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FARR IR GBELEEAMFRESD, Hix RASRMERE - RiEEA (LC-MS) H K, oM &4
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EPAERIEEF 164, RIEBZE AT, R T SEREAFASR, RN FLER R T, DKD REE
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ABSTRACT Obijective To explore the differences in serum metabolic profiles of patients with dampness
syndrome and diabetic kidney disease ( DKD ), and to find the potential biomarkers related to the clinical
stages of DKD. Methods High-performance liquid chromatography-mass spectrometry ( LC-MS ) was used
to analyze the serum metabolic profiles of patients diagnosed with DKD recruited by the Biological Resources

FAWH: BRH KR4S T H (No:81603717; No.81873261 ) ; 47 I 2 o I I 1iF B 5% T »5:85 36 % & 1 (No.SZ2020Z2Z22,
N0.SZ2021ZZ16/, N0.SZ2021ZZ43 ) ; | A I I PRAFF 2 T 54 525628 L300 ( No.ZH2020KF02 )

Ve B 1. ARt BRI R R S a, M P2 RS B EE e (1N 510120 ) 5 207 M EE 25 KR IR B A ()M
5104055 3. ) R4 H I IG AR TFFEE A S0 % ()7 510120 ) 3 40 RHE K220 ()74 /518005 )

IVER . 5k 7, Tel: 020-81887233, E-mail: zhanglei@gzucm.edu.cn

DOI: 10.7661/j.cjim.20221128.247



T E YRS Ak 2023 4 2 J15E 43 55 2 ] CJITWM, February 2023, Vol. 43, No. 2 - 144 .

Collection of Guangdong Provincial Hospital of Traditional Chinese medicine. The metabonomics software Progenesis
Ql, KEGG and HMBD database were used for statistical analysis to screen out the different metabolites between
dampness and non-dampness syndromes, as well as patients in different clinical stages. Receiver operating
characteristic (ROC ) analysis was used to analyze the diagnostic performance of the above-mentioned differential
metabolites, and the pathway enrichment analysis was carried out to select the major pathways that simultaneously
affect the development of dampness syndrome and DKD clinical stages. Results A total of 63 DKD patients were
recruited in the study, including 16 patients without dampness syndrome and 47 patients with dampness syndrome.
Meanwhile, 7 healthy people were recruited as control. There were significant different metabolites between DKD
patients with different dampness syndrome subtypes ( water-dampness / dampness-turbid / dampness-heat ) and
non-dampness syndrome ( 167, 65 and 28 kinds, respectively , P<0.05) . Pathway enrichment analysis showed
that the differential metabolites between water-dampness, dampness-heat syndromes and non-dampness syndrome
were mainly enriched in phenylalanine metabolism and bile secretion metabolism, while the differential metabolites
between dampness-turbid syndrome and non-dampness syndrome were mainly enriched in glycine, serine, threonine
metabolism, lipid metabolism and cancer choline metabolism. Among the differential metabolites of syndromes, the
differential metabolites associated with different stages of DKD ( AUC>0.7, 116 kinds between water-dampness
and non-dampness syndromes, 29 kinds between dampness-turbid and non-dampness syndromes, and 10 kinds
between dampness-heat and non-dampness syndromes ) were mainly enriched in phenylalanine metabolism, bile
secretion, fatty acid biosynthesis, cancer choline metabolism, linoleic acid metabolism and lysine biosynthesis
pathways. The results of correlation analysis suggested that the expression trends of differential metabolites between
dampness syndrome and non-dampness syndrome were consistent with that of clinical biochemical markers changing
as clinical stages. Conclusions The dampness syndrome of DKD patients is related to the clinical stages of DKD.
The changes of serum metabolites in patients with DKD and dampness syndrome may be associated with the disorders
of phenylalanine metabolism, bile secretion, fatty acid biosynthesis, cancer choline metabolism, linoleic acid
metabolism and lysine biosynthesis pathways.

KEYWORDS diabetic kidney disease; metabonomics; dampness syndrome; clinical stages; biomarkers;
Chinese medicine
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2017 4£ 10 7 1 H—2019 4F 12 J] 31 Hi2li DKD if:
BB EE , A AAHERARHER 3L 63 f],
Frp EVR R B 16 B, MR IR AR 47 . [ DL
7 2l — B ATE AR A B e ARG B4 A DL S 1 AT
NBEE AR, JELR BB IR 1, AR Cad ] R
B ERICHIZ fi 28t (No. ZE2020-193-01 ).
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5.1 DKD HEBIEEE/TH 4 49A DKD
S 4 G R A A Wy G RS S 2 ) ) v R IR TR 3R
VRUE” AAEE CWRIE” 4, [RIEHAR AR ORI A
TR I RS 5 7 RO R T 4 B L g ) ), b —
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5.2 DKD B FEEER /A (ARS8 E A SRR
PR B DRSS 3534 )

52.1 DKD i 24 hJE % <300 mg/24 h
SR 1B LS 300 mglg, F1(E ) B/ NER %

( estimated glomerular filtration rate, eGFR ) >

90 mL/min - 1.73m>,

52.2 DKDH#41 24 hR[E 1 >300 mg/24 h
5 R B & A /WL EF >300 mg/lg, H 15 <eGFR <
90 mL/min - 1.73 m?,

52.3 DKDIZH 24 hRH&EH >300 mg/24 h
5¢ JR 1 8% A/ LEF >300 mg/g, H eGFR<15 mL/
min + 1.73 m%;

6 AR AL A v

6.1 FEACREE  AEWRIR AR A N R 32
WE AN 8 h eI Sk & F s R g, 7
4 C, 3000 r/min &4 F &0 10 min J5HCEZ M,
A mLAarEEELE T, JFE TAYRIERA E
-80 CUkFIRAE#

