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ABSTRACT Objective To investigate the distinct intestinal microbiota and potential biomarkers
associated with diabetic kidney disease (DKD ) . Methods Stool specimens and serum specimens from
patients with DKD with Chinese medicine ( CM ) diagnosis of dampness syndrome stored in the biorepository of
Guangdong Provincial Hospital of Traditional Chinese Medicine from Jan 2017 to Dec 2019 were included, and
16s RNA high-throughput sequencing and liquid chromatography-mass spectrometry ( LC-MS ) were applied to
detect the differential intestinal flora and serum metabolites among patients with different dampness syndrome
subtypes of DKD ( damp heat syndrome, water dampness syndrome, and dampness turbidity syndrome ) .
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The metabolic pathways associated with dampness subtypes and the association between intestinal flora and
serum metabolites by combining intestinal microbiology and metabolomics were explored. Results A total of 41
patients with DKD were included in the study, including 21 with damp heat syndrome, 13 with water dampness
syndrome and 7 with dampness turbidity syndrome. The results of intestinal microorganism showed that there were
7 kinds of intestinal flora in the difference between water dampness syndrome and dampness turbidity syndrome.
Similarly, there were 13 kinds of dampness turbidity syndrome and dampness heat syndrome, and 4 kinds of
water dampness syndrome and dampness heat syndrome. The results of metabolomics showed that there were 8
kinds of metabolites in the blood of DKD with dampness turbidity syndrome and dampness heat syndrome, which
were mainly concentrated in phenylalanine metabolism and ubiquinone and other terpenoid quinone biosynthesis
pathway ( P<0.05) . There were 27 kinds of water dampness syndrome and damp heat syndrome, which were
mainly concentrated in purine metabolism pathway and valine, leucine and isoleucine biosynthesis pathway.
There were 16 kinds of water dampness syndrome and dampness turbidity syndrome, which were mainly
concentrated in « - Linolenic acid metabolism pathway ( P<0.05 ) . The correlation analysis between intestinal flora
and metabolomics showed that there were 46 kinds of differential blood metabolites in CM dampness syndrome of
DKD, which were mainly concentrated in phenylalanine metabolic pathway. Conclusion There are differential
intestinal flora, serum metabolites between the damp subtypes of DKD ( dampness and turbidity, dampheat,
and waterdampness ), and upon association with differential intestinal flora, these differential serum metabolites

are enriched in the phenylalanine metabolic pathway.

KEYWORDS diabetic kidney diseases; dampheat syndrome; water dampness syndrome; dampturbidity
syndrome; intestinal microecology; metabolomics; Chinese medicine
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1% ( glomeruar filtration rate, GFR) 1F % o4,
GFR > 90 mU/min; 2 #: B ifidatr (+), GFRF5 R,
GFR 60~89.9 mL/min; 3 . GFR 1 & T [%. GFR
30~59.9 mL/min; 4 1. GFR j“ & T [%. GFR 15~
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2.2 HEBRbRdE  AEBITTRIA SRR AT
SIPAETERR ; SRR . AL A AT
PN ; AT EIBIELN, WS s a1k, Btz
PeSEA 4 . T IHAE 1 A5 B BURASHT 3 4 H IR
R AR B e A AR I A 255 B R AR
BPAR R B S A AR 7

3 R g4A 2017 4E 1 1 1 H—2019 4F
12 H 31 HIRFET RA P ERE, FHEIZWEN iR
PN, AEE NG, hERIEREZ W R
WE” B 41 ], AR ECE TP BB IE RN W,
HOKRRUE 13 B, JRIRUE 7 B, JRIGE 21 #4548
Prglla]l b 22 S IEg 4 L (P>0.05), L% 1,

