- 2756 ¢ F8 B 2022F58 $£53% BIH  Chinese Traditional and Herbal Drugs 2022 May Vol. 53 No. 9

EF UHPLC-QTOF-MS/MS 1 TCMIP B4 RET I8 S &5E RS
i1 S AE AL 9+

g‘l«,‘ ﬂ{ﬁ 1’2, 2;\‘}:] %2, i ‘/“?2*> ﬂﬁgﬂ 1*
1. St EEZg R, B2 5EFH 550025
2. hEFEREB A AHT T, JbE 100700

8

i E:. B ETEESCEAERE-DUARAFT RATH BB Cultra-high performance liquid chromatography-quadrupole time of
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Screening and mechanism analysis of active components of Moutan Cortex in
treatment of chronic nephritis based on UHPLC-QTOF-MS/MS and TCMIP
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Abstract: Objective To screen the active components of Mudanpi (Moutan Cortex) in the treatment of chronic nephritis based on
ultra-high performance liquid chromatography-quadrupole time of flight mass spectrometry (UHPLC-QTOF-MS/MS) and Chinese
Medicine Integrated Pharmacology Research Platform (TCMIP v2.0). The mechanism of action was analyzed. Methods UHPLC-
QTOF-MS/MS was used to qualitatively analyze the chemical components of Moutan Cortex in positive and negative ion scanning
mode, respectively; The candidate target spectrum of Moutan Cortex and the gene set of chronic nephritis were collected based on
TCMIP v2.0; The protein-protein interaction (PPI) network between the above targets was constructed based on TCMIP v2.0
platform, and the core targets of the network was determined according to the network eigenvalues. Gene ontology (GO) functional

analysis and Kyoto encyclopedia of genes and genomes (KEGG) pathway enrichment analysis were carried out by DAVID v6.8
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software (http://david.abcc.nciferf.gov/), the pathways associated with chronic nephritis was selected as the core pathway; The
chemical components of the corresponding targets of the core pathways were delineated, and the number of targets, target frequency
and component content of each component were counted; the core components of Moutan Cortex in the treatment of chronic nephritis
were determined according to the statistical results. Cytoscape 3.8.0 software was used to construct the “component-target-pathway”
multi-dimensional association network. Results A total of 73 chemical constituents in Moutan Cortex were identified in positive and
negative ion modes; 123 core nodes were obtained by analyzing the PPI interaction network; 17 pathways associated with chronic
nephritis were enriched by KEGG enrichment analysis; 13 key active ingredients were obtained through comprehensive screening of
response values. Conclusion The 13 key active components in Moutan Cortex may treat chronic nephritis by regulating 17 pathways
such as nuclear factor-kB (NF-kB) signaling pathway, phosphatidylinositol-3-hydroxykinase (PI3K)/protein kinase B (Akt) signaling
pathway, etc. The results lay a certain foundation for further research on the mechanism of Moutan Cortex in the treatment of chronic
nephritis.

Key words: Moutan Cortex; chronic nephritis; integrative pharmacology; active ingredients; mechanism of action; UHPLC-QTOF-

MS/MS; gallic acid; paeoniflorin; paeonol
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ERRE, BT 2 mL B, 0 70% 5 EE )
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20~21 min, 20.0%~24.0% B; 21~26 min, 24.0%~
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4.1 B, AT B R S AN R A3

1.3.5 FdEstr il Waters UNIFI 40 Ab 2 45044
X Continuum A8 R 5 B I UE /> F 2 765 BdkiT
30T, KR UE TS S N UNIFT 3 pF b, ik $eiR
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albuminuria EAR kidney disease induced by mesangial IR A B
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chronic renal failure

chronic tubulointerstitial nephritis

decreased numbers of nephrons B A 2 H kb
diabetic nephropathy B PRI B

focal glomerulosclerosis SRy A T N ER AL
glomerulonephritis BNERE R
glomerulopathy B /N BRI
glomerulosclerosis B /NEREE AL,
glycosuria B PRAE

hyperplasia of the leydig cells [F1 Jit 240 ff 484 2
increased blood urea nitrogen IR = J G N

minimal change glomerulonephritis

nephritis, interstitial

proliferation
BUIMAE BRI 2
V) BT ¢

pyelonephritis (SRR

renal diseases (=il

renal failure (Ep=au)