6.2 HEAAbEE 100 w L £ A 400 L 42
PO [ Wl 205 =1:1 (v: v) ], ¥ 0.02 mg/mL iy
WhR (L-2- SRR ) 5 WiEiR>) 30 s J5, (IR
7 (5,40 KHz ) 30 min $2H¢; #+#& 30 min(-20 C)
JEEL (13000xg, 4 €, 15 min), B &K,
AT MA 120 L BiE (27K =1:1), i
JielRA] 30 s, R (5 T, 40 KHz) Z£H( 5 min,
2.0 (13000xg, 4 €, 10 min) EE FHRE
AR B IERE /NI AL T

6.3 AHEIE - A

F1OERAL AERIEANBIER LGN (X+s)

i H RN (7 45) ARVRIE (16 i) IWAIE (47 )
Ay (%) 42.71+11.53 58.94 + 5.32* 61.50 + 9.03*

BMI (kg/m?) 21.42+4.21 2224 +2.52 23.71+2.22

SBP (mmHg) 106.57 + 8.98 155.50 + 18.70* 152.80 + 29.01*
DBP ( mmHg) 62.86 + 5.67 97.25 + 19.10 81.07 + 11.42*>
FPG ( mmol/L ) 4.97+0.29 8.07 +3.22 8.49 + 3.49*
HbA1C (%) 5.35+ 0.26 7.88 +2.47 7.48+1.84

TG (mmollL) 1.27 +0.47 1.68+0.85 1.94+1.45

TC (mmol/L ) 5.43+1.40 544 +1.24 5.15+1.40
HDL-C ( mmol/L ) 1.36+0.45 1.26 +0.07 1.30+0.48
LDL-C ( mmol/L ) 3.48+1.22 430+1.26 3.73+1.26

ALB (gL) 48.57 +2.66 43.90+0.00 36.01+6.30

ALT (U/L) 16.29 + 12.28 21.06 + 11.70 17.15+9.08

AST (UIL) 17.71+2.69 20.25+5.54 18.85+7.68

UA ( mollL) 405.90 + 103.80 466.33 + 30.83 436.25 + 88.22
BUN ( mmoliL ) 5.00 + 1.45 9.42+7.90 12.29 + 6.88"
eGFR [mL/ (min~1.73 m?) | 102/10 = 16.67 62.89 + 30.99* 43.40+33.13""
SCR ( pmal/t) 7157 +15.87 129.50 + 98.40* 223.76 + 178.35"/
UAL (mg/24 h) 13.57 + 3.51 1286.14 + 1841.92° 2 236.65 + 204614
UACR' (mg/g ) 13.86 + 2.00 1377.61 + 1720.88* 2580.71 £2258.37*"

0 SR, *P<0.055 SARAE R, “P<0.05
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6.3.1 L& LC-MS 43 #7 AL 2% °F 5 - AB
SCIEX 2 F 1) 8 w5 20 AR 3 H 366 A T B () o 3%
UHPLC-Triple TOF £%:.

6.3.2 (Mikkit @ikt h ACQUITY UPLC
HSS T3 (100 mmx 2.1 mm i.d, 1.8 um; Waters,
Milford, USA); gl AN 95% /K +5% L NiE (&
0.1% W #R ), Wizshtll B K 47.5% LNk +47.5% F 174
i +5% 7K (% 0.1% W #Z ) ; Ui i 24 0.40 mL/min,
PEFEE N 10 L, #EIEK 40 C.
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HIE . B T RIS E .
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scripps.edu/ 55 3 3t 23 A 8 W £ 8 PR i 17 DL R,
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i (A-B) fé 5 A 5 3E 1% 9F DKD # % 1. B % 7 OPLS-DA
B S Br, B BB 82X 4 i R2X=0.590, R2Y=0.985,
Q2=0.629; R2X=0.381, R2Y=0.938, Q2=0.519; R2Y>0.5; (C-D)
JKIBIESIRIZAE DKD 5B . BT OPLS-DA #8504, FH. B
T 4 9 k. R2X=0.553, R2Y=0.729, Q2=0.388; R2X=0.333,
R2Y=0.916, Q2=0.401; R2Y>0.5; (E-F) & ¥ iF 5 3F i iiF DKD
BEH. P F OPLS-DA MR 43 #r, FH. BB FHE X4 51 4.
R2X=0.418, R2Y=0.589, Q2=0.0723; R2X=0.299, R2Y=0.726,
Q2=0.0897; R2Y>0.5; (G-H) & # ik 55 4E & i DKD £ % [H. [
% 1 OPLS-DA £ 4x M, FH. B 781204 i . R2X=0.426,
R2Y=0.628, Q2= -0.23; R2X=0.321, R2Y=0.739, Q2=-0.147;
R2Y>0.5)

B 1 AEREIEY R S59EEE DKD B
2 S AR ), OPLS-DA 43 #r

U R SR UE DKD- S8 Rl fQ ) 22 S 4 R4k
ARZKIBIE . PRI PG i A5 24 2500 5 AR
ZIAFFAEZE SRS
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20 )22 AR S AR X T 31 80 4H 78 T E S 40 Y
Faka),

1.3 A[RIRAIE 78 55 PR 1) af v 22 S AR
W EE (E 2~4) XA [FREIE Y 41 F 3R R IE Y 22
S i KEGG Bl i dE 1738 1% = 42 b, 45
T 7R 7K R UE AN A Y A ) 22 AR 3 AR
THRNZRRACH &AM o m A s (K2,
P<0.05 ) ; Y HUIE AR IR 7] 22 A 5 B 4R
THREmR . aZmMmyram. IR, e R
BRI S Ch& AR (18 3, P<0.05) ; {HGIEFITE
UEZH [ 22 A 2 s e RN ARl . IRyt 43
WSS (Kl 4, P<0.05),