T CHEE TR
mH AKIBAE (13 f) TRRIE (7 1)) TBHGE (21 41) GiiHAE P1E
PR [ (%) ] 9 (64.28) 2 (28.57) 16 (76.19) 5.391 0.075
ER (¥, Xzs) 67.57 + 14.54 63.29 + 8.49 64.95 +9.85 0.294 0.648
BMI [kg/m®, M (P25, P75) | 25.78 (22.73, 27.34) 26.84 (20.85, 27.14) 24.23 (22.68, 27.60)  0.205 0.700
ik (mmHg, X+s) 166.42 + 27.23 161.14 + 23.77 153.76 + 18.04 1.019 0.265
#F3KIE (mmHg, X+s) 83.64 + 15.37 86.71+11.72 79.95+9.18 1.160 0.389
24h BREEIIER [mg/24h, M (P25, P75) ] 402500 (68665, 505650) 178850 (83680, 4821.00) 3334.00 (173000, 565950) 0.049 0.785
MUYLET [mmollL, M (P25, P75) | 229.80 (142.50, 337.40) 447.50 (136.00, 693.60) 449.50 (197.50, 566.00) 2.004 0.269
eGFRmL/ (min-1.73m?), M (P25, P75)] 18.96 (11.18, 44.19) 9.01 (6.120, 43.07) 10.41 (6.830, 30.78)  0.752 0.249
JRI (umol/L, X+s) 508.36 + 117.27 420.43 + 92.39 465.95 + 113.23 1422 0.232
JREA (pmollL, X+s) 16.40+7.86 20.74 +10.26 18.67 +9.08 0.707 0.555
WLINLLEE (%, M (P25, P75) ] 6.20 (5.75, 7.00) 6.65 (5.60, 8.01) 6.40 (5.52, 7.43) 0.325 0.879
RHIEEE (mmol/lL, X+s) 514 +2.12 5.51+2.14 515+ 1.43 0.165 0.888
Hl =8 [mmol/L, M (P25, P75) | 1.58 (1.06, 2.00) 1.64 (0.92, 2.62) 1.81 (1.44, 2.40) 0.879 0.421
(KBRS [mmolll, M (P25, P75) ] 2.44 (1.87, 5.10) 3.25 (2.50, 4.81) 3.30 (249, 5.03) 0.243 0.787
B [mmolll, M (P25, P75) | 1.01+0.33 1.33+0.55 1.35+0.51 0.239 0.290
MEAEN (gib, X+s) 34.19+7.43 35.0+5.13 36.03 +4.15 0.406 0.656
BHREGEE (UL, X+s) 21.5+9.15 15.5+4.97 15.73 +5.66 0.165 0.214
BN (UL, X+s) 13.50 (9.50, 26.50) 11.00 (6.00, 21.00) 12.00 (9.00, 20.00) 0.678 0.673
FHZGNEL [ 41 (%) ]
ZHIRUIR 1(7.7) 0(0.0) 0(0.0) 0.640 0.317
B[ e b 2(15.4) 0(0.0) 4 (19.0) 1.533 0.448
ARt IR S e &2 F A A5 1(7.7) 2(286) 6(28.1) 2.259 0.213
TR 2(15.4) 0(0.0) 1(4.8) 2.002 0.382
WEIRAE — 2 1(7.7) 0(0.0) 0(0.0) 2.208 0.317
TRFE ST -4 0 ) 2(15.4) 2(286) 3(14.3) 0.795 0.518
7 9(69.2) 5(71.4) 12 (63.4) 0.739 0.479
ACE1/ARB 6(46.2) 1(14.3) 7 (33.3) 2.068 0.586
5 57 T L 51 13 (100.0) 5(71.4) 21 (100.0) 1.212 0.753
HAbREIRZY 8 (61.5) 3(429) 13 (61.9) 0.855 0.524
e B AR ()
14 0 0 0 - -
21 1 0 2 0.706 0.538
30 4 2 3 1.489 0.298
44 5 1 4 2.108 0.315
514 3 4 12 4.143 0.081
HIFE (B
T IS 13 7 21 - -
D PR 7 2 5 3.338 01061
[ AR 5 1 13 5.2637.0.081
Bk 1 2 3 1592 0.448
ZHEE 0 0 0.976 0.512