renal fibrosis (EEa it

renal inflammation I 98 iE

renal injury (=EIL67]
renovascular hypertension i A v O
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Reference Database, http://www.hprd.org/, Release
9 ). MINT ( Molecular INTeractionDatabase ,
https://mint.bio.uniroma2.it/, updated in August 2011)-
InAct
https://www. ebi.ac.uk/intact/, version: 4.2.12). DIP
( Database of Interacting Proteins, https:/dip.doe-
mbi.ucla.edu/ dip/, updatedin Feb 13, 2017) 44
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FHAjZ5H (4-O-methyloxypaeoniflorin). 4-% FF BRI
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Fig. 1 Base peak intensity (BPI) chromatograms of Moutan Cortex
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STRING v11.0 ##i &=, JfigH Cytoscape 3.8.0 #
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A EBE R H A 3 (mitogen-activated protein
kinase 3, MAPK3). ¥ -«B #ifi|[A¥ (nuclear
factor-kB inhibitor, NF-xBIA). H4l i/ & 6
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Table 2 Identification of chemical components of Moutan Cortex in ESI*
mlz BE o ]
&5 f/mi Wi 7 A F TR amaH VS
SE ERE (X109 ol
1 128 3941706 376.13695 —04 7630 +NHs, +K, +Na Ci6H24010  8-O-debenzoylpaeoniflorin HRE 2
2 185 344.1697 326.13655 —2.0 4350 +NHs CiHn07  3-O-B-D-glucopyranosyl-4-methoxyaceto- Al 48
phenone
3 186 2681037 267.09675 -14 75569 +H CioH13N504 adenosine 4 es 4
4229 2401230 22208921 02 2114 +NHs CioH140s  diethyl phthalate Al
5 266 3621452 34411073 17 4866 +NH; CisHx0s  mudanoside C % 15
6 279 3550638 33207435 0.7 2785 +Na CisHieOn  glucogallin BETRTEN 6
7 301 3451538 34414712 -17 7552 +H CiHOs  mudanpioside G Bk 8
8 3.64 4821511 46411661 14 6033 +NHs, +K, +Na  CisHuOu4 mudanoside B % 7
9 402 183.1015 182.09429 -04 3550 +H CioHi403  deoxypaeonisuffrone [
10 698 1850445 18403717 05 18909 +H CsHsOs  methyl gallate HHLE 9
11 854 2910864 29007904 02 143880 +H CisH140s  (-)-catechin/(+)-catechin R 11
8.54 139.0384 138.03169 -4.1 10328 +H CHgOs  p-hydroxybenzoic acid EpillvES 21
12 898 519.1478 496.15808 0.9 24009 +Na, +K, +NHs  CxHasO1 oxypaconiflorin Bk 12
13 1022 549.1574 526.16864 -08 9041 +Na, K, +NH;  CxuHiOi3 mudanpioside E Bk 14
14 1106 3511052 328.11582 04 11755 +Na, +K CisHx0s  paconoside e A
15 1159 227.0908 22608412 -2.7 2108 +H CuHi0s  butyl gallate i
16 11.66 483.1472 460.15808 -0.2 56112 +Na, +H, +K CaH2s012  apiopaconoside M 16
17 1173 6452010 62221090 14 19000 +Na, +K Ca¢H3s017  suffruticoside E KT 17
18 1248 4981973 480.16316 0.7 194509 +NHs, +K, +Na  CxHosOy  albiflorin B 18
19 1262 503.1528 480.16316 0.8 70317 +Na, +K Ca3Has01 mudanpioside [ B
20 1331 498.1972 480.16316 0.3 46951 +NH, C3HasO1  paeoniflorin® s
21 1332 5122126 494.17881 —0.1 8380 +NHs, +Na CaH30011  4-O-methylpaeoniflorin L 38
22 13.66 666.2036 64816903 1.1 40233 +NHs, +K, +Na  CioHnOis  galloyloxypaeoniflorin Bk 19
23 1396 183.0657 182.05791 3.0 58536 +H CoH190s  2,3-dihydroxy-4-methoxyacetophenone 7 /. 20
24 1429 153.0541 152.04734 -3.6 7772 +H CgHgO3  resacetophenone & LB 2
25 1450 6541303 636.09626 0.3 7489 +NHs +K, +Na CoHuO1s 1,3 4-tri-galloylglucose BETRiTHEn 23
26 1485 533.1627 51017373 —0.5 23158 +Na, K, +NHs  CaHxOr 4-O-methyloxypaconiflorin B 35
14.85 533.1627 510.17373 0.5 23158 +Na, +K, +NH;  CuHxOr oxypaconidanin L3S 34
27 1518 183.0658 182.05791 3.6 15532 +H CoHi00s  methyl vanillate B TRATEN
28 1557 635.1587 612.16903 0.7 107872 +Na, +K CoH3O6  suffruticoside A K 27
15.57 635.1587 612.16903 0.7 107872 +Na, +K Cy7H32016  suffruticoside C * 27
