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(# Z] B 88 &SRO A% - DU AT RATET R TS (UPLC-Q-TOF/MS) 1 H AR FI I 2%
I T B Y SR B UE R R SRR A ) 2 R b A B R (AKD B9 IS M R T I A AL
il o FE: R UPLC-Q-TOF/MS AR X255 70% £ W5 WU K UE B 45 25 )5 0 A1 60 min K i
ML FEATAL 22 A 430 s B 25 Z M AMLTE PR 20 48 PubMed F- 4 4513 SMILES S5, T SIB ¥ 15 1k B H:
OSSR, [RIEFEL “acute kidney injury” Sy SCHE TR AE AR IE B (GeneCards) . %595 5 5 ) 4% £
JE (DisGENET) FI7E4E A MR AA 50 e (OMIM) S5 508 R A R AKTAH SGHE i, X #IF
sz 4, AT & 24 Z iR )7 AKT R LD B g0 K 70 K SD REBENL A2 (A (10 H) i 4 20
(60 H), B KRR EFNKRFEREL7d, o5 AR RE B ES S8 AR, e85
AR RMENE (CRE) MIRFEA (BUN) b5, FIBBRE G H 2 m0. H B i 60 H K ERBEHL
O AAEEIAL . IR 2R (120 mg-kg 25 R . R4 (300 mg-kg 24 FM) | a2
FM4 (750 mg-kg 'ZHFEM) . HRMHEEDH (750 mg-kg 'Z5FEM) MEEZWAH (15 mg-kg 4k
PLWAK), A 10K, S25i0Y7 14d, WESH KRR 24 h R, W R B LA X B H U0 T )5 ks
W RAPAKE -G (HE) Gk 2% 4 K BUE A 200 BIE A R, b 1246 DU 25 41 R BUR W
JREH (UP). JRER (UA). B2-fBREH (B2-MG). HEH (ALB). 10kDa TR yiESEA
(IP-10) . B8+ 1 (KIM-1) F1 Vs 4 it ] e i AH OC i iz 208 1 (NGAL) fK-F, flb i
i 45 20 K BT T UL (CRE) ZKSF, Wl 2 6 I 45 41 K BRI s R R AL (BUN) JKF, ELISA B
R 25 20 K BT h AT 4Ei A K 6 (IL-6) AUMIEIRIEH T o (TNF-o) 097K LLECE A 80 A ik
YL EE (SOD) . — %&b A & W (NOS) . A M Ak A b W i (GSH-Px) I ¥ Jo N —
(MDA) FifJFR AR H K (GSH) /KF; Western blotting 325 A6 1 4% 26 K [ B 25 2% v 40 it 8 T A0 i i
e ALEE 3-3 i (PI3K) /HEFEG B (AKT) {5 S CE I RAKF. 48R R UPLC-Q-TOF/
MS $2 AR Sk % 1 159 R Ak 2 o3, AL AR 43 43 A 0 356 th 27 i, G 8 A R RL A 43 A0 19 A AR AR
FER B . BTFR R MRS . MRy B2 R oR, AKT. BAMEMERE 2 (Bel-2) ME 2
e 2R 1 R & BRI 3 (Caspase-3) 550 25 R MR YT AKISCHEME FHRE &, AR FIHLE 3229 K
PI3K/AKT {55 38 #% 55 £ 8 B BE 2 B G R 4% . SRR g, K. v e 591 o 24 3 i 21 R R PR W
UP FINGAL KW B REAL (P<<0.01), s 7 4 25 3% it 21 K BRUR W KIM-1 A TP-10 7K 7 I i [
ik (P<<0.01). SBEAIA e, K. v e 5 ik 25 2% it 20 K BRI T o BUN AT TNF-a 7K SF- B i [ A%
(P<C0.058¢ P<<0.01), SBIRIZ b, R i 4 25 35 it 20 K BUE 20 2L GSH K P F1 GSH-Px i
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Wy e (P<<0.01), b i 5] o 25 35 i 20 K B 4 80 MDA ZKF FiE NOS I 1 B W BRI (P<<
0.01). Western blotting &, SHEIAIA L, &l 25 5 b 41 K BV 240 24 b p-PISK/PISK L {E W i [
ik (P<C0.01), A% . v it 2y 58 b 41 KR 41 40 p-AKT/AKT B BEAL (P<<0. 05 3% P<<
0.01); SBIAVZL L, ) ik 25 S 41K BB IE 4120 rh Bel-2 35 (1 R 5K P B FH & (P<<0.05) ,
Caspase-3 fll Bel-2 5 X 1 (Bax) RiEAKFI BEEML (P<<0.058 P<<0.01), 5. 2 Rmdb%
159 Pk 2z gy, LA AR 27 R AR 4, EE RS AR R KRERZFE R KR AKIAES
e R, HEALEI AT fE S 24 Z k4 PISK/AKT F40 08 715 538 i A G
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UPLC-Q-TOF/MS and network pharmacology analysis and
experimental verification based on potential active ingredients
and mechanisms of medicinal Mulberry Leaves in
anti-acute kidney injury
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(1. Xinjiang Key Laboratory of Plant Medicine Resources and Utilization, Ministry of Education, Safflower
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832003, China;2. Department of Medicinal Chemistry, School of Pharmacy, Harbin Medical University,
Harbin 150081, China)

