1038/nm.3145

Gruppen, E.G., Garcia, E., Connelly, M.A., Jeyarajah, E.J., Otvos, J.D., Bakker, S.J.L., etal. (2017) TMAO Is Associated

DOI: 10.12677/acm.2025.15103036 2501 Il R 125 23k i


https://doi.org/10.12677/acm.2025.15103036
https://doi.org/10.3390/nu9050489
https://doi.org/10.1007/s11426-022-1243-5
https://doi.org/10.3390/nu11010008
https://doi.org/10.3390/nu11010031
https://doi.org/10.1093/ndt/gfq818
https://doi.org/10.1038/s41401-019-0326-5
https://doi.org/10.3748/wjg.v27.i11.990
https://doi.org/10.1038/cti.2016.36
https://doi.org/10.1016/j.kint.2016.06.033
https://doi.org/10.1111/j.1574-6968.2002.tb11467.x
https://doi.org/10.1093/jn/132.12.3804s
https://doi.org/10.1136/gut.47.3.397
https://doi.org/10.1016/j.cmet.2006.01.004
https://doi.org/10.1038/nrneph.2013.272
https://doi.org/10.1073/pnas.1215927110
https://doi.org/10.7150/ijms.25543
https://doi.org/10.1038/nm.3145

oz

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]
[42]

[43]

with Mortality: Impact of Modestly Impaired Renal Function. Scientific Reports, 7, Article No. 13781.
https://doi.org/10.1038/s41598-017-13739-9

Seldin, M.M., Meng, Y., Qi, H., Zhu, W., Wang, Z., Hazen, S.L., et al. (2016) Trimethylamine N-Oxide Promotes Vas-
cular Inflammation through Signaling of Mitogen-Activated Protein Kinase and Nuclear Factor-xB. Journal of the Amer-
ican Heart Association, 5, e€002767. https://doi.org/10.1161/jaha.115.002767

Ma, G., Pan, B., Chen, Y., Guo, C., Zhao, M., Zheng, L., et al. (2017) Trimethylamine N-Oxide in Atherogenesis: Im-
pairing Endothelial Self-Repair Capacity and Enhancing Monocyte Adhesion. Bioscience Reports, 37, BSR20160244.
https://doi.org/10.1042/bsr20160244

Oellgaard, J., Winther, S.A., Hansen, T.S., Rossing, P. and von Scholten, B.J. (2017) Trimethylamine N-Oxide (TMAO)
as a New Potential Therapeutic Target for Insulin Resistance and Cancer. Current Pharmaceutical Design, 23, 3699-
3712. https://doi.org/10.2174/1381612823666170622095324

Sun, G, Yin, Z,, Liu, N., Bian, X., Yu, R., Su, X, et al. (2017) Gut Microbial Metabolite TMAO Contributes to Renal
Dysfunction in a Mouse Model of Diet-Induced Obesity. Biochemical and Biophysical Research Communications, 493,
964-970. https://doi.org/10.1016/j.bbrc.2017.09.108

Niewczas, M.A., Sirich, T.L., Mathew, A.V., Skupien, J., Mohney, R.P., Warram, J.H., et al. (2014) Uremic Solutes and
Risk of End-Stage Renal Disease in Type 2 Diabetes: Metabolomic Study. Kidney International, 85, 1214-1224.
https://doi.org/10.1038/ki.2013.497

Gryp, T., Vanholder, R., Vaneechoutte, M. and Glorieux, G. (2017) P-Cresyl Sulfate. Toxins, 9, Article 52.
https://doi.org/10.3390/toxins9020052

van der Kloet, F.M., Tempels, F.W.A., Ismail, N., van der Heijden, R., Kasper, P.T., Rojas-Cherto, M., et al. (2012)
Discovery of Early-Stage Biomarkers for Diabetic Kidney Disease Using Ms-Based Metabolomics (Finndiane Study).
Metabolomics, 8, 109-119. https://doi.org/10.1007/s11306-011-0291-6