29 1608 806.1424 78810722 1.7 29182 +NHs, +H, +K, +Na C3HysOn 12,3 4-tetragalloylglucose BRETRTEN 26
30 1635 1710284 170.02152 -23 9783 +H CHOs  gallic acid® AR 5
31 1654 6351586 61216903 0.5 54735 +Na, +H, +K CoHnO16  suffruticoside D KT 28
32 1722 6502079 632.17412 —0.1 124145 +NHs, +H, +K, +Na C3H:Ois  galloylpaconiflorin Bk 29
33 17.53 319.1174 318.11034 -0.6 18911 +H Ci7Hi1s0s  paconiflorigenone BfER
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8 i T (ff_ﬁ) WLl WRET AT It g EE
341862 5282076 51017373 0.1 2320 +NHs +Na C4H3012 mudanpioside D L 25
35 1876 680.2198 662.18469 1.9 8255 +NH4, +K, +Na C31H34016  4-O-methylgalloyloxypaconiflorin  Hii§2% 30
36 1922 958.1540 940.11818 2.1 29746 +NHi, +Na CaHyO2 1,2,3,4,6-pentagalloylglucose BRTRITED 32
37 1929 6342136 61617921 09 52945 +NHs, +H, +K, +Na  CiHx01 mudanpioside H LS 33
38 2236 6482294 630.19486 1.1 74655 +NHs +H, +K, +Na  C3iHuOws mudanpioside J LS 41
2236 169.0494 168.04226 -0.7 2874 +H CsHsOs  vanillate acid HAh
30 2297 6182178 60018429 —04 192185 +NHy, +H, +K, +Na  C3HuOr benzoyl oxypaconiflorin HiER 37
2297 6182178 600.18429 -0.4 192185 +NHs, +H, +K, +Na CxHyO;; mudanpioside C LS 37
40 2329 303.0504 30204265 14 33659 +H CisHiO7  quercetin H% 39
41 2341 7642766 74624220 0.7 62510 +NHs +K, +Na C3H42017 paconiflorin B FRER 40
42 2356 6482290 630.19486 0.5 60439 +NHs;, +H, +K, +Na CyHOw mudanpioside B LS 43
432424 1670706 16606299 19 1340382 +H CoHi0s  paconol’ P Iy)
44 2536 197.0806 19607356 -13 15874 +H CioH1204  paconilactone B Bk 44
45 2612 6162388 59820503 -0.1 23298 +NHs C3iH34012 4-O-methylbenzoyl-paconiflorin -~ #.i#2% 51
46 2615 6022236 58418938 0.6 921425 +NHi, +H C30H301  benzoyl paconiflorin HER 45
47 2653 6162387 59820503 -03 8117 +NH, +Na C31H3012 paconidanin A gk 50
48 2659 287.0549 286.04774 -0.5 14932 +H CisHi0s  kaempferol GRS 46
49 2689 6322355 61419994 28 96229 +NHy, +H, 4K, +Na C3H3013 mudanpioside A Bk 47
50 2729 317.0654 31605830 0.5 9453 +H Ci6HipO7  isorhamnetin WL
51 2819 5592158 53622576 15 2362 +Na, +NH, CyH3011 9-O-butylpaconidanin Bk
52 2931 5542591 53622576 -09 2340 +NHi, +K, +Na CyH36011 4-O-butylpaconiflorin iR
o S B R
*contrast with reference
x3 NBETEATHARMNUERSEE
Table 3 Identification of chemical components of Moutan Cortex in EST~
B2 min w\uﬁ”’”mﬁ (ji) wRl WRET  ATR LA T ;iiﬁ
1 1.01 129.0195 130.02661 1.0 3914 -H CsHgO4 mono-methyl maleate Hi
2 127 421.1356 376.13695 1.1 78315 +HCOO,-H CigHuO10  8-O-debenzoylpaconiflorin BfER 1
3 136 243.0625 24406954 1.0 5689 -H CoHiNxOg  uridine %
4 178 312.0949 267.09675 0.1 4557 +HCOO,-H  CioHisNsO4 adenosine W% 3
5 207 1690145 17002152 14 368271 -H CHeOs  gallic acid* AR 30
6 276 331.0672 332.07435 03 131591 -H CisHig0  glucogallin BEFRRATE 6
7 370 463.1096 46411661 0.6 359064 -H CisH401s  mudanoside B % 8
8 618 389.1456 344.14712 07 41232 +HC00,-H CigHuOs  mudanpioside G R 7
9 694 183.0301 184.03717 09 308411 -H CsHsOs  methyl gallate eI 10
10 747 407.0986 408.10565 0.7 6576 —H, +HCOO CigHyO10 iriflophenone 2-O--D-glucopyranoside A
11 849 289.0720 29007904 07 363297 -H CisHiOs  (-)-catechin/(+)-catechin H 11
12 894 495.1516 496.15808 1.6 817506 —H, +HCOO CxHasOr2  oxypaconiflorin K 12
13 9.66 635.0894 636.09626 0.7 49799 -H CoHaO1s  1,3,6-tri-o-galloylglucose WETRATED
141020 525.1614 526.16864 0.1 156684 —H, +HCOO CxH3O13  mudanpioside E PG 13
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BF3
W i R il R R ILa4H TR
15 10.85 343.1036 344.11073 0.5 4690 -H, +HCOO CisH2009 mudanoside C e 5
16 11.64 505.1567 460.15808 0.9 82120 +HCOO,-H CxH012 apiopaeonoside KL 16