ABSTRACT Objective: To discuss the active components of Xinjiang characteristic plant Medicinal
Mulberry Leaves against acute kidney injury (AKI) and to clarify the mechanism through ultra-performance
liquid chromatography-quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF/MS) technology,
network pharmacology, and animal experimental verification. Methods: UPLC-Q-TOF/MS technology
was used to analyze the chemical components in 70% ethanol percolation extract of Medicinal Mulberry
Leaves and in serum of the rats at 0 and 60 min after intragastric administration; the SMILES numbers of
the blood-entering active components of Medicinal Mulberry LLeaves were obtained from PubMed, and then
their target genes were obtained from the SIB database; meanwhile, using “acute kidney injury” as the
keyword, the AKl-related targets were retrieved from databases such as the Human Gene database
(GeneCards), the Disease Gene Network database (DisGENET), and the Online Mendelian Inheritance in
Man (OMIM) disease database; the two were compared and intersected to discover the gene targets of
Medicinal Mulberry Leaves for treating AKI. A total of 70 SD rats were randomly divided into blank group
(10 rats) and model establishment group (60 rats) ; the rats in model establishment group were intraperitoneally
injected with gentamicin to establish the model for 7 d, the rats in blank group were injected with same
amount of normal saline; after modeling, the serum creatinine (CRE) and urea nitrogen (BUN) levels of
the rats were measured to determine whether the model was successfully prepared. A total of 60 successfully
modeled rats were randomly divided into model group, low dose of Medicinal Mulberry Leaves group
(120 mg-kg™ ' Medicinal Mulberry Leaves), medium dose of Medicinal Mulberry Leaves group (300 mg-kg ™'
Medicinal Mulberry Leaves) , high dose of Medicinal Mulberry Leaves group (750 mg-kg ' Medicinal
Mulberry ILeaves), Medicinal Mulberry Leaves enrichment substance group (750 mg-kg ' Medicinal

Mulberry Leaves), and positive drug group (15 mg-kg ' verapamil) ; after treated for 14 d, the 24 h urine
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of the rats in various groups was collected, and the blood and kidney tissue of the rats in various groups
were collected for later detection. Hematoxylin-eosin (HE) staining was used to detect the pathomorphology
of kidney tissue of the rats in various groups; colorimetric method was used to detect the levels of urine
protein (UP), uric acid (UA), B2-microglobulin (82-MG), albumin (ALB), 10 kDa interferon y-induced
protein (IP-10), kidney injury molecule-1 (KIM-1), and neutrophil gelatinase-associated lipocalin (NGAL)
in urine of the rats in various groups; microplate method was used to detect the serum creatinine (CRE)
level of the rats in various groups; urease method was used to detect the serum urea nitrogen (BUN) level
of the rats in various groups; ELISA method was used to detect the serum levels of interleukin-6 (1L.-6)
and tumor necrosis factor-a (TNF-a) of the rats in various groups and the activities of superoxide dismutase
(SOD) and nitric oxide synthase (NOS) and the levels of malondialdehyde (MDA ), reduced glutathione
(GSH), and glutathione peroxidase (GSH-Px) in kidney tissue of the rats in various groups; Western
blotting method was used to detect the expression levels of apoptosis and phosphatidylinositol 3-kinase
(PI3K)/protein kinase B (AKT) signaling pathway-related proteins in kidney tissue of the rats in various
groups. Results: The UPLC-Q-TOF/MS results showed that a total of 159 chemical components were
identified, and 27 blood-entering components were screened out, including 8 prototype products and
19 metabolites, mainly flavonoids, benzofurans, and organic acids. The network pharmacology results
showed that AKT, B-cell lymphoma-2 (Bc/-2) , and cysteinyl aspartate specific proteinase-3 (Caspase-3)
were the key targets of Medicinal Mulberry Leaves for treating AKI, and the mechanism mainly involved
multi-pathway linkage and integrated regulation including the PISK/AKT signaling pathway. Compared
with model group, the levels of UP and NGAL in urine of the rats in low, medium, and high doses of
Medicinal Mulberry Leaves groups were significantly decreased (P<Z0.01) ; compared with model group,
the levels of KIM-1 and IP-10 in urine of the rats in medium and high doses of Medicinal Mulberry Leaves
groups were significantly decreased (P<Z0.01). Compared with model group, the levels of BUN and TNF -«
in blood of the rats in low, medium, and high doses of Medicinal Mulberry Leaves groups were significantly
decreased (P<C0.05 or P<C0.01). Compared with model group, the levels of GSH and GSH-Px in
kidney tissue of the rats in medium and high doses of Medicinal Mulberry Leaves groups were significantly
increased (P<C0.01) ; compared with model group, the level of MDA and the activity of NOS in kidney
tissue of the rats in medium and high doses of Medicinal Mulberry Leaves groups were significantly
decreased (P<C0.01). The Western blotting results showed that compared with model group, the
expression level of PI3K protein in kidney tissue of the rats in high dose of Medicinal Mulberry Leaves group
was significantly decreased (P<C0.01); compared with model group, the expression levels of AKT protein
in kidney tissue of the rats in low, medium, and high doses of Medicinal Mulberry Leaves groups were
decreased (P<C0.05 or P<C0.01) ; compared with model group, the level of Bcl-2 in kidney tissue of the
rats in high dose of Medicinal Mulberry Leaves group was significantly increased (P<C0.05), and the levels
of Caspase-3 and Bcl-2-associated X protein (Bax) were significantly decreased (P<Z0.05 or P<C0.01).
Conclusion: Medicinal Mulberry Leaves are identified to contain a total of 159 chemical components,
including 27 blood-entering components, mainly flavonoids; Medicinal Mulberry lLeaves have an
ameliorative effect on gentamicin-induced AKI in rats, and the mechanism may be related to the inhibition of
PI3K/AKT and apoptosis signaling pathways by Medicinal Mulberry Leaves.