e A/ ekid g R (estimated glomerular filtration raté; eGFR )
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Fz 2 JRPEFREIGE R IS 25 AR
5 ) TR Fimitt  MMOEEfE FC P{A
1 PE[22:4 (7Z,10Z,13Z,16Z) IP-18:1 (11Z) | WlsHEZ B 822.5677 ! 1.569 0.017
2 JanthitremB ZEFt iR 630.3427 1 0.783 0.027
3 P-Salicylicacid XK R 137.0245 ! 1.345 0.043
4 M-Coumaricacid [R5 R 209.0454 1 0.619 0.036
5 Cholacalcioicacid JIHR 373.2725 ! 1.428 0.032
6 3beta-Hydroxychola-5, 16-dien-24-oicAcid 3B - HILAFR -5, 16- I -24- R 373.2727 ! 1.297 0.040
7 LablabosideD Ji & D 632.3021 ! 1.202 0.028
8 Casuarine6-alpha-D-glucoside AIKHE 6- o -D- AN 400.1828 ! 1.494 0.040
ARHEASHAIE L7522 5
¥ ity AR Fimitt MG G VIPE  PE
1 TraumaticAcid AR 265.107 1 1.882 0.011
2 L- (-) -3-Phenyllacticacid L-3- L3R 165.055 1 1.801 0.015
3 6'-Hydroxyenterolactone 6'- AL R 295.096 ! 1.806 0.034
4 MucronineD HEA D 698.338 ! 1.765 0.017
5 Desmosine i 571.281 1 2.040 0.013
6 2-Amino-4-oxo-6- (1',2',3'-trinydroxypropyl ) - 2- @3 -4- &L -6- (1', 2', 3- =¥  577.199 i 1.687 0.032
diquinoid-7, 8-dihydroxypterin L) - 2Nk -7, 8- RIS
7 Symmetric dimethylarginine XRR B R 239.089 ) 1.373  0.031
8 (5alpha, 8beta, 9beta) -5, (5a, 8B, 9B ) -5, 9-¥F 253.144 1 2252 0.009
9-Epoxy-3, 6-megastigmadien-8-ol -3, 6- G -8- i
9 Asteltoxin BIhETER 417.191 1 1.688 0.021
10 [ (2Z) -3-0x0-2- ( phenylmethylidene ) [ (2Z) -3- & At -2- (R 223.006 1 2.190 0.011
propoxy|sulfonicacid WEHIIE ) NS | R
1 LPA[18: 2 (9Z, 12Z) /0: 0] I BENR R 435.249 1) 1.350 0.017
12 Inosine WL 269.088 ! 2.022 0.025
13 MulberrofuranS EUQUES 559.137 } 1.656 0.001
14 Etiocholanolone AT T 273.220 1 2476 0.018
15 PE [20: 1 (11Z) /22: 6 (4Z, 7Z, NG £ i 420.779 1 2.833 0.020
102, 13z, 16Z, 19Z) |
16 L-Isoleucine L- Ssi i 132.102 1 1.373 0.006
17 Hypoxanthine UCHTIENS 137.045 ) 1.552 0.022
18 Aspartame 07 L 317.114 1 1.459 0.049
19 N-Monodemethylroxithromycin N- ZHEPIHE 405.254 ! 2.696 0.021
20 Butyl (S) -3-hydroxybutyrateglucoside THE (S) -3- B TR T Habl 287.148 1 1.416 0.037
21 Monicacid RIATHA 343.211 1 1.184 0.045
22 Vaccenylcarnitine A 7K 1035 PR Bk 426.356 } 1.056 0.042
23 Cibaricacid JIELiz3 325.200 1 2.357 0.003
24 4-Androstenediol 4- T 255.210 1 2.028 0.028
25 2-[4)7-6-dihydroxy-2-methoxy-3- 2-[4, 6- Ak 52- A -3- (3- 267.122 1 2421  0.041
(.3-methylbut-2-en-1-yl ) phenylJaceticacid LT -2- I =4k ) K3 ] 4R
26 4-formylindole 4- gk ng| s 146.059 1 1102 0.043
27 Gamma-Glu-Leu vy - AR 261.144 1 1.145 0.045
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F 4 JKMBUEFIE IR I 22 54 Q)

b R AR JBtar KA LS VIP P 1A
1 TraumaticAcid IR 265.1079 ! 1466  0.045
2 3- (6, 7-dimethoxy-2H-1, 3- (6, 7- “FHH-2H

3-benzodioxol-5-yl ) prop-2-en-1-ol
3 Bafetinib EAEE e 597.2354 1 1.748  0.045
4 Alkhanin [y 309.1335 ! 2.093  0.017
5 Phaseolicacid SRR 243.1232 ! 2.057 0.045
6 Glucosamine-1P HIER AN 1P 294.0138 1 2.613  0.046
7 Salicyluricacid KGR 194.0457 ! 1.974  0.042
8 Dinorpromazine it 257.1130 ! 1.604  0.008
9 XestoaminolC XestoaminolC 230.2473 ! 1.863  0.037