17 1170 6672091 62221090 0.0 27131 +HCOO,-H CH33017 suffruticoside E KL 17
18 1248 525.1612 480.16316 -03 1651766 +HCOO,-H CxHasOr1 albiflorin B 18
19 13.63 647.1621 648.16903 0.6 514497 -H C30H3016  galloyloxypaeoniflorin G 22
20 13.93 181.0502 182.05791 -2.3 1305 -H CoHi90s  2,3-dihydroxy-4-methoxyacetophenone Hit 23
21 1401 137.0243 138.03169 —08 10742 -H C7HeO3  p-hydroxybenzoic acid HHR 1
22 1424 151.0402 152.04734 1.0 31191 -H CgHsO3  resacetophenone KL 24
23 1447 6350886 636.09626 0.6 244630 -H CoHaO1s 1,3 4-tri-galloylglucose BRTBRATED 25
24 14.64 525.1621 480.16316 1.3 56959 +HCOO Co3HasO11 paconiflorin’ =1
25 14.82 5551727 510.17373 1.5 146011 +HCOO,-H Cz4H3012 mudanpioside D LS 34
26 16.06 787.0997 788.10722 —03 640440 -H CyHasOn 12,3 4-tetragalloylglucose BB FRRATE 29
27 1633 611.1616 612.16903 02 515478 -H CyH3016  suffruticoside A EAL 28
1633 611.1616 612.16903 02 515478 -H CyH32016  suffruticoside C P 28
28 1651 611.1615 612.16903 0.4 152321 -H, +HCOO Cx7H::016 suffruticoside D P 31
29 1720 631.1668 632.17412 -0.1 752109 -H C30H32015  galloylpaeoniflorin HER 32
30 1874 661.1767 662.18469 1.0 58294 -H C31H34016  4-O-methylgalloyloxypaeoniflorin HER 35
31 19.03 787.0973 788.10722 -34 11271 -H C34Ha0n  1,2,4,6-tetragalloylglucose BB TRATEY
32 19.08 939.1072 940.118 18 -3.9 2600278 -H CatH026 1,2,3,4,6-Pentagalloylglucose BB TRATED 36
33 19.28 615.1704 616.17921 -24 283752 -H C30H32014 mudanpioside H HER 37
34 2038 509.1647 510.17373 -34 10154 -H C2H30012  oxypaeonidanin HER 26
35 21.12 509.1667 510.17373 0.6 16351 -H C24H30012  4-O-methyloxypaeoniflorin R 26
36 2199 181.0503 122.03678 —1.7 27703 +CH;COO C7HsO»  benzoic acid IR
37 2296 599.176 8 600.18429 -0.3 622339 —H, +HCOO C3H3,013 benzoyl oxypaconiflorin HER 39
2296 599.176 8 600.18429 -0.3 622339 -H, +HCOO C30H3;013 mudanpioside C HER 39
38 23.19 493.1704 494.178 81 -2.2 5037 -H C24H30011  4-O-methylpaeoniflorin HRRER 21
39 2328 301.0355 302.04265 04 73260 -H CisH107  quercetin iR 40
40 2341 7912390 746.24220 -1.7 116 065 +HCOO,-H C3H42017 paconiflorin B =B 41
41 23.56 629.1876 630.19486 0.0 153850 -H, +HCOO C31H34014 mudanpioside J HER 38
42 2427 165.0560 166.06299 18 45160 -H CoH1003  2,5-dihydroxy-4-methylacetophenone K 43
2427 165.0560 166.06299 18 45160 -H CoH1003  3-hydroxy-4-methoxyacetophenone it
43 2479 689.2071 630.19486 -2.3 4204 +CH;COO  C351H34014 mudanpioside B G Iy}
44 2535 195.0663 196.07356 0.0 43837 -H CioHO4  paeonilactone B G 44
45 26.16 629.1874 584.18938 —0.3 1548784 +HCOO,-H C3H3012 benzoyl paeoniflorin BARER 46
26.16 629.1874 630.19486 —0.3 1548784 -H C31H34014  mudanpioside J HER
46 26.59 285.0405 286.04774 03 34905 -H CisH100s  kaempferol K 48
47 2689 659.1973 614.19994 -12 104800 +HCOO,-H C3H34013 mudanpioside A Bk 49
48 27.19 3251293 326.13655 0.1 2099 -H CigHn07  3-O-B-D-glucopyranosyl-4-methoxyacetophenone A 2
49 28.14 5512133 55222068 —0.3 11458 -H CH36012  9-O-butyloxypaeonidanin HRER
50 28.86 657.2173 598.20503 -2.4 3276 +CH;COO C3HO12 paeonidanin A HRER 47
51 29.16 657.2165 59820503 -3.7 2283 +CH;COO  C31H34O012 4-O-methylbenzoyl-paeoniflorin R 45
52 29.38 611.2337 55222068 -1.3 6278 +CH;COO CyHssO12 4-O-butyloxypaeoniflorin 2k
53 29.90 287.2226 24222458 -0.5 4614 +HCOO  CisHx02 pentadecanoic acid HAh
54 3473 4553530 45636035 -0.1 102657 —-H, +HCOO C3Hs03 betulinicacid =
55 35.00 453.3378 45434470 0.8 29446 -H, +HCOO C3H403 mudanpinoic acid A =i
56 3640 4313177 43232396 24 513757 -H CxHu4O4  octadecyl caffeate At
57 3675 6214400 57644000 —0.8 37344 +HCOO  CssHeOs daucosterol EUES
R0 R AR