KEYWORDS Medicinal Mulberry Leaves; Acute kidney injury; Chemical components; Anti-inflammatory;
Apoptosis;  Network pharmacology
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{1 5 R PR AKT R H E IR RAE . R IR
AR AR SRR IR T T BOR W A& e, AKT Y BEAL
52 A MR AR T U R PR S BOH e IR PR o3 A
BR, PR R AKT B BIR )7 S B 2 5 L
e 25 et Z A . 2RI REER
FEOLH, 70 B MR 3 S e B Al e i O . B
FOMYERRNAAR, BTREZREMEY, H5
AT 22 A5 A AE R e (0 AR i 8k i A5 1 1 4%
ZAERL TR IR, R E R AR
YRR i X+ 2 SR 2 B I, S | R
MRELD) ToRAW, NI E B H 2 09 K R R
B2 45 . A BT ™ 24 TR 2 b 0 B I i
PERT, T H A 10 AKT A 20 1 #IL I BIF 52 14 R o€ 4 1
Wi 2GR s S s . IR R 2 b 2l S
P2 4y, BUABESY Y EIE S H A B A R
PUR FIPL 25 defb gy 54, 3278 HoAE AKTE &
B P AE A (EL o A9 58 400K T s 2800 33 - 1 A
¥ K 47 B B R 3% (ultra-high  performance  liquid
chromatography-quadrupole  time of flight/mass
spectrometry, UPLC-Q-TOF/MS) . [ 2% 24 Bl %
Ky S e U, R T 8 24 2 0 BT AKT R 24 2%
Wy Tl By HLAL S KR ) 22 HE R 2 T
RIEHEIIE S

1 MBR57FE

1.1 ZZEANFNE

CmE (Ordra, B &M ik THRAA),
M (ikd, £EJ. T. BakerAFl), Hig (&
WY, RBWE FRHAM TARAA), 4ifK
(P VG ke oy ey 2Lt AT BR 2 ) ), A i R K 2 3R T
(B AMZ), JKREA (blood urea nitrogen,
BUN). WL ®F (creatinine, CRE). R & H
(urinary protein, UP). JRAR (uric acid, UA). &
% & (total protein, TP) . # % 1k ¥ I 1k A
(superoxide SOb). W = &
(malondialdehyde, MDA) ., & Jit & 2% Bt H Ak
(reduced glutathione, GSH). — & b A & W i
(nitric oxide synthase, NOS) F%& M H K &L
fif (glutathione peroxidase, GSH-Px) x5 &
Y A m st @R Y TR AR R 6
IL-6) . Jif 98 3K 8 5 ¥ o (tumor
necrosis factor-a, TNF-a), B2 5 Bk &£ H (B2-
microglobulin, B2-MG), H & H (albumin,
ALB). 10kDa + #t £ v 5 & # 1 (10kDa

dismutase,

(interleukin-6,

interferon-y -inducible protein, I1P-10) . B $it £
F 1 (kidney injury molecule-1, KIM-1) FI % kr
g M B R B AR OC IR B iz 2 # H (neutrophil
NGAL) fi§ BE % %2
W B 9 %€ (enzyme-linked immunosorbent assay,
ELISA) i F & W B & 30 3K B 55 A4 9 B 4
By AR A Al B OJs BE UL BE 3-3 B
(phosphatidylinositol 3-kinase, PI3K). # & 1k
PI3K (phosphorylated PI3K, p-PI3K) . & M # i§ B
(protein kinase B, AKT) #il % & f& AKT
(phosphorylated AKT, p-AKT) Huik¥i [/ 117
KR AT b A BR A A, B Ak 2 2
(B-cell lymphoma 2, Bcl-2) #H% X H H (Bcl-2-
associated X protein, Bax). Bel-2 & FH A1 & 2 bk &=
fR K 4 & MR & 1§ 3 (cysteinyl aspartate-specific
proteinase-3, Caspase-3) Pk [ 4 A4 )
TERARAA, g-HlaiE A (B-actin) MILFEH R
IgG/BRAR BG bR IC PRI [ A6 5t o A2 & B A W 4%
AR R A o R ROBORH B 15 TAT I 1] gk FAY
(A1, 1-CLASS/UPCC/XEVOG2-XS, 3% [ Waters
AFD, BOHL (5. TGL-16B, Liff 4 sl 1Y
@), KA (A5 . DYCZ-24DN, JEbmiN—
TR BT IR A, BREEAL (B . GT200, L
T AR Sl & A RS W), IE A HE O
B (M5 . AXiOImaGer. m2, db ot 3 L5 A
BRA T, b2 RO iR &5 (A1 . UVP
EC3510, £ HE UVP A HE), AWML (85,
DB-09, HIALEE T BB A R A A o
1.2 #HHhH&
2R MRE R A BUN A A 25 R0 2.0 kg,

R JE DL 10 A5 8 19 7020 L BB AR I, 6l 7T i
AR, RmRE. BERRERN2K., AR EE
il #s . LGSR B K SR H0, S 28 Tk
LR CTRFEBUG , WOKZ it RALRIE I 70% & B
VR, MBI BEWE 2%,
1.3 AR oo
131 25 S 58 B Ak 1 K il 3% 1) ok 4 Fn Ab 3