2 5 DKD B A A3 BIAH OG22 A
PRER Jam s w4

2.1 5 DKD %A A o3 BAH DG Ak 22 A
Y RIS Wi RE R %

R4 DKD &3 A A s 73 191, i i OPLS-DA
B AR 73 ATt DKD ARl 53 P {H <0.05 11925 548
Y, WHUET ROC 81, Z5R4/RA 274 iz 7
e 2 F i FX (area under the curve, AUC ) >
0.7, $&/Rix 274 Fh 2z 7 ACHH Y X DKD 431 1912 Wi
PERE R A, TR B AS R REIE 7 2 A 22 S AR it 47
ROC 43 #r, HAUC>0.7 H 5 DKD ¥ % 43 ] ROC

SR E A I SV E A sc A

2.1.1 5 DKD %% A [] 43 1 A0 56 1) 7K 32 UE 22
S (£ 5) KIS AR 2 SRS
H 159 Fp 2= S A0 AUC>0.7, Hd g 116 fh
DKD A A4/ AUC>0.7 i 22 SR & 4,
BIX 116 Ff 22 AR [H] B 5 7K 8 31F &% DKD #90%
SR (47 FifE K IEIE AT DKD 39k Ji vh 32 55
¥ Tt 68 FhfEK IR UE A DKD 433 3 i rh # ik 1y
TR, A FRAE KR UE B 35 N R, 1T ZE DKD 43 1]
g Rk BT ). Frpik B ROC {1 20 11
Z 5 REY .

2.1.2 5 DKD %A 7] 53 BIAH 5 A0 1 ik 22 57
R (£ 6) Wik SRR S 4 55
Fil 22 A0 AUC>0.7, Hdfg 29 F# 5 DKD AN
s AUC>0.7 22 U &, 3R 29 Fh2z
SEAR Y [R5 3 UE &% DKD 5% 23 WA ¢ (5 A
FENBREFRT DKD i J rh 35834 7, 20 FhEiR
PHUEFN DKD 43 it e vh 3k ¥ T RE, 4 FhAe iR i
FIKTRE, 7€ DKD st rh ik BTt ), Rk
H ROC {HAT 20 22505 .

2.1.3 5 DKD %45 A [R] 43 30 4H O i 1 $AE 22
SR (% 7) BIMESIERIEE R A
14 Fh2s AR AUC>0.7, Hih s 10 #15 DKD A

R 2 KBRS ARRIEZE F LS )

[aEx/EA i o3 P

WA TF A ( Cis-Mulberroside A) 1 CuH3,044 <0.001
KMz ( Emodic acid ) 1 Cy5HgO; <0.001
|- Z W H O W - FRNREIE TR (Asp-Phe) 1 C13H16N,O5 <0.001
L- o - REZ %% ( L-alpha-Aspartyl-L-hydroxyproline ) | CoH.,N,0q 0.006
( Cadiamine ) 1 CsHasN,0, 0.005
2- J2H -24- il - — 1 /\BeNEE ( 2-Hydroxy-24-keto-octacosanolide ) | CusH5,0, 0.010
&I MG (Sclareolide ) | Ci6H260, 0.004
6- FRILILZ5Hy 7- F%M (6-Hydroxykaempferol 7-glucoside ) | CyiH2001, 0.001
5- (2- REW LA ) -4- (FEHEPHE) -2 (5H) - nkiEgER ( Ascladiol ) 1 C,HgO, < 0.001
RN (Brassinolide ) | CusHas06 <0.001
— AR ZEE (Pl (226 (4Z, 7Z, 10Z, 13Z, 16Z, 19Z) /22: 2 (13Z, 16Z))) 1 CssHerO 5P 0.011
AR A (Blumealactone A) | CoH550s < 0.001
16, 16- —HIH - §iFIEZ A1 (16, 16-dimethyl-PGA1) | CyoHssOs <0.001
TFRHE 1H- 15| AR | ( Dihyroxy-1H-indole glucuronide ) 1 C14HsNOg 0.004
2- L -4- (fif%3E ) THR (2-methyl-4- ( sulfooxy ) butanoic acid ) | CsH106S 0.010
TR ¥R R (‘Malathion monocarboxylic acid) | CsHz0PS, 0.002
(12S-HHTrE Y C17Hy05 0.002
HRIR - %452 ( Threoninyl-Methioning?)” 1 CoH,sN,O,S 0005
HZEMF (Lucidenicacid J) 1 Cy7H3505 0.002

(9S) - &UdSAL - (92, 1ME) &F/\B )i (( + ) 9-HpODE) |

CiHa04 0.001
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e IRITAL STTECE SHATE =22 IR RWL LY

LE A FR Vit P

INEIR - %R ( Threoninyl-Methionine ) 1 CoHysN,O,S 0.006
FIER IR AKTE ( Campesteryl ferulate ) T CigHss0s 0.004
HER 42 %8 ( Threoninyl-Isoleucine ) 1 CoH20N,0, 0.027
SR (L-Isoleucine ) | CeH13sNO, 0.034
3- JRHE -4- Ik -6- AL -2 TR TR (CMPF) | C1oH160s 0.014
Jein4: 5 1%me (1sopeopyl Paraben) | CoH1,0; 0.016
WREE ( Piperidine) | CsHN 0.044
S- JiNIE -L- 2L ( S-Allyl-L-cysteine ) | CsH;NO,S 0.046
Kl ( Salicylaldehyde ) | C;Hs0, 0.049
13,3/ ( Aconitic acid ) | CoHsOs 0.048
8, 11, 14- — ik —J&lz, 5, 6- 3 -, (82, 11Z, 14Z) (( =) 5, 6-DHET) | CyoH340, 0.002
AZHk C (Ginsenoyne C) | Ci7H,,0; 0.004
(R)-8- Z AL ((R) -8-Acetoxycarvotanacetone ) | Ci,H150; 0.018
L- Jz3X -5- #23k -2- IRIEFRFR ( L-trans-5-Hydroxy-2-piperidinecarboxylic acid ) CeHNO; 0.018
9- i3t -10 (E), 12 (Z) - T/\K R (9-OxoODE) | CigH3005 0.014
6-O- LB - K752 (6-O-Acetylaustroinulin) | CyH360, 0.019
WA NS A (Blumealactone A) | CooH205 0.012
8 (S) -HETrE | C,oH3,04 0.004
13- #5E -9- F4EJE -10- U0 -11- /R (13-Hydroxy-9-methoxy-10-oxo-11-octadecenoic acid ) | C1gH3,05 0.012
6- AL Z5 Wy 7- % (6-Hydroxykaempferol 7-glucoside ) | CH,04, 0.014