Brennan, E., Kantharidis, P., Cooper, M.E. and Godson, C. (2021) Pro-Resolving Lipid Mediators: Regulators of Inflam-
mation, Metabolism and Kidney Function. Nature Reviews Nephrology, 17, 725-739.
https://doi.org/10.1038/s41581-021-00454-y

Srivastava, A., Tomar, B., Sharma, D. and Rath, S.K. (2023) Mitochondrial Dysfunction and Oxidative Stress: Role in
Chronic Kidney Disease. Life Sciences, 319, Article 121432. https://doi.org/10.1016/j.1fs.2023.121432

Ni, Y., Zheng, L., Nan, S., Ke, L., Fu, Z. and Jin, J. (2022) Enterorenal Crosstalks in Diabetic Nephropathy and Novel
Therapeutics Targeting the Gut Microbiota. Acta Biochimica et Biophysica Sinica, 54, 1406-1420.
https://doi.org/10.3724/abbs.2022140

Yadegar, A., Bar-Yoseph, H., Monaghan, T.M., Pakpour, S., Severino, A., Kuijper, E.J., et al. (2024) Fecal Microbiota
Transplantation: Current Challenges and Future Landscapes. Clinical Microbiology Reviews, 37, e0006022.
https://doi.org/10.1128/cmr.00060-22

Porcari, S., Benech, N., Valles-Colomer, M., Segata, N., Gasbarrini, A., Cammarota, G., et al. (2023) Key Determinants
of Success in Fecal Microbiota Transplantation: From Microbiome to Clinic. Cell Host & Microbe, 31, 712-733.
https://doi.org/10.1016/j.chom.2023.03.020

Cheng, M., Ren, L., Jia, X., Wang, J. and Cong, B. (2024) Understanding the Action Mechanisms of Metformin in the
Gastrointestinal Tract. Frontiers in Pharmacology, 15, Article ID: 1347047. https://doi.org/10.3389/fphar.2024.1347047
Meng, F., Zhang, F., Meng, M., Chen, Q., Yang, Y., Wang, W., et al. (2023) Effects of the Synbiotic Composed of

Mangiferin and Lactobacillus Reuteri 1-12 on Type 2 Diabetes Mellitus Rats. Frontiers in Microbiology, 14, Article ID:
1158652. https://doi.org/10.3389/fmich.2023.1158652

Ma, J., Lyu, Y., Liu, X., Jia, X., Cui, F., Wu, X., et al. (2022) Engineered Probiotics. Microbial Cell Factories, 21,
Article No. 72. https://doi.org/10.1186/s12934-022-01799-0

Wang, X., Chen, W., Jin, R., Xu, X., Wei, J., Huang, H., et al. (2023) Engineered Probiotics Clostridium Butyricum-
pmtl007-GLP-1 Improves Blood Pressure via Producing GLP-1 and Modulating Gut Microbiota in Spontaneous Hyper-
tension Rat Models. Microbial Biotechnology, 16, 799-812. https://doi.org/10.1111/1751-7915.14196

Chen, X., Chen, C. and Fu, X. (2022) Hypoglycemic Effect of the Polysaccharides from Astragalus membranaceus on
Type 2 Diabetic Mice Based on the “Gut Microbiota-Mucosal Barrier”. Food & Function, 13, 10121-10133.
https://doi.org/10.1039/d2f002300h

s, BN, HRE, & AT R A R R IR E E R [0]. M2 EER E Y, 2022, 33(1): 5-9.

TROCA, MURNE, BREL 252 MR T IERERE R B R BRI 2R U 5% Kt 1 T R AN g T A 2 R I ).
rhE AR A2, 2021, 33(1): 37-42.