Wy 70% CBIREE R, LUK,
R EE Ry 2 250 g- L1 (REWIE) MW, RS
FH (538 BBy A, 1 0,22 um JE B, #E1T UPLC-
Q-TOF/MS 73 #r. #2yfi 12 h K&, DRSS
THRM 700 LR . FEL4 245 0F1 60 min 733
ARME IR M, 3 500 remin ', 4 °CE.L> 10 min, B L

gelatinase-associated lipocalin,



60 TR 224 (BE 2 i)

524 1M 2026 4F 1 A

W, MM . i B R AR R,
96 L Mz X 3% sk 2% il F # {5 (hydrophilic-lipophilic
balance, HLB) #, WEH BT UPLC-Q-TOF/
MS 73
1.3.2 faif-Fii (mass spectrometry, MS) 2&1F
ik Al S . ACQUITY UPLC BEH C18 (i
B 1.7pm, WHEXKE. 2.1 mmxX100 mm) ;
WM B (A) -0.1% Wig/K (B); W :
0.4 mL-min '; #E. 25°C; HEMMEE . 4°C;
BEREAR . 2 pls BEEWRBAEF : 0~3 min 50A—~>
40%A, 3~10 min 40%A—>95%A, 10~12 min
95% A Bik . RTHMIS 27U (electrospray
ionization, ESI), 1E. fiEg 728 RERK, IE.
Ry R 220 O 3.0 F1 2.5 kV, B IR
110 °C; B A A A A, WA 650 Loh ', i
JE 450 °Co HEFLHLHE 50 V., AHXE 43 i ek 47 4 v [
50~1 500,
1.3.3 B¥gib# R MassLynxV4. 184X MS
BOE AT R A, B T R A B EUE 5 A Z UNIFI §k
P, DLaefr i) OWERFE R ) FllgEda N (W%
fEhR)
1.4 M&HEF
141 255k Rope i Al OCHE s R o B3R i f
MO I A% 2> N E b T MR R e, T PubMed
(https: //pubmed. ncbi. nlm. nih. gov/) F £ 7% i)
X B AR A 9B SMILES %, i 78 SIB ¥ s &
(http://www. swisstargetprediction. ch) H i A I
W MRS B SMILES 5, DT 3R BGZ Ak A 90 AH i
ROAE S B WA, LI “acute kidney injury” 1EH
KB, fE N KR W R I B (GeneCards)
(https: //www. genecards. org/) . ¥ 3& K ) 26 %%
P72 (DisGENET) (https://www. disgenet. org/)
e Lk N2t 18R 38 A Bl e (OMIMD) - (heps: //
www. omim. org/) S ¥k BUIE FE A R OF RIS
AKIAHC IR A5 B Bm, B BR324 &t
T 1 S0 4 1 5 DR HES 5 5 g 6 DR W A AT L X, R
TH A, M E 2 5 R YT AKT Y AR A
1.4.2 JAJ7 AKI W 4 A Bt - 85 B 5 A0 B A4E
(protein-protein interaction, PPI) 4% 44 & % & 4
AT TEARMUCT MG AR RS, BHHSRAZR
STRING $uda ), LAtb#y s PPIR 45 . B, fi
Bl Cytoscape 3. 9. 134X} BT #4 2 (%) PPTIM 2% K] 47
SIS, JFARYE EEAE, #E— 2Dk AR 2 Rt

HIT AKIL of B2 R OCHEE R . R
DAVID $(45°F 5, B %25 S 07 By ¥/ AKT 7 18 (1)
AHOCHE g, JF 3 A K38 (Gene Ontology,
GO) Tt wE £t H SREA TR 2
(Kyoto Encyclopedia of Genes and Genomes, KEGG)
fFo@B e oM. el fed, ™A% i i
P<C0. 05 i A4 Py 3 A8 el % o R B A A5 A 4T
B, 2% GOMKEGG &&= K.

1.5 SBIIE

1.5.1 SEEezy M mscsshyy 25 30k R A A H o
YeFIR AR XA MK, 2 ) F K2R 2y e R 25
PR S E A AR ORI W 25 % . 76 L SPF S 1
SD AR, Wi (200420) g, sh¥ 4 =¥ al ik
2. SCXK (1) 2019-0002, WA T4 JH 17 25 3% X 48
ML S IR Y . KRR 3R T AT P K 2 B
S s L, ER (2242) C, BJE (504
5) Y, AHRKEEE. A3 S5 A A K%
HZR B SRR TR, R EE 7 L=
B A R AR OCJE I RIS . ABIESY AR AR A T
K2E AU P2 51 25 i U v, R PR vE R S
A2025-051,

1.5.2 SEEshy) oA Rl EE ST K 70 HOR BB L
SFREEE (n=10) MK KREREBH (n=60),
TR K REZE 7 dJEIE TS IR KGR (100 mgkg 1)
25 AR BRI s 7 A 45 AR R K . 2 41K RUHR B
o, Ak UL CRE AT BUN K-, 41N K 56
¥ CRE #I BUNJKF 525 A # T it . A
WSt 5 (P<<0.05) B9k RN A2 ,
HEBR L Geit2p 22 5% (P>0.05) AR R K ik
Ty 60 H K BURE AL 3 R AR 2 IR 2 Sk Al
(120 mg-kg 'Z45&0t) hl B 25 52 041 (300 mg-kg
i) . @Al AR A (750 mg-kg 'ZHRM) |
FRMEEYH (750 mg-kg M) FPHMEZ
W (15 mg-kg "dEHiMaK), MHI0H ., A4
FBERL AL R R4S T 25 U IR K, & A2 KR
LT AN AR, B R KRR ZH 100 gy
HEERBHTHE R A, SN 14d. HZ5ER
G, FEARE AR ORER K, IR K 24 h 9 IR
W WORIRWR A A G, SRR E3h ki 75 kiR R
BRIV, WAC R 1) R BRU PR R Il 3 T — 80 C & 1
AR o R PR N KB P B R 2L, A=
PRER KR, WEACEE T, MRBTEIHNIE,; HAE A
Ji [ 10% e RS Wb s 2 T80 C4
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1.5.3 2% 20 K BUH R AH OC LAl A A i o i )
S B R BRI B, WS R T DL B R R
(B IE & B0 =B IE 8 & (mg)/ K B BT & (g) X
10026 5 %k [ 5 T 10 % v HY T v 1) B 2 21k
K, B, MR (4pm#EH) KHF AR
K -PH40 (hematoxylin-eosin, HE) Jef{fn, W5 4%
R RV R B 2A R S R

15,4 fib 2 b €5 10k A6 DN % 20K B 2 g S AH
AR Feia ) & 1 W 5 A6 0 A& 21 K B v DR
WP E CRE, BUN, UA FMIUPK¥; il 5K
2521 KRR NGAL L B2-MG. ALB. IP-10
A KIM-1 %5 A=W br 2

1.5.5 ELISA 3£ £5 41 KBS 240 21 rh 5 FlA
AR R KO e 35 43 20 B 2H 2] 45 10 %%
(R R A S VG S OF Rl R N W = I B A
TNF-a Fll TL-6 7K -5 4% 156 B 5 46 0 45 2 K BRL 10 %6
e B HA AN TP, GSHAIMDA KLU K SOD
NOS #l GSH-Px i 4 .