*contrast with reference
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degree
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x4 19 F5EMS KA REEXAE
Table 4 Information of 19 related pathways
G5 ik AR A P
hsa04024: cAMP signaling pathway 18 2.35X10°8
hsa04062: chemokine signaling pathway 17 6.17X1078
hsa04620: Toll-like receptor signaling pathway 13 1.57X 1077
hsa04020: calcium signaling pathway 11 7.77X 1074
hsa04068: FoxO signaling pathway 13 2.03X10°¢
hsa04750: inflammatory mediator regulation of TRP channels 11 4.69X107°°
hsa04022: c¢GMP-PKG signaling pathway 13 1.14X1073
hsa04151: PI3K-Akt signaling pathway 19 1.42X1073
hsa04066: HIF-1 signaling pathway 10 2.86X1073
hsa04621: NOD-like receptor signaling pathway 8 3.58X1073
hsa04660: T cell receptor signaling pathway 10 3.97X1073
hsa04010: MAPK signaling pathway 15 7.42X1073
hsa04662: B cell receptor signaling pathway 8 1.39X107*
hsa04630: Jak-STAT signaling pathway 11 1.43X107*
hsa04152: AMPK signaling pathway 10 1.99X107#
hsa04150: mTOR signaling pathway 7 3.82X107*
hsa04064: NF-kappa B signaling pathway 8 5.89X107*
hsa04540: gap junction 8 6.32X107*
hsa04924: renin secretion 7 6.52X107*
PR
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matrix, ECMD 73k, 240 (1) F 2 4R, 7 2 40
AUE AR ) BT 2 40 R T8 o <6 AR B (matrix
metalloproteinase, MMP), 420 A ) 344 1 il
KE ECM Ui, SEUFLLMBIERAE, BIEZ 3]
FESHI Ja » HEUB /TR R S B Bk 52
B, B IEE AL A H LB AR R ThRE,
RAG| T DR e .