® 4 BPGE SRR 5 Y

LE AR Vi =N P

A4 A ( Cis-Mulberroside A) 1 CusH3,014 0.024
5- (2- #ILW AL ) -4- (FRIEHEL) -2 (5H) - Wkl ( Ascladiol ) T C,Hs0, 0.007
NRBE v - 2B (Prolyl-Gamma-glutamate ) 1 C1oH7N;0, 0.023
K ( Salicylic acid) 1 C,HO, 0.014
W1 F (Physagulin F) 1 CsoH4004 0.025
2- LB AR R, ( 2-Phenylethanol glucuronide ) 1 C4H1505 0.033
S NEERR ( Trans-Cinnamic acid ) 1 CoH;0, 0.025
k4 ( Paramethasone ) 1 CouH,FOs 0.008
% ( Cholic acid ) 1 CaiHacOs 0.026
PE (P-18:1 (11Z2) /22: 5 (4zZ, 7Z, 10Z, 13Z, 16Z)) 1 CysH7sNO,P 0.029
4.2 A ( Corchorifatty acid A ) | CisH260, 0.002
Cynaratriol | C15H,05 0.029
2-O- [IBAIEI 482 ( 2-O-Feruloyltartronic acid ) | C13H1,04 0.047
NS C (Ginsenoyne C) | C17H»0; 0.042

(X -20-3B-15B ) -16- IFeAZHE -2, 3, 15- = ((ent-2alpha,

3beta, 15beta) -16-Kaurene-2, 3, 15-triol) | CaoH05 0.002

4- FREEZEW IR FEREIL AT ( Apiosylglucosyl 4-hydroxybenzoate ) | CisH2401, 0.019

5, 8, 12- =K -9- 1+ /&R (5, 8, 12-Trihydroxy-9-octadecenoic acid ) | C1gH3405 0.038
DL-2- &V ( DL-2-Aminooctanoic acid ) | CgH,NO, 0.038
(R)-8- ZEtSAKEAR ((R) -8-Acetoxycarvotanacetone ) | C12H150;4 0.032

8 (S) -HETrE} CsH3,04 0.015
A48 AUC>0.7 22 AR &, R WTX 10 Bl & ZEiB#IE AT DKD SRt i rh 3R 3 T % ),

22 5 W [A) i 5 0 HOE S DKD % 95 43 19 ALK 2.2 5 DKDYGEAN[] 53 SIAH DG A ST 22 A Gl

(‘4 PTEREARUEA DKD 7r i E e rp 3Rk BT, 6 Ff Wi i S A
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B —— - Pvalue_uncorrected
KA ABRACH T 02
[ ) * l015
KERBREM AR * i
B *
REMLLPRIE A *
AT *
FH 2
T I T ) TR A
JRWTRREPI AR
HER. L2RA 2R
AL 30 A R 5 45 ) TR
gk
R 1
R ZI R
S P AR
D-A R BN AD- 73 ZRR AU
(TP NSy
NG (S SR

A =
ERAEN AR .

-Iog;150(p7vazlue)
i "P<0.05
2 KR SRR U Y KEGG i w420

AGARRE
A

TR, LRRBAIVRRNAS
JRARH *

Pualue_t
* 03
* .025
02
015

FIH &R *

T (K HRRRAC I *

Bk 5 *
FEERIE CTCATER)
ABCEEIZ R |
HER. wERARREERED AR
WA
BRI |
FEREFA PARBRACHEE
HER. RERARREER
ZHECRNAZE AR
TR TR
ZRERERI IR

R RN AR I
254N € 3 P450
LER Rl

0 02 04 086 08 1 12 14 16 18 2
-log10(p_value)

1 *P<0.05
B3 JEiE SRR a2z RN KEGG i B w4 04T

Pvalue_uncorrected

grimmicn | « W

[P *
B (R ]
WG R ]
FER. LRRRIARNH |
AR ]

VBRI S Bl AT IR AL )

h R 2 PR K
T2 BRI HLA R R 5
o 05 1 1 2 25 3 35
-log10(p_value)

1 *P<0.05
B 4 BPGESAHBIE2E RSP KEGG i i & % 0T

2.2.1, 125 DKD A[al 53 AH GBI 7K S 5 E ik
225 AR Y E B R A (BB, 6) 5 DKD AN
A3 A B KRR S A R U S A TR
PR R A . BR300 R B R A 9 6 0l 3 2% %

(E5), F6 NE T /KB SRR S e
P45 DKD 4330 J8 A0 G AT IE 22 A A 25 T
LRACHNHE B s 4 R RIA AR

2.2.2 5 DKD AS[A] 40 AR OC R ik S5 R e
2SR E g E ST (K 7) 5 DKD A4
FHOC IR IE 5 AR VR 22 SR 2 20 5 4 T 1)
REBEACIE . S ER AR I 2 253 i o

2.2.3 5 DKD AS[A] 40 AR OC IR HGIE 5 R e
22 AR = HE T (K16, 8) 5 DKD KA
AR SE AT IIE S AR 22 A E E E AR TR
AR . Iy . SRR AR 3 4l o