1.5.6 Western blotting 35 & Il £ 2H K B 41 40
PI3K.,AKT . Caspase-3.Bcl-2 fl Bax & [ 3% i5 /K °F
R AR 1 R0 2 vh R PR UK BRUB A1 21, ot B i
Bk EEH, S HEBERR G
(polyvinylidene fluoride, PVDF) J&, jit A 5% 4
M H 3 H (bovine serum albumin, BSA) frzE iR
B 2 ho BB 5 X0 BT K p-PISK (1:1 000) .
PI3K(1:1000), p-AKT(1:1000), AKT(1:1000) .
Caspase-3 (1:800). Bcl-2 (1:800), Bax (1:800)
Fl B-actin (1:3000) W4 CHFLHE. HIXHE
R 20 Y =R ORI b 92 s ER VS MR (Tris-
buffered saline with Tween-20, TBST) ¥t & K
4%, B 10 min, FH5MHN B ERBEE 1.5 h,
SRIGH IXTBST YE# 4K, BIK 5 min, >k H ¥ 5%
fo2f R ek M), DABER R RE R, kA
Image J#AF 43 B 85 190 T 452 K BEME, 18 H &
HRIEKTF. HMEARBKE=HMEAZF K
FEAE/ NS 5l IR H

1.5.7 it #r R H OriginLab Origin 10. 1%k
15 3E 4T K08 Sy B, GraphPad Prism 8. 2 %k ¢4 #E 47 ]
AL AL 3, & 20 R BRI UPL. UA| B2-MG.,
ALB. IP-10, KIM-1fINGAL /K, It + BUN,
CRE. IL-6 f1 TNF-a /K-, B4 4 MDA Fl GSH
KA K SOD. NOS Fl GSH-Px #& 1, KBB4

4 PI3K, AKT. Caspase-3. Bcl-2 fil Bax £ 13
KK, BFFEIERME, MlatsFom, 24lmeEA
BIBOH AR RIS ST REAR cK 06, 2 4l I REAS S B L
BOR N R 7 2250 07, 2 RDRE A B4 800 79 1L 35 R
JHSNK-¢g#86. LAP<<0.05 N2ERAH G it%E L.

2 5 R

2.1 AL oA

2.1.1 4R #sr /v Mt 78 UPLC-Q-TOF/
MS B H AR B, Brimey et 700 BB iR
/R v SN e oy S w1 S = S i = Wl N 8
F AP AW, R AT R #) 126 Rk G
Yo EBREE MG, e 159 Fi b2z i sy . =
OB S 93 . R OIF Wk 23 Fh L A HLR 28
120 AWK LRl . RN RIS 8 PRI M2 22 8
2.1.2 RN AMBSSH BHUPLC-Q-TOF/
MS BB H AR X R 25 5t 70% LB R E
Jei B R BRI A AT a0 A, S5 R BOR . FEIEE T
BRI A @8R A T LR B 8 Fh ik & 5
BFREATREL 9 EY . S LEaH,
AR 27 RS, A B R AL Ly
L9 BRI B 4y o BE— 2 BT R B LR S W r
& TAE S, Ko B 2E s Aa 128 R
WEIR 2 A Fp . AW 3P . AT HLIR 2 3 Fh R LAt
KA SR, B TR K 2,

2.2 M%BHEFHN

2.2.1 24 S 00 PR A4 B0 A B AKT A A O
e L UPLC-Q-TOF/MS Bk # A 45 25 ik A
B 53 27 F AL G W1 . FE R WFETE YERL Sy, B
JAE v 0 356 MY 2 38 0 3 P R 40 AR X R A 3
3654, it GeneCards. DisGENET il OMIM %%
P& E L “acute kidney injury” R ICEER, & JF 34
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A':Plasma component analysis diagram in positive ion mode; B : Plasma component analysis diagram in negative ion mode.

B1 R AILESTICHE

Fig. 1 TIC current chromatogram of blood-entering components of Medicinal Mulberry Leaves

F1 HRM MK E RS
Tab.1 Prototype components in Medicinal Mulberry Leaves plasma

Number Retention time (/min) Compound name Molecular formula Mass-to-charge ratio(m/z) Error (ppm)

1 0.56 Kuwanol D C,sH,0;4 453.192 5 1.43

2 9.04 Wittifuran U C241,,0, 455.172 1 2.15

3 0.58 Melezitose C1eH05 527.159 9 3.16

4 7.23 Kaempferol-3-O-rutinoside C,Hy045 595.167 7 3.23

5 4.29 Aurantiamide C,:H,N,O, 425.1827 —2.09

6 3.18 Bakuchalcone CoHyO- 363.120 6 0.84

7 3.36 Wittifuran B C24H,,04 415.152 8 2.96

8 2.62 Mulberroside F C,sH,,0,, 567.171 1 0.40
AR GOTIREE £, GOUIREE £ 2.3.2 HFHARREMUMEFRERE = HHKK
Bras il R . EEAY TR (biological process, W AR AR GRS N, B R TR AT (D, R, T
BP) Mt F AN R ORI I . B R ORI RSB0 Bk LIE L LR PR R

NN B FE A IE R W AE 41 A 4> (cellular

component, CC) B9 K 4 A B[540 il 2 1 A
Y £ b AR % 5 4 F I AE (molecular function, MF)

TEREWME S EASAMHFEEASL G % X

KOBE R AT KEGG {7 5 3% & 4 50 b, 3615 3

174 5 & B 5 5, FEAFEENERR. 1)

%FE%HPBK/AKT%‘ FA I, R R MR AKT
RIT I RE R ZiE R . ZRAILEEEER.