Shrivastava, S., Sharma, A., Saxena, N., Bhamra, R. and Kumar, S. (2023) Addressing the Preventive and Therapeutic
Perspective of Berberine against Diabetes. Heliyon, 9, e21233. https://doi.org/10.1016/j.heliyon.2023.e21233

DOI: 10.12677/acm.2025.15103036 2502 Il R 125 23k i


https://doi.org/10.12677/acm.2025.15103036
https://doi.org/10.1038/s41598-017-13739-9
https://doi.org/10.1161/jaha.115.002767
https://doi.org/10.1042/bsr20160244
https://doi.org/10.2174/1381612823666170622095324
https://doi.org/10.1016/j.bbrc.2017.09.108
https://doi.org/10.1038/ki.2013.497
https://doi.org/10.3390/toxins9020052
https://doi.org/10.1007/s11306-011-0291-6
https://doi.org/10.1038/s41581-021-00454-y
https://doi.org/10.1016/j.lfs.2023.121432
https://doi.org/10.3724/abbs.2022140
https://doi.org/10.1128/cmr.00060-22
https://doi.org/10.1016/j.chom.2023.03.020
https://doi.org/10.3389/fphar.2024.1347047
https://doi.org/10.3389/fmicb.2023.1158652
https://doi.org/10.1186/s12934-022-01799-0
https://doi.org/10.1111/1751-7915.14196
https://doi.org/10.1039/d2fo02300h
https://doi.org/10.1016/j.heliyon.2023.e21233

(03

[44]

[45]

[46]

[47]

(48]

[49]

Zhang, Y., Gu, Y., Ren, H., Wang, S., Zhong, H., Zhao, X., et al. (2020) Gut Microbiome-Related Effects of Berberine
and Probiotics on Type 2 Diabetes (The PREMOTE Study). Nature Communications, 11, Article No. 5015.
https://doi.org/10.1038/s41467-020-18414-8

Yang, J., Dong, H., Wang, Y., Jiang, Y., Zhang, W., Lu, Y., et al. (2020) Cordyceps Cicadae Polysaccharides Amelio-
rated Renal Interstitial Fibrosis in Diabetic Nephropathy Rats by Repressing Inflammation and Modulating Gut Micro-
biota Dysbiosis. International Journal of Biological Macromolecules, 163, 442-456.
https://doi.org/10.1016/j.ijbiomac.2020.06.153

P, T8, (THeH, 55 5T 16S rDNA I FPARTT K 38 # Ry 32 i 18 B A K BR B 41 28 A (/R LA 9]
H [ SR 5 7 2 4k A, 2023, 29(22): 37-46.

SRR, APES, RN, S T i R R i B BT R I VG B v S Y T R R RS B K R A T[]
HARPEEHR: BRI AL, 2024, 26(5): 1308-1319.

TR0, RN, TMEE, . £BUE ST B B RS BU0E PRI B B IR T &L ], HFRRZ, 2023, 45(12):
4179-4184.

MR, skpigs, 2, 25 FET ERIC-PCR ARG HTHHEMEEZ AT 2 BUNE R A R N7IE B RELE 4 K DNA [FJEPE
FISZI[I]. TR S, 2024, 44(4): 549-555.

DOI: 10.12677/acm.2025.15103036 2503 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.15103036
https://doi.org/10.1038/s41467-020-18414-8
https://doi.org/10.1016/j.ijbiomac.2020.06.153

	肠道菌群在糖尿病肾病中的作用机制及中西药干预新进展
	摘  要
	关键词
	The Mechanism of Intestinal Flora in Diabetic Nephropathy and New Progress in the Intervention with Traditional Chinese and Western Medicines
	Abstract
	Keywords
	1. 引言
	2. DN患者肠道菌群特点
	3. 肠道菌群参与DN发生发展的机制
	3.1. 短链脂肪酸减少
	3.2. 肠源性尿毒素增多
	3.3. 参与炎症反应、氧化应激

	4. 中西医调控肠道菌群治疗DN
	4.1. 西医治疗
	4.2. 中医治疗
	4.2.1. 中药单体及提取物
	4.2.2. 中药复方及中成药


	5. 结语与展望
	参考文献