2.3 BIEZERCY S5 DKD B IR IR A fb s br
BBt (9, 10)  JBIE S AR EIE AR 22
SR, 5 eGFR. MALEF. 24 h R AEH . IR
R FUEF X 4 DN EARAAISEtE T SRR, 5
B UEABE LS, FEIRIE AR P s Fak i KGR g
Y, 5'EIiRei R AR PR BUE ARG AERIE
NBFP IR S, S5 Tt AR A
KOG

5] i

UTAF R, Bl B RS SE Rl AR AT K, HE
I ELR - DKD 19 9 2 UG R AR B AE T 2
SCXT DKD 1280 53697, PR T i H2IE
il H B2, RZEZAE DKD 2kl i B
LU R, WRAIE R B2 DKD i kA b B A bR 52
IIE "%, %} DKD WG & A B, AT 2
TR P R IRAIE 5 DKD %5 A [7] 43 191 0 1 3 4 G i O¢
I, #2555 DKD B 7 B AH G I IR IE 9 78 76 1 v A
Yikri&EW . WE5E & B DKD A [R)VEGE Y 740 55 E e
F LSS 2 AR B 22 55 (KRR / {B3hiE /
IEHGIE S IREIER] 4> 34 167 .65.28 Fh2s ARl ).
AR UE IR RGIE 22 S A B 2 s TR R A
AR A3 iR AR, FR Pkl 22 AR 32 2
BETHER. 28R MBI, BRIRE,
TEIE 22 SAC I o, 55 DKD R WA S 1Y 22 57
Y (AIRAE 5 R IRAE 116 F, 83 5 A8 IE
29 Fh, RHGIE SAEIRIE 10 fh ), FEEEEANE
PR MRYT4r U . MR RA Y& . IR A
HE 22 A 5 DKD it PR A AL A8 AR Y SC e
DTS RN, YR 5DKD B B A
5T 10 & B0 R DKD,3GIE 12 Wi K 3500 43 391 ) il Ak 52
PR W2 F A,

AW FE LSRR AR N H R4 5 DKD
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5 5 DKD ANE -SRI S AR 1 UE 22 S5 ) ROC 2#r

L&Y 437 JKIBIE DKD #E  AUC 95%ClI

R (Erythrose ) C.H;0, 1 1 0.944 [0.8642, 1.0000]
AN NS A (Blumealactone A ) CoH150s i} l 0.931 [0.8060, 1.0000]
MKty ( Paramethasone ) CHyFOs 1 1 0.925 [0.8269, 1.0000]
HiFE%E B2 (PGB2) CyoH30, 1 1 0.925 [0.8201, 1.0000]
Z.T: -DL- #iE% ( Acetyl-DL-Valine ) C,H.sNO;, i 1 0.919 [0.7983, 1.0000]
DL-2- Z 4L/ ( DL-2-Aminooctanoic acid ) CgH,,NO, i} ! 0.919 [0.8161, 1.0000]
##ZE F (Physagulin F) CaoH4004 i 1 0.913 [0.8058, 1.0000]
RAWEER ( Trans-Cinnamic acid ) CoH:0, i 1 0.906 [0.7861, 1.0000]
5- (2- FRILW.ZHE) -4- (FRIEHI) -2 (5H) - Wk ( Ascladiol ) C,Hs0, i 1 0.894 [0.7718, 1.0000]
ELHZ#: (Kynurenic acid ) C.oH,NO; i 1 0.894 [0.7639, 1.0000]
KA ZEMNE ( Phenylacetylglutamine ) C3H16N,0, 1 1 0.894 [0.7687, 1.0000]
FARTPWIRZ ( Fluvoxamino acid ) C.H17F3N,O, ! ! 0.894 [0.7684, 1.0000]
ZE ik ( Sagittariol ) CyH3,0, ! l 0.894 [0.7633, 1.0000]
A~ F A ( Cis-Mulberroside A ) CyH3,044 1 1 0.888 [0.7323, 1.0000]
(1xi, 4xi, 6xi) - F/rEE /Y ((1xi, 4xi, 6xi) -Carvone oxide ) CioH1,0, ] ! 0.888 [0.7620, 1.0000]
JafiE R (Allysine ) CeH;NO, i 1 0.881 [0.7506, 1.0000]
(98) - &utHfk - (92, ME) - T\ &R (( = ) 9-HpODE ) C1sH3,0, ! ! 0.881 [0.7506, 1.0000]
(112, 13E, 15S) -15- &L -1, 13- &k (15 (S) -HpEDE ) CyoH3s0, ! l 0.881 [0.7501, 1.0000]
16, 16- —HI - A5 % A1 (16, 16-dimethyl-PGA1) Cy,H30, i ! 0.881 [0.7529, 1.0000]