DEIEIM‘MO

2.3 EBEBiE

2.3.1 AKIEERI R #E S, ELEFEFKKEERT7d

Ja o, R 2 41K B 3 CRE AL BUN K, 45
R @R K BT CRE 1 BUN ZKF- B 5 15
Tafd (P<0.01), #x KTz, £
BRI S T AKIR R, L3 3,

M2 R BRI OR G2, B R FARE ;&
AR AR E R AR R R
I NG IR SN R S D - 918 @

Wk 5P (0.573740.0455) Mok, B
AR R B IERE (0.971 04+0.072 8) Wl &I
(P<<0.01), SEMALE, SEWHRTA
(0.750 84+0.034 6) F1BH % 25 4 41 (0.790 8+
0.095 3) KE B IEREW B (P<<0. 058 P<<
0.01), fik. v & & 25 k41 (0.895 4+
0.1302, 0.8085+0.0648, 0.8048+0.1163) &
IF ZF A T RG24 L (P>0.05), #£HZGEM
2525 14 d RE e AKTFT S0 R BUE Mk . WLIET 6.

2.3.3 FURREMALURHEERI HEYM
e ST Eéﬂjcﬁ'%‘éﬂ DA HES B %, B/
BROFN B /NG 4540 2 0 I S SR BT K R A 8N
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Tab.2 Metabolic components in Medicinal Mulberry Leaves plasma

Number -RetentiOTl Compound name Molecular formula Mass-to-charge Error (ppm)
time (z/min) ratio(m/z)
1 0.56 Mulberrofuran Y C,;H,0; 453.1910 —1.91
2 3.17 Albanin F CooHy 0, 737.2242 0.39
3 10.47 Eicosenoic acid C,Hy0, 309.2787 —3.94
4 3.73 Kynurenine C,,H,N,O, 253.0832 0.90
5 3.73 Morrole G CH,N,0, 281.0788 3.26
6 3.14 Kuwanon W C;:H,,04 757.2656 0.16
7 0.56 2',4'-dihydroxy-7"-methoxy-8-prenylflavan C,H,,0, 363.1574 2.04
8 2.75 2-O-a-D-galactopyranosyl-1-deoxynojirimycin C,,H,,NO, 326.1432 —4.26
9 8.73 Behenic acid C,,H,,0, 341.3417 0.76
10 7.50 Kuwanol C C,.H,,0, 445.1623 0.39
11 7.72 Sanggenol N. C,:H,505 445.1618 —0.82
12 0.58 D-pantothenic acid C,H,;;NO; 220.1184 2.17
13 5.29 Isobaisseoside. CyHy045 509.1277 2.33
14 4.77 Kuwanol B C.,H,,0, 563.1676 —4.28
15 0.59 N-(3-Amino-3-oxopropyl 3,4-DHP CoH N0, 205.1173 —4.98
16 6.80 Palmitoleic acid C,H.,,0, 277.2128 —3.68
17 2.81 Euchrenone a7 C,H,,0. 363.1198 —1.40
18 9.02 Sanggenon G CyHy Oy 695.2457 —4.31
19 7.80 Sanggenon N C,sH,04 445.1635 2.94
Medicinal Mulberry Leaves AKI - .
1154 conot N3t
(69.1%)
ez £ ek serpier
APk < 7 Ace
K2 #HRENGAKIEFABAEERNSBE o ®
Fig. 2 Venn diagram of common target genes of N 2
Medicinal Mulberry Leaves and AKI = =,

BANE LA K, AR R, F
J AT LR A PR AN R o AR R 2 R R RUE
HAVE/INE LA IRAE . 25 i AR B R e 1 4 i
= i AT R v R 2 SR A R R 2
F AR R HANCERA R R NMEZNE, R
SR B RIERIE . w2y R 4R R 2590 41K
B S T AE AL AT, RNV L R A0 B AR
P, MBS EEARIER . WE 7.

1TGB3

B3 ZHRMBIT AKIR R R P 45 B
Fig. 3 Network diagram of key targets of Medicinal
Mulberry Leaves leaves in treating AKI

2.3.4 FHKEIME H BUN,CRE f1 UA 7K F &
PR UP K- Sas (Al e, B K B
1 CRE. BUN M UA KV M2 IR UP K -F- B 2 7
f (P<<0.01); HR&AAILE, AR EEYH
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Fig. 4 GO functional enrichment analysis bubble plot of key targets of Medicinal Mulberry Leaves in treating AKI
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Fig. 5 KEGG signaling pathway enrichment analysis bubble plot of key targets of Medicinal Mulberry Leaves in

treating AKI
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Tab.3 Levels of serum CRE and BUN  (z=+5s)

Group n  CRE [¢,/(pmol-L "]  BUN [¢,/(mmol-L™")]
Blank 10 65.76+5.50 3.784+1.08
Modeling 60 211.27+42.71" 14.564+4.02"

'P<<0.01 compared with blank group.

KEUMLTE A CRE. BUN M UA KB B B (P<<
0.01), K. w70 e 3 2 24 S b 4 K B PR 25 4 41k
BRI ¥ T BUN 7K S PR W UP /K Y B 5 R i
(P<<0.01)., W#4.