10 1-Phenyl-1, 3-octadecanedione 1- % -1, 3- /B 422.3005 ! 1.344  0.038

11 5-Pentyl-2-furanoctanoicacid 5- NGk -2- MR 1R 313.2368 ! 1.903  0.022

12 2beta-Hydroxytestosterone 2B - PRI 349.1761 ! 2310  0.041

13 2beta, 9xi-Dihydroxy-8-oxo-1 (10), 4, 11 IR 25 It e i 4 279.1224 1 2189  0.042

(13) -germacratrien-12, 6alpha-olide

14 Nepetaside SiiEics 311.1483 } 2.208  0.022

15 Casuarine6-alpha-D-glucoside AIKEE 6- o -D- F A B 400.1828 1 3.408  0.010

16 1-Methyladenosine 1- EERRH 282.1194 l 1.416 0.0083
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KEGG Enrichment Analysis(xgdxtl)

uuuuuuuuuuuuuuuuuu

R

Taste transduction:0S
o- 7 AR ER A
alpha-Linolenic acid metabolism:M

ER RIS

Purine metabolism:M

REBEREEM

Steroid hormone biosynthesis:M

7 *P<0.01
B9 DKD H MR 2 v 5 fl i v S Y
2= A i G A

FEIR W 22 5 B P RE R SRR, R I, &
FRr R, EFFE. b RS E YRk eGFR
B E A (P<0.05), 233 5 PR B 3% A ¢
(P<0.05), HEMRiETR 5 R i 2% 1A (P<0.05),
AT ISAUFT B 5 WA 2188 1 3% IEAH G (P<0.05 ),
Fournierella ‘S5#5{k 1L 215 14 B 2 7k ¢ (P<0.05 ),
T HMEE . RO R E Y E TR, BRfE
o RUITES M S IR B, PR 2, T RE
AR N B BRI (indoxyl sulfate, 1S), Xt
H iR L (P-cresol sulfate, PCS) HI=HI 484k
¥ (trimethylamine oxide, TMAO) %7K F 75 .,
1M 25 7K F-#9 PCS . IS #1 TMAO 5 & o)y fiE 32 5 72 )&
WYIRE O BT S e R S IR Y,
X GAMR AR —8, REE L NTE RS T RIE
Rifeik 2 RUBEIRAG . TS 5 eGFR UM,
XATRE ST AR R EE R RIS 2, Wit it
AR, LA & E BN A AL i 5% ™, Wi
W2JiiE 1 @ A1 g_Fournierella J& ¥4 T JERERH 1T HHR
RZFMIAFRN, MR R RERE™ 2k SCFA JfH5m
Pk Treg HyTEPE ", BAPVER, (Hdufer= LIk
REREE ", N R R ML, A S AR
R FFFFE TH Y Fournierella J& , S84k I £1 8 1 %
EAARE, BURTER SRR W E G, T REERN
KRR ER, AL R A 2 —
AT

TERUEA RN A, 2R a5 s G 5 R
FHIES PR AR [R] R BEIE AR e iz il s R A el s, Ap
Sk Z MR B R £k TR, X TRE S

DKD (it e A e . AuFsgd, DKD ik, 5
o T R AR G 1 22 S AR ) = 2w SR A AR 2 R A
W E, B, RN R R
2 ROE R SR 1 R SR, LR R
RN BRI &1L 25 DKD B ik 8 fie ki 56 i 4 i
w20 AR AR T B g e T
YIRS RN R BRI R 22, P BRI
et DKD %k e i T BRI 2, DR il v
TR UE ] B m L S B 1A R, PR RN R A
B, INEE TR B i

AMFFEHEET 16S rRNA 17 il e Al E S R i
2, PURIRTT DKD A 0 UE Y F Y 22 55 il T
RIS EE B A %, 4 DKD H EEREIE v 7 AR 4
PR SR SRS . AR R B =2 AT DA
FIUAN T T 2 AR5 2 — 00 [R5 L 40 i R
ITEZERNERA, IFE =259 . TRE NS RS 4 2
fcsE, VR R AT REXT ARG A 25 e e . H:
W, MTIEARBEGE P REEA R, fa, Mt
PR AT 722 FE LA PR AT o

FEMR: L,
2 % X W
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