&6 5 DKD ARl A SC A S AR 22 5 Qi & ROC 73

et/ s iEpiE DKD #EE AUC

95%Cl

( X} Wt -20-3B-15B ) -16- Il 7% #2 4 -2, 3, 15- = [ ((ent-2alpha, 3beta,

15beta ) -16-Kaurene-2, 3, 15-triol) CaoHOs ! ! 0.837
4- FIETEH R R A ARG ( Apiosylglucosyl 4-hydroxybenzoate ) CiH204, i i 0.827
6-[ (32, 6Z, 9Z) -1- 2E+ itk -3, 6, 9- —I&EHE 1 Wk -2- i (( £ ) 5, 6-DHET) CyH,,0, ! ! 0.817
YA o %
(1g?h’yd1r(())§y)-£;-1 (g-pﬁfpf(;n(oﬂj%%i%;d;;\n@éc(;c?ii3 1080 CoaHrO:P ! f 0.803
9-fii% -10 (E), 12 (Z) - +/\k —J#&i& (9-OxoODE ) CgH3005 ! } 0.803
(11Z, 13E, 15S) -15- 44k -1, 13- “fi#s (15 (S) -HpEDE ) CaoHasOs ! ! 0.793
TR i S AR ( Dehydroepiandrosterone sulfate ) ClgH,0,S | ! 0.793
D- H#fi% ( D-Mannitol ) CgH1405 1 1 0.793
15 (S) - #H 8 —J&R (15 (S) -Hydroxyeicosatrienoic acid ) CyoH3,0; ! l 0.789
AZH C (Ginsenoyne C) Ci7H,0,4 ! ! 0.789
4l ( Sagittariol ) CyH3:0, ! ! 0.784
5, 8, 12- =3 -9- +/\JEMR (5, 8, 12-Trihydroxy-9-octadecenoic acid ) C1sH3.05 ! ! 0.784
5-(3',5')- "I - RNE (5-(3',5')-Dihydroxyphenyl-gamma-valerolactone )  Cy;H,,0, ! ! 0.779
H IR A ( Corchorifatty acid A ) CgH50, ! ! 0.779
Yy FNES A (Blumealactone A ) CooH204 ! ! 0.774
; it-aii i r-]ggcqfdu i;t -10- 4% -11- + UK R ((13-Hydroxy-9-methoxy-10-oxo-11- CuHaiO ! ! 0.774
11'- 4L v - e (11'-Carboxy-gamma-chromanol ) CysH400, } ! 0.764
3B, 6 BLZFNHAR -4- Jis -24- AR ( 3beta, 6beta-Dihydroxychol-4-enc24-oic Acid )  Cy,H350, 4 ! 0.764
6-O-Z IR IFI A K 2 1 (6-O-Agetylaustroinulin ) C,H30, ! ! 0.760
JEiA4: IR (1sopeopyl Paraben) CioH1,05 ! 1 0.760

[0.6678, 1.0000]

[0.6652, 0.9886]
[0.6619, 0.9727]

[0.6415, 0.9642]

[0.6317, 0.9741]
[0.6223, 0.9643]
[0.6178, 0.9687]
[0.6192, 0.9674]
[0.6121, 0.9648]
[0.6178, 0.9591]
[0.6107, 0.9566]
[0.6101, 0.9572]
[0.6048, 0.9529]
[0.5965, 0.9612]
[0.5992, 0.9489]

[0.5987,, 0.9494]

[0.5872, 0:9416]
[0.5852,0.9436]
[0:5797, 0.9395]
[0.5737, 0.9455]
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& 7 5 DKD AR ISR A S ARIRAE 22 571 i S ROC 70

ey =N JE DKD #EE  AUC 95%ClI
(XFmk 2-38-158 ) -16- 1 5 20 -2, 3, 15- = [ ((ent-2alpha, 3beta,
15beta ) -16-Kaurene-2, 3, 15-triol ) CaoH20s ! ! 0.800 [0.6583, 0.9406]
4 2.} A ( Corchorifatty acid A) CisHas0, ! | 0.766 [0.6183, 0.9130]
5% F (Physagulin F) CaoHeeOs 1 1 0.734 [0.5662, 0.9026]
K ( Paramethasone ) CyoHyoFOs 1 1 0.721 [0.5591, 0.8837]
2-O- P ZRBEI 12 ( 2-O-Feruloyltartronic acid ) C1,H,,04 ! ! 0.719 [0.5533, 0.8842]
A v - B8 (Prolyl-Gamma-glutamate ) CoH N0, 1 1 0.714 [0.5512, 0.8759]
4- R AR R RS 49 051G ( Apiosylglucosyl 4-hydroxybenzoate ) C1gHp401s l ! 0.711 [0.5445, 0.8774]
5- (2- AW 23 ) -4- CRIERISE) -2 (5H) - Wk ( Ascladiol ) C/H,0, 1 1 0.711 [0.5473, 0.8746]
5, 8, 12- =¥k -9- + /iR (5, 8, 12-Trihydroxy-9-octadecenoic acid ) C1gH3405 ! ! 0.708 [0.5422, 0.8745]
5{3',5' ) “FHHE - Mg (54 3',5' -Dihydroxyphenyl-gamma-valerolactone )  C,;H,,0, ! } 0.708 [0.5397, 0.8770]
Wﬁ%‘ji’ ] . [ R « e
TRBRREN AR * - o
MR WA | *
D-7H A7 SRR AR e
KEREEEER T Hefkit -
REERADE R
TR ERACH e o
AR SURERTH ER AR
FNER. BARMOEREDE R
5Pl 7143t
HARRACI
MG IR 5 A
FERHLLI RS
HRAQHH
TR IR ABCH:IZ R A
%ﬁ*ﬂﬁfg*ﬂ{fﬁ] 0 0.2 04 06 0.8 1 12 14 1.6 1.8 2
AU R 1) A 5 Fl -1og10(p_value)
JJZ%'FH@%%@M*EE%?K . *P<0.05
TEENERAR - o ] i
HE I S B 7 5 DKD ARG HIAH AR MOE SRR IE 2 A
VI *P<0.05 TR T
5 5 DKD AR SHUIHC I AQRIE SARIERE 1) p— . P
TE K AT oot
[ s * ’
RAARRH
Tyrosine Tyrosine metabolism
2-Phenyl ide 71 Phenylalani; Phenylacetic acid AR IR
dese " PR Y Rum
Hippuric acid 11 JRE R AT R AE LA
R
1 12 B HC A s B A -
Phenylacetylglutamine 11 Trans-Cinnamic acid TT’ Benzoate Salicylic acid 71
LR AR RARER KRB Y kb T T

T ZLA K 5 ARRAE DKD B Hed, R R i 7eiR Ik
DKD (& Tl S (i Sk BT DKD B /Uit fE, R
BT