- 25
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0 1 2 0 1
o—drdinlndinlinl g il

ot
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2.3.5 FHHKREIKW T B2-MG ALB . IP-10 . KIM-1
FINGAL K- H2s Al g, BA gl KRR i
1 82-MG. ALB. IP-10, KIM-1fl NGAL 7K ¥ ]
I E (P<<0.058% P<<0.01); SHRIAH LA, K
4 2 F& 0t 4l R BUR W NGAL 7K B 2 B AR
(P<<0.01), Hfmpe i 2 25 5 it 2K RO TP-10 .
KIM-1 Al NGAL /K F 8] 8 B& K (P<<0.01), #4%
a2 W 4K BRUR WP TP-10, KIM-1 #1 NGAL 7K
S B REAR (P<T0.01), FHE 25941 K BUR W
H1 IP-10 Al NGAL 7K °F ¥ W] & B ik (P<<0.01) .
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A Blank group; B: Model group; C—E: Low, medium, and high doses of Medicinal Mulberry Leaves groups; F: Medicinal Mulberry
Leaves enriched substance group; G:Positive drug group.
B6 #&HKBE S

Fig. 6 Renal appearance of rats in various groups

A: Blank group; B: Model group; C—E: Low, medium, and high doses of Medicinal Mulberry Leaves groups; F: Medicinal Mulberry
Leaves enriched substance group; G:Positive drug group.
B7 ZFARREFHALRBLERIE(HE, X200)
Fig. 7 Pathomorphology of kidney tissue of rats in various groups (HE, X 200)
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#F4 BHKRBULTEF CRE.BUNFIUA ML EREH UP KFE

Tab.4 Levels of CRE, BUN, and UA in serum and levels of UP in urine of rats in various groups (n=6, x=+s)

Group CRE [¢;/(pmol-L™"]  BUN [¢/(mmol-L™")] UA [¢,/(pmol-L™)]  UP [o,/(g-1L.7"]
Blank 53.76+6.08 4.57+0.88 35.404+15.32 370.75+103.10
Model 68.4346.54" 10.32+0.88" 88.33+23.56" 626.004149.44"
Medicinal Mulberry Leaves

Low dose 67.28+5.57 4.814-0.374 93.184+15.09 396.604122.26"

Medium dose 64.764+8.09 3.6540.46" 78.07415.48 384.804+68.93"

High dose 59.2146.94 3.2940.94" 65.3148.38 390.484+92.64"
Medicinal Mulberry Leaves enrichment substance 52.20+2.45% 5.44+0.57" 47.84+7.57" 545.774+52.62
Positive drug 63.36+5.02 3.72+0.67" 66.75+14.50 379.37+54.87°

P < 0.01 compared with blank group;“P<C0.01 compared with model group.

#£5 FAKXFREET B2-MG.ALB.IP-10.KIM-1# NGAL K ¥

Tab.5 Levels of 2-MG, ALB, IP-10, KIM-1 and NGAL in urine of rats in various groups (n=6, x+5)
Group B2-MG ALB IP-10 KIM-1 NGAL
loy/(pg LN [oy/(mg- LN [pp/tng: LN [pp/(pg- L] [oy/(ng-L 1]
Blank 0.85+0.04 36.84+10.93  93.90+19.66 0.7740.11 395.78+81.77
Model 1.1240.11° 52.43+9.95  414.18+128.44 6.0740.88" 1815.37+123.92"
Medicinal Mulberry Leaves
Low dose 1.04-0.06 50.3541.67  300.64+107.85  5.2541.00 691.43448.83"
Medium dose 1.0640.17 47.74+6.61  191.9043.80"  3.064-0.62" 408.77+48.67"
High dose 0.98+0.23 42.964+5.90 99.06-29.89"  1.314-0.45" 173.26+60.34"
Medicinal Mulberry Leaves enrichment substance 1.08+0.16 42.73+5.33  214.07+62.52"  1.68+0.53" 390.15+93.91°
Positive drug 0.9140.08 46.3345.84  100.55428.92°  5.13%1.42 470.71£118.28"

'P<<0.05, "P<C0.01 compared with blank group; “P<C0.01 compared with model group.

2.3.6 A KFIMEH TNF-o f1IL-6 KF  H=2
AL A, B2 KRR o TNF -o A1 1L-6 7K - B
BIE (P<<0.01), SR g, KF &2y Rt
R BN IE H TNF-a KRR (P<20.05), il
H B 2l 5 i 20 N 24 S e AR A R BRI YE H TNF -a 7K
TR B (P<<0.01), FHMEZS 8 dl KR i i
TNF-o I IL-6 K W] S FEAR (P<<0.01), IL# 6,
2.3.7 £FHKKE AL GSH Fl MDA /K K&
GSH-Px.SODMINOSHM: S Adi i, A4
KR 'E 80 GSH K F & GSH-Px Fl NOS i P£ )
FEAIE (P<<0.01), MDAKFEFNOSEMETHE (P<
0.01), SEARIAHE, ik, hAmEH g Rrtd
KBB4 4% NOS 7% 7E B B R (P<<0.01),
GSH-Px 1G£8 & 7+ /& (P<<0.01). SAEAA [
B, R ) 2 SR o 4K BB 414U GSH AN
MDA 7K B & &A% (P<<0.01) . SHiRI4] %,
o 0 o 2 2K RV 4 40 SOD T P B e R IR
(P<<0.01), 25 0a LA ALY R EE A

#6 FHHAKRIMEF TNF-oflIL-6 KF

Tab.6 Levels of TNF-a and IL-6 in serum of rats in various

groups (n=6, x£s,05/(g- L 1)]
Group TNF-«a 1L-6

Blank 13.034+5.62 33.66422.85
Model 58.72+13.11 94.98430.90"

Medicinal Mulberry Leaves

Low dose 40.68+13.66°  73.49+8.36
Medium dose 14.7545.647"  70.17411.44
High dose 16.56+6.89""  68.87£17.72
Medicinal Mulberry Leaves n
. 224247424 75.314+13.11
enrichment substance
Positive drug 29.67410.78°"  55.734+8.45°"

'P<C0.01 compared with blank group; “P<C0.05, ““P<C0.01

compared with model group.