ARHF 52 F UHPLC-QTOF-MS/MS k& UNIFI
B e, DLRARYE O SCRR SRS AP B Al 27
By, AEIE. SR T 2 Rl R, teBcA
HOFI 1 AP B b ) BV RSy . ETCM Hidls e
P R E I ZBOVR G TR AT P
TG, AR FIX 3 Foxt R 5 UNIFI 43
SERLURS o BIIRIE TR R 5 HE— PSS TCMIP ~F
G X 4 PE BRI R AL EEAT T )
AT, AR AP ERITIEME B R ATEER 13 Sk
BETERSST, 34 MEOEE A 17 &tz 0iEEs. H
o, A A SRR IGE BRI PR . PUE
YEAE

AR B FRARE TR EREE S
WA HNAST T BAT BRI VER, AT NF-«B.
B B2 Bk 7 (cyclic adenosine monophosphate ,
cAMP) IR EFITIRAEN, EZ R LLEFEITHIKR
BTG RS Hh R ) MMIP-2, 5 B ALY
WAL G Ty, AT R AT I8 B 4 rh ) S0 Je
IR, ST AR AN IRAR ARSI

HPF B AT A S AT AP FL
P RE G On] RRARAR 28 40 i R 5 R A R R -a
(tumor necrosis factor-a, TNF-o). IL-1B 1 IL-6 [
Rk HWTFCARAEAT 25 7] LLRYT RIESE AV S
BR'E 78 (mesangial proliferative glomerulonephritis,
MPGN) KB IILAE 575, [R5 3% IR 24 h JREEH
TS TIRE, IR A AN M1 JE AN R EC)

HIRIL YRR W R T BA L.
PUEAAE R AL, 3w DL I B0E B b R 4
Na', K-2CI h Rz A 1 fdm CU& &, {2tk
B4 Na il &, Na i) B od b, G 7R3
HAETE R L, A RUER RIS 1 B 28 I A% P i
KR . S5 T ANHME S KL E 7K 0 B
T, DAEBER-IERKRARGHMHEEIEM, 1IEY
S ER AR LR ) = S - d i N E U T g
X CansRfn) )3 R e RO,

= R AL W) A IR T S i A BT R

KR AK N F-B (transforming growth factor
B, TGF-p). SEZiHLF LK. FEEH. T HK
JiR B RS2 A S R A5 B £ e AL R A AT B F 5 1E FH
F1HE I TR 1) B CR RN B 41 4 A6 FH IR 2R AR ML T
Re R bR A 4 B = A, AT BEAS 20
LI S Thee, BA BRI A 4k
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W) 2,5- I A-FILIE 2R H O R LA
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PLAT 0] IL-1B 530 NF-xB %1k & PI3K Al Akt
B, W RSB RS PIBK/AK i@ B RVATT 18 PE S
%, HAEMFREMH PI3K #iG2ki5 ECM A
S, MANE] Akt 2 5 SO A B0 VLR 44
br E W) > 0281, — s 5] 78 )i 7% 4k Cepithelial-
mesenchymal transition, EMT) #7571, 41 Bmil F1
JHZE 200 R BRI PI3K/Akt 2122 5HEIS S
B /N R SR A AL IR T 04,

PPI W28 7R, 18 AN RiAE PPI %% th R 5
HIEVEH, AT P R 16 T 18 1 B AR I O B
Fr . Horf NFKBIA /& NF-kB 38 %t 55 2 30657
NF-kB A& — P B ZEMURE 1A% 3 s K1, A i F ik B
NF-kB AJ % 5% 75 F 3 b B A Az A e AL A 7
W 5| BRAZ A B 21 JRE SR AT, 7] B 3 5 — 26 58 0 Rl 1
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KBS, MAPK3 & 22 L 5 iE 4 & A s, &
MAPK 5 5l K EEEAEH, A FuE
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9 TGF-B (1) el , ik 20 v Re (e gk b A
TGF-B1 KB /NE E A EMT A2,
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MAPK {5 518 B ¥ J7 B0 1 JR B A Cunilateral
uretera obstruction, UUO) 7 SHE£F-4Efk18], A
W74 MAPK3. NF-«BIA. IL6. IL1B %% 18 /M4f
RUE PPL ZE FR AL T oGR8 B, EPT R s PR R
FUAITIX 18 ML SRR IT ISV S R I1ER
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ARG T T 424 S8, B 4024k
5518 . NF-xB {5 5 8# . NOD #£2/14&(5 5@ %
X 6 FKIEBEREPRAERER . [FB AT ReET
cAMP 15 5%, PI3K/Akt 15 510 B 2530 % K AE DT
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Zi LRk, AHF5iEe H UHPLC-QTOF-MS/MS
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