B 6 5 DKD Lol WA SCRYIRUE 22 U 7E
B et D ICE N E Sy S e

AN IPE P R SR A VIP N S A AR AT e IR
AR IR IR LA A 2- RIE O BENG . IR |

i *P<0.05
B8 4 DKD AR AR A IR SRR IR AU
AR AT
FCRNEERR . FUKAIR F ik i 15 DKD /3 7
S R S IEADG . WTESR, 7RG RM IR
T2 R BRI sh WA e ) AR R T R R S
W, HLTE RN &K -5 RS AP = 2
AU BRI 0 RBSAR G 11 1O, Ok 2 A S e 1 Ay
R R B2y, Al e MRS
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_ Campesteryl ferulate
W

Spirolide E
12S-HHTrE

2-Phenylethanol glucuronide 0

Physagulin F l 05

Threoninyl-Isoleucine

1-Phenyl-1,3-octadecanedione

PS(20:3(52,8Z,112)/22:0)

Asp-Phe
1-arachidonoyl-2-hydroxy-sn-glycero-3-phosphate

Alpha-Vetivone

Lucidenic acid J

LysoPC(22:2(13Z,16Z))

Butenoyl PAF

LysoPC(20:1(112))

eGFR UAL_24h

TE: BRI AR, AR AR TARRIEL R, TEMRIE L 2B 22 A s 15 A AR A AN OCR B IR RS B AR S
AR FAE R RN *P<0.05, **P<0.01, ***P<0.001

B9 eGFR. SCr. UAL. ACR SEilE KR IEZ: A A IR (ki)

16,16-dimethyl-PGA1

Pregnanediol 0.5
3beta,19-Dihydroxychol-5-en-24-oic Acid
4-Hydroxy-3-(16-methylheptadecyl)-2H-pyran-2-one )
()9-HpODE

3alpha,7alpha-Dihydroxycoprostanic acid
5a-Cholestane-3a,7a,12a,25-tetrol -0.5
3a,7a-Dihydroxy-5b-cholestane
1alpha,25-dihydroxy-2beta-(5-hydroxypentyl)vitamin D3
15(S)-HpEDE

15(S)-Hydroxyeicosatrienoic acid

(+)5,6-DHET

5(S),6(R)-DIHETE

Dolicholide

11'-Carboxy-gamma-chromanol

Blumealactone A

19-Norandrosterone

6-O-Acetylaustroinulin

PC(14:0/20:4(5Z,8Z,11Z,14Z))

Sagittariol

3beta,6beta-Dihydroxychol-4-en-24-oic Acid

Brassinolide
5-(3',5')-Dihydroxyphenyl-gamma-valerolactone
Cardoltriene

6-Methoxymellein

Trans-Zeatin-O-glucoside riboside

9-OxoODE
13-Hydroxy-9-methoxy-10-oxo-11-octadecenoic acid

Pisumionoside
Cynaratriol
PE(15:0/22:5(4Z,72,10Z,13Z,16Z))
Plpenne

8(S)-HETIE
PGA1

(5alpha,8beta,9beta)-5,9-Epoxy-3,6-megastigmadien-8-ol
5,8,12-Trihydroxy-9-octadecenoic acid
(ent-2alpha,3beta, 15beta)-16-Kaurene-2,3,15-triol
DL-2-Aminooctanoic acid

Ginsenoyne C
(1R,2R)-1,2,7,7-Tetramethylbicyclo[2.2.1]heptan-2-ol
5-Hydroxy-6-methoxycoumarin 7-glucoside
Sphingosine 1-phosphate (d16:1-P)

Prostaglandin F1a

Dehydroepiandrosterone sulfate
12a-Hydroxy-3-oxocholadienic acid

Apiosylglucosyl 4-hydroxybenzoate
(1S,28,48,5S)-2,4,7-Thujanetriol 4-glucoside
PS(18:0/20:4(82,112,142,172))

Creatine

Licochalcone A

Notoginsenoside R10

6-Hydroxykaempferol 7-glucoside

(8,Z)-Lyratol acetate

Oleic acid
(R)-8-Acetoxycarvotanacetone
SCr eGFR UAL_24h ACR
T BARFR I REETR . AR A TARAE R, (ENRIE R FR AR 22 S AR s AR A ROCHR (i RIS AR AR
ARRIBHEACEISE R B RN ; "P<0.05, **P<0.01, ***P<0.001
B 10 eGFR. SCr, UAL. ACR Sl 2 AEMRIE2E S AR A OCIR M AT (fIR3Rik

u&i*ﬁ*}wlim*%ﬁ/ﬁi BE, S A A AR el RE S e dE UM AR Bl T B/ NERBE AL, Mt fie
X T DKD SRRSO R, 45 7 DKD #ERE, (BA At — L Biioe . 2- A0k £t

PR “hﬁf‘ Fas” BnbLEE, EHEMENERIIEE MR LA A A i 2R ] ), SE T
Fi DKD it firh, RZBA ARG,  DKD &R agVE IR, B FT M s 25T, H
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MHAC &R LR, AT i S5 3Ehnfusee soxuss: A8
X, SRR (Hippuric acid, HA) A 2 Sy
AR A, g . KSR ZEFmnMErh LSS R
MRS . XL G RTTR, RIEHA
JRERIFAE SR HE S " Y B ThREAZ R, DRI
HEZ B . DRI, D PRI e 2R 30 i £ UL Ay
HE AL A ARFHIETE R ( Protein-bounduremictoxins,
PBUT ), Al i i {5 A0 17 3 mT i o R 2T 4k o
F A R 46 LS 2R A5 B AL & e IR 2P oK
IR SRR, RIREAAAEZKR | BESE R A A
P o 20 2 AR R, AR T
HEZRGE A T BRI, AL i 2T 4k 4
MiER, TSN LA L %, AR DKD &
it AR, AT A A R A R T R DR A N
BNELF4Efl . KRR —F) 2 A A Th /Ny
TEEY I, RAWARRE SR E ™Y, H
Fa S Y IE W 4 S L R LA BT R 2 2,
AW RB], YN KA IR 1Y B 2R AT A2 40 M At
7= 2 (AWIE I THLRE RTE R . AR R
RIK IR IS T S N DKD 431 % Jié 2 IE A G,
HEMIA AT e Ny & e i Jie s SO Ak K P15
KGR RS, F— e aipstT, (HHEAE
M EARBLS], AT —2b 05