2 GSH 7K 1 GSH-Px M SOD & #2982 T+ &
(P<C0.01), MDA /K Fl NOS i P 5 B i B& A%
(P<<0.01), W#ET7,
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#7T HAKE GSHA MDA KK GSH-Px.SOD #INOS & #
Tab.7 Levels of GSH, MDA and activities of GSH-Px, SOD and NOS of rats in various groups (7n=6, x=s)

. GSH MDA GSH-Px SOD NOS
froo [my/(umol-g )] [my/(mmol-g D] [A/Urmg N [A/(Urmg ™) [A/(Usmg )]
Blank 0.31+0.02 2.3240.17 757.43438.93  211.17+30.56  0.17-£0.03
Model 0.16+0.01" 5.17+0.22" 434.49+54.53° 97434873 0.8740.04
Medicinal Mulberry Leaves

Low dose 0.1940.01 4.76+0.09 562.66+47.25° 130.27+6.93 0.76+0.03"

Medium dose 0.20+0.01 4194037 598.96+49.79% 129.07+12.68  0.68+0.04"

High dose 0.28+0.01" 3.77+0.24"  726.85+36.76" 147.10+20.53"  0.65+0.03"
Medicinal Mulberry Leaves enriched substance 0.21£0.02% 4.13+0.10~ 637.29427.84% 161.12£13.17°  0.6040.04"
Positive drug group 0.230.02" 3.2740.27"  656.88441.47" 178.57429.65" 0.3740.04"

'P<<0.01 compared with blank group; “P<20.01 compared with model group.

2.3.8 HHKRE AL T p-PISK/PI3K il p-AKT/
AKT W 52 A4, BB R R 20 p-
PI3K/PI3K #l p-AKT/AKT i B & Tt/ (P<
0.01); SEAYA LLE, &R & 28 Rk K RE A
Arp p-PI3K/PI3K WLE I @ 5 (P<<0.05); S5

1 2 3456 7 M 2.5

p-pi3k | < 000 % 2.0

PBK SRR 35000 S 15

p-AKT [ o s 55 S w55 000 210

AKT =m=smsss==-—=—= 50000 & 05

(I —— 43 000 0
A

UL PE A, IR A2 SR A K R 48U p-
AKT/AKT L AEBEAR (P<<0.05); o fl ) & 24
ZMH KR T AL p-AKT/AKT L A5 W] B %
(P<<0.01). W& S,

2.5

=
. g5 20 .

<15
=
% 1.0 2 an,
805

B C

Lane 1: Blank group; Lane 2: Model group; Lane 3—5: Low, medium, and high doses of Medicinal Mulberry Leaves groups; Lane 6: Medicinal

Mulberry Leaves enriched substance group; Lane 7:Positive drug group. 1: Blank group; 2: Model group; 3—5: Low, medium, and high

doses of Medicinal Mulberry Leaves groups; 6: Medicinal Mulberry Leaves enriched substance group; 7: Positive drug group. "P<<0.01 compared

with blank group;”P<0.05, “*P<C0.01 compared with model group.

A8 KAKXRFHARATPBKMAKTEHEHREBHBIKE(A)REHKE(B,C)
Fig. 8 Electrophoregram (A) and histograms (B, C) of expressions of PI3K and AKT in kidney tissue of rats

in various groups

2.3.9 41K EE 4480 Bel-2,Bax f1 Caspase-3
EHRBKE SEAAE, BRAHKREHS
F Bel-2 8 H & KK U B R (P<<0.01), Bax
Fl Caspase-3HE IR AR FH BT (P<0.01); 5
BEALZH e, mRl 2y Rt M2 R E AR
BUH 21 41 Bel-2 & F & A KB B JH R (P<
0.05), Caspase-3 8 [ £ ik KFFEAL (P<<0.05).
SRR ZH LA, i ) 2 SR R BE P 2 W 2R
WO 4 b Bax 8 H R K KPP B AR (P<
0.01). WLIE 9,

3 it i

FoE 7 WoR . RN EN S . ZEER
Z WA A WAL R T A B E N AW
PE, BRI B . AKTRIE 27 4 AL 55 Z2 B 0
T TR AR, AL E i UPLC-Q-TOF/
MS Bk A B AR X2 Fn /) 4k 2 o 3547 T IR A 4
Br, % 159 Mk f i oy, 2 EALHE B 2
RIFWRmg AR MR 5 . S5 A MK b, 45810
R 27 Pk oy HE N MR AR A, H A R 8 il R
B A L7 R AR =
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Lane 1: Blank group; Lane 2: Model group; Lane 3—5: Low, medium, and high doses of Medicinal Mulberry Leaves groups; Lane 6: Medicinal

Mulberry Leaves enriched substance group; Lane 7:Positive drug group. 1: Blank group; 2: Model group; 3—5: Low, medium, and high

doses of Medicinal Mulberry Leaves groups; 6: Medicinal Mulberry Leaves enriched substance group; 7:Positive drug group. P<<0.01 compared

with blank group; “P<20.05, ““P<20.01 compared with model group.

B9 FAKREHLH Bel-2,Bax M Caspase-3E HFRLHIKE (A) RE4E(B~D)

Fig. 9 Electrophoregram (A) and histograms (B—D) of expressions of Bel-2, Bax, and Caspase-3 proteins in kidney

tissue of rats in various groups
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