JE 0 W e N AR A PR Bl 0 FE B Ay, 2
HOSENE, B4, I7iE . BIEENSFZ2A28ErIE
FAEMDIRE . AR R T B 2- TR 2 ) A T R
b2 S50 iR sl, 25 0 S wA PR i
FHE AL, 2 SO 5 A0 e A B s R &
BUEYIbREY Z —, TEREIRIN Y A R e vl g H
FfEFE 2 AT, 2- KB A TR KA
£ DKD 3R B 73 101 4 2 e rh 24 b 2 T i, 4R
HAG B R T DKD PR ETE B A U 2 i FE 2L R
it 2 A S, 9 e ) O S R T T P R A e 2
JUERR B A 2B BB — R AR 27, SR AN
3P T BE RN IAR 5 i A AR P %, HiEkA
T R B S WA B L IR R R A A e, L
RS B F AP O P AW PR R
Joi S T R 7. DKD JuE A1 43 3 10 J v (i) 6 58
PIREXT A, A AT g DA AN f DA TG E— 20 2 i
SR, IEpEIERE

RE MR AE A O AR A R B — 30 . BRACI
ZALEAR TR A= WA B I (o 0 i S R
M YERR 2, AT BB E I DIRERERT, SRR3R
P 0, [ImE, WER BRI R RGL 2, MG

HHUARSEIL R B, MR DKD $efi it e, REA: &R
RS RRE, I A SRR R MM AR Y S A i i A
5 BV A R, REIER A WA R A A )
WG ERR (Myristic acid ) AR ( Oleic acid ) £
UETEA% AT DKD B 70 J 10 0 e 4 2 R R a8, X
Al it DKD B E TENG PREE AT 10 F i 3 FRAGHL T (1)
REBA MG, EERWmE R, AN
KA NLERIRIT T, BE IR 7R A 5G4 I %
AW

G5 TR N 5 5 AR e W I BN R ) . e AN
JULPAI A S ) P o o B2 S B R IR, s e %0 Y,
AR P9 485 2 R PN 5 5 B R K- e s 5 R T
FUEIL I 2T 8 K R IEA G . ARFEas R R, 7E
TBAE (AR AR ML ) A1 DKD Bk /it e, 45
RARMF R ZA R 2 LIS, %183 DKD & &
WbLHIE 2, R RIPUR R A R R EE R Z
— OO DR, T A R R R R K 1 T R
L DKD & ki RIRPuA e, [FnE, A5t @
HEF1 DKD A 43 1 25 SR 1 ROC 43 B 28 S 42
71N G T R S 2 R (W) B 5 9 U T DKD 95 43 1)
HEREAHOC, FUMMERE R AT, A7 52 W uE A i
DKD 3 J& 13 76 A s 4

BN ST N S E | AT FAIE E2 S RS A
R, SARBAE AR, WRIEARER) S T REA X A 22
(P<0.05), RAEF/K AN (P<0.05), iXH
SCAF A DKD B9 SR AL “8” BEJE DKD %0
RIS R AR, SO AR g R A i A
%, P, BERRSE ' DKD “IRAE” ABERSAL T4
SEAEIERAE, R W RE R B B SR S, A
Al B TSR BN S5 i AR M A b B . BT
PL, TERFSE H ST ASTRIIEAE A A ) 22 S A R S5 08 DR
I3 B I AN ] 433 22 AR B A8 B b o X HAE
EWFE AR, TS5 DKD AR AH 5 IR IE s 5
VPR EY . AL, ARWFF A RIE S IR AR ) 2
SR, 5 eGFR, IMALEF. 24 h JRAZEH . JRHA
HE I WUBF FEaX 4 A RS AR AR e AT 25 SR s
TR SRR B o I A DG

AT R R A A T . BT, A
A58 B AR T AN R AIE Y R S AR IE DKD
Z [l 22 AR, iR BB A R R BRI IE AR
ik’ DKD & [ 19 22 S A a5 5, TR R e X ik
MR UEFNEVEAIE DKD, £85 1) 22 SR UE 1 T i oMt
i, OPLS-DA fERIFL/RiTHIG, X 7] fighy A5t
At A B DL R A i r AR K 25 R AR G
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HIE, MBEFEEE R, WA AN R R I R 2 AT 4%
AR o 3 TS [ Y 2L 5 e A4 22 S A
Yy, (ERTFEACRE AR . 5 5, T AT
5, SRz BERAYMIKERAILK, FIIGEHER
LGP FIRE GO 5200

Li LRTIA, ABTCR AR, BRY
DKD A [7] 73 3 AH 5 A4 9 31k 1) 785 75 1L 385 A2 M0 bm 6
P55 MR 22 S A ) 1O T o SRR S5 0 PR AR AR
RBP4 R AR R, A ERIRAIES DKD 95
S YA G, DKD PRI 8 5 VA 4 A 1 28
el e SR IR . RT3 . RIWTRRAE 5 A
PR A0 B R FLAHOC . AW Wl s B o Uk
LR AN o S IR T S A e ity , (B34
TFHTE PR HE— L BIE

FFEHE: T,
£ £ X